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The predecessor of the Ins'tjt'ute:of Medical Sciﬂ'cé was founded-as 'a private instit
der the name “The Institute for Infectious Dise_qse”.ﬁcused sincejits founding on €
research in microbiology and immunology and at é} same tim e | 2ssing ‘a hospi
produced vaccines and antisera, and applied these effectively in medic al diagnosis, 2
Bridging fundamental studies with clinical applicat_ion, Lt‘:éj‘a‘ at t "é', were
ticing translation research. In[ITT], having up until then a’rgd_é earch ma ! .
municable diseases, the Institute for Infectious Disease was reorganized into t itute of Medi-
cal Science. At the time of this reorganization, there was much heated debate. The essential dispute '
was over the proper role of a single research institute, and there were two lines of thinking. The
first was that “a university affiliated research institute, by its nature, should have a relatively clear '
i and confined research task, and concentrate all its energies and research on championing that
task.” The opposing argument was that “at a flagship university of our country such as the Univer-
sity of Tokyo, it is most appropriate for.an institute to have multiple pillars of research with rela-
tive freedom to take up research tasks.” The people of the university mostly supported the latter
way-of thinking, saying that'it was not necessary to define a specific mission by giving it a name,
and instead chose “Institute of Medical Science,” a name connoting approval for research diversity.
However, as a research institute targeting illness, it was decided that the institute should continué
to maintain its affiliated hospital following the reorganization. .
“““'In order to'speed the movement of results from'life science and basic medical research to the
clinic, advanced countries such as ours as well as the USA'implement policies to create systems for
putting translational research into practice. Currently among our country’s universities, the Insti-
tute of Medical Science, University of Tokyo (IMSUT)-is'the only medical research institute to have
its own independently affiliated hospital. and it is anticipated that it can offer a model for imple-
menting translational research targeting:serious illnesses with high level medical care. Since its re-
organization, IMSUT has expanded basic research witi:émphasis on cancer and infectious diseases
while also includingother serious-ailments in its spheré..p:f research, and has garnered high interna-
tional recognition for,its accomplishments. Besides promoting high level research in IMSUT's own
basic research departments, IMSUT is to cooperate with'external research on cancer and infectious
diseases to contribute powerfully to the development of state—of-the—art medical treatment.
. Theteaching staff, researchers and graduate students of IMSUT, together about[TTT] individuals
caﬁry_'ing out theirtactivities on the Shirokane(ka_gl_ campus, the Amami Research Facility, and the
Bewying Joint, lLaboratories, are deepening our:knowledge of basic medical and life science, taking
gathered imformation to achieve int‘egrate(I:I insights, and then taking those insights as the basis for
developing Ieadin?.edge medical caresy jbﬁis @/ e
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[] []  HISTORY

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

00o0oooOoooooo founded by Dr.Shibasaburo Kitasato.
OoMO00D0000000oNonooononn 18990 The institute was transferred to the Ministry of Internal

Affairs.

B EDDJE E EI B B E g g g ooooooooo 19060 The new building of the institute was built in Shiro-
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,

o and space to establish the “National Institute of Health”,
Dooooguguddddooooooon under the control of the Ministry of Public Health and
obMmoooobooboobooooboooo™uooooo Welfere.

jdoodDoDO0o0oOooDOoobDOoDoDOooDbOoDooOoon 19650 Laboratory Animal Research Center
0o0o000oooooboooooobooooooo 19660 Amami Laboratory of Injurious Animals.
00MO00000o000oooooOoooooooo 19670 The name of the institute was changed to the Institute of

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

defined as basic and applied studies of diseases of
opobbboooooooooooouooogon medical importance. The institute contained 18 research
ooboooooooooooooononomao 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
O0MO000000000000000000000000 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 00oooooooooooon 19700 Department of Organ Transplantation.
0oo0o0ooo 19700 Laboraltory 3f Biologico:lal 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).
mombooododoiooooooooououodnoo 19780 Medical Cyclotron Laboratory (Hospital).

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

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

Laboratory of Molecular Medicine.

ooooo DD IJDIEDDDDDDDDDDDDD%DD DD % % g S E DDDDDDD 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 100th anniversary of its estab-
0o0o000oooooboooooobooooooo lishment.

oooo Human Genome Center (Laboratory of Genome Struc-

ture Analysis).

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

Analysis).

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

Joo0ogoooooooooooooooogoo Regulation (AMGEN) and Cell Processing ( ASAHI

0gooboooooboobooooooboooooo CHEMICAL). o .
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 though renamed

in Japanese, retained the same English name.

momoooodouonoooooodoooouooon 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 Regulation (Eisai) was

go@odooooboooooboombooboobooboo closed.

JooddbodoooobDOooodooomobooaa 20000 The former 23 departments were reorganized to three

0dooodooooobdooooobooooooo departments . .

ooooooooo0oo0oooooooooooon '(\l/\l/h(c:'r_oblloslogy-lmrr;unology, Cancer Biology and Basic

000000000000000000000000 edical Sclences). .

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 Discovery
System (HITACHI) was closed.

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

20010 Department of Clinical AIDS Rrsearch was reorganized
into Department of Genomic Medicine and Department
of Safety Management in the Hospital, and Division of
Clinical Immunology in the Advanced Clinical Research
Center. At the same time, five clinical departments were
unified into three Departments of Internal Medicine, Sur-
gery and Radiology.

Donation Division of Proteomics Research (ABJ & Milli-
pore).
The Medical Science Museum was built and opened.

20020 Donation Division of Cellular Proteomics (BML).

20030 General Research Building and Hospital Building were
completed. Three donation laboratorieslidivisions were
established.

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

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

20040 The University of Tokyo became the National Universi-
ties corporation University of Tokyo and was renamed in
accordance with the law establishing the National Uni-
versities corporation (Heiseill] law No. 112).

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

Donation Division of Functional Proteomics Research
(Koryokai).

20050 The Division of Special Pathogens, the Division of Infec-
tious Disease Control, and the Pathogenic Microbes Re-
pository Unit were newly established, each within the
newly established International Research Center for In-
fectious Diseases.

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

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

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

200601 Research Center for Asian Infectious Diseases .
Donation Division of Stem Cell Engineering (Hitachi
Plant Technologies, Denics, ArBlast).
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Figure 1

The genome of influenza A virus is fragmented into eight RNP complexes
in which the RNA segments are associated with viral polymerase and nu-
cleoprotein. However, the mechanisms how these RNPs are incorporated
into virions is not understood. Recently we revealed that a set of eight RNPs
that were arranged in a distinct pattern (a central complex surrounded by
seven peripheral complexes) was incorporated into each virion.
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Figure 2

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

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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Our main area of interest is in the molecular interaction of
pathogenic bacteria such as Shigella, Helicobacter pylori, or
enteropathogenic Escherichia coli with host epithelial cells at
the early stages of infection. Our major concern is the elucida-
tion of molecular mechanisms underlying the processes lead-
ing to infectious diseases, which include bacterial attachment to
or invasion of host cells, intracellular multiplication, 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.

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

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

(3) Pathogenic E. coli are diverse, including various E. coli
spp. causing watery diarrhoea, bloody diarrhoeall hemor-
rhagic colitis( inflammatory diarrhoea, urinary tract infection
or meningitisisepsis. We are currently focusing on enteropa-
thogenic E. coli] EPECO since, as a model for O11J infec-
tion, EPEC attaches to the intestinal epithelium and effaces
brush border villi by secreting a subset of effectors via the
type Il secretion system. We intend to elucidate the roles of
bacterial effectors and the host responses such as cell death,
inflammation and cellcell dissociation.
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Fig.O

Immuno—electron micrographs of autophagosome accumulation around Fig.O
intracellular Shigellall gold—colloids indicate LQJ, a marker protein of auto- Breakdown of adherens junctions in H. pylori-infected gastric epithelial
phagosomes[] cells.
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(1

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, cytokine receptors, and
TolHike receptors.

) 1L acts on B cells, eosinophils and basophils through its
specific receptor. To reveal physiological roles of ILEIIILEIR
system on IL-Hl-dependent B+£] cells, we are characterizing
early progenitors of B+ cells and their differentiation path-
way. We are also investigating molecular mechanisms of IL+]
—-induced IgG&J class switch recombination of COTl-activated
B cells, which include induction of AID expression.

(2) We are investigating regulatory mechanisms mediated

through the adaptor protein Lnk and its family proteins, APS
and SHI-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.

(3) Naive COO” Th cells differentiate into at least two distinct

subsets, TH] and ThHJ with different cytokine secretion pro—
files. We are trying to investigate signaling pathways deter-
mining the THI0THI fate by using a unique peptide from M.
tuberculosis that primarily promotes TH] development and
exerts adjuvant activity.

(4) TolHike receptors] TLRsOare known for their ability to rec-

O

ul
0

ognize microbial components and initiate innate immune re-
sponses. We found that TLRs are expressed by hematopoie-
tic stemlprogenitor cells and TLR signaling drives the pro-
genitor cells to become macrophages and dendritic cells.
This pathogen-mediated stimulation of myeloid differentiation
pathways may provide a means for rapid replenishment of
the innate immune system during infection. We are trying to
establish a procedure for rapid and effective induction of in-
nate immune system via TLRs on the progenitor cells.

TLROOOOOOOOO0OOOO0NAE00000000000
TLROOOOOOO0O0OO0O0OO0O0O000000000000000000
OoooooTiROODODOOO0O00OO000O0O0000O000000O00
OOo00000o000000000000000O0O0O00000000
Oon8a000oooons000ooooo00ooooooooooog
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Figure

Replenishment of the innate immunity via TLR and roles of IL+] in B—cell

activation.

TLRs are expressed by hematopoietic stemIprogenitor cells and their sig-

naling drives the progenitor cells to become macrophages and dendritic
cells.

ILE] induces class switch recombination of activated B cells, which in-

clude induction of AID expression.
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Figure

Proteins that interact with SWIISNF chromatin remodeling factor. Many
oncogene products red] tumor suppresser gene products] green] and
proteins of pathogenic viruses] greendare included among them, showing
the pivotal function of this complex in many human deseases.

Cellular mechanisms for the surveillance and exclusion of ex-
pression by intragenomic parasites such as provirus and retro-
transposon are now being recognized as an important host cell
defense system in the cell nuclei. Our goal is to elucidate mo-
lecular mechanisms involved in host-parasite interaction by
analyzing epigenetical regulation of viral gene silencing or acti-
vation observed in the infected cells. We have reported the es-
sential roles of SWIISNF chromatin remodeling complex in the
stable expression of retrovirus. Recently, RNA silencingd also
designated as RNA interference that involves such small
molecules as short interferingd shOJ RNA or microl milJ RNA,
have been shown to be the major strategy of plant for the plant
virus propergation. It remains still unclear, however, whether
human cells also utilize this mechanism to suppress its virus
replication. Therefore we will carefully test this possibility. The
results will help to develop new-type of retrovirus vectors that
suppress specific gene expression and also give us new ideas
for latent infection observed in many viruses.
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Figured
Structure of the human miR+LJ gene
Whereas the biological importance of microRNAs has been recognized,
most of their genome structure are still unknown. We have recently devel-
oped algorithm predicting the promoter region of vertebrate microRNAs.
Structure of miR+17 is shown as an example, which corrected the previous
report from another group.
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Molecular Pathogenesis of Influenza and Ebola Virus Infections

Viruses can cause devastating diseases. The long-term goal of our research
is to understand the molecular pathogenesis of viral diseases, using influenza
and Ebola virus infections as models. Interactions between viral and host gene
products during viral replication cycles determine the consequencs of infection

Oie., the characteristics of disease manifestation, whether limited or wide-

spreadl] hence, our research has centered on such interactions in these viral in-
fections.
0 Transmission of avian influenza viruses to humans
Since [I11J, HINJ avian influenza A viruses have been enzootic in Asia.
These viruses are highly pathogenic in poultry and were directly transmitted to
humans. In[TTTJ and[I11], infection by these viruses resulted in significant hu-
man mortality. We are studying the molecular basis of high virulence of this vi-
rus 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 incorporation
into virions by analyzing the interaction among viral and host molecules.
0 Reverse genetics[ technology for generation of influenza viruses entirely
from cloned cDNAC
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 attempting to es-
tablish novel influenza vaccines and influenza-based gene delivery vectors.
0 Role of Ebola virus proteins during viral replication
Ebola virus causes hemorrhagic fever in humans and nonhuman primates,
resulting in mortality rates of up tollJOJ . Even so, little is known about the mo-
lecular pathogenesis of Ebola virus infection or the pathophysiologic events
that occur in primates during infection with this virus. Studies of this virus have
been hampered by its extraordinary pathogenicity, which requires biosafety
leveld containment. To circumvent this problem, we developed a novel com-
plementation 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 replica-
tion. 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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Professor. Kensuke Miyake, MD, Ph. D.
Research Associate:

Sachiko Akashi-Takamura, MD, Ph. D.
Research Associate: Takahisa Furuta, DMV, Ph. D.
Research Associate: Shin-ichiroh Saitoh, Ph. D.
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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, TolHlike 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.
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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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Mucosal tissues, such as respiratory and digestive organs,

continuously contact to foreign substances through breathing,
eating and drinking. Mucosal immune system plays an impor-
tant role in preventing the microorganismdl e.g., influenza virus
and Salmonellalinfection invading though mucosal sites. In ad-
dition, mucosal immune system contributes to the maintenance
of mucosal homeostasis by creating symbiotic interaction with
commensal bacteria and inducing immunological tolerance
against food antigen. We currently focus on the elucidation of
the mucosal immune system for the development of mucosal

vaccine against infectious diseases and mucosal immune ther-
boooooouoooogonoogoooogoooooo apy for mucosa—associated diseases, such as food allergy and
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Fig. 1

Diagrammatic illustration of the common mucosal immune system

ocMmiso

velopment of mucosal vaccine and rice-based vaccine
M cell located in the epithelial layer of Peyer's patchi] PPO

and nasopharynx—associated lymphoid tissuel NALTO has
been considered to be a gateway for the luminal antigen
based on their high ability to take and transport luminal anti-
gen into antigen presenting cells in PP and NALT. Thus, se-
lective delivery of antigen to M cells seems to be an effective
strategy in the development of mucosal vaccine, but their im-
munological and physiological characteristics are unclear. In
this project, we aim to identify specific molecules expressed
on M cells and apply the information to the development of
mucosal vaccine. We also now develop novel rice-based oral
vaccine expressing exogenous antigen of virus and bacteria.

(2) Elucidation of molecular and cellular mechanism in the

maintenance of mucosal homeostasis and its application to
mucosal immune therapy

It is known that a breakdown of the immunogical tolerance
or symbiotic interaction with commensal bacteria lead to mu-
cosal immune diseases such as a food allergy, pollinosis, in-
flammatory bowel diseases. In this research, we have tried to
elucidate how mucosal immune system discriminate com-
mensal and pathogenic bacteria at the mucosal compart-
ment, especially in the intestine. We also now addressing
questions how mucosal tolerance is interrupted in the allergic
condition such as a food or pollen allergy. These studies will
provide a novel strategy for prospective mucosal immune
therapy.

(3) Unique organogenesis and development pathway in mu-

cosal immunity

Unique lymphocytes, known as intraepithelial lymphocyte
O IELO located between epithelial cells at mucosal compart-
ments. In addition to the TCRup , IEL uniquely expresses
TCRyd, recognizing non-classical MHC molecules ex-
pressed on epithelial cells, and thus, they play an important
role in the bridge between innate and acquired immunity.
First purpose of this project is to investigate the antigen proc-
essing and presenting pathway in epithelial cells for the acti-
vation of IEL. We also focused on the organogenesis of mu-
cosal lymphoid organs. Our previous studies demonstrated
that NALT organogenesis was totally different from PP or-
ganogenesis despite their structural and functional similari-
ties. Thus, as another purpose of this project, we have tried to
identify molecular and cellular mechanisms to determine
NALT and PP organogenesis. These studies will lead to new—
type mucosal vaccine and mucosal immune therapy based
on the uniqueness of mucosal immune system.

Aplastic NALT in Id1"* mousel leftd Normal mice-derived CD1"CO”

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 (1) how the cell growth and dif-
ferentiation are regulated, (2) molecular basis of angiogenesis,
(3) molecular mechanisms of invasion and metastasis of can-
cer, (4) 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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Function of Tob-NOT complex. Antiproliferative protein Tob interacts with
a set of Cnot proteins. Tob-NOT protein complex is shown to regulate cell
growth and differentiation through their interaction with transcription machin-
ery or exhibiting deadenylase activity.

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
?ene—engineered animals.

1) 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.

(2) Regulatory mechanisms of cell cycle progression. Special
interests are on the regulation of the GJIG] switch, and mi-
totic-phase progression in which Tob, Tob-associated NOTs,
LATSINdr family, and M phase kinase PIK] are involved.

(3) 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.
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A. Localization and function of PIkJ. PIK] localizes to specific structures in
mitotic apparatus’] reddJ and plays crucial roles in equal distribution of ge-
netic and cytoplasmic organelles by regulating multiple substrates. B. We
recently identified many candidates of PIKJ substrate by solid-phase phos-
phorylation screening and demonstrated that one of them, substrate X, is re-
quired to stabilize mitotic centrosomes, which is a novel mechanism regulat-
ing the spindle formation by PIKJ.
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MTJ-MMP: membrane-type[] matrix metalloproteinase

Cell surface is the major interface for cell communication with
the environment. Many proteins on the cell surface are involved
in this process and these include various types of ligands, re-
ceptors, cell adhesion molecules, and accessory molecules.
These proteins are regulated not only at transcription level but

also by post-translational regulations such as glycosylation,
vesicle transport, internalization, and subcellular localization
etc. Proteolysis is also an important post-translational system
to regulate the fate of all the proteins in an irreversible manner.
Most of the extracellulr proteases belong to serine- or metallo-
proteases, and they are of particular importance in regulating
the proteins in the extracellular milieu. These proteases are
either secreted or membrane-anchored forms. Our group has
been particularly interested in the membrane-anchored pro-
teases that play critical roles in regulation of the proteins at the
celFECMO extracellular matrix( interface and act as important
modulators of cellular functions.

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

Call-apacific aupreaiian of MT1-MMP
= i wivo anvirenment

Roles of MTO-MMP



gotdotdod

DIVISION OF CANCER GENOMICS

ooo oooo O 0O O

O
o O oooo O 0O O

Associate Professor: Hiroaki Miki, Ph. D.
Research Associate: Kei Takenaka. Ph. D.

gooobbbO0o0ooooooobbboboooooooboooo
gooboooooooobooooboo0oboooboownto
HedgehogO OO OOOO0OOOO0OOO
coobOo0ooooooooooooobooOooooooobooo

ood

cooooooooooooooOoOobooOoOoooobooobooo
gooobobboooooooooobbbooooooooboooo
goooobbooooooooobbobooooooooboooo
goooobobbooooooooobboboooooooboooo
gooobobbO0ooooooooobbobboooooooboooboo
obooobOooooooOoooooboboOoboooooOoboooo
cbooooboooooooOoooOoOobobOOobooOoOooOOobooOOoo
obOoobOoooOoooOoooOoobobOOobobOOoobOOoboDoOoo
obOoobOooooooOoooooboboOoboboOooDbOOobooDoOoo
0000000D0OOD000000000RrRhOOOOOOOO
ooecOOooOOooOOoOoDOOooobOOoOooOoOoobooDooOooooo
OO000000ORROODOOOOOOODOOODOOOODOO
gooobobboO0o0oooooooobbobboooooobooobo
oooobOooooooboooooooOoboboOoooOoboooa
cooOo0ooOooOoOo0o0oOoOoOoOObOOoOoOoOoOooOoObooo
oboooooooobooboOoOooOoOoooOoOooOoooooo
00000000000WNntOOOOOHedgehogD OOOOO

a

Wnt HedgehogD OO0 000000000000 OO0OOO
gooobobbooooooooobboboooooobooo
gooobbboO0o0oooooooobbobboooooobooobo
obooobOoooooobooooobooOoboooooOoboooo
cbooooboooooooOoooOoOobobOOobocbOOooOOobooOoo
obooobOooooooOoooOoobobOOobobOOooOOooboDoOoo
coobOooooooooO0oooooOoooboooOoobobOooEs
goooobobboooooooooobbobooooooooboooo
gobooboooboobooboobooobobooboooboooon
goooobobboooooooooobbbooooooboooo
goooooooooboobooboobooooobooobooon
oooooooooooooowntODOOO0OoO0oo0o0ooooo
obooooboOooooooOoooOooboboOoboOoOoooOOobooOoo
coobOOoOO0OCoOO0OoOoooOoboboOoOooooOoDOoboOwntd
O0HedgehogO OO OOOOO0O0OOOOOOODOOOOOO
gooobobbooooodooooobbbooooooooboooo
goooobboooooooooobboboooooooboooo

.
oo

WntD OOOO0O000ODishevelledDDOOOO0OO0OO0OO

Figured
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 motility 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.
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FigureO
Stabilization of microtubules by Dishevelled
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Physiological roles of the TRAR signal.

The TRAHRI signal is involved in inflammation, innate immune response,
lymph node origanogenesis, self-tolerance, osteoclastogenesis, develop-
ment of epidermal appendices, and development of nervous system. Its in-
volvement in oncogenesis is currently under investigation.

Our goal is to understand the molecular mechanisms of disease patho-
genesis and oncogenesis by elucidating normal regulation of intracellular
signal transduction and gene expression involved in cell proliferation and
differentiation. In particular, following projects are going on.

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

We have identified TRARJ and TRAHRJ as signal transducers of CO 1], a
receptor essential for B cell proliferation and differentiation, and demon-
strated that activation of TRAF] as a ubiquitin ligase by its oligomerization is
one of the maechanisms for signal transduction. Furthermore, we have gen-
erated TRARI-deficient mice to show that the impaired TRARI signal results
in osteopetrosis, autoimmune disease, and hypohidrotic ectodermal dyspla-
sia, in which mice have impaired development of skin appendices including
hair follicles, sweat glands and teeth. We are currently trying to identify mo-
lecular mechanisms of these abnormal phenotypes observed in TRARI-de-
ficient mice, since these disease are also observed in human.

0 O Elucidation of roles of NF« B in oncogenesis.

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

0 O Elucidation of molecular mechanisms of oncogenesis by the EGFR sig-
naling.

EGFR-family is involved in tumor progression of various types of cancers:
Examples are mutant EGFR expression in lung cancers and gene amplifica-
tion of ErbBJ in breast cancers. Recent proteomics techniques have en-
abled us to analyze signal transduction pathways more comprehensively
and more quantitatively. We are making complete EGFR family-mediated
signal transduction networks in lung and breast cancer cell lines by nano LC
-MSIMS system and a novel proteomics technique called’ SILAC’0 stable
isotope labeling with amino acids in cell cultureJ and searching for novel
signal transducers which may be targets for efficacious therapeutics. This is
a collaborative work with members of Division of Oncology, Laboratories of
DNA information Analysis, Advanced Clinical Proteomics, IMSUT and Func-
tional Genomics, Department of Medical Genome Sciences, Graduate
School of Frontier Sciences, The University of Tokyo.
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Fig.O

Comprehensive and quantitative analysis of EGFR-mediated signal
transduction pathways using SILAC and nanoLC-MSIMS system.

Cells are cultured in media containing three Arg isotopes with different
molecular weightd] SILACOand then stimulated with EGF. Analysis of tyro-
sine-phosphorylated proteins using nano LC-MSIMS system enables us to
quantify EGF-dependent dynamic tyrosine phosphorylation of proteins com-
prehensively.
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Our overall objective is to clarify signalling systems in cell growth, differ-
entiation, morphogenesis and tumorigenesis. Currently, we are studing (1)
the regulation of cytosleleton, cell movement, invasion and metastasis
through WASP family proteins. (2) role of inositol phospholipids signallings
in re-arrangement of cytoskeleton, membrane trafficking and nuclear
events.

(1) 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. Ash1Grb2 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 AshlGrb2 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 Arp213 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.

(2) Physiological roles of inositolphospholipids

Inositolphospholipids, such as PIP2 and PIP3 plays important roles
not only as 2nd messenger-generating lipids but also as modulators of
a variety of functional protein. Currently, we have focused on (1) produc-
tion of phospholipase C KO mouse. (2) role of PIP kinase and PIP2
phosphatase in cytoskeleton and cell division. (3) survey of novel do-
mains that bind to inositolphospholipids. (4) 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.

N-WASPOWAVED 00000000

Fig.
Regulation of cytoskeleton by WASP and WAVE
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Fig.O
Disordered cell adhesion in the process of metastasis

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

(1) Regulation of functions of proteins and cells by sugar chain
The binding of integrins, a family of adhesion receptors, to
ligands present within the extracellular matrix or expressed
on the surface of other cells leads to the activation of intra—
cellular signaling cascades that regulate diverse processes
such as embryogenesis, wound healing, and invasion and
metastasis of tumor cells. For a better understanding of ab-
normal behavior of tumor cells including deviation from con-
tact inhibition of growth and movement, detachment from pri-
mary sites, and altered binding to ECM, it is important to
know how integrin’s function is regulated. We approach the
issue from two different aspects. The first is to solve how
function of integrins is affected by their transformation- asso-
ciated glycosylation change. The second is to identify disin-
tegrins which might be cell surface ligands for integrins and
to solve how integrin function is affected by disintegrins.
(2) Analysis of selectin ligands
Interactions of selectins with their carbohydrate ligands are
involved in metastasis of tumor cells, migration of leuko-
cytes to the inflamed sites and homing of lymphocytes. We
are studying carbohydrate ligands and their career proteins
which are not well characterized.
(3) Sugar recognition mechanism involved in fertilization
Cellular communication through plasma membrane is es-
sential for multi-cellular organisms. ldentification of sugar
recognition molecules is important to show that sugar chains
found in most membrane proteins are involved in intercell-
ular recognition. We have so far succeeded in identification of
sugar binding sperm proteins which recognize pig zona pellu-
cida glycoproteins of eggs by using newly developed multiva-
lent oligosaccharide probes and proteomics approach. Now,
finding and identification of new sugar binding proteins are in
progress.

oo
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Fig.O
Detection of sugar binding proteins by multivalent oligo-saccharide probe
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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.

(1) 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.

(2) 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.

(3) 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
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Fig. O

Signal transduction pathways through FRS2 docking proteins Upon
stimulation with FGFO FRS2 proteins become tyrosine phosphorylated
and activate several signal transduction pathways including the Ras-
ERK pathwayl



m 0 oogn

gooooooooOoooOooDbOooboOooDbOoooOoooo
obooobOooooooOoooooboboOoboooooOoboooo
cbooooboooooooOoooOoOobobOOobooOoOooOOobooOOoo
obOoobOoooOoooOoooOoobobOOobobOOoobOOoboDoOoo
obOoobOooooooOoooooboboOoboboOooDbOOobooDoOoo
obOoobDOoooOooooOoooooboboOoboboooDbOooboDOoo
ooOoobDOoooO0oooOoOoooooboboobooboooDbOOobDOoo
oooo

gooooooooooOoOooOoOoOoooooboboooooo
obooooOooooooOoooooboboOobobooooOoboooo
oood

goooooooooocoobobOoboboOoobOOoooOoooo
obOoobOoooOooooOooooooboOoboboOooDbOOobooDoOoo
ooobooooooobooooooOoooooooooooobooo
ooOoobDOoooO0oooOOooooooboOoboboooDbOOobDOoo
ooOooDOo0ooO00ooO0O0OoOoooboOoboboOooDbOobDOoo
oooooDOoooO0o0oOoOoO0ooOoOooboOooboOooDbOoboDOoo
obooooOooooooOoooooboboOobobooooOoboooo
cooooOooooooOoooOooobOOoooobo

goooooooooocoobobOoboboOoobOOoooOoooo
obOoobOoooOooooOooooooboOoboboOooDbOOobooDoOoo
oooo

LBREHPEM
|
BME

Kigse

HE
)l EFIE ) R SHE ATME  RET
2) B 2) Ry T—2 M el
3) 5 F RN

| | I |
—

wemm

[
1 R

AR (RN
s bt STV

IVEHFTA A—204, nRERS. ) ReNiEk

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 Engineering and Molecular
& Developmental Biology.

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

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

(1) Yeast (Saccharomyces cerevisiae)

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

(2) Human cells.

It has been elucidated, by us and others, that homologous
MAP kinase cascades and protein phosphatases are in-
volved in osmo-adaptive responses of both yeasts and mam-
malian cells. In mammalian cells, however, the osmostress—
responsive MAP kinase cascades can be also activated by
diverse environmental stresses, such as UV and gamma ra-
diation, genotoxins, and oxidative stress. Thus, it is antici-
pated that there are multiple upstream sensing mechanisms,
each of which eventually activates the same stress—respon-
sive MAP kinase cascades. We will investigate the molecular
mechanism by which the cells detect the diverse environ-
mental stress conditions, and mechanisms by which the
stress—responsive MAP kinase cascades are activated.
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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.
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Fig. 2
Behavioral study using the mouse as an animal model.

al 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,
optical imaging, biochemical, molecular biological and behav-
ioral approaches.

00O Molecular and cellular mechanisms of hippocampal synap-
tic plasticity.

00 Roles of tyrosine phosphorylation in synaptic plasticity.

OO 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.

00 Neuromodulators and synaptic plasticity: acetylcholine etc.

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

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

(D0 Synaptic plasticity in the amygdala and emotions.

(IO Regulation of hippocampal functions by inputs from extra-
hippocampal neurons.
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Fig.o0

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

Bottom panel: Schematic drawing of crossbridge behavior elucidated by
our analyses. Unlike conventional Tilting—crossbridge hypothesis”, confor-
mational change of myosin head might involve two kinds of movements,

“ Structural Biology of Single Molecule”: Three-dimensional
OO-DOstructural analyses of functioning protein complex in so-
lution and in live cells
Protein molecules or their complex fornt The Molecular Ma-
chines of Life” which play crucial roles in extra— or intracellular
environments. We have been developing the means to visual-
ize the structure of individual particles under functional states,
and to study their molecular mechanism throughO-D structural
analyses of their images without averaging. Utilizing our novel
methodology of 0-D image analyses, together with new high—
performance marker probes, we are challenging the realtime
intracellular dynamics and high-resolution structural analyses
of several protein complex including molecular—motors and re-
ceptor molecules.
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Top panel: Flow—chart to conduct' the Structural Biology of Single Mole-
cule”. Basic techniques are quick—freeze deep—etch replica electron micros-
copy,’ 0-D image reconstruction” from tilted micrographs and* Differential
image analysis” as below.

Center panel: Differential image analysis to define Protein’s’ Face’l basic
structure observed from certain sidelJand its' Facial Expression”0 structural
change from the standard statel] By quantitative comparison of extracted
feature patterns of real replica and simulated images, we might discriminate
the observed side of the target protein and its delicate, possibly function-re-
lated changes. Sample images are indicated on the right. True images
nicely match with artificial model images.

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

(1) 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.

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

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

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

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

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

1) Physiological roles
of IPJCa* signaling
in fertilization and
embryonic develop-
ment 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.

Meorewemes un b
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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.O

Molecualr mimicry between tRNA and translation factors. Of these trans-
lation factors, release factor RAJ deciphers stop codons using peptide anti-

codon’ marked by the arrow.

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

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

In addition to these RNA oriented study, two lines of transla-
tion orientated studies are in progress: Jto uncover the mo-
lecular mechanism of translation termination and the molecular
basis of mimicry between translation factors and tRNA; andJ0
to investigate the' prion’ nature associated with yeast transla-
tion factor SupgT].

RNA (aptamer) 20kDa

R\ (eIF4A)46kDa
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Fig.O
The predicted structure of RNA aptamer bound to its target protein elFJA.
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Fig. 1

Cleavage-site-directed antibody against caspaset]—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.

(1) Various proteases such as caspases, calpain and proteasomes
are involved in signal transduction for apoptotic cell death. Cas-
pase 1] cleaves calpastatin, an endogenous inhibitor protein for
calpain, during apoptosis. Subsequently, calpain is activated and
suppresses cell death. In polymorphonuclear (PMN) leukocytes ac-
tin is cleaved by a serine protease into a [I1-kDa form lacking
amino-terminal region essential for cytoskeletal polymerization.
Proteolysis of actin in PMN apoptosis remains to be elucidated.

(2) We have been analyzing activation of zymogens and proteolysis
of substrate proteins in situ in various states of cells by means of
cleavage-site-directed antibodies that specifically recognize a ter-
minal region of proteolyzed polypeptides but do not bind native
proteins (Fig. 1).

(3) Promyeloid cells become resistant to cytotoxic anti-Fas antibod-
ies and lipopolysaccharide after differentiation into monocytel
macrophage-like cells. The differentiation may affect the cell-sur-
face expression of the apoptosis receptors, and death signaling
downstream of receptor-coupled protease, caspaset] is sup-
pressed in apoptotic response.

(4) Shigella is phagocytosed by macrophages but induces cell death
of the phagocytes mobilized by innate defense system. The cell
death seems to be related to host-cell-invasing activity of bacteria
as well as differentiation state of the phagocyte. Molecular mecha-
nism of the infection-induced cell death is under investigation in fo-
cus of interactions between cell-death—related proteins and bacte-
rial factors.

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

Peptide synthesis.
Purification of proteins and their functional analyses.

random
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Fig. 2
The evaluation of antibody-specificity by phage display.
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Fig. 1
BioArchive System for cryopreservation of cord blood samples

Division of Cell Processing was established in IMSUT on September (1] to support the clinic through cell therapyC This
division established Tokyo Cord Blood Bank on September TTI0since thenCwe have processed and cryopreserved the
cord blood to ship for the patients who undergo cord blood transplantatiort] CBTIII This department has also supporting the

clinical departments through denditic cell therapy for patients with malignanciesC In the experimental partZ expansion of
hematopoietic stem cells including COTIC cellsINKIT cell progenitors with or without the placenta-derived mesenchymal
cellJAnd we also established the induction of mesenchymal cells derived from placenta into tissue regeneration including
boneDadipocyte[I cartilage and neural cells]

Quality management and internationalization of cord blood bankC)

Tokyo Cord Blood Bank{ Tokyo CBBL has been established in September TTT(Tokyo CBB had its management and
process based on two standards] " Guidelines for The Practice of Umbilical Cord Blood Transplantatiorl Ministry of Health
Labor and Welfare? and FAHCT-NetCord standards developed by the international cord blood bank network[ In order to
keep these standardsTIwe adopted the international quality management systemC International Organization for Standards

[ISOITIIOWe got certfied as ISOCIT in March(ITD and revised ISOTIITICTTT] in(ITTMay Tokyo CBB has registered
[J MMunits of CB in NetCord and Bone Marrow Donor World Widel) BMDWL by June (TTTC'and shipped (TDunits includ-
ing[T] units to foreign countries]We have established AsiaCORD to get more advantage to search the appropriate donor in
Asia in JulyTT00In relation to AsiaCORDIwe supported to establish the first national CB bank in Vietnam(
Functional characterization of cord blood monocyte-derived dendritic cellsD

We used autologous monocyte-derived dendritic cellsT PBMo-DCs as tumor vaccine for patients with malignant mela-
noma and thyroid carcinomal Phase | Clinical Trial of DC Therapy

On the other handZwe compared functional characteristics of cord blood monacyte-derived DCs] CBMo-DCsC and PBMo
-DCsClImmature CBMo-DCs had almost the same capacity of endocytosis and chemotactic migratory responses as imma-
ture PBMo-DCsJ Cytokine mRNA levels revealed that both immature CBMo- and PBMo-DCs stimulated by LPS produced
IFNJ OGM-CSFOIL-D and ILED g0 These results suggested that CBMo-DCs appear to function as well as PBMo-DCs
and possibly to be an acceptable source for DC therapyl
Activation and expansion of NK cellsTT cells and NKT cells in cord blood

Unlike cytotoxic T celINK cells and NKT cells are known as non-HLA restrictedC non-tumor specific cytotoxic activityl
Expansion and activation of NK cells and NKT cells might greatly contribute to GVLIT effects and engraftment after stem
cell transplantationT We have studied the effect of IL£0) and FitD L on the expansion and activation of NK and T celld
These expanded cells expressed perforin moleculesDand cytotoxic activity against KT was also recognizedC which was
inhibited by perforin inhibitorC] These results indicated that CB-derived NK cells and NKT cells may contribute to the clinical
use for antHeukemia therapyC)

Ex vivo manipulation of cord blood-derived stem cells to enhanse the expression levels of homing-related molecules and
intra-bone marrow injection of cord blood cells to facilitate the engraftment of cord blood cells

We compared the expression levels of the homing-related molecules on CB-mobilized peripheral blood mPBL and
hone marrow] BMCderived COTID) cells using four-color FACS analysisCI Significantly lower expressions of CD.Tel] CDIIf

CO and CXCRJ on CB-derived CDIIT cells were observed compared with those of mPB-Cand BM-derived CDI0
cellsJEx vivo manipulation of cord blood cells with human stem cell factof] SCFOresulted in the enhanced expression lev-
els of these molecules and engraftment of human blood cells in NODISCID mousell To overcome the physical obstacle for
engraftment of stem cells0we have been studying the intra-bone marrow injection of cord blood cells using NODISCID
mousel
Isolation and characterization of multipotent mesenchymal progenitor cells from human cord blood and placenta

We established a method of isolating mesenchymal progenitor cellsT MPCsCfrom chorionic villi of the fetal part of the full-
term human placenta and the characteristics of these cellsT] Placenta-derived mesenchymal progenitor cellst PDMPCs[iso-
lated by the explant culture method consisted of a heterogeneous cell population including spindle-shaped cells and large
flat cellsT The PDMPCs expressed COI0COIOCOIOCOTIC COTL and HLA-class | as surface epitopesObut did not
Cojoconicom and HLADROUnder specific induction conditionsT these cells differentiated into osteoblastsC chondro-
cytesDadipocytes and neural cellsTPDMPCs may thus be considered as one of the possible sources of MPCs that can be
used for cell therapies and tissue engineering We are investigating the abilty 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 neu-
rondJ
On the other handPDMPCs have a limited replicative life span when serially passaged in cultureCIt s difficult for us to in-
vestigate clonal analysis of PDMPCsITo establish immortal PDMPCsOwe transduced PDMPCs with cDNA encording Bmi-
0 Owhich downregulates the [T tumor suppressor genes encorded by the ik a locus andZor telomerase catalytic com-
ponen{] TERTI which prevents the progressive shortening of telomeres that occurs as the number of cell divisions aug-
mentsCby lentiviral vector]We examine to isolate clones from these cells and analyze the differentiation ability of clonest

Similar results wene obtained in mesenchymal progenitor cells isolated from cord blood.

A C
Toluidine blue  Typell collagen

Control Induction
21day 14days 21 days

7Tdays

Fig. 2
Chondrocyte generation of human placenta derived mesenchymal pro-
genitor cells.
A. Chondrocyte generation by pellet culture.
B. BMP stimulate generation(] right(]
C. Toluidine blue and Typell collagen staining of the pellets.



D0000000M0O00000000MmM O00010  oivision of Cellular Proteomics (BML)

goooooOOoooO0ooDOOoobO0oooOoooboooobo
gooooooooooooOooooooooooooon
goooooooooboboooboooboooooooOoooooo
gooooooooooOooocoooobooooooooboooo
gooooooooooooooooobooOoOoboooOooOoobooo
gooooooooooooobooboOooDooo

Oooooooooooo

00o00ooo00ooooooooooooooooooooon
00o0oo0o0oooooooooooooooooooooo
00000o0oo00o00oooo0ooooooooooooo
ERKDO extracellular signal-regulated kinaseO 000000
0000000000 00o000o00ooomooooooo
0000000000000 0000ERKOOOOOOOOO
0000000o0o0oooooooooooooooooon
00000 o0obOo0ob0odo0bDO0OERKODOOOOODOODOO
Ooooooooooo

0000000 MAPOOOOOOOOOODOOBAG
0 BclH] associated athanogene 10 000000000000
0000000O0000000oOoOooOoooIMACO immobi-
lized metal affinity chromatographyO 0000000000
00000000000oo0o0ooooooooooon

gooooobooooooo
gooooooooOooboOooDbOoobDOooDbOooobooooo
goooooooooboooobooooOooooooooood
gooooooooobobooobooboobooooooOonooooo
gooooooooobobooobOooboOooObOoooOobOooooo
goooooooooobooobooboOooOOoOooOobOooooo
00000000000 0AKktO0000GadmOSWARTO
DEFO0OO00O000O0DO0O0O0O00O0COOOO0OO0O00PH
gooooopPIREIDOOOOOOOOOOOOOPOOODOO
gooooooooboOoooboooon

METESAE i1 8

oy '!'

y— . MaPK KK
@
4
—" MAPK

Signal transduction studies by proteomic analyses

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

One method is phosphoprotein purification. Phosphoproteins
were purified from cells in which a kinase of interest was either
activated or suppressed. Samples were analyzed by[J-D elec-
trophoresis. By this approach we succeeded in the identification
of nearly (1] substrates of ERKO extracellular signalregulated
kinasel] About half of the identified proteins are known ERK
substrates, indicating the efficacy of our approach. We also
identified novel g1 MAP kinase substrate by a similar ap-
proach. Also, we analyzed raft membrane fractions from acti-
vated or quiescent T—cells, which revealed that proteins having
PH domains are recruited to raft fractions upon activation.
Since this fraction contains T—cell receptor, components for T-
cell immunosynapse formation will be identified by this ap-
proach.

oo

Ueda, K. Kosako, H. Fukui, Y., and Hattori, S. Proteomic iden-
tification of Bcl-associated athanogen O as a novel MAP
kinase-activated protein kinase substrate. J. Biol. Chem. [T,
(T,
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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.



DO00000U0O0O0OLL  DvISIONOF MOLECULAR AND DEBELOPMENTAL BIOLOGY (ORIENTAL. TOMY JSOFTBANK

oooo oooo O O Ooog
o O oooo O O O O

Professor. Sumiko Watanabe, PhD.
Research Associate: Shinya Satoh, PhD.

goooooobbobooooooooobobbbooooooo
gooobobbO0ooooooooobbobboooooooboooboo
obooobOooooooOoooooboboOoboooooOoboooo
cbooooboooooooOoooOoOobobOOobooOoOooOOobooOOoo
obOoobOoooOoooOoooOoobobOOobobOOoobOOoboDoOoo
obOoobOooooooOoooooboboOoboboOooDbOOobooDoOoo
gooobobboooooooooobbbooooooooboooo
goooobobbooooooooooboooo

goooooobooboo
(1) 0DO00O00000000000000000000000

(2) ODDODOODOOOOO0OOOOOO0OO00

(3) ESO0DDDOO0OODDDOO

(4) 0DO0OOODOO0OOOODOOOOOOOO0OOOO
(5) 00DO0000D0D0O0O0000DO0O0O0O0OO0OO00OOooag
(6) DODODODOO

ooOOooDOoooO0oooO0O0ooOoobobOOobobOOooDbOobDOoo
ooOooDOoooO0ooOoO0ooOoOoboboOooboOooDbOobDOoo
obooobOoooooobOooooboboOobobooooOoboooo
oboooboooooooOoooOoOoobOOoboOoOooOOobooOoo
obooobOooooooOoooOoobobOOoboboOooOOoboDoOoo

s __12hpf 18 hpf
2§
S e B
£
>
: 4
5
(=]
&
&8
oo

gooooooooooooooooooooooobooooooooo
gobooooooobooooboooboobooooooboOoooooono
gob0ooo0ooOoo0oooooOo0ooOo0oOoOooOOoboOo0oOoOooOoOo0o
goooboooo0ooooooobooobOOooobObOO0Ob0000o0ob0OrgnO
goooO0bo0o0O000O000O0O00EGFPOOOOOOOOOOOORO
gooooo0ooooooooOoooOoo0obOoEeGFPOOOOOOOOO
gooooooooooooboOoobooooo

Fig.oO

The zebrafish is an excellent model vertebrate for the analysis of CNS de-
velopment for many practical reasons including high similarity of its geneti-
cal and structural organization with that of other vertebrates, including mam-
mals. In addition, another advantage of using the zebrafish is that knock-
down and overexpresion experiments can be done easily. We cloned pro-
moter region of retinal specific gene, nd, and this figure shows retinal spe-
cific expression of EGFP under regulation of nJ promoter in the zebrafish.
Mouse n{ promoter-EGFP was also expresses retinal specific manner in
zebrafish, indicating common mechanisms underlie in mouse and zebrafish.

Our ultimate goal is to understand molecular mechanisms underly-
ing the signal transduction from membrane to nucleus regulating
stem cells for their self renewal and differentiation into particular cell
lineage and tissues. For these purposes, we work on various organs
and cells including neural, dental, lymphoid and hematopoietic cell
lineages as well as pluripotent embryonic stem cells. As in vivo mod-
els, we use mice, and zebrafish for the studies of molecular mecha-
nisms of differentiation and development of tissues and organs.

The specific activities are as follows[]

(1) Molecular mechanisms of retinal development in vertebrate

(2) Retinal specific transcriptional regulation

(3) Identification of retinal stem cells

(4) Regeneration of retinal cells from mouse ES cells by transplanta-
tion.

(5) Expansion of haematopoietic stem cells by manipulation of cy-
tokine signals.

By using different tissue systems and animal models, we aim to re-

veal fundamental as well as specific mechanisms of stem cell regula-

tion. Understanding basic mechanisms of cell proliferation and differ-

entiation will help us to develop novel strategies with which to ma-

nipulate the stem cells for their amplification and differentiation into

specific cell lineages.
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Neural differentiation of mouse ES cells and their derivatives with ectopic
expression of retinal specific genes. Parental ES cells and modified ES cells
have different morphology and gene expression patterns when they are dif-
ferentiated into neural cells. When the modified ES cells were transplanted
into host mouse retina, the cells differentiated into subsets of retinal cells,
and their functional synaptic formation was confirmed by electrophysiology.
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1

Identification and isolation of retinal stem cell from mouse embryo: Using
various markers, we examined proliferation and differentiation abilities of
sub—population of immature neural retina. This figure shows one of these
markers, SSEA-], which is known as a marker of neural stem cells in brain,
are expressed in the ciliary marginal zone of the immature retina. SSEA-L]
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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0 O Kami etal, transplant infect Dis, in press.

The ternf human network,” the official name of this research
department, encompasses a comprehensive network that goes
beyond the boundaries of the medical profession to include the
network of medical professionals, that of patients, and that be-
tween medical professionals and patients. The department
aims to build this network with a focus on medicine. Although it
is area field that has never been explored, we conduct research
with an emphasis on practical implementation over criticism.
Achievements in[11T]

(D Unapproved Drugs

The proteasome inhibitord Velcadel] which was developed
as a treatment for multiple myeloma, is in high demand by pa-
tients for their efficacy in treatment and has been used by a
number of patients in Japan through private importation before
it was officially approved. Since the patients who have taken
Velcade were observed to suffer from a high incidence of respi-
ratory complications, which had not been considered serious in
clinical trials in Europe and Japan, we compiled [IJ cases of
such patients through our network of doctors to conduct a study
of these complications0JOO We will continue to commit our-
selves to addressing the issues associated with unapproved
drugs and to propose recommendations for a system better en-
abled to provide patients with improved medical care.

The arrest of an Obstetrician-Gynecologist from Ohno
Hospital, Fukushima Prefecture

We participated in the activities initiated by Professor Sato,
Department of Obstetrics and Gynecology, Fukushima Medical
University to support the obstetrician—-gynecologist from Ohno
Hospital in Fukushima Prefecture, who was arrested on Febru-
ary[J,[T1T1. Through our network of doctors, more than[TJITT]
electronic signatures were collected. We have then set up an
office for the Society of Preventing the Collapse of perinatal
Medicine, headed by Professor Sato. Its activities have been
groundbreaking in how they have made use of the internet to
spread the society’s message quickly throughout the country
and how they project the voice of the medical community to the
entire world.

Patients’ Organizations

The development of the internet is changing the nature of pa-
tients’ organizations. In addition to conventional large-scale
and disease—oriented patients’ organizations emphasizing
workshops and seminars, there is a growing importance of
small-scale hospital-based patients’ organizations and the
community of patients’ personal websites and blogs on the in-
ternet. We will continue to assist in the establishment of hospi-
tal-based patients’ organizations and offer recommendations
for the role and functions of these organizations. We are also
promoting patients’ literacy by making available free magazines

[ e.g. Lohas MedicalOat clinics and so forth.
@~ Mycotic Infection

We are performing surveys on imported infectious diseases.
We also promote clinical research on fungal infections in hema-
topoietic stem cell transplants. We compiled]000the results and
bibliography and reported the results of our review on fungal in-
fections in a mini-transplant.

Objectives for111]

In addition to the above (1)-@), activities will be expanded to
the following areas.

Field—based Medical Reform

While progress continues on medical reforms led by the gov-
ernment, including the transformation of national university hos-
pitals into independent administrative institutions, review of
medical expense system, and issues surrounding generic
drugs and so forth, the differences in perceptions among pro-
fessionals in the medical field have become more pronounced,.
Thus, in view of the necessity for field-based medical reform,
which has previously been given little attention, we will make
recommendations for such reform and hold symposia pertain-
ing to such.
® Promotion of Clinical Research

We have conducted collaborative studies at multiple facilities
on malignant tumors and hematopoietic stem cell transplants
and reported the results in English-language journals. Although
everyone currently recognizes the necessity for clinical re-
search, in actuality it is not been sufficiently functional. We will
identify the cause of this and recommend solutions.

Coordination between Homecare and Outpatient Services
for Cancer Patients

While the medical system currently focuses on the treatment
of infectious patientsl] young, infectious, curablel] we need to
establish a new medical system for the treatment of cancer pa-
tientsd elderly, non-infectious, incurablel] To that end, we feel
the necessity for a system to coordinate homecare and outpa-
tient services, and will continue to implement practical medicine
while conducting field surveys.
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The main projects of our laboratory are to discover new bio-
logical meaning at molecular level from vast array of biological
data by various statistical approaches, and to train the re-
searchers for the right use of statistical techniques. The sub-
jects under investigation are as follows: [J O extraction of useful
information from time-course gene expression data by using
time-series models, 00 O development of parameter estimation
methods for bio-simulation models with statistical approaches.
The former research is intended to discover regulatory mecha-
nism of many genes, and to predict gene expressions after dis-
pensing drugs or chemical materials, etc. The latter one is in-
tended to set parameters in a simulation model automatically
and properly using real data, instead of hand-tuning by expert
researchers. On the other hand, as one of the educational ac-
tivities, we give lectures for researchers and graduate students
as a part of“ Education and Research Organization for
Genome Information Science” which is Bioinformatics Joint
Project between Bioinformatics Center, Institute for Chemical
Research, Kyoto University and Human Genome Center, Insti-
tute of Medical Science, University of Tokyo, with support from
Ministry of Education, Culture, Sports, Science and Technol-

ogy.

O00000000000000000O0  pivISION OF ADVANCED CLINICAL PROTEOMICS

ooo0ooooooo0oooooooboooooooooooao
goooooooooboooooooboooooooooooao
gooooooooobooooobooooboooooooooooa
goooooooooboooooboooboooooooooooo
gooboooooooboooooooboooboooooooog
goob0oooooooboooooooboooboooooooog
O0oo0oooo0obooobo0oo0ooooobooooooooao
O000000000000000cDNACOOOOOO0O0O0O0
pooooooooobooooooobooooobooooooao
goooooooooboooooooboooooooooooao
gooooooooobooooobooooboooooooooooa
goooooooooboooooboooboooooooooooo
gooboooooooboooooooboooboooooooog
goob0oooooooboooooooboooboooooooog
O0oo0oooo0oboooboooooboobooooobOooaoo
Ooooooobooooboooa

LI
BEE

The objectives of our research are: [0 [J To generate new pro-
teome techniques coupled with genome and transcriptome
technology for the screening of disease-related biomarkers,
[0 O To obtain protein expressionimodification profiling by a fo-
cused proteome approach, and [0 [0 To develop novel diagnos-
tics and therapeutics using biomarkers for human disease
treatment. Using MALDI-TOF-MSILC-MSn with high-through-
put screening of DNA microarray system and tissue microar-
rays covering hundreds cases of archived clinical samples for
validation of the potential target proteins, we are performing
comprehensive gene and protein-expression profile analyses
of serum and tissue materials from several human cancers and
diseases. We believe that this effort will provide valuable infor-
mation that will eventually enable us to identify novel diagnos-
ticDpredictive biomarkers and therapeutic target molecules for
human cancers.
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The primary function of the Core Facility for Therapeutic Vec-
tors] CFTVUis to support translational research projects that
require clinical graded-virus vectors andJor manipulation of pa-
tients’ tissues.

Three projects are now in progress in the CFTV.

0 O Cancer gene therapy using IL+T] transduced dendritic
cells.; We have prepared the Master Virus Seed Stock which
contains a replication—-defective recombinant adenoviral vec-
tor encoding human interleukin£] driven by a CA promoter.

0 O Vaccine therapy with peptide-loaded dendritic cells for ad-
vanced melanoma.; We have finalized standard operating
procedures for preparing clinical-grade dendritic cells stimu-
lated with OK£TTIIPGHI and loaded with the peptide from gp
(111, a melanoma-associated antigen. The clinical trial of can-
cer vaccine therapy is now open for patient enroliment.

[ O Oncolytic virus therapy using genetically engineered her-
pes simplex viruses for malignant brain tumors.; The pilot run
has been performed to establish master and working cell
banks for producing HSV.
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Carcinogenesis involves not only genetic alterations but also
change of expression in a number of genes. Global expression
profile analysis of human tumors facilitates the clarification of
their biological characteristics and precise molecular diagnosis.
We are now working on the following three projects.

(1) Using cDNA microarray, we analyzed expression profiles
of chromic myeloid leukemiall CML cells with high-sensitiv-
ity and those with low-sensitivity to Imatinili] Glivec[] and ex-
pression profiles of lung adenocarcinomas with high-sensitiv-
ity, and those with low-sensitivity to Gefitinili] Iressal] Based
on these data, systems to predict sensitivities of these tumor
cells to each treatment have been developed. As a prospec-
tive study in collaboration with department of medicine in In-
stitute of Medical Science Hospital, we provide these sys-
tems to patients who are going to be treated with Glivec or Ir-
essa.

(2) We identified SMY[7, a gene frequently upregulated in
human colorectal, hepatocellular, and breast carcinomas.
SMYLO] encodes a protein containing histone methyltrans-
ferase activity that promotes the growth of cancer cells. We
have been investigating the mechanisms of its growth promo-
tion.

(3) Using global expression profiles of colorectal, liver, and
gastric cancers, we have been searching for novel therapeu-
tic targets that are involved in the proliferation of cancer cells,
and analyzing their function.
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Our current work is focused on mesenchymal stem cells
[0 MSCL] the molecular mechanism of selfrenewal of hema-
topoietic stem cells§] HSCOand the regulation of hematopoietic
cell differentiation by lineage—specific transcription factors.
O O Isolation and characterization of placental MSC
MSC is a cell that has a capacity to differentiate to mus-
cle cells, bone, cartilage, adipocytes or cardiomyocytes.
The methods for isolation, culture and differentiation induc-
tion of MSC are still not fully established for clinical applica-
tion. This project focuses on the development 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 stromal
cells
Bone marrow stromal cells are a population of mesen-
chymal cells that resides in the marrow. These cells are im-
portant components for bone marrow niche, a microenvi-
ronment for nurturing HSC. We have previously cloned
novel membrane proteins, ISF and mKirre that support self
—renewal of HSC from bone marrow stromal cells. We are
currently investigating how these factors regulate self-re-
newal of HSC by using cDNA microarray, gene disruption
in mice, expression cloning by retrovirus. These studies will
lead to the better understanding of the molecular mecha-
nism of signaling networks in HSC physiology.
0 O Mechanism of hematopoietic cell differentiation by lineage—
specific transcription factors
Differentiation of hematopoietic cells is regulated by line-
age—specific transcription factors. We generated transgenic
mice that ectopically express inducible form of those tran-
scription factors and are analyzing their effects on hema-
topoietic differentiation. This study will reveal the plasticity
of hamatopoietic cells at various differentiation stages, and
eventually help to develop the method to manipulate he-
matopoietic cell differentiation.
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Stem cell biology provides basic knowledge and tools for re-
generative medicine, particularly for stem cell therapy. Hema-
topoietic stem cells] HSCs[Oare not only the best studied stem
cells but also an excellent model for studying other stem cells.
However, the molecular mechanisms of their self-renewal and
differentiation remain poorly understood. In this project, we
have addressed fundamental biological questions such as:
0O O What is molecular basis in HSCs to support their self-re-
newalld OO How is the HSC fate determined intrinsically and
extrinsicallyld [0 00 What is a differentiation manner of HSCsOJ
0O O How are epigenetic changes associated with differentiation
processes in HSCs[ [ O Is there any cell cycle regulation spe-
cific for HSCsO 0O O What are molecular interactions between
HSCs and their nichesl] Moreover, as adult HSCs have limits
in self-renewal potential, we have sought primitive HSCs in de-
veloping embryos in order to understand the mechanism for a
robust in vivo expansion of HSCs. Hopefully, all these studies
will lead to ex vivo expansion of HSCs, that is the most wanted
procedure in stem cell-based regenerative medicine.
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Everyone thought that stem cells randomly hang out in the
bone marrow. Now we have defined several dynamic microen-
vironments within the bone marrow that dictate maturation and
survival of stem and progenitor cells. There is the surface of the
bone, the osteoblastic niche, which provides a safe haven for
resting quiescent stem cells. We published a study demonstrat-
ing that under normal baseline physiological conditions stem
cells hide or reside on the osteoblastic niche. We detail the in-
volvement of an enzyme, metalloproteinase+IJ MMP-H1J and a
stem—cell-active cytokine, Kitligand also known as Stem Cell
Factor(] in the production and mobilization of bone marrow
stem cells. To put it simply, physiological stress, as may occur
during tissue injury, activates MMP-£] in bone marrow cells, and
that promotes the release of Kit-ligand, which leads to the pro-
liferation and mobilization of stem cells from a dormant mi-
croenvironment of the bone marrow to an environment that pro-
motes their expansion, differentiation, and mobilization to the
bloodstream. We demonstrated that activation of MMP-] is es-
sential for release of stem—cell- active cytokines, including Kit-
ligand, which promote the reconstitution of blood and vascular
and blood—-generating stem cells. This cascade of events leads
to significant expansion of stem cells that move in large num-
bers to the peripheral circulation facilitating recovery for future
use. These exciting results lay the foundation for developing
strategies whereby activation of enzymes such as MMP-+£] or
other as-yet unrecognized organ-specific proteases can func-
tion as molecular switches to expand and recover a large popu-
lation of autologous hibernating stem cells for use in tissue—re-
generation and gene therapy. In the current paper, we also
show that the stem cells move from the osteoblastic niche to
the vascular niche, where they get instruction to differentiate.

As we introduced some parts of our projects in above, we are
analyzing the mechanism of mobilization and recruitment of
stem and progenitor cell from bone marrow to peripheral circu-
lation and tissues. Additionally, we are also focusing on the re-
lationship between hematopoiesis and angiogenesis. Little is
known how mobilized immature cells contribute to tissue regen-
eration as mentioned. We are also developing the new meth-
ods to promote tissue regeneration and therapy for cancer
through the regulation of angiogenic process. If you are inter-
ested in our research, please contact us.
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HUMAN GENOME CENTER

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

Each laboratory of Human Genome Center conducts the ad-
vanced research in human genome analysis, particularly the
field related to genes susceptible to diseases, and also pro-
vides resources and information for genome research. We also
have seminars to transfer technology as well as to use various
computer programs.
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LABORATORY OF GENOME DATABASE
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Fig. 1
HiGet database entry retrieval system with full-text search

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

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

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

0 O HiGet: biological database entry retrieval system with the
ful-text search engine for major biological databases
JOSSS: sequence similarity search system integrating

BLAST, FASTA, SSEARCH, TRANS and EXONERATE

against various sequence databases.

0 O KEGG DAS: distributed annotation system for the complete
genomes in KEGG

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

0 O EGassembler: integrated pipeline to assemble EST se-
guences
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Type Il diabetes mellitus pathway in KEGG
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Fig. 1

A gene network of 1049 genes constructed from microarray gene expres-
sion data based on knock-downs of 270 genes in HUVEC and responses of
fenofibrate, a drug for hyperlipedaemia. Including PPARa , knownJunknown
drug target genes and pathways are extracted from this network.

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 system
and applying them to practical issues in medicine and biology.
The recent advances in biomedical research have been pro-
ducing large-scale, ultra-high dimensional, ultra—heterogene-
ous data. Our key issue is to develop and fuse the data analy-
sis technology and the in silico biosimulation technology for
these emerging biomedical data. The supercomputer system is
the indispensable infrastructure for this mission. The following
two topics are rigorously investigated.

(1) 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, state space model, and
Boolean networks are investigated for modeling, estimating
and analyzing gene networks consisting of several thou-
sands genes. With the gene network technology, we are
leading the world in the computational method for searching
drug target genes and disease related and drug-response
gene networks.

(2) Modeling and simulation of biological systems: The first
computational task towards the understanding of life as sys-
tem is to develop a software tool with which we can model
and simulate various biological mechanisms and pathways in
cells by organizing and compiling biological data and knowl-
edge. For this aim, we developed a software tool Cell lllustra-
tor™ that is now commercialized with a license from Univer-
sity of Tokyo. We are also developing an XML named Cell
System Markup Language (CSML) (http:DIwww.csml.orgl) to
describe and simulate biological systems for enhancing our
understanding life as system. In collaboration with cutting—
edge biomedical research labs, we are contributing to con-
structing computational disease models and predictionsl
tests of gene functions and new hypotheses. Laboratory
URL: http:00bonsai.ims.u-tokyo.ac.jpl
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Fig. 2

Cell lllustrator realizes smooth and easy modeling of gene regulatory net-
works, metabolic pathways, signaling pathways, etc. The picture shows a
modeling and its simulation of the pathway of p53, MDM2, p19ARF con-
structed from the literature and its data.
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Fig. 1

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

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 36,864 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 drug
responsiveness and adverse effects using whole genome-
SNPs (Single Nucleotide Polymorphisms) analysis, which may
facilitate the development of prediction systems of the adverse
effects. The final goal of our study is the application of these
prediction systems into clinics and the realization of personal-
ized medicine. Additional projects include the identification of
downstream target genes of tumor suppressor p53. The char-
acterization of physiological functions of the target genes may
be useful not only for the clarification of human carcinogenesis
but also for its clinical application for therapies. The main pro-
jects are as follows;

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

0,0 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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cDNA microarray system using the cancer and normal cells purified with
laser microbeam microdissection (LMM).

The determination of human genome sequence has been com-
pleted as a result of human genome project. Thus, it is now crucial to
clarify the function of genes in the genome. Particularly functional
analysis of genes associated with human diseases is a matter of great
importance. Microarray that enables to detect expression of thousands
of genes with an experiment is a powerful tool for the research of car-
cinogenesis in terms of basic research as well as clinical research. We
fabricated our in-house microarray slides containing 36,864 genes
that correspond almost of all genes in the human genome. We have
been performed expression profile analyses in a breast cancers, renal
cell carcinomas, bladder cancers and soft tissue tumors using the
cDNA microarray in combination with LMM (Laser Microbeam Micro-
dissection). To obtain the precise expression profile of human cancers,
we selectively collected cancer cells by LMM from clinical tissues that
are a mixture of cancer cells, stromal cells, endothelial cells, and infil-
trating lymphocytes (Fig. 1). We also analyzed expression profiles of
30 normal human tissues. Through these microarray data, we have
identified several candidate genes that are overexpressed in cancer
cells and not expressed in vital organs, as candidates for novel mo-
lecular targets of therapeutic drugs, antibodies, and peptide vaccine
andlor diagnosis of human cancers. Particularly, through the expres-
sion profiles of soft tissues tumors, we focused on Frizzled homologue
10 (FZD10), a member of Frizzled family, is exclusively up—regulated
in synovial sarcoma (SS) and its expression is not or hardly detectable
in normal organs. Treatment of two SS cell lines with smallinterfering
RNA (siRNA) decreased the protein expression of FZD10 specifically
and suppressed their cell growth. Moreover, the specific polyclonal an-
tibody against extracellular domain of FZD10 was markedly effective
in mediating antibody-dependent cell cytotoxity (ADCC) against FZD
10-overexpressing SS cells in vitro, and also effective in vivo, attenu-
ating the growth of SS xenografts in nude mice. Furthermore, mono-
clonal antibody (Mab) to FZD10 we established was shown to have
specific binding activity against FZD10 on cell lines expressing FZD10.
To further validate the specific binding activity of those antibodies in
vivo, we injected fluorescentlabeled Mab intraperitoneally or intrave-
nously into the mice carrying SS xenografts and found that this Mab
was bound to the FZD10-expressing tumors, but not to any other nor-
mal mouse tissues by the use of the /in vivo fluorescent imaging sys-
tem (Fig. 2). Taken together, this specific Mab against FZD10 could be
utilized as the novel treatment of SS with minimal or no risk of adverse
reactions.

FZDi0-Mab
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Fig.O

(@) /n vivo fluorescence imaging of synovial sarcoma (SS) tumor-bearing
mice after injection of fluorescent (Alexa J7)-labeled Mab. Fluorescence-la-
beled Mabs were administered at a dose of [TJu g per mouse intraperito-
neally. All fluorescence images were acquired with a [Tl-second exposure
time (fistopd 2) before injection, immediately after injection (0 hour), 24, 48
and 96hours, (b) Representative images of dissected organs (liver, spleen,
kidney, pancreas and colon), and tumors from xenograft nude mice.
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To understand biological systems from the genome informa-
tion and develop medical and other practical applications, it is
necessary to perform an integrated analysis of chemical infor-
mation on substances and their reactions, added to the analy-
sis of genes and proteins. The integration of genomics and
chemistry has been emphasized in the pathway database
KEGG and the LIGAND database has been made publicly
available for many years.

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

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

Fig. 1
Complementarity in homo-interfaces of proteins. (Left) Electrostatic poten-

tial on the surface of a protein (JJAJ). (Right) Scheme of the complementary

distribution of negativelpositive potential enabling its oligomer formation

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 functions of
genes, which are encoded in genome sequences. Our labora-
tory was founded in 2000; the current organization started in
2003.

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

More specifically, Prof. Nakai is an expert of sequence analy-
sis, with an emphasis on the analysis of transcriptional regula-
tory regions. For example, his group has systematically ana-
lyzed the transcription factor-binding sites in bacterial promot-
ers. Collaborative studies with Prof. Sumio Sugano’s group are
also under way to analyze the promoter structure of higher or-
ganisms. DBTBS and DBTSS, which are transcriptional data-
bases constructed through these studies, are now becoming
more and more popular. The analysis of transcriptional regula-
tion is useful to understand the biological function of genes be-
cause it clarifies how a set of genes is regulated in a coordi-
nated way.

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

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

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.
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Fig. 1

Immunocyotostaining of hematopoietic stem cells before and after cy-
tokine stimulation. Lipid raft clustering and exclusion of FoxO3a transcrip-
tional factor are observed.

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.

(1) Stem cell regulation and regenerative medicine

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

(2) Disease & therapeutic models targeting stem cells

The unique properties of stem cells make them ideal target
cells for gene and cell therapy. We have been developing an
efficient transduction system for hematopoietic and other
stem cells. This includes isolation of stem cells, establish-
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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Fig. 2

Organ culture of mouse embryonic metanephros (left) and induction of
kidney from ES cells using Wnt4 producing feeder cells (right). Green: LT—
lectin (marker for proximal tubules), Red: DB-ectin (marker for metanephric
bud and collecting ducts)
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Fig. 1

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

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

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

(2) Production and analysis of AIDS models

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

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

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

Excess IL-1 Signaling Causes Autoimmune Arthritis
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Chimeric mice (right two) and Gene targeting with Cre-loxP
control mice (left two) system

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

(2) ES cells, which are 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.

(3) The lymphatic development in mammals has been poorly
understood because of the lack of a suitable model mouse
showing lymphatic abnormalities. We recently found and
maintained a new spontaneous mutant mouse line which de-
velops chylous ascites and lymphedema. In order to under-
stand the mechanism of lymphatic development and func-
tions in more detail, we are also generating various knock-
outlknock-in mouse lines including a conditional knock out
mouse.
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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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Advanced Clinical Research Center (ACRC) performs clinical
sciences on designated project diseases such as hematologi-
cal malignancies, cancers and HIVOAIDS. The Center aims to
translate its own research outcomes into early clinical trials and
also to undertake the feedback experiments based on its own
clinical results. ACRC is consisted of five divisions, namely Divi-
sion of Molecular Therapy, Division of Cellular Therapy, Divi-
sion of Bioengineering, Division of Infectious Diseases and Di-
vison of Clinical Immunology, and a donated laboratory of Divi-
sion of Cell Processing (CERES). Division of Molecular Ther-
apy and Division of Cellular Therapy have main interest in elu-
cidating the mechanisms of leukemogenesis, growth and differ-
entiation of normal and neoplastic hematopoietic stem cells,
cross-talks between hematopoietic stem cells and bone-mar-
row—derived supporting stroma cells and aim to develop new
therapeutic maneuvers in close relation with Department of He-
matologylOncology and Department of Pediatric Hematologyl
Oncology of the Research Hospital affiliated to the Institute of
Medical Science of the University of Tokyo (IMSUT). Division of
Bioengineering has been conducting translational research on
cancer therapy mainly focusing on immunomodulatory and
gene therapy strategies. Division of Infectious Diseases (DID) is
involved in the clinical care of patients with infectious diseases
by the Department of Infectious Diseases and Applied Immu-
nology of the IMSUT Research Hospital. DID’s main interest is
the pathogenesis of HIV infection, antigen recognition by HIV-
specific CTLs and characterization of CTL-escape mutants, in-
novation of therapeutic HIV vaccines, clinical studies on HIVI
AlIDS—related diseases. Division of Clinical Immunology (DCI)
aims to develop advanced therapy for autoimmune diseases
and other immuno-mediated disorders. DCI aims development
of new drugs via the research on the structure and function of
cell surface molecules and transcriptional factors expressed in
human lymphocytes. The majority of the staffs in ACRC are
medical doctors. They are experiencing patients’ problems
daily and trying to develop innovative therapy through transla-
tional research.

—

> TREBR{LEIR

Clinical part of TR

Carter for Experimantal Medine

ﬂﬁt

HII:IInn Drl-'ln

swEneam [
D'oimntdﬂu: l

‘EJ""‘

. BR-faan
' Departmant of Microbiology
and Immunology

0

goooboooo0ooooooOoooooboOoboooooo

Fig.

Organization of IMSUT and the position of ACRC



|:| |:| |:| |:| |:| |:| DIVISION OF MOLECULAR THERAPY

goooooooooocooobOooboboooboOoooboooo
goooooooooobooobooboOooOOoOooOOooooo
goooooooooobooobooboOoooOOoooObooooo
goooooooooobooobOoobOooboOoooOooooo
goooooooooobooDbOoobOOoobOOoooO0ooo0O0o
gooooooooOoobDOoooO0oobOOoooboooooo
() O0DD0ODO0OOO0O0000000DO00D0O0D0O00O0O0
goooooooo
gooooooooooooboboooboOoooOoOoboooOoon
goooooooooocooobOooboOoobOOoooOoooo
OO0O0OmRNAOOOOOODOOOOOOOOODOShRNAD

gooooooooobOooooooooboOo0oooooOBCR-

ABL mMRNAOOOOOOOOOOOOOOOOsShRNAOO
oo0oooOoooOoooOooopPhO0UOOOUOOOOOOO
gooooooooooooooooboooooan
ooooboooooooooobooOooooooo
goooooooooobooboooobOoobooooon
gooooooooooboobooooboooooon
ooooooooooo
gooooooooooooboobooobOooobOobobOOooon
gooooooooOoooOoobOoobDOooDbOooobooooo
goooooooooooooboooooooooooooa
goooooooooobooobOooooooooooooo
gooooooboooocooobOooboOoooOooooOoooo
goooooooooocoobobOoboboOoobOOoooOoooo
goobooooooooooooooooooboobooooo
oo
(3) DDO0DDDD0O0O000O0DO0O0000O0O000ODooag
O0oOooOoooooOwntDOOOONotchOOOOOOO
goooooooooooooboooooooooooooa
oooao
goooooooooocooboboooboOoooOoOobooOoaon
goooooooooocoobobOobobOOoOobOOoOooOoooo
goooooooooocooobOoobOooboOoooOoOoooo
gooooooooooobooooooooooboobooooo
oo
(4) 0DO0O0ODO0DO0OO0O00O0O0D0000O0000000000
goooooooo
ooooobooooooooooooboooooboooan
goooooooooocoooboOooboOoooOoOobooOoooo
gboooooooooocoobobOoobOOoobOOoOooOoooo
goooooooooocooobOoobOooboOobooOoooo
gooooooooooobooobooboobooooooo
gooooobooooooon

oood
oooo
oo
ooo
oooo

IEREmE AR T |
IEHHHEEI#: —
i wl_ BN A1

.
BEamEEE

oo
oooooooooooon

The main theme of our research is toward the development
of novel therapeutic options against intractable hematological
disorders including leukemia and lymphoma. For this purpose,
we are making every effort to master the mechanisms of nor-
mal and neoplastic hematopoiesis on the basis of molecular
and cellular biology.

(1) Preclinical study of therapeutic gene transfer mediated by
various viral vectors: We have two main research projects in
this field. One is a murine therapeutic model of tumor vaccine
secreting GM-CSF (GVAX) in combination with nonmyeloab-
lative allogeneic HSCT. The other is a human experimental
model of ribozyme technology for inactivation of leukemo-
genic fusion MRNA such as BCR-ABL.

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

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

(4) Analysis of normal and neoplastic hematopoiesis based on
their interaction with microenvironments: Not only normal but
also neoplastic hematopoiesis can be supported by the spe-
cific interaction between stemlprogenitor cells and bone mar-
row microenvironments. To simulate this cell to cell contact /in
vitro, we are using a co-culture system in which stemJpro-
genitor cells are overlaid on the layer of hematopoiesis-sup-
porting stroma cells. This co—culture system is applied for de-
termination of drug sensitivities and gene transfer effects.
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Applications of retrovirus-mediated gene transfer

Oure major interests are 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
generate 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 AMLA] 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 a 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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(1) Although Japan is classified as a country with a low preva-
lence of human immunodeficiency virus type 1(HIV-1), do-
mestic sexual transmission has been increasing steadily. Be-
cause 700 of the Japanese population expresses HLA-A24
(genotype HLA-A"2402), we wished to assess the effect of
the dominant HLA type on the evolution and transmission of
HIV-1 among the Japanese population. Twenty-three out of
25 A24-—positive Japanese patients had a Y-to—F substitution
at the second positiond Nef138-10(2F)C in an immunodomi-
nant A24—restricted CTL epitope in their HIV-1 nef gene (Nef
138-10). None of 12 A24-negative Japanese hemophiliacs
but 9 out of 16 patients infected through unprotected sexual
intercourse had Nefl38-10(2F) (P 0.01). Two of two A24-
positive but none of six A24-negative Australians had Nef138
—-10(2F). Nef138-10(2F) peptides bound well to the HLA-A"
2402 heavy chain; however, Nef138-10(2F) was expressed
poorly on the cell surface from the native protein. Thus, HIV-1
with Nef138-10(2F) appears to be a CTL escape mutant and
has been transmitted frequently by sexual contact among the
highly A24—positive Japanese population.

(2) We compared serological infection markers in two groups
of HIV-1 infected individuals; hemophiliacs and sexually
transmitted cases. Syphilis, HHV-8, HSV-1, CMV, EBYV,
toxoplasma were more prevalent among sexually transmitted
HIV-1 (O) cases, while antibodies against HBV and HCV
were more prevalent among hemophiliacs. Although HBV an-
tigenemia were not significantly different between the two
groups, both had higher incidence than general population.
We analyzed HBV genotype in the sexually transmitted HIV-
10HBV (O) individuals and found that the great majority of is
genotype A instead of genotype C which is the most preva-
lent HBV genotype in Asian countries including Japan. Geno-
type A HBV is popular in north America and Europe. There-
fore, our results suggest that HBV from western hemisphere
was introduced and is circulating via unprotected sexual in-
tercourse in Japan.

(3) We cloned the extracellular domain of a human MHC class
I heavy chain, HLAA" 2402, or human 8 2 microglobulin (3 2
m) fused with HLA-A"2402-restricted human immunodefi-
ciency virus type 1 (HIV-1) cytotoxic T-Hymphocyte (CTL) epi-
topes (e 2m) in separate SeV vectors. When we coinfected
nonhuman mammalian cells with the SeVs, naturally folded
human MHC class Ilpeptide complexes were secreted in the
culture supernatants. Biotin binding peptide sequences on
the C terminus of the heavy chain were used to tetramerize
the complexes. These tetramers made in the SeV system
recognized specific CD8-positive T cells in peripheral blood
mononuclear cells of HIV-1-positive patients with a specific-
ity and sensitivity similar to those of MHC class | tetramers
made in an Escherichia coli system.
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Fig. 1

The great majority of Japanese expresses HLA-A24. HIV-1 replicating in
HLA-A24 (O) individuals has an amino acid substitution at the 2nd position
(Y-F) of a CTL epitope in nef gene (Nef138-10). The same amino acid sub-
stitution was found in HLA-A24 (O ) individuals infected through unprotected
sexual intercourse but not in hemophiliacs (P 0.01).
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Our department has two major goals in hasic research; Development of innovative cancer therapy using immu-
nologic approaches and gene therapy strategies, to further develop clinical transplantation.
Development of innovative cancer therapy
[ 0Induction 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 CDAD T cells and NK
cells, but in 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
biologically active murine IL-18. Substantial antitumor effects were observed when established MCA205 fibro-
sarcoma was treated in syngeneic immunocompetent mice 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 patients with cancer.

0 O1n vivo 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 Flt3-Ligand, a recently reported cytokine, is a stimulator for proliferation and differentiation of DC not only in
vitro but in vivo. In this study, we evaluated the effects of Fit3-Ligand on DC mobilization, proliferation, matura-
tion and immune response using in vivo electroporation (IVE). After Fit3-Ligand trasfection using IVE, signifi-
cantly high level of Flt3-Ligand was detected in the serum during 10 days after IVE. The frequency of DC both
in spleen and bone marrow significantly was increased after Fit3-Ligand IVE when compared with those of con-
trol group. In mouse tumor model, Flt3-Ligand IVE induced the migration of dendritic cells to local tumor site
that was associated with proliferation and mobilization of DC. These results implied that FIt3-Ligand gene trans-
fer using IVE could utilize to the clinical application for cancer gene therapy.

[ O Dendritic cells stimulated with a bacterial product, OK-432, efficiently induce cytotoxic T lymphocytes specific
to tumor rejection peptide

Dendritic cells (DC) are potent antigen presenting cells which has recently been used for cancer immunother-
apy 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 suggested that DCs need to haveé' mature” phenotype which is capable of induc-
ing cytotoxic T cells (CTL) efficiently. The characteristics of the mature DCs (mDCs) include high expression of
MHC and co-stimulatory molecules and the production of IL-12. In this study, we examined the effects of
penicillin-killed Streptocaccus 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 donors, selected by the adherence,
and cultured in AIM-V medium supplemented with 1000UImI of GM-CSF and 1000UZml of IL-4 for 5-7 days.
Phenotypic analysis on them showed that more than 900 of prepared cells showed the immunophenotype
consistent with immature DC (iDC). These iDC were divided into 4 groups and cultured further in AIM-V contain-
ing following agents; A. AIM-V alone, B. TNF-a' (100ng’mi), C. LPS (100ngZmi), D. OK-432 (10u gIml) (OK-DC).
After 72 hours, cells were harvested and surface phenotypes and cytokine production using FACS and ELISA
respectively. DCs in groups B, C, and D showed significantly higher CD83 expression (B, 85.90; C, 84.70; D,
61.00 ) when compared with control, (A, 3.820 ). Furthermore, DCs in group D showed significantly higher pro-
duction of IL-12 (40.7+ 3.IngIml) and IFN~y (1976.8+ 272.6pgIml) when compared with those of other
groups. These results indicate that OK-432 could promote the maturation of iDC to produce significant amount
of Th 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 in-
ducing peptide specific CTLs. The “chromium-releasing assay and the tetramer assay of the CD80 T cells
showed that highest cytotoxic activity and highest CTL frequency were induced with OK-DC stimulation. Fur-
thermore, we investigated the signaling pathway of OK-432 using the TLR indicator cell lines and the blocking
antibodies. These results showed that OK-432 does not use either TLR2 or TLRT, but the § 2 integrin for was
the stimulation. These results strongly suggest that OK-432 could be a useful agent for peptide-based cancer
vaccine using DCs.

00 Generation of mature dendritic 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 immunotherapy of cancer.
The results of clinical studies have been suggested that the nature and the magnitude of antitumor immune re-
sponses are critically affected by DC functions including production of Thi-inducing cytokines, activation of the
T cell subsets and NK cells, and migration from peripheral tissues to T cell area of the draining lymph nodes.
Administration of immature DCs could fail to fully stimulate antigen-specific immune responses and might in-
duce tolerance in some conditions. In this study, we developed the measures to obtain fully mature DCs and
compared in detail with the effects of maturation stimulus termed MCM-mimic, which is a mixture of recombi-
nant 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-12. However, these DCs were found to have poor migratory capacity associated with the marginal expres-
sion of CCR7. When OK-432 was combined with PGE2, CCRY expression and migratory capacity of DCs were
significantly improved without impairing other immuno-stimulatory functions. These results suggest that OK-432
stimulation combined with PGE2 could be applicable as an alternative to MCM-mimic in clinical trials, which re-
quire fully matured DCs to induce Th1-type immune responses against tumor cells even in the patients with ad-
vanced cancer.

[ 0 Development of anti-angiogenic cancer therapy with vaccination using epitope peptides derived from human
vascular endothelial growth factor receptor 2 (VEGFR2)

Angiogenesis has been shown to be a critical mechanism for tumor progression. Multiple studies have sug-
gested that tumor growth can be suppressed if tumor angiogenesis can be inhibited using various types of anti-
angiogenic agents. Recent studies in mouse systems have shown tumor-angiogenesis can also be inhibited if
cellular immune response could be induced against vascular endothelial growth factor receptor2 (VEGFR2),
which has been shown to be one of the key factors in tumor angiogenesis. We examined the possibility of de-
veloping this novel immunotherapy in clinical setting. We first identified the epitope peptides of VEGFR2 and
showed that stimulation using these peptides induces CTLs with potent cytotoxicity in the HLA class | restricted
fashion against not only peptide-pulsed target cells but also endothelial cells endogenously expressing VEGFR
2. In A2IKb transgenic mice which express a 1 and o 2 domain of human HLA-A"0201, vaccination using
these epitope peptides /7 vivo was associated with significant suppression of the tumor growth and prolonga-
tion of the animal survival without any adverse effects. In anti-angiogenesis assay, tumor-induced angiogene-
sis was significantly suppressed with vaccination using these epitope peptides. Furthermore, CTLs specific to
the epitope peptides were successfully induced in cancer patients, and the specificities of the CTLs were con-
firmed using functional and HLA-tetramer analysis. These results /7 vitro and /n vivo strongly suggest that the
epitope peptides derived from VEGFR2 could be used as the agents for anti-angiogenic immune-therapy
against cancer in clinical settings.
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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, and CD45 as
the binding protein for CD26. We are now determining the precise
binding domain of CD26 with these proteins and the biological sig-
nificance of these proteins. Utilizing the above system, we will de-
velop the immunoregulatory drugs which inhibit these interactions.
Moreover, we have developed human CD26 monoclonal antibod-
ies to treat CD26 positive tumors, autoimmune diseases and
GVHD and plan to perform phase I clinical trial early next year.
Moreover, we plan to establish the novel therapy to treat immune
deficiency diseases for restoring antigen specific immune response
and malignant tumors with enhancing sensitivity to chemothera-
peutic agents utilizing soluble CD26.

O 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.

0O 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.

O 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-Joop-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.

0 O Transcriptional regulation by NF-kxB: 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.

0O O Structure and function of human IL-12 and IL-23 receptors: We
developed a panel of monoclonal antibodies against the IL-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: . Preliminarily, receptors for prostagland-
ins, similar 7transmembrane spanner-type receptor to chemokine
receptor were expressed in various inflammatory sites. Analysis of
prostaglandin receptors in immunocytes is under extensive study.
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Fig.
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.

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

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

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

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

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

crobes Repository Units of both the Institute of Medical Sci-

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

crobial Diseases, Osaka University have now been central-

ized to promote operational efficiency.
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Fig. 1
Reverse genetics system for generation of Ebolavirus particles.

Ebolavirus causes severe hemorrhagic fever with high mor-
tality rates of up to 9001 . Currently, no effective vaccines and
antiviral drugs are available. The long-term goal of our research
is to elucidate the molecular mechanisms of Ebolavirus repli-
cation. Interactions between viral and host gene products dur-
ing viral replication cycles are essential for viral morphogenesis
and determine the consequence of infection. Hence, using
mammalian expression systems of viral proteins, our research
has centered on interactions between virus and host and the
roles of individual viral proteins in viral infection.

O O Development of reverse genetics system of noninfectious

Ebolavirus

We generated a system for production of noninfectious
Ebolavirus particles from cDNA. It enables us to safely ana-
lyze the molecular basis of Ebolavirus replication under bio-
safety level 3 conditions.
O O Analysis of Ebolavirus particle formation
Matrix protein VP40 plays a central role in viral morpho-
genesis. We are studying the interaction of VP40 with other
viral proteins as well as host cell factors.
0 O Elucidation of nucleocapsid assembly
The nucleocapsid of Ebolavirus is responsible for viral
genome transcription and replication. We are studying the
roles of individual viral proteins which are involved in nu-
cleocapsid formation. We are also interested in incorporation
mechanisms of the nucleocapsids into virus particles.
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Fig. 2
An Ebolavirus-infected cell. Numerous filamentous viruses cover the cell
surface.
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Sendai virus veetor vaccine system for CTL induction
A gronp of macaques showing vaccine-based SIV control

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

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

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

Our non-human primate experiments are performed at
Tsukuba Primate Research Center, National Institute of Bio-
medical Innovation. The macaque MHC analysis is proceeding
in collaboration with Prof. Akinori Kimura in Tokyo Medical and
Dental University and Prof. Masaaki Miyazawa in Kinki Univer-
sity. The AIDS vaccine development research is in collabora-
tion with National Institute of Infectious Diseases and DNAVEC
corporation.
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Fig. 1
Visualization of herpesvirus particles in live cells.

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

0o
J000000000000D00000000D0D0O0CHPK: conserved
herpesvirus protein kinaseD 0 0000000000000 OcdddO0OOO
O0OCHPKOcdddOODOOOOOODODOODDOOOOOODODODOCdOOO
0000000000000 00000000000000000000D0
00000000000cdd00DO000000DODODOOOO0OOODDD
gooooooooooooOoboOoOooboobooobooooboooo
ooooo0ooooooooooooo

Fig. 2

Conserved herpesvirus protein kinases (CHPKs) mimic a cellular protein
kinase cdc2. It is advantageous for the virus that the protein kinase encoded
by the virus expresses a cdc-2-like activity to modulate the cellular environ-
ment, since cdc2 regulates a variety of cellular processes including tran-
scription, translation and structural changes in the nuclear envelope, cy-
toskelton and chromosomes.



ODOUOUOOUOUOOOLL  DEPARTMENT OF INFECTIOUS DISEASE CONTROL DIVISION OF BACTERIOLOGY

ooo oooo O O O O

Associate Professor: Ichiro Nakagawa. DDS, PhD.

goooooooooocooobOoooooooooOoooo
gooobobbO0ooooooooobbobboooooooboooboo
goooobobbooooooooobboboooooooboooo
goboooboooooboobooboobooboooboboooboooon
gboboooooboobooboobooooobooboobooon
ooOooooooooo
oooooooooooooooo
goooooooooocoooboooboOoooOobooOooo
gooooooocooooooobooOooooobooOoooo
goooooobboboooooooobobbboboooooo
goooooobboboooooooooobbbooooooo
goooooobobooooooooooobobboboooooo
goooooobboboooooooooboobobbooooooo
goooooooboooooobOoobOoobOoooOoooo
goooooooooocooobOooboOoobOOoooOoooo
goooooooooocooobOoboboOoooboOoooOoooo
goooooooboooooobOooooooOooooOoooo
goooooobboboooooooobobbboboooooo
goooooobboboooooooooobbbooooooo
goooooobobooooooooooobobboboooooo
goooooobboboooooooooboobobbooooooo
goooooooboooooobOoobOoobOoooOoooo
oo
oooooooooo
goooooooooooooboooboOoooooooaon
goooooobboboooooooobobbboboooooo
goooooobbbobooooooooobobbboboooooo
goooooobboooooooooooboboboooooo
goooooobbooooooooooboobbbooooooo
gooooooooooooobOoobOoobooooOoooo
gooooooboooocoobobOoboboOoobOOoooOoooo
gbooooooooooooOoooooooooboooooo
goooooooooocooobOoooooooooOoooo
goooooo

GAS

o B

gooooOooooOoooooOooOoOooOoboOoooboobOoOoboOoOooboo
goo0ooooooooooboooooooooOoooOooooooooo
gooooooboooooooo

Fig. 1

Intracellularly invading group A streptococci (GAS) are acquired by auto-
phagy. (Photo) Confocal microscopic images of autophagosomes with GAS

compartments (green).

A number of pathogenic bacterial pathogens have been devel-
oping a variety of mechanisms to evade from the host defence
mechanism, and to maximize their virulence for surviving. For
counterattacking to bacterial infection, our immune system has
also acquired the various defence mechanisms in the evolution.
Our major research interests are to elucidate the bacterial evolu-
tion to escape from the host immune responses, and cellular de-
fence mechanisms against the bacterial pathogens. Especially, we
focus the analysis of recognition molecules and the cellular de-
fence mechanism against the intracellularly invading pathogens.

O O Intracellular host defense mechanism

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

0 O Comparative genomic analysis for pathogenic bacterial evolu-
tion.

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

companies of all over Japan. Our laboratory was recently renamed the International Research Center for
Infectious Diseases, Pathogenic Microbes Repository Unit in April 2005 with a cooperation system with
the Research Institute for Microbial Diseases, Osaka University.

Our society is always threatened by emerging and reemerging infectious diseases with various kinds of
altitude pathogenic microbes owing to increased foreign tourism, import increase including food, food poi-
soning such as the O-157 epidemic, and bioterrorism. In addition, by advanced medical developments,
the aging society, and increased HIV infection, the quick identification of and therapy for opportunistic in-
fection causative agents and multiple drug resistance bacteria have become important in the medical
field.

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

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

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

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

[ 0 Comprehensive collection of genome sequencing strains.

00 The causative agents of hospital-acquired (nosocomial) infection, such as opportunistic infectious

bacteria and antibiotic-resistant bacteria.

00 Pathogenic Escherichia coli associated with the intestinal and urinary tract or meningeal infec-

tions, including Shigella, EPEC and EHEC 0-157.

00 Intracellular bacterial pathogens such as Mycobacterium avium and obligate intracellular bacteria.

[0 Zoonotic agents causing brucellosis (Brucella ), leptospirosis (Leptospira ), and so on.

[0 Pathogens causing newly emerging infections and outbreaks, such as Helicobacter pylori, Salmo-

nella spp. and Clostridium perfringens .

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

(2) Distribution of bacterial strains

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

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

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

(4) Participation with The National BioResource Project (NBRPY' Pathogenic Microorganisms (Bacteria,

Fungi and Protozoa)”

The National BioResource Project (NBRP) aims to enable Japan to structurally provide the system-
atic accumulation, storage and provision of nationally recognized bioresources, which are used widely
in life science researches as materials. This project started in July 2002 as part of thé' Research Revo-
lution 2002 (RR2002)" project by the Ministry of Education, Culture, Sports, Science and Technology. In
addition to our institute, pathogenic bacteria are collected, stored and provided by the Research Insti-
tute for Microbial Diseases of Osaka University and the Graduate School of Medicine of Gifu University,
pathogenic fungi and actinomycetes by Chiba University Research Center for Pathogenic Fungi and Mi-
crobial Toxicoses, and protozoan parasites by the Institute of Tropical Medicine of Nagasaki University.
The border between pathogenic and non-pathogenic microbes is vague, such that taxonomic studies
can be conducted using both types of microorganisms. Therefore, the project is performed in coopera-
tion with the Japan Collection of Microorganisms of the Riken Bioresource Center. The National Insti-
tute of Genetics (NIG) has built a database for microbial strains and bacterial toxins.
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Fig. 2
Staphylococcus aureus (left) and Pseudomonas aeruginosa grown on
agar plate (right).
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Fig.O
Model of Reverse genetics for CDV

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

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

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

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

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

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

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

In animal research center, more than 30[D00 mice, mainly
transgenic or knockout, are kept for researches of IMSUT, and
the technical staffs support their breeding, frozen storage of
eggs, microbiological cleaning.

oo
GFPOOOODDOOO0OO0OOCDVOODODOODOOOOODDOODOOOOO

gooocGrPOOOO

Fig.O
Induction of fluorescence in syncytium infected with recombinant CDV

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

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

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

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

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

Besides the research field, Saito in this laboratory serves as
a head of the committee in this institute dealing with gene—
modified organism and with microorganism in research, and
gives advises under the related laws.
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Regulation of gene expression using recombinant adenovirus producing
Cre recombinase
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from HabuJ

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
0J00000000000000Endemic species of the Amami Is. and
mongoosel]
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By establishing two joint laboratories and a collaborative re-
search program between Japan and China, we aim to contrib-
ute to scientific research on emerging and re-emerging infec-
tions and to help promote a better relationship between the two
peoples. China is a hot zone of emerging infections, so estab-
lishing joint research laboratories there is particularly important.
The laboratories would allow Japanese scientists access to
possible emerging pathogens and to have an opportunity to
fight against possible emerging infections. Supported by a con-
tract research fund (2005-2010) from the Ministry of Education,
Culture, Sports, Science and Technology, the Institute of Medi-
cal Science, University of Tokyo, (IMSUT) has established two
joint laboratories in Beijing in collaboration with the Institute of
Biophysics and Institute of Microbiology, Chinese Academy of
Sciences, (IBPCAS and IMCAS, respectively), a collaborative
research program with Harbin Veterinary Research Institute
(HVRI), the Chinese Academy of Agricultural Sciences, and the
IMSUT project office in Beijing.

0 O Laboratory of Structural Virology and Immunology (LSVI)

LSVI was established in IBPCAS (Director; Zihe Rao), a first-
class institute of structural biology. Structural analyses of the
SARS-CoV proteins were IBPCAS’ s recent contribution to mo-
lecular biology of emerging viruses. In LSVI, scientists from
both countries study mechanisms of pathogenesis through
analyses of structures as well as interactions of both virus and
host proteins.

0 O Laboratory of Molecular Immunology and Molecular Micro-

biology (LMIMM)

LMIMM, equipped with BSL2 and BSL3 facilities, will be set
up in new IMCAS (Director; George F. Gao) buildings. IMCAS is
performing a wide range of research on microorganisms includ-
ing emerging viruses. In LMIMM, scientists from both countries
will be involved in the virological and immunological studies of
the viruses to elucidate and understand viral evolution and
pathogenesis.

[ O Collaborative Research Program with HVRI

A research program on avian influenza virus was set up with
HVRI (Director; Xiangang Kong), which is engaged in research
on the virus in domestic and wild fowl in China. Scientists from
both countries conduct surveillance and the study of genetic
changes of the virus in the field, preparing for a coming possi-
ble pandemic of a new pathogenic virus.

0O O University of Tokyo Institute of Medical Science Beijing

Project Office

The IMSUT Beijing Project Office manages the personnel
employed by the project and the Japanese side budget for col-
laboration.

00o00O0o00o00o0ooOdOodHVvRI CAASO
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RESEARCH HOSPITAL

Even after all the Japanese national universities were trans-
formed into the national-university corporations in April 2004,
the Hospital of the Institute of the Medical Science, the Univer-
sity of Tokyo (IMSUT) remained to be the only one Research
Hospital in the country. A brand new 8-story hospital building is
equipped with 135 beds including 6 completely biological clean
rooms, out—-patient clinic, advanced diagnostic and therapeutic
machines and so on. At the moment, Research Hospital mainly
targets hematological malignancies, solid tumors, infectious
diseases, autoimmune disorders as project diseases. Based on
advanced and human treatment, Research Hospital, together
with the Advanced Clinical Research Center, aims at clinical
studies on pathogenesis and interventional studies 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; (1) advanced medical care unit,
(2) care support unit and (3) 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 provides high standard treatment. In 2006,
Research Hospital recruited an orthopedician who is experi-
enced with hemophiliac joint surgery. Also a physical therapist
was recruited with the cooperative support by the Department
of Rehabilitation of the University of Tokyo Hospital. With these
two specialists, Research Hospital can improve the total care
for the hemophiliacs with infectious diseases. The care support
unit consists of Radiology, Cell-processing and Transfusion
Service, Surgical Center, Laboratory Medicine, Medical Supply
Center and Department of Medical Information System. Re-
search Hospital is armed with many advanced medical equip-
ment, however, no medical engineer (ME) had been allocated.
With the cooperative support by the Department of Medical In-
strumentation of the University of Tokyo Hospital, Research
Hospital could recruit a ME in 2005. ME is allocated to the Sur-
gical Center and takes care of all the medical instrumentation in
the Research Hospital. The safety management unit is directly
under the supervision of the director of the hospital and respon-
sible not only for the medical safety issues but also for the ra-
tionality, safety and ethical issues of the protocol for the transla-
tional research. Research Hospital is a small but unique hospi-
tal with high standard care and full of medical sciences in col-
laboration with Advanced Clinical Research Center, Human
Genome Center, Center for Experimental Medicine, three major
basic research departments in IMSUT and other groups outside
IMSUT. All the activities and mission of Research Hospital can
not be covered by the fixed operational expenses. Research
Hospital has been supported by external funds such as [Tlst
Century COE Program, Funding for Cancer Translational Re-
search and other external funds.
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Department of Advanced Medical Science was established in

September[IT1T]. We are doing clinical duties in the Research
Hospital. Our clinical and pre——clinical researches are as follows.
(1) 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 FlightlMass 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 NODUIShi-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.

(3) 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
heartforming 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 Hadl was expression in the pharyngeal
arches from HJ 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.

(4) 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-

goooooooobooocooobooboOooobooooOoooo

00oOo00oO0oboOoO0o0O0obOoODOo0ooooooo ders.
(1) 00D0000000000000 0 O Hematopoietic Stem Cell Transplantation (HSCT)
J0o000000000o000o0o0ooooDooooooo As many as 500 cases of allogeneic or autologous HSCT
0000000000000 000000000000000 have been performed and HSCT—related complications in-
o000 00O00O0O0OOoOoOO0O0OooooOooan cluding acutelchronic GvHD and opportunistic infection have
OGVHDOOOOOOOOOOOOOOOOOOooooo been treated until 2005. 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

goooooooooocoobobOoboboOoooboOoooOoooo
gccsFO0oooooonooooooooooonononono

uoboooooouoooooooooooooooooo to found the Japan Marrow Donor Program (JMDP) and have
oooooooooooboboooooooooooon been continuously working for JMDP in not only transplanta-
amooooooomoooooooooooooonooo tion but also collection of unrelated donor marrows. Recent
o0oo0o0o00ooooooooo0oooM@oooooo years unrelated cord blood has turned to be our major stem
oo000000000000ooonoonooooooon cell source in HSCT. Since 1998 we have performed more
0000MO000000OD0000000NoDononoooon than 100 cases of CBT in adults, which appears a distin-
0000000000000 000000000000000 guished experience 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

goooooooooocoobobooboooobooooOoooo
goooooooooooboooboobOoobooooooo

vooonoooooooooooooooooodooon engaged in the basic research on novel therapeutic applica-
oooobodooooooooooooooooooooa tion of CB HSC and mesenchymal stem cells.
GvHDOOODOODOOODOOGvLOODODOODOOODOODOO 00O Cell and Molecular Targeted Therapy
oooooooooon Humanized anti-CD20 monoclonal antibody (rituximab)
() DOOODOOOOOOOOOOOO0 and Abl-specific tyrosin kinase inhibitor (imatinio mesylate)
00000000000 0CoOnO00000000000n 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

goooooooooocooboboobooobooooOoooo
goooooooooocoobobooboobooooooo

gooonoooooooooooooooooodooon also performing basic studies on macromolecular agents in-
oooooooooooooooooooooooooooo cluding recombinant toxins and immunoadhesins as well as
00000000o00o0o0ooDooooooDoooooog small molecule agents such as novel kinase inhibitors and
0000000000000000000000000000 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
international infectious diseases is poorly organized.

O O Clinical activities for HIV infection

Approximately 300 outpatients and 6-8 inpatients with HIV in-
fection are under our medical care, and the numbers are still in-
creasing. As shown in a figure below, the number of HIV-in-
fected patients managed in IMS hospital transiently 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 conducted a
phase 1 clinical study to interrupt HAART after induction of HIV
—specific immunity with HIV vaccine. The final purpose of this
study is to know whether vaccine-induced specific immunity
can control viral rebound after treatment interruption.

As an HIV vaccine, we utilized autologous dendritic cells
(DCs) which were induced from patients’ peripheral blood and
pulsed with HIV CTL peptides. Four participants with undetect-
able viral loads under HAART were enrolled in this study, and
two of them showed positive immunological response in ELIS-
POT assays after administration of DC vaccine. Only adverse
events related to vaccine were mild local reaction, and we could
confirm the safety of this phase 1 clinical study. However, vac-
cination did not affect viral rebound after treatment interruption
in all 4 participants because viral loads after treatment interrup-
tion were similar to those before start of HAART. We need to
develop more effective HIV vaccine which can induce potent
HIV-specific immunity and control viral rebound after treatment
interruption.

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.O
Hematopoietic stemlprogenitor cells in human umbilical cord blood cells
(CD340 cells).

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.
(1) 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.
(2) 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.
(3) Clinical application of human embryonic stem cells
We are aiming at the establishment of the method for effi-
cient production of HSC for therapeutic transplantation and
functional mature blood cells for transfusion medicine. This
study was approved by the government in 2002.

oo
gooooobo

Fig.O
Human embryonic stem cells.
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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-rtheumatic drugs
and/ or immunomodulators immediately after diagnosis is
made. Recently-developed biologially active agents including
anti-TNFa antibody and soluble TNFa 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.

Genetic counseling is the process of providing individuals
and families with information on the nature, inheritance, and im-
plication of genetic diseases or genetic informations to help
them make informed medical and personal decisions. Genetic
counseling is, therefore, indispensable in genomic medicine.

We have opened genetic counseling in our hospital in col-
laboration with department of pediatrics, 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 have prepared to provide
enough psychological support to clients who visit our clinic.

We are currently performing collaborative research with
many hospitals concerning drug responsiveness of myelodys-
plastic syndrome and graft-versus-host disease after hemato-
logical stem cell transplantation. Most recently our hospital has
started microarray studies on CML cells and lung cancer cells
to know their responsiveness to Imatinib or Gefinitib, respec-
tively, before therapy. Our department is also participating in
this project.
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The role of imaging technologies in clinical medicine is ex-
panding along with advances in instruments and information
technology. We evaluate various diseases using advanced im-
aging technologies, such as multislice CT, MRI, and SPECT.
Image-based diagnosis and evaluation of therapeutic effect
have critical importance in project—related treatments in the Re-
search hospital as well as in routine clinical practice. As our
own research activities, we are developing and sophisticating
methodologies for the noninvasive evaluation of various bio-
logical processes and are applying them to the investigation of
in vivo biology and pathophysiology.

Our main research projects are as follows:

O O MRI of small animals
Imaging technologies are increasingly applied to small ani-
mal experiments. MRI allows non-invasive, repetitive assess-
ments of morphology and tissue characteristics of various or-
gans and tumors. We are investigating technical aspects of
small animal imaging using a compact MRI system and are
applying the developed methods to disease-model experi-
ments.
0 O Bioluminescence imaging of in vivo gene expression
In vivo bioluminescence imaging can non-invasively visual-
ize the whole-body distribution and intensity of expression of
the luciferase gene using a highly sensitive CCD camera. We
are developing techniques related to in vivo bioluminescence
imaging and applying the imaging methods to experiments
using tumor-model animals.
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 are investigating the mechanism of higher brain function

by functional MRI combined with psychological tasks.

O O Diffusion tensor analysis of CNS disease
Magnetic resonance diffusion tensor imaging allows in vivo
evaluation of mean diffusivity and diffusion anisotrophy as
well as tractography, visualization of white matter pathways.

We apply voxel-based analysis to diffusion tensor imaging

and perform statistical analysis of human brain with neurop-

shychiatric or degeneration disease, without hypothesis or
operational bias.
O O Imaging approach to cardiac diseases

Function, perfusion, metabolism, and neuronal integrity 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.

oo
O000000000000000000000MRIOCOOOOOO0OOM

Fig.O

Non-invaseve imaging of a tumor-model mouse (A. MRI, B. bioluminescence imaging).
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We have been engaged in the surgical treatment of solid tumors
and the immunotherapy of various malignancies. We have also been
offering services, including upper and lower endoscopic examination,
ultrasonic examination, and angiography. Surgical operations have
been performed in[1J cases under general anesthesia and spinal or
epidural anesthesia in[(TTT].

The principal goal of our department is to develop and conduct
clinical trials in the early stages] Phase | and IIOfor patients at Re-
search Hospital. These trials have been and will be derived from the
new findings of the basic research projects conducted at Division of
Bioengineering and other research divisions. We have performed
phase | clinical trials of melanoma vaccine using gd 1] derived pep-
tides and immunotherapy using dendritic cells in combination with lo-
cal irradiation therapy. We have also initiated phase I Ulla clinical tri-
als of epitope peptides based vaccine against gastrointestinal malig-
nancy. Furthermore, we have started phase | clinical trials of epitope
peptide vaccine therapy derived from newly identified tumor associ-
ated antigens, RNHI1], and URLC10 which were screened by using
microarray method in Human Genome Center.

(1) _Clinical trials finished

HLA restricted epitope peptides based cancer vaccine for ma-
lignant melanoma

Phase | clinical trial of intra—tumor injections of autologous den-
dritic cells combined with local radiotherapy and systemic ad-
ministration of IL-+] for advanced cancer patients

(2) _Clinical trials on going

Phase Illla clinical trial of melanoma vaccine using gg1T1] de-
rived peptides restricted to HLA-A

From thr results of phase | clinical trial of melanoma vaccine
using gp 1] derived peptides, phase Illla clinical trial of mela-
noma vaccine using gg 1] derived peptides were performed.
HLA-ATTTT-restricted gdll] derived peptide O gdll-intl:
VYFFLPDHLOwas used with IFA and interleukind IL-£100in order
to augment for anti-tumor immunity. Our goals in this clinical trial
are to examine these clinical efficacy, furthermore, safety and im-
mune responses associated with the peptide vaccination. We
have enrolled[T] melanoma patients until 2005. So far, the proto-
cols were well tolerated, and no cardiac, hematological, hepatic,
or renal toxicity was noted.

(@ Phase | clinical trial of tumor specific vaccine using epitope
peptides derived from a novel tumor associated antigen RNAL]
against advanced colorectal cancer

A phase | clinical trial has been performed using epitope pep-
tides derived from RNFAL] for HLA-ATTTT]—positive and HLA-A"
[ITT-positive advanced colorectal cancer patients, in order to
evaluate toxicity, clinical and immunological responses. We se-
lected RNHAIL] Ring Finger Protein[lJ[Jas a promising candidate
for a tumor associated antigeri] TAACexpressed on colon cancer
cells but not on normal colonic mucosa among[ITTT] genes us-
ing gene expression profiling with a genome—-wild cDNA microar-
ray. We examined whether the RNF£L] protein contains anti-
genic epitope peptides restricted to HLA-ATIITT] or HLA-A"
[ITTT]. The CTL clones were successfully induced with stimulation
using the peptides binding to HLA-ATIT+TI00merdand HLA-
ATTITHTI Omerdand HLA-ATITTHTT], and these CTL clones
possessed the potent cytotoxic activity specific to not only the
peptide—pulsed targets but also the tumor cells expressing RNF
[0 and restricted respective HLA molecules. These results
strongly suggest that RNHI1] is a new TAA of colon cancer.

The protocol has been approved by the IRB, and the enroll-
ment of the patients has been initiated.

@ Phase I clinical trial of epitope peptides based vaccine target-
ing tumor vascular endothelial cell.

From our basic research, phase | clinical trial has been per-
formed to evaluate safety, immunological response and clinical
response against advanced gastric cancer and breast cancer pa-
tients and patients with gastrointestinal stromal cells. Epitope
peptides derived from VEGFRO are used for the cancer vaccine
to treat the patients with advanced cancer patinets. Patients with
HLA-ATITI] were treated with VEGFRI derived peptide

O VIAMFFWLLLO Patients with HLA-ATTIT], were treated with
VEGFRI derived peptidel] RFVPDGNRILO All of the peptides
were used with IFA in order to augment for CTL activity.

The protocol has been approved by IRB, and the enrollment of
the patients has been initiated.

Phase | clinical trial of melanoma vaccine using gg ] derived
peptides restricted to HLA-ATTTIT] with fully matured dendritic
cells to induce TH] type immune responses

Dendritic celld] DCOadministration appears to be very promis-
ing approach for immunotherapy against cancer. To further mag-
nify the immune responses and obtain the clinical benefits, we
have focused on the gdIT1-inf] peptide loaded DC vaccination.
However, what we found from the results of phase | clinical trial
using DC in our institute were the dysfunction of immature DC
derived from cancer patients. Thus, we developed a new culture
method to obtain the fully matured DC that is capable of T helper
typel] THIOpolarization. From these backgrounds, we are going
to utilize this fully matured DC to the phase | clinical trial of pep-
tide vaccinations.

The goals in this clinical trial using our propagated DC are to
examine the safety and immune responses, furthermore, the
clinical efficacy associated with the peptide loaded fully matured
DC vaccinations. The protocol has been approved by IRB, and
the enrollment of the patients has been initiated.

(3) Clinical trials under development

Development of gene therapy using dendritic cells

In close collaboration with Core Facility for Therapeutic Vec-
tors, we are developing clinical application of IL£1] gene trans-
ducted dendritic cells for cancer patients
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Previously, the orthopedic examination of hemophilia pa-
tients had been done, starting in June 2003, by Dr. Takedani on
a once-a—month basis. However it had not been possible to do
orthopedic surgical treatment. The Department of Joint Surgery
was newly established this April for orthopedic examination and
surgery for hemophilia patients. One orthopedic surgeon and
one physical therapist were assigned to this new department.

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

Our department has been focusing entirely on orthopedic ex-
aminations and will develop the capacity for orthopedic surgery.
We will also research the process of intra—articular bleeding
leading to arthropathy, which is not well understood.
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We handled 206 surgical cases and 699 cases of diagnostic
or interventional procedures in 2005. The examinations and
surgeries to develop new diagnostic and therapeutic proce-
dures are performed besides the usual examinations and sur-
geries. We cooperate with other department to promote some
projects of the research institute.

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

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

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

We are conducting animal experimental studies to explore
useful drugs to prevent and treat morphine tolerance and a
clinical study to investigate genomic mechanisms underlying a
wide interindividual difference in opiod sensitivity.
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Department of Clinical Trial Safety Management (DCTSM)
was established in 2001. The aims of DCTSM are: to sup-
port and to watch that clinical trials in Research Hospital,
especially in the case of translational research (TR), should
be conducted appropriately; to prevent and to 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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Our department manages the transfusion medicine in the
hospital including transfusion related examinations. From 2004,
transfusion ordering IT system is for the protection of transfu-
sion accident. In addition, this department is responsible for the
supportive function of hematopoietic stem cell transplantation
including bone marrow, peripheral blood and cord blood and
also various immunotherapy and gene therapy as advanced
medicine. Recently the cell processing is an important part of
translational research (TR) developed from basic medicine
such as immunology, genomic analysis and molecular patho-
genesis research. The human derived cells processing has
been developing under the domestic and international regula-
tions. We are encouraged to follow the principle of cGMP for
the cell collection from donorlpatient, cryopreservation, culture
and transfusionltransplantation. In 2006 April, we moved to the
new room with clean room in Building C of the clinic, where it
has become possible to do the ordinary blood and cell products
processes in our department.

In the recent researches, to improve the results of hema-
topoietic stem cell transplantation, we study 1) expansion of ef-
fector T cells against leukemic cells, 2) expansion of regulatory
T cells to prevent andlor treat GVHD and 3) the factors influ-
enced on the engraftment. In addition, we started the regenera-
tive study of the mesenchymal cells derived from umbilical cord
blood and cord, collaborated with Division of Cell Processing,
Department of stem cell processing and Department of molecu-
lar cell therapy.

For the purpose to implement the advanced projects, Room
for Clinical Cellular Technology (RCCT) has been established
in Clinical since 1997. RCCT projects in 2006 include 1) Cord
blood cell processing for banking, 2)thawed cord blood cell
washing and 3) Regenerative therapy of osteoblastic cell de-
rived from bone marrow mesenchymal cells O by Division of
Stem Cell Engineering (Tooth regeneration)). Our department is
the relay point to implement these advanced cell therapy.
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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 seven subdivisions of clinical
physiology, hematology, biochemistry, bacteriology molecular
diagnosis and pathology, and engages in laboratory analysis
and diagnosis of clinical material submitted from the re-
search hospital. This year, we newly developed a new sub-
division; a division of flow cytometrical analysis. Along with
the ongoing practice of translutional research projects in the
research hospital, we are now performing the extensive
analysis to evaluate the effectiveness of these experimental
approaches and developing molecular based-surrogate
markers to set appropriate endpoints. Our goal is to evolve
into function as an integrated diagnosis & monitoring labora-
tory thereby promoting and contributing to the translational
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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Address

4-6-1, Shirokanedai Minato-ku[TTokyo 108-8639
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