Department of
Human Pathology

Outline and Research Objectives

The Department of Human Pathology was established in 1997, originating from the First
Department of Pathology of the Faculty of Medicine. The Department of Human Pathology is
specifically dedicated to the research of anatomical and surgical pathology of human diseases.

The Department of Pathology was established in 1887 and has a long history of both
anatomical and experimental pathology. Professor Dr. Katsusaburo Yamagiwa (professor:
1905-1923) was the first in the world who succeeded in inducing skin carcinoma on rabbit
ears with coal tar in 1908. He was also known to publish a book regarding the carcinogene-
sis of the stomach. The First and the Second Department Pathology, like as one unit, were
engaged in research, diagnosis and teaching. The main research topics of the Department in
one hundred years, either anatomical or experimental, varied according to the specialties of
its professors and the academic demands of the time in Japan. A brief list of the topics
includes clonorchiasis, tsutsugamushi disease, beriberi and salivary gland hormones which
were investigated before World War 11, and thereafter pathology of atomic bomb injuries,
tuberculosis, hepatic disorders, bone marrow pathology and neoplastic diseases of various
organs (e.g., stomach, liver, and bone). The experimental aspects of pathology are now suc-
ceeded and have been developed by the Department of Molecular Pathology.

The practice of anatomical pathology was a basis of research in the past, but it still consti-
tutes a source of ideas even in the research-oriented pathology. The number of autopsies con-
ducted from 1883 to the present has reached 33,950 and in spite of the current decline in the
autopsy rate, one hundred autopsies are still performed each year. Surgical pathology has
increasingly become important in the practice of pathology. The laboratory of surgical pathol-
ogy in the University Hospital, which was established in 1955, became an independent divi-
sion of the central laboratory of the hospital in 1975. After the integration of the Branch
Hospital into the University Hospital in 2001, the numbers of histological and cytological
specimens examined each year are expected to be more than 12,000 and 20,000, respectively.
The division has been run with the cooperation of the Department of Pathology.

The Department of Human Pathology has succeeded the classical aspects of the
Department of Pathology. Its mission is to be the bridge between clinical medicine and basic
life sciences. Its research objectives are (1) to discover a new entity of human diseases based
on the practice of anatomical and surgical pathology, (2) to clarify disease mechanisms based
on morphology, and (3) to function as a “museum” for various forms of human disorders.

Faculties and Students

Professor and Chair Masashi Fukayama, M.D., D.M.Sc.
(1999-)

Associate Professors Toshiro Niki, M.D., D.M.Sc., Ph.D.

Lecturer Ja-Mun Chong, M.D., D.M.Sc.
Associate.............cooeeeiiiinnnnnns 3
Graduate student................... 13
Research student..................... 2

Past Research and Major Accomplishments

Our research projects in the past ten years attempt
to investigate the role of chronic inflammation in the
development and progression of carcinoma. We
focused our investigations on the following diseases:

(1) Epstein-Barr virus (EBV)-associated neoplasms,
such as gastric carcinomas, pyothorax-associated lym-
phoma (PAL), Hodgkin's disease and AIDS lym-
phomas, and (2) lung carcinomas in patients with pul-
monary fibrosis and lung adenocarcinoma with cen-
tral scar formation.

1. EBV-associated neoplasms

EBV is the first virus that was identified in a human
neoplastic cell in 1963. More than 90% of the world pop-
ulation is infected with EBV before adolescence, and it is
thought that certain small populations develop EBV-
associated malignancy in an endemic manner, such as
Burkitt's lymphoma in equatorial Africa and nasopha-
ryngeal carcinoma in Southern China. However, recent
advances in molecular biological techniques have
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demonstrated that various neoplasms in the general
population are associated with EBV infection.

1-1) EBV-associated gastric carcinoma

EBV-associated gastric carcinoma is now consid-
ered to be the most common among EBV-associated
neoplasms, and its frequency is 10% or less of gastric
carcinomas in Japan. We found that EBV-associated
gastric carcinoma is a distinct subgroup of gastric car-
cinoma, and that it develops against a background of
severe atrophic gastritis. In our evaluation of genetic
abnormalities, EBV-associated gastric carcinoma was
found to be remarkable in its paucity of loss of het-
erozygosity (LOH) and microsatellite instability.

Since it is difficult to maintain epithelial cells in
vitro in the latent form of EBV infection, we estab-
lished one strain of EBV-associated gastric carcinoma
transplantable to severe combined immunodeficiency
(SCID) mice, which faithfully maintains the original
EBV and the expression of EBV-related genes.
Applying the DNA-chip analysis to the gastric carcino-
ma strains with or without EBV-infection in SCID
mice, we clarified the expression profile specific to
EBV-associated gastric carcinoma, and found that the
expression of IL1-f is markedly up-regulated in this
type of carcinoma. Of interest is the observation that
IL1- B facilitates the growth of a gastric cancer cell
line, suggesting that it is an autocrine growth factor in
EBV-associated gastric carcinoma.

1-2) EBV-associated lymphomas

PAL develops within the pleural cavity of patients
who had a 20-50-year history of pyothorax following
tuberculous pleuritis or an artificial pneumothorax for
the treatment of pulmonary tuberculosis. Although
the reason is not clear at present, most patients of
PAL are Japanese. We discovered in 1993 that EBV is
causally associated with PAL and that PAL shows the
same expression pattern of EBV latency genes as that
of AIDS lymphomas.

2. Lung carcinoma

Lung cancer is the major cause of cancer-related
deaths among Japanese. Since one of our specialties is
the pathology of lung and thymus, two issues are under
investigation, that is, the relationship between pul-
monary fibrosis and development of lung cancer, and the
role of fibrosis in the progression of adenocarcinoma.

2-1) Idiopathic pulmonary fibrosis and lung carci-
noma

We evaluated the frequency of lung cancer among
the patients with idiopathic pulmonary fibrosis (IPF)
by performing autopsy-based case control study.
Then, we morphologically evaluated the atypical
epithelial proliferation in the honeycombed area.
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Although squamous metaplasia is much more fre-
quent in the honeycombed area of IPF patients with
lung carcinoma, we confirmed the necessity to evalu-
ate the genetic abnormalities in minute foci of atypical
epithelial cells in tissue sections.

2-2) Small adenocarcinoma

Among nonsmall cell carcinomas of the lung, the
prognosis of adenocarcinoma is relatively poor. One-
third of the patients with stage 1 adenocarcinoma die
of the disease within five years after surgery, and the
5-year recurrence rate is as high as 20% for adenocarci-
nomas of less than 2 cm in diameter. In our study of
small adenocarcinoma, inactivation of p16 may play a
role in accelerating scar formation and lymph node
metastasis, and through these mechanisms p16-inacti-
vation may contribute to a poor prognosis of the
patients.

Current Research

1. EBV-associated neoplasms
1-1) Global methylaion in EBV-associated gastric
carcinoma

Recently we discovered the phenomenon of global
and nonrandom methylation of the promoter region
of cancer-associated genes in EBV-associated gastric
carcinoma. Such a global methylation was not
observed in EBV-negative carcinomas. One of the
important roles of DNA methylation is to act as a
defense against extrinsic pathogens. The latent infec-
tion of viruses in either episomal (EBV), or integrated
form (human immunodeficiency virus type 1 or
human T-cell leukemia-virus type-1), is restricted by
methylation of viral genomes. Thus, we are now
investigating a possible mechanism; that is, overrid-
den methylation of cellular genes suppresses exprs-
sion of important genes of EBV-infected epithelial
cells, leading to the development of carcinoma.

1-2) EBV-associated lymphomas and human her-
pes virus 8

Human herpes virus 8 (HHVS8) was first discovered
in tissues of Kaposi sarcoma in 1994, and is associated
with primary effusion lymphoma and multicentric
Castleman’s disease. However, its epidemiology in
lymphoproliferative disorders and its relation to EBV
have not been fully clarified. We are now investigat-
ing the molecular epidemiology of HHV8-associated
diseases in Japan and Asian countries.



2. Lung carcinoma
2-1) Laser capture microscopy-assisted analysis of
precursor lesions

Laser capture microscopy (LCM) is now widely
applied to analysis of precursor lesions of various car-
cinomas. We are also applying it to the evaluation of
epithelial cells of honeycombed areas in the diseased
lungs of IPF patients, and atypical epithelial cells of
adenomatous hyperplasia, a precursor of bronchi-
oloalveolar carcinoma of the lung. Nuclei of target
cells directly obtained from paraffin-embedded sec-
tions are subjected to PCR-based analysis.

Invasion-associated gene expression: Niki et al
demonstrated the colocalization of cox-2 and laminin-
5 at the invasive front of early-stage lung adenocarci-
nomas. Current data suggest that p53 abnormalities
and EGFR signaling are involved in the aberrant
expression of these proteins. Coregulation and inter-
action of these molecules at the invasive front of can-
cer may facilitate tumor angiogenesis and invasion in
a coordinated manner. Several on-going projects
investigate the expression of invasion-associated pro-
teins in lung adenocarcinoma, including S100-related
proteins. We are also developing a technique that
enables us to apply DNA-chip analysis to tiny tissues
of the invasive front using the LCM-assisted sam-

pling.

2-2) Morphological analysis of lung carcinoma and
thymic tumors

It is still necessary to review the histology of these
neoplasms in order to develop an evaluation system
for invasiveness and to identify the specific subgroups
of neoplasms.

Future Prospects

There are two opposite directions that pathology is
expected to pursue at present and in the future. One is
to be included among the fields of life science and cell
biology. The other is to remain a basic field for clinical
medicine, which in its essence is a good partner and
critic of clinical medicine. To keep up with the grow-
ing demand for an intimate relationship with clinical
medicine, we have decided to combine our department
with the Division of Surgical Pathology of the
University Hospital. The union is expected to facilitate
cross talks between pathology and clinical medicine,
which will lead us to our goal, namely, the discovery
of a new entity of human diseases and the clarification
of their mechanisms based on morphology.

We will also be obligated to maintain the museum
function of human pathology. Since we have archives
of paraffin blocks, including more than 20,000 autop-
sy specimens that were accumulated in these past 100

years, a new molecular approach will clarify changes
of disease profiles in Japan in the 20 century.

Research Grants

1. 1997-1999: Grant in Aid for Scientific Research (B)
from the Ministry of Education, Science, Sports and
Culture of Japan. “Pulmonary fibrosis and develop-
ment of lung carcinoma. Analysis of dysplasic and
neoplastic epithelial cells of pulmonary fibrosis.”

2. 1999-2002: Grant in Aid for Scientific Research (B)
from the Ministry of Education, Science, Sports and
Culture of Japan. “Molecular epidemiology of human
herpes virus 8-associated diseases in Japan and Asia.”

3. 2001: Grant in Aid for Scientific Research on a
Priority Area (C) from the Ministry of Education,
Science, Sports and Culture of Japan. “ Establishment
of gene diagnosis system for lung adenocarcinoma.”

4. 2002: Grant in Aid for Scientific Research on a
Priority Area (C) from the Ministry of Education,
Culture, Sports, Science and Technology of Japan. *
Establishment of gene diagnosis system for lung ade-
nocarcinoma.”

5. 2002-2004: Grant in Aid for Scientific Research (A)
from the Ministry of Education, Culture, Sports,
Science and Technology of Japan. “Pathogenesis of
Epstein-Barr virus-associated neoplasms.”
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Department of
Molecular Pathology

Outline and Research Objectives

Our department has a more than 100-year history from its establishment as the
Department of Pathology. The Second Department of Pathology has changed its name to
the Department of Molecular Pathology; after the retirement of Dr. Takatoshi Ishikawa, Dr.
Miyazono began to work as the Professor of the Department.

Our research is focused on molecular mechanisms of carcinogenesis, using molecular bio-
logical techniques. Transforming growth factor-b (TGF-B) is a potent growth inhibitor for
many cells, and perturbations of TGF-b signaling result in progression of various cancers.
We are interested in the signaling mechanisms of the TGF-f3 superfamily, including TGF-
and bone morphogenetic proteins (BMPs), and studying how TGF- signals regulate pro-
gression of various cancers, e.g. colorectal cancer.

We are also interested in the pathogenesis of vascular diseases. Signals induced by TGF-
B and BMPs play important roles in the development and homeostasis of blood vessels.
Abnormalities in TGF-3/BMP signals result in genesis of certain vascular disorders. We have
recently started to investigate the mechanisms of growth and differentiation of murine
embryonic stem (ES) cells. Using an in vitro system, we are trying to regulate the differenti-
ation of ES cells into smooth muscle cells (SMCs) and endothelial cells (ECs). The results
will be useful for the development of new strategies for treatment of cancers and vascular
diseases.

Faculty and Students Past Research and Major Accomplishments
Professor and Chair Kohei Miyazono, M.D., D.M.S. Members of the TGF-B superfamily bind to two
(from 2000) different types of serine/threonine kinase receptors,
Associate Professors Keiji Miyazawa, Ph.D. and activate intracellular signaling molecules, the
ASSOCIAES ..., 2 Smads. Smads move into the nucleus and regulate
Postdoctoral Fellow ................ 1 transcription of target genes, including c-myc and
Research Technicians ............. 4 cyclin-dependent kinase inhibitors. Signaling by
Ph.D. Students..........c.c.cocn.... 2 Smads is regulated by various molecules, including
Master Course Students ......... 3 inhibitory Smads (I-Smads) and transcriptional co-
Visiting Researcher ................. 1 repressors, ¢-Ski and SnoN (Figure 1).
Visiting Ph.D. Students .......... 7 We isolated cDNAs for TGF-§ type I receptor
SeCretarieS ......oceevervveverirenn, 2 (TbR-I, also called ALK-5) in 1993 [3]. In addition, we
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have cloned five additional type I receptors, which
turned out to be the type I receptors for BMPs and
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Figure 1. Signaling by TGF-f through serine/threonine kinase receptors and Smads



activins [6], and the type II receptor for BMPs (BMPR-
I1) [11]. Using these receptors, we demonstrated how
the members of the TGF-8 superfamily bind to differ-
ent combinations of type II and type I receptors.

During our studies of intracellular signaling acti-
vated by the serine/threonine kinase receptors, we
have cloned one of the mammalian I-Smads, Smad6
[17], and reported that Smads can be classified into
three subclasses, i.e. R-Smads, Co-Smads, and I-Smads
[18]. Moreover, we demonstrated how I-Smads inhibit
signaling activities of the TGF-B superfamily
cytokines [27, 29, 44]. We have shown that E3 ubiqui-
tin ligases, Smurfs, interact with I-Smads, recruit
them from the nucleus to the cell surface receptor
complexes, and induce ubiquitination and degrada-
tion of the type I receptors [40, 48]. These findings
suggested that Smurfs support the inhibitory activity
of I-Smads in TGF-f superfamily signaling.

We have also investigated the mechanisms by
which Smads regulate transcription of target genes of
the TGF-B superfamily cytokines. We have shown
that Smads interact with various transcription factors,
including the vitamin D3 receptor and Runx proteins
(also known as Cbfa/AML/PEBP2q. proteins) [25, 30,
371, which play important roles for TGF- superfamily
cytokines in exhibiting various biological effects in
different types of cells. In addition, we demonstrated
that Smads interact with transcriptional co-activators,
300 and CBP, and transcriptional co-repressors, c-Ski
and SnoN [26, 31]. c-Ski was originally identified as
an oncogene. Our findings suggest that c-Ski may reg-
ulate growth and differentiation of various cells
through regulating the actions of Smads.

We are also studying vascular diseases induced by
perturbation of the TGF-B/BMP signaling systems.
Hereditary hemorrhagic telangiectasias (HHTSs) are
induced by mutations of the human endoglin or ALK-
1 genes. ALK-I-null mice exhibit vascular abnormali-
ties reminiscent of human HHT [34]. Primary pul-
monary hypertension (PPH) is induced by mutations
of BMPR-1I; however, we have shown that mutations
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occur in various portions of the BMPR-II in PPH
patients, which may contribute in different fashions
to the pathogenesis of this disease [47]. Using aden-
ovirus vectors containing constitutively active forms
of TGF-B type I receptor (ALK-5) or ALK-1, we have
identified target genes induced by these receptors.
These findings will become useful for our future stud-
ies designed to elucidate the mechanisms of patho-
genesis of vascular diseases induced by abnormalities
of TGF-f and BMP signaling.

Current Research

Our current research activities are focused on two
major projects. First, we are trying to elucidate the
signaling mechanisms of the TGF-B superfamily
through Smad proteins, and to modulate TGF- sig-
naling by various molecules. Many tumor cells are
resistant to the growth inhibitory activity of TGF-.
Thus, perturbations of TGF-B superfamily signaling
result in progression of various cancers, including
hereditary non-polyposis colorectal cancer (HNPCC)
and pancreatic cancer (Figure 1). However, the molec-
ular mechanisms of the resistance to effects of TGF-$
are still not fully understood. We have recently
shown that cis-compound disruption of murine
Smad?2 gene accelerates malignant progression of
intestinal tumors in Apc knockout mice [49].
Moreover, we have shown that TGF-B regulates tran-
scription of c-myc through Smads [45], and we are
currently studying the molecules that regulate c-myc
transcription together with Smads, including the TCF-
4/Lef-1 family of transcription factors.

We have shown that I-Smads and c¢-Ski/SnoN neg-
atively regulate TGF-P signaling. Based on their three-
dimensional structures, we are trying to elucidate
how these inhibitory molecules interact with the
TGF-P receptors or Smads. We are also trying to iden-
tify novel molecules that regulate TGF-B/BMP signal-
ing by yeast two-hybrid systems and DNA microarray
analyses. Experiments using Xenopus embryos which
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Figure 2. leferentlatlon of ES cells 1nt0 ECS and SMCs in vitro.
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we have recently started in our laboratory will be use-
ful for examining the biological activities regulated by
these molecules. Although perturbations of TGF-f sig-
naling result in malignant progression of tumors,
tumor cells by themselves produce large amounts of
TGF-B, which induce progression of tumors through
induction of neovascularization, inhibition of immune
function, and accumulation of extracellular matrices.
We have recently found that adenoviruses containing
Smad7 and c-Ski prevented metastasis of breast
tumors in nude mice. Thus, molecules that negatively
regulate TGF-f signaling may be useful for regulation
of progression and/or metastasis of certain cancers.
Our second project is to study the growth and dif-
ferentiation of murine ES cells. Formation of new
blood vessels involves the proliferation and differenti-
ation of endothelial progenitor cells (EPCs) circulating
in peripheral blood. We are studying whether TGF-3
superfamily signals play roles during the differentia-
tion of EPCs into endothelial cells (ECs) and smooth
muscle cells (SMCs) using an in vitro ES cell system
(Figure 2). Our preliminary findings suggest that the
balance of two major signaling pathways of the TGF-$3
superfamily cytokines, i.e. TGF-B-like signals and
BMP-like signals, plays important roles in the differ-
entiation of EPCs into ECs and SMCs. We also found
that TGF-f regulates differentiation and formation of
tight junction of ECs. Moreover, we have obtained
some evidence that certain fractions of ECs express
specific markers for lymphatic ECs, suggesting that
lymphangiogenesis may be induced from EPCs.

Future Prospects

Our future goals will include further elucidation of
signaling mechanisms of the TGF-B superfamily
cytokines. Inhibition of TGF-§ signaling by I-Smads
or transcriptional co-repressors appears to be a power-
ful method of preventing tissue fibrosis and cancer
metastasis. Development of molecules that regulate
TGF-B signaling pathways may thus be useful for
treatment of various clinical disorders. We will also
extend our research to generate cells of different line-
ages from murine ES cells. Our knowledge of TGF-f3
and other cytokine signaling pathways will be useful
in these projects. Generation of ECs and SMCs from
ES cells will be valuable for treatment of various vas-
cular diseases. Moreover, generation of lymphatic ECs
will be useful for identification of genes specifically
expressed in lymphatic tissues. These studies will
thus be beneficial not only for application of these
cells in the field of regenerative medicine, but also for
development of new strategies for diagnosis and treat-
ment of metastatic tumors.
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Department of
Microbiology

Outline and Research Objectives

Microbial disease has been recognized as the major threat to human health throughout
the history. Despite the development of preventive and therapeutic interventions against
some pathogenic microbes, infectious disease is still one of the most significant medical
problems. On the other hand, microbial organisms have served as a useful model as well for
elucidating the human molecular mechanisms of a variety of biological events, providing
useful insights into life science. Efforts have also been initiated by a number of research
group to utilize animal viruses as a tool for human gene therapy. In order to familialize stu-
dents with these issues, importance of microbiology in medical education is increasing more
rapidly than ever. To fulfill this requirement, our department, as the only basic microbiology
unit in the Faculty and Graduate School, currently assumes a responsibility for teaching bac-
teriology and virology to medical undergraduates, and for educating graduate students in a
field of virology on animal RNA viruses.

Our major research interest is to elucidate molecular mechanisms for species-, tissue-,
and cell-specific pathogenicity of poliovirus and hepatitis C virus. For this purpose, we
attempt to identify viral and host factors required for the viral replication and dissemination
in animal model. Tissue and cell distribution of host factors in host species or animal model
may give an insight into molecular pathogenesis of those RNA viruses. Thus, the main
objectives in our department are as follows;

L. Replication, dissemination, and neurovirulence of poliovirus

Poliovirus (PV), the causative agent of poliomyelitis, is a human enterovirus that belongs
to the Picornaviridae. The genome of PV is a single-stranded RNA of positive polarity and
consists of approximately 7500 nucleotides (nt). To this RNA, a small protein VPg is
attached at the 5'end, and poly(A) at the 3' end. PV mRNA does not have VPg and starts
with simple pU. Thus PV mRNA is an exceptional eukaryotic mRNA. An internal ribosome
entry site (IRES) was identified in the 5' untranslated region (UTR) of the RNA.

Natural PV infection in humans is thought to begin with oral ingestion. After ingestion,
the virus multiplies in the alimentary mucosa; the tonsils and Peyer's patches are possibly
also invaded early in the course of infection. Following multiplication in these loci, the virus
moves into the deep cervical and mesenteric lymph nodes and then into the blood.
Neutralizing antibodies to PV in the blood prevent the development of poliomyelitis, which
suggests that viremia is necessary for the spread of virus to the central nervous system
(CNS). The circulating virus then invades the CNS and replicates in neurons, particularly the
motor neurons. There are two possible routes through which PV can enter the CNS. One is
virus permeation through the blood-brain barrier (BBB) and the other is virus transmission
via peripheral nerves. Paralytic poliomyelitis occurs as a result of neuronal destruction.
Specifically, we are working on the following projects.

1. Roles of human PV receptor (hPVR) in PV infection.

2. Molecular mechanisms for BBB permeation of PV.

3. Molecular mechanisms for retrograde axonal transport of PV.

4. Replication of PV in neurons.

I1. Replication and pathogenesis of hepatitis C virus

Hepatitis C virus (HCV), the main causative agent of non-A, non-B hepatitis, is a member
of Flaviviridae. Chronic infection of HCV frequently leads to liver cirrhosis and hepatocellu-
lar carcinoma (HCC). The genome of HCV is a single-stranded RNA of positive polarity and
consists of approximately 9500 nt. An IRES was found in the 5’ portion of the HCV RNA
like PV RNA, although it is not known whether the 5’ end is capped or not. As for the 3'
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UTR, the HCV RNA does not have a poly(A) tail but a poly(U/C) tract of 80-130 nt followed
by a highly conserved 98 nt sequence among HCV isolates, termed the X region. Thus, HCV
RNA has an unique structure as an eukaryotic mRNA. Specifically, we are working on the
following projects.

1. Molecular mechanisms for development of HCC by HCV infection.

2. Replication mechanisms of HCV RNA replicon.

I1I1. IRES-dependent virus tropism

Virulent strains of PV can replicate well both in the CNS and the alimentary mucosa,
whereas attenuated strains of PV cannot replicate well in the CNS although these strains
have a strong replicating capacity in the alimentary mucosa. Therefore, virulent and attenu-
ated PV strains have different tissue tropism each other. Relatively strong determinant for
the attenuation phenotype was identified in the 5 UTR within the IRES. It is possible that
IRES activity differ in tissues, and that viral replication capacity reflects the IRES activity.

IRES was first described for picornavirus RNAs, and later for many cellular mRNAs as
well as other viral RNAs. Nucleotide sequences that serve as IRES, so far discovered, have a
variety of lengths and predicted secondary structures, although all of them have a similar
function in translation initiation. Existence of a variety of IRES structures suggests that dif-
ferent sets of trans-acting cellular factors are required for activity of individual IRESs.
Cumulative evidence suggests that cellular factors required for IRES activities are quantita-
tively and/or qualitatively different in individual IRESs. Specifically, we are working on the
following projects.

1. Construction of recombinant viruses that have mutated IRESs.

2. Identification of host factors required for activity of various IRESs.

3. Establishment of method for measuring IRES activity in vivo.

Faculties and Students 8. Esta'blishment of hPVR/transgenic (Tg) mice sus-
ceptible to PV.
Professor and Chair Akio Nomoto, Ph.D. (since 1999) 0. Analysis of interaction between PV and hPVR.
Associate Professor ~ Tetsuro Matano, M.D., Ph.D. 10. Formation of a concept “IRES-dependent virus tro-
Associate.........cccocoeiiiiiinnnns 2 pism”.
Postdoctoral Fellow ................ 3 11. Study on dissemination pathway of PV using Tg
Graduate Students................ 12 mouse model.
SECIELAYY .o 2 12. Subcellular localization of hPVR in polarized cells.
13. Response of neural cells to poliovirus infection.
14. Discovery of HCV IRES

Past Research and Major Accomplishments

1.

Structural analysis of the 5' termini of all the PV
specific RNAs and proposal of VPg-primer theory

Current Research

of PV RNA synthesis. 1. There are two isoforms of functional human PV
Determination of the primary structure of the receptors, hPVR « and hPVR ¢ . These two iso-
genomes of all three attenuated PV serotypes forms differ only in a part of amino acid sequence
Construction of infectious cDNA clone of the within the cytoplasmic domain. Basolateral sort-
attenuated PV strain (Sabin 1 strain) and first gene ing signal was identified in the cytoplasmic
manipulation of animal RNA virus using the infec- domain of hPVR « but not hPVR ¢ . Indeed, hPVR
tious clone. a localizes to the basolateral membran and hPVR
Proposal of new copy choice model of RNA 0 apical membrane. It is possible that PV infec-
genome for its deletion and recombination events. tion occurs by using hPVR ¢ in the human alimen-
Molecular genetic analysis of the attenuation phe- tary tract.

notype of type 1 PV. 2. Using a hPVR/Tg mouse model, we have shown

Construction of new attenuated PV strains based
on knowledge of stability of attenuation muta-
tions.

Discovery of hPVR.
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that PV permeates the BBB at a fairly high rate,
independently of the presence of hPVR or virus
strain-specific effects. Thus, some host cell mole-
cules other than hPVR must be involved in the
BBB permeability of PV. We are currently investi-



gating which host molecules are involved in this
dissemination process.

3. Our recent results strongly suggest the following;
Intramuscularly inoculated PV is incorporated by
hPVR-mediated endocytosis at synapses without
conformational change. The endosomes contain-
ing PV is associated with dynein motor molecule,
and retrogradely transported to neuron cell body
along microtubules. After the retrograde transport
through the axon, lytic replication of PV occurs in
the cell body. The virulent and attenuated PV
strains do not show significant difference in effi-
ciency of this dissemination route in a hPVR/Tg
mouse model. We are attempting to prove the
above bypothesis.

4. PV-infected neural cells do not show cytopathic
effect when the infected cell cultures are added
with anti-PV or anti-PVR antibodies 2 hours after
the infection. Similar phenomenon cannot be
observed in PV-infected HelLa cells. We precisely
analyzed this phenomenon, and found that PV
IRES activity was inhibited in the infected neural
cells, and that PV-specific 2A protease was trans-
ported to the nucleus, and therefore translation
initiation factor elF4G was restored in the infected
cells. We are currently attempting to elucidate
why PV IRES activity is inhibited in the infected
neural cells.

5. Development of cancers always accompanies
mutations in chromosomes. Although HCV
genome does not have any specific tumor gene, it
is possible that some HCV gene products induce
instability of human chromosome structure. We
found that nuclear transport system was disturbed
by HCV core protein. This may result in instability
of human chromosome structure in the HCV-
infected hepatocytes. We are now investigating
interaction between HCV core protein and nuclear
transport receptors.

6. Chimeric PV whose IRES was replaced by HCV
IRES was constructed. This recombinant virus can
replicate well in the liver of hPVR/Tg mice but not
in the brain of the mice. This indicates that HCV
IRES is active in the liver but not in the brain. The
results support our notion “ IRES-dependent virus
tropism”.

Future Prospects

PV is now one of the most well characterized virus
and recent studies of its molecular biology have made
great progress. Additionally, the development of a
transgenic mouse model for poliomyelitis has not
only facilitated investigations of PV dissemination but
has transformed PV research into an important area of
neuroscience. The elucidation of the molecular basis

of PV neurovirulence is only at its starting point, and
some basic questions proposed in section of “ Current
Research” must be answered if we are to understand
fully the molecular mechanisms responsible. This
research could eventually lead to the development of
new strategies to control poliomyelitis and other viral
diseases.

It is an important question in life science why
viruses without tumor gene are able to cause cancers.
Extensive effort have been made to elucidate mecha-
nisms for development of HCC by HCV infection.
However, little is known, as yet, about the mecha-
nisms responsible. Since development of effective vac-
cine to control HCV infection seems to be difficult,
and altogether may be impossible, only sure way to
control HCV is to elucidate molecular mechanisms
responsible for onset of HCV disease, resulting in the
development of new strategies to control the viral dis-
ease.

Our approach to study pathogenicity of RNA virus-
es may also provide useful insights into general life
sciences.

Research Grants

1995-1999 Grant-in-aid for Specially Promoted Research
(total ¥273,000,000)

2000-2004 Grant-in-aid for Specially Promoted Research
(~2002 ¥182,000,000)

2001-2005 Research Grant from the Organization for
Pharmaceutical Safety and Research (~2002
¥65,000,000)
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Department of Infection
Control and Prevention

Outline and Research Objectives

The Department of Infection Control and Prevention was founded in 1994 in order to
minimize hospital infections. This department is, therefore, very new, but is the oldest one
in the field of infection control in Japan. It started at first as the Division of Hospital
Infection and Control Services on January 23, 1991. This division developed into the
Division of Infection Control and Prevention on September 1, 1993 and the present depart-
ment on June 24, 1994,

Research and practice of hospital infection control in Japan has been very primitives, and
at least 15-20 years behind those in USA and European countries. The main objectives of
our department are; 1) to control and prevent hospital infections, 2) to develop and propa-
gate new effective methods to control and prevent hospital infections and 3) to be a model
and lead of infection control in Japan. Therefore, surveillance of hospital infections, early
detection of outbreaks, analyses of the causes of outbreaks and intervention are the most
important parts of our activities. Education of medical and comedical staffs and students is
also a very important role of our department.

10. Development of PCR systems for diagnosis of
opportunistic infections in HIV/AIDS.

Quantitative analyses of cytomegalovirus (CMV) in
the blood using real-time PCR for early diagnosis,

Faculties and Students

Satoshi Kimura, MD, PhD (1996~)  11.
Kyoji Moriya, MD, PhD (2002~)

Professor and Chair
Lecturer (Hospital)

Associate (Hospital)................ 2 monitoring and prospecting of CMV infections.
Postdoctoral Fellow ................ 1 12. Evaluation of clinical efficacy of antiretroviral
Research student..................... 2 agents and highly active antiretroviral therapy
SECIELALY ..o, 2 (HAART).

13. Pharmacodynanic analyses of anti-HIV agents.

14. Evaluation of clinical significance of drug-resist-
ance mutations of HIV against protease inhibitors.
Analyses of hospital visits among HIV-infected
persons and AIDS cases in Japan.

Anti-HIV activities of oligodeoxyribonucleotides,
ribozymes, fluoroquinolones etc..

. Elucidation of molecular mechanism of viral hepa-
tocarcinogenesis (HBV and HCV).

Elucidation of molecular mechanism of chemo-

Past Research and Major Accomplishments

1. Establishment of hospital infection surveillance  15.
system in the University of Tokyo Hospital (com-
prehensive and targeted). 16.

2. Reduction of surgical site infections by replacing
razor with clipper for preoperational removal of
body hair at surgical sites.

3. Introduction of EPINet system into Japan and con-  18.

duction of nationwide surveillance of needlestick

taxis.

injuries in health care workers in Japan. 19. Elucidation of mode of action of defensin and
4. Reduction of needlestick injuries among health cloning of a nevel mouse /3 -defensin.
care workers by employing safety devices. 20. Establishment of certification system of Infection
5. Epidemiological analyses of Methicillin-resistant Control Doctors (ICD) in Japan by organizing
Staphylococcus aureus (MRSA) and other drug Japanese Council of ICD consisting of 16 scientific
resistant microbes by using PFGE and/or PCR in societies in the field of infectious diseases.
the University of Tokyo Hospital.
6. Control of MR?A Qutbreak in NICU by unselected Current Research
use of mupirocin ointment.
7. Control of Ralstonia pickettii colonization of We have been mainly studying on following sub-
patients in an obstetric ward. jects:
8. Evaluation of disinfectant and antiseptics. 1. Surveillance, analyses of hospital infections, and
9. Nationwide surveillance of opportunistic infec- planning to reduce hospital infections and occupa-

tions in HIV infection.

tional infections, such as needle stick injuries.
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2. Epidemiological analyses of methicillin-resistant
Staphylococcus aureus and other drug-resistant
microbes using PFGE, AP-PCR, etc.

3. Evaluation of disinfectants and antiseptics.

4. Development of sensitive and rapid methods to
detect pathogens.

5. Evaluation of multiple-drug therapies for HIV
infection.

6. Quantification of DNA viruses in the blood using
real-time PCR.

7. Preparation of guideline for appropriate use of
antimicrobials.

8. Molecular mechanism o viral hepatocarcinogene-
sis.

Future Prospect

Surveillance is most important for the analysis of
causes of outbreaks, and for the development of new
preventive measures. So far, we have established sur-
veillance system in the University of Tokyo Hospital.
ICD system established by Prof. S. Kimura in 1999
greatly stimulated the trend to start surveillance in
many other hospitals all over Japan. Thus, level of
infection control and prevention in Japan will be rap-
idly elevated. In this process, staffs in our department
will gain initiative.

By reducing hospital infections, duration of hospi-
tal stay of patients is to be shortened, medical
expense be reduced, prognosis of patients be better,
and quality of life be improved.

Research Grants
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Outline and Research Objectives

Research projects, currently being conducted in our Department, have stemmed from
the original identification of two cytokine genes between the late 1970s and early 1980s,
namely, the genes encoding human fibroblast interferon (renamed thereafter as IFN-f3) and
interleukin-2 (IL-2), and their molecular characterization. In fact, the molecular distinction
and consolidation of an enormous number of cytokine molecules, which are usually pro-
duced simultaneously at low levels in many cell types, have made it possible to study each
cytokine as a single molecule and to elucidate their intracellular signaling mechanisms as
well as their gene regulation mechanisms.

Given the fact that these cytokines are intimately involved in the regulation of immunity
and oncogenesis, the above initial studies have led us to further extend the characterization
of these cytokine systems in the context of the regulation of immune responses and onco-
genesis. More recently, we have also initiated a project linking the immune system and
bone remodeling in the context of cytokine signaling cross talk. Thus, our current research
objectives are aimed at clarifying the following.

1. The mechanisms of signaling and transcription networks operating in the IFN-o/f} sys-
tem in innate immune responses.

2. The function and regulation of the transcription factor family, i.e., the interferon regula-
tory factors (IRFs), in innate and adaptive immune responses.

3. The mechanisms of regulation of antigen-presenting cells (APCs), typically dendrite cells
(DCs), by IFNs and other cytokines and toll-like receptors (TLRs).

4. The regulation of ontogenesis by IFN-o/ff and the tumor suppressor p53, particularly
their mutual cooperation and function on target genes.

5. The regulation of bone remodeling by RANKL of the TNF family member and its signal-

ing cross talks with IFNs and other cytokines.

The above projects are being conducted in a coordinated manner with much emphasis
on interaction with researchers and students inside and outside of the Department, and col-
laborations, including international ones, are highly encouraged. The important objec-
tives of our Department include the fostering of independent scientists with international
experience, and search for new concepts critical for future developments in immunology
and cancer biology.
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1y cis-elements within the promoter of IFN-f gene,
which function as a virus-inducible enhancer (Refs. 7,
12). The work on the IFN-f enhancer led us to the



discovery of a novel family of transcription factors,
the IRF family, which now has nine members (Refs.
15, 18, 48). In fact, IFN-0/f genes as well as a num-
ber of IFN-inducible genes were shown to be involved
in regulating cell proliferation and to be potential criti-
cal target genes of IRFs. We also identified the regula-
tory sequences of the IL-2 gene, which have since
been extensively studied in the context of T cell acti-
vation and anergy by many other groups (Ref. 9). We
also continued working on the mechanisms of IL-2
signaling by characterizing and analyzing the struc-
ture and function of the IL-2 receptor complex. The
achievements, made during and after transition to the
current Department, are briefly summarized below on
each project.

(1) Gene regulation in IFN-0/3 system; Operation
of “revving up” mechanism for robust antiviral
responses.

The work on the IFN-f3 enhancer led us to discover
the IRF family of transcription factors. A number of
[FN-inducible genes were shown to be involved in
regulating cell proliferation and to be potential critical
target genes of IRFs (Ref. 48). In fact, to evaluate the
diverse biological effect of IRFs in vivo, we initially
established the mice deficient in IRF-1 or IRF-2 gene
in collaboration with T. Mak and his colleagues,
University of Toronto (Ref. 29). We first found that
IRF-1 is a critical regulator for the antiviral response
by IFNs, but that it is not essential for virus-induced
IFN-0/B gene expression (Refs. 29, 31). More recent-
ly, we and others have focused on other two related
IRF members, IRF-3 and IRF-7. These two factors
reside in the cytoplasm of uninfected cells and under-
go translocation to the nucleus after viral infection.
We adduced experimental evidence that these two
IRFs indeed activate the IFN promoters, and the exact
role of these factors became clear when we generated
mice deficient in these genes (Refs. 45, 48, 49). It was
found that cells have an acquired auto-amplification
mechanism for efficient IFN-0/f3 gene expression.
Briefly, viral infections first result in the phosphoryla-
tion of the constitutively expressed IRF-3, and the
phosphorylated IRF-3 primarily activates the IFN-f3
promoter. Once IFN-B is produced, it signals the cell
to activate ISGF3, a heterotrimer complex consisting
of STAT1, STAT2 and IRF-9; ISGF3 in turn induces
IRF-7 gene expression. The de novo produced IRF-7
then undergoes virus-induced phosphorylation, simi-
lar to IRF-3, and activates the IFN-o/f3 promoters.
Thus, massive IFN-o/f} production can be achieved
through the positive-feedback loop (Refs. 48, 49).

We also found that the constitutive, IRF-3/IRF-7-
independent production of IFN-0/f in uninfected cells
is critical for setting the IRF-7 expression levels that
determine whether or not the above-mentioned posi-

tive-feedback mechanism will operate effectively upon
viral infection. We discussed the significance of spon-
taneous IFN-o/f3 gene expression, in the context of
what we proposed as the “revving up” model. In fact,
a weak IFN-o/f signaling also provides a foundation
for cells to respond efficiently to other cytokines,
such as IFN-y and IL-6 (Ref. 49). In the “revving up”
by the IFN-o/p signal, signaling molecules remain
constantly activated, albeit weakly, and the expres-
sion level of target genes such as IRF-7 (and probably
many others) is maintained, thereby providing a foun-
dation for more efficient signaling, either in that path-
way or in different pathways. Thus, the consumption
of cellular resources is not futile but a regulated
“trade-off” to provide the cell with a greater dynamic
range (signal-to-noise) in its response to stimuli (Ref.
49). 1t is likely that mechanisms similar to what we
found in the context of the “revving up” model may
be operational in other immune responses, since the
immune system generally requires such mechanisms
so as to render the operation against invading
pathogens effective.

(2) Function of IRF-1 and IRF-2: Regulation of
immunity and oncogenesis.

In continuation of our analysis of the IRF-I-defi-
cient mice, we found that IRF-1 is absolutely required
for Th1 type of CD4* T cell responses and NK cell dif-
ferentiation. In fact, IRF-1 is essential for the induc-
tion of IL-12 and inducible nitric oxide synthase,
which are critical for the induction and effector phase
of Thl response, respectively, and it is also essential
for IL-15 gene expression in stroma cells to induce NK
cell development (Refs. 37, 38, 48). In addition, IRF-1
is found to be a tumor susceptibility gene. IRF-1 is
required in the induction of apoptosis of oncogene-
expressing fibroblasts and DNA-damaged, proliferat-
ing mature T cells (Refs. 35, 36, 42). In DNA-dam-
aged fibroblasts, IRF-1 cooperates with p53 to induce
cell cycle arrest by activating the p21"4#<#! gene. We
have shown that the loss of IRF-1 alleles per se has no
effect on spontaneous tumor development in the
mouse, but that it dramatically exacerbates previous
tumor predispositions caused by the c-Ha-ras trans-
gene or nullizygosity for p53. In addition, notable
alterations in the tumor spectrum of IRF-1, p53 dou-
ble-deficient mice indicated that IRF-1 is not hyposta-
tic to p53. We also adduced evidence that the loss-of-
function mutation in the IRF-1 gene may be involved
in cancer development in humans (Ref. 42, 48). In
continuation of this project, we attempted to isolate
genes functioning downstream of IRF-1/p53, and
identified a novel gene, Noxa. The Noxa gene
encodes a BH3-only protein of the Bcl-2 family, and its
expression is actually dependent on p53; it also
induces apoptosis when it is overexpressed (Ref. 43).

77



Although IRF-2 was originally identified as a nega-
tive regulator of IRF-1, it has a unique function in neg-
atively regulating IFN-o/f signaling. IRF-2 is a very
stable nuclear factor that attenuates transcription by
the IFN-activated ISGF3. Interestingly, IRF-2-deficient
mice spontaneously develop an inflammatory skin
disease, resembling psoriasis. CD8* T cells appear to
be involved in the pathogenesis of this condition, and
CD8* T cells from these mice are hyper-responsive to
antigen stimulation in vitro, which is accompanied by
a markedly upregulated expression of genes induced
by IFN-0/f3 (Refs.46, 48). Thus, IRF-2 is necessary for
balancing the beneficial and harmful effects of the
spontaneous IFN-o/f signaling, as described above.

(3) Characterization and functional studies on the
IL-2 receptor complex.

The use of recombinant IL-2 made it possible to
study this “T cell growth factor” in the context of reg-
ulation of intracellular signaling mechanisms. T.
Waldmann and colleagues first discovered the IL-2
receptor, as an IL-2Ra chain, and it turned out that
the functional receptor consists of subunits (Refs. 28,
34). We then isolated the second chain, IL-2Rf chain,
and showed for the first time that this cytokine recep-
tor, lacking any catalytic domains, can transmit the
signals to the cell interior by recruiting non-receptor
tyrosine kinases (Refs. 8, 10, 17, 19, 34). In addition,
it was also shown that multiple signaling molecules
are recruited to the receptor, which play distinct func-
tions. It is now known that IL-2R consists of IL-2Rq,
B (termed ) and vy (termed cy) chains.

We also took an in vivo approach to study the dis-
tinct domains of the IL-2RP cytoplasmic region by
introducing each mutant cDNA that lacked one of
these domains into IL-2R3-deficient mice. We showed
that the lack of the membrane-distal H-region, which
mediates activation of STAT5/STAT3 transcription
factors, selectively affects the development of natural
killer (NK) cells and T cells bearing yd T cell receptors.
In contrast, the A-region, which is located next to the
H-region and mediates the activation of Src-family
protein tyrosine kinases, contributes to the downreg-
ulation of the T cell proliferation function. The IL-
2RBc null mutant mice develop severe autoimmune
symptoms, but these are all suppressed following the
expression of either of the mutant cDNAs (Ref. 40).

(4) Osteoimmunology: Signaling cross talks
between IFNs and RANKL in bone remodeling.
The regulation of osteoclast differentiation is an
aspect central to the understanding of the pathogene-
sis and the treatment of bone diseases such as
autoimmune arthritis and osteoporosis. In fact,
excessive signaling by RANKL, a TNF family member
essential for osteoclastogenesis, may contribute to
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such pathological conditions. We found unique sig-
naling cross talks between RANKL and IFNs. We pro-
vided evidence that activated T cells maintain bone
homeostasis by counterbalancing the action of
RANKL through IFN-y production. IFN-y induces the
rapid degradation of the RANK adapter protein,
TRAF6, resulting in the strong inhibition of the
RANKL-induced activation of NF-kB and JNK (Ref.
47). This work was introduced as a new area of
research called osteoimmunology [Arron, J. R. et al.
Nature, 408, 535, 2000]. More recently, we also found
that RANKL induces the IFN- gene, but not IFN-¢
genes, in osteoclast precursor cells, and that IFN-B
strongly inhibits osteoclast differentiation by interfer-
ing with the RANKL-induced c-Fos expression (Ref.
50). The series of in vivo experiments revealed that
these two IFN-mediated regulatory mechanisms, dis-
tinct with one another, are both important to keep
balancing the homeostatic bone resorption.
Collectively, these studies revealed novel aspects of
the two types of IFNs, beyond their original roles in
immune response, and may offer a molecular basis for
the treatment of bone diseases.

Current Research

As described above, we have gained new insight
into the mechanisms of signaling and transcription
networks operating in the IFN-o/} system in immune
responses. The current research projects in our labo-
ratory are summarized as follows:

1. Function and regulation of IRFs.

Still elusive is the mechanism(s) by which IRF-3
and IRF-7 are activated by viruses. We have been try-
ing to identify a virus-activated kinase(s), which is
responsible for this activation by taking a proteomics
approach. We have identified several molecules that
are associated with IRF-3, and these molecules are
currently subjected to functional analyses to deter-
mine their involvement in IRF-3 regulation. We have
generated IRF-7-deficent mice and are now confirming
the role of IRF-7 in IFN-o/f3 gene induction in distinct
cell populations, particularly, in bone marrow-derived
cells, such as DCs. Our preliminary data indicate that
germinal center formation is impaired in the mutant
mice, and we are going to analyze the underlying
mechanisms. The generation of IRF-3/IRF-7 double
deficient mice is also under way. As for IRF-1, we
have been working on the role of IRF-1 in CD4* T cell
differentiation, particularly the identification of the
IRF-1 target genes.

2. Mechanisms of regulation of antigen-present-
ing cells (APCs), typically dendritic cells (DCs).
We found that the IFN-o/f system is critically



involved in DC maturation, which is induced by TLRs.
We are currently studying the mechanism by which
TLR expression is regulated by the IFN-o/f system.
We are also working on the differentiation and matu-
ration of DCs, which are found to be abnormal in IRF-
2-deficient mice.

3. Regulation of oncogenesis by IFN-o/f3 and the
tumor suppressor p53.

A critical function of p53 in tumor suppression is
the induction of apoptosis in cells exposed to noxious
stresses, such as DNA damage. We have previously
shown that Noxa belongs to the BH3-only subfamily
of the Bcl-2 family proteins and that Noxa overexpres-
sion causes apoptosis of some cells. More recently,
we generated mice deficient in the Noxa gene or in
both Noxa and Bax genes. In addition, we are contin-
uously studying on the cooperation between IFN sig-
naling and p53 pathways in relation to oncogenesis
using mutant mice that are defective in some of these
pathways.

4. Regulation of osteoclast differentiation.

During the differentiation process of hematopoiet-
ic stem cells to osteoclasts with bone-resorbing activi-
ty, transcription factors such as PU.1, c-Fos, NF-kB,
and MITF play a critical and specific role. To date,
however, little is known about how RANKL, but not
other cytokines that activate similar pathways, specif-
ically induces the terminal differentiation of osteo-
clasts through a specific transcriptional program.
Previous observations suggest that RANKL signaling
activates an as yet unknown pathway(s) that specifi-
cally invokes the transcriptional program leading the
cells to undergo terminal differentiation. To gain
insight into the mechanism of the RANKL-specific
induction of the osteoclast differentiation program,
we took a genome-wide screening approach to identi-
ty genes specifically induced by RANKL, but not by
IL-1, and came up with the NFATc1 transcription fac-
tor. We are currently analyzing the complex signaling
and transcription networks in the RANKL-c-
Fos/TRAF6-NFATc1 pathways to gain more insight
into the differentiation programs.

Future Prospects

From the inception of the molecular analyses of
the cytokine systems in the late 1970s, research proj-
ects in our laboratory have progressed and differenti-
ated in many ways. This was natural and important
for our laboratory, particularly in fostering the next-
generation scientists who are independent and have
international experience. In fact, more than ten for-
mer colleagues have been promoted to full professor
in renowned universities. The discovery and func-

tional analyses of the IRF family of transcription fac-
tors provided new insight into the molecular mecha-
nisms underlying the efficient induction of IFN-o/f3
genes, as well as the regulation of immune responses
and oncogenesis. As for future prospects, it is impor-
tant to elucidate the mechanisms of activation of
these transcription factors in virus-infected cells.
Considering the increasing interest in the IFN-o/f3
system induction by nonviral pathogens in antigen
presenting cells, it will also be important to elucidate
the role of IFNs and IRFs in linking the innate and
adaptive immune systems. We are beginning to see a
new link between IFN systems and p53, and this will
hopefully reveal a new and interesting area of
research in cancer biology. We also continue elucidat-
ing the RANKL-mediated mechanisms of bone remod-
eling. We hope that our studies will provide novel
therapeutic strategies for controlling infectious and
neoplastic diseases, as well as bone diseases. In fact,
it is also our long-term goal to gain insight into the
mechanisms of autoimmunity and tumor immunity,
so as to provide a means for the treatment of these
diseases.
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