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Preface

The University of Tokyo Faculty of Medicine was established in 1877, under Japan's
modernizing Meiji government. Its roots go back to the vaccination center estab-
lished with donations from 82 private practitioners in 1858, when Tokyo was still
called Edo, and over the past 145 years it has trained some 20,000 doctors.

While we are conscious and proud of our long tradition, we are acutely aware of the
need to reform our curriculum to meet the needs of a new age. We are determined to
prepare our students to become tomorrow's leaders in international medicine
through the best possible undergraduate training.

So it is too in the realm of research, where we intend to uphold the highest standards
to solve the most challenging problems. For many years we have worked to consoli-
date and improve our strengths in this area.

The 1991 revision of Japan's Standards for University Establishment called on univer-
sities to examine and evaluate their own performance. Internal reviews have begun
at many universities. The newly established National Institution for Academic
Degrees began reviewing Japan's universities in 2000.

In undergraduate education, we now regularly carry out evaluations of our own pro-
grams, including through course evaluations by students. Formerly in research, we
evaluated our work by publishing biannual lists of each department's publications;
we are taking steps to ensure that our evaluation will be more objective and rigorous
in the future.

The designation in 1997 of the University of Tokyo as an institution centered on its
graduate schools was a turning point. It is vital that we give the future development
of postgraduate education here a sound foundation. Universities must see them-
selves as they are seen by others. Hence the present external evaluation of our
research programs.

Research, teaching, and clinical practice are of course closely linked in a graduate
school of medicine, and all three require evaluation, yet this time, we restricted our
scope to research. Needless to say, this can under no circumstances be construed as
the relegation of teaching and clinical practice to ancillary roles. Simply, we hoped to
receive the most useful possible suggestions by narrowing our area of focus.
Research is of course, by itself, a vast field.
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The review process was meticulously prepared and executed by a committee headed
by Professor Hiroto Okayama. We invited world-renowned scientists of the highest
caliber to serve on the committee and review our faculty's work. Professor Erwin
Neher and nine other distinguished scientists from overseas worked in collaboration
with eleven eminent colleagues from Japan. I wish here to express my sincere grati-
tude to the evaluation team, who devoted so much of their valuable time to this task.

Whether internal or external, the principal meaning of any review lies in the willing-
ness of those reviewed to listen and respond to fair criticism. Without vigorous
implementation of changes -- should any be shown to be necessary -- external review
will be sterile.

Greater openness is yet another major aim. Through outside evaluation we hope to
make our research activities as widely known as possible and to arouse the public's
interest in our work by publicizing both our findings and the outcome of peer review.
Exposure to outside scrutiny and a wider audience will encourage us to reflect on
future directions.

I earnestly hope that the findings of this external evaluation will, in these and many
other ways, be a powerful guiding force helping us to build better research structures
and programs at the University of Tokyo.

March 2003

Foa Jline

Takaaki Kirino, MD, PhD

Dean, Graduate School and
Faculty of Medicine
The University of Tokyo
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Planning and Implementation of the External Review

In April 2002, on the decision of Dean Takaaki Kirino and with the agreement of senior
faculty members, a planning committee for external review was formed. The planning
committee comprised Professors Nobutaka Hirokawa, Ryozo Nagai, Hirokazu Nagawa,
Hiroshi Kurita, Susumu Wakai, and myself. We began designing the structure of the
external review and selecting the reviewers. The purpose of the external review was to
obtain information that would help us improve our research activities and maintain
them at the highest international level. All senior faculty members chairing departments
in the Graduate School of Medicine were subject to review; they were asked to prepare
descriptions of the research activities of their group, providing a list of the current mem-
bers of the department, an outline of the department's past and current research,
descriptions of up to five major research grants obtained in the past five years, and a list
of no more than 50 of the best papers published by the group. These documents were
assembled and edited by the planning committee and printed as a single volume. In
addition, all reviewees were asked to provide copies of their ten most important papers.

The committee of reviewers comprised 21 experts of high international repute, 11 from
Japan and 10 from other countries, headed by Professor Erwin Neher. (The committee
members are listed on page 8.) The reviews covered activities in all areas of research,
from basic and clinical medicine to public health and nursing. Each reviewee was
reviewed by the two most appropriate reviewers, one from Japan and one from another
country. In December 2002, each reviewer received a copy of the bound volume outlin-
ing research activities, copies of the ten most important papers of their reviewees, and
instructions regarding the procedures and scope of the evaluation. Each reviewer was
requested to begin an in-depth examination of their reviewees' research activities, on the
basis of these materials. On February 18 and 19, 2003, the external review committee vis-
ited the Graduate School of Medicine to hear presentations by all reviewees and to make
their final evaluations. The presentations were grouped into four areas: basic medicine,
internal medicine and related fields, surgical sciences, and social medicine and nursing.
Presentations in the four areas were given in parallel in the Medical Research and
Teaching Building, as shown in the schedule on page 10.

All evaluations were collected at the end of the visit, and were sent immediately to
Professors Ito in Group 1, Saruta in Group 2, Kakita in Group 3, and Aoki in Group 4,
who were asked to prepare summaries for their groups, and to Professor Neher, who
prepared the executive summary. The summaries are published here.

Hiroto Okayama, MD, PhD

Chair
Planning Committee for External Review
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Alphabetical List of External Reviewers

Aoki, Yoshiki MD & PhD

Professor, Chairman and Director
Nagasaki University, Institute of Tropical Medicine, Japan
"Parasitology"

Holzemer, William L. RN, PhD, FAAN Professor, Chair and Associate Dean for International

Ito, Masao MD & PhD

Julien, Jean Pierre PhD

Kakita, Akira MD & PhD

Kakizoe, Tadao MD & PhD

Kitamura, Yukihiko MD & PhD

McCarley, Robert William MD

McGarvey, Stephen PhD

Neher, Erwin PhD

Nilsson, Kenneth PhD & MD
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Department of Community Health Systems, School of
Nursing, University of California San Francisco, USA
"AIDS Nursing Care"

Director
Brain Science Institute, RIKEN, Japan
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Professor

Department of Neurology, McGill University Faculty of
Medicine, Canada
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Professor, Chairman and Hospital Director
Department of Surgery, Kitazato University School of
Medicine, Japan

"Gastrointestinal Surgery and Liver Transplantation”

President
National Cancer Center, Japan
"Urology and Bladder Cancer"

Professor and Chairman

Department of Pathology, Osaka University Medical
School, Japan

"Hematopoiesis, Hematopoietic Stem Cell and Tumor"

Professor and Head

Department of Psychiatry, Harvard Medical School, USA
"Neurobiology and Behavior: Basic Sleep Research &
Brain Imaging in Schizophrenia"

Professor of Community Health and Director of
International Health Institute

Brown University Medical School, USA

"Human Population Biology and International Health"

Professor and Director

The Membrane Biophysics Department, The Max-Planck-
Institut fiir biophysikalische Chemie, Germany

"Patch Clamp and Exocytosis"

Professor

Department of Cellular Pathology, University of Uppsala,
Sweden

"Immunology, Tumor Biology and Virology"



Nozawa, Shiro MD & PhD

Ogihara, Toshio MD & PhD

Park, Jae-Gahb MD & PhD
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Saruta, Takao MD & PhD

Schmelzeisen, Rainer MD & DDS
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Ueda, Reiko PhD

Professor and Chairman

Department of Obstetrics and Gynecology, School of
Medicine, Keio University, Japan

"Gynecologic Cancer"

Professor, Chairman and Hospital Vice-Director
Department of Geriatric Medicine, Osaka University
Medical School, Japan

"Hypertension"

Professor

Department of Surgery, Seoul National University College
of Medicine

President

National Cancer Center, Korea

"Surgical Oncology"

Mallinckrodt Professor of Medicine
Harvard Medical School, Massachusetts General Hospital,
USA

"Hormonal Signaling in the Gastrointestinal Tract"

Professor and Chairman

Department of Internal Medicine, School of Medicine,
Keio University, Japan

"Hypertension, Adrenal Disorders and Water-Electrolyte
Balance"

Professor and Chairman

Oral and Maxillofacial Surgery, Plastic Surgery, University-
Clinic Freiburg

Albert-Ludwigs-University, Germany

"Bone Metabolism and Cancer"

Professor

Department of Biochemistry and McGill Cancer Center,
McGill University Faculty of Medicine, Canada
"Eukaryotic Translation Control"

Director
SNP Research Center, RIKEN, Japan
"Cancer Biology and Virology"

Professor and Chairman

Department of Neurophysiology, Osaka University,
Graduate School of Medicine, Japan
"Neurophysiology and Optical Center"

President

Okinawa Prefectural Collage of Nursing, Japan
"Child Health Nursing"
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Schedule of External Review Presentation

Feb. 17
9:00-9:20 Introduction of reviewers (Tetsumon Memorial Hall)
Group 1 Group 2 Group 3 Group 4
Room 1305 Room 1304B Room 1303 Room 1302
Speakers Reviewers Speakers Reviewers Speakers Reviewers Speakers Reviewers
9:30-10:00 | Takao Shimizu, Jean Pierre Julien | Satoshi Kimura, Daniel K. Podolsky | Yuji Taketani, Rainer Schmelzeisen | Yasuki Kobayashi, Stephen McGarvey
Cellular Signaling Tadaharu Tsumoto | Infection Control & Takao Saruta Obstetrics & Shiro Nozawa Public Health Yoshiki Aoki
Prevention Gynecology
10:00-10:30 | Hiroto Okayama, Nahum Sonenberg| Kuni Ohtomo, Daniel K. Podolsky | Osamu Tsutsumi, Rainer Schmelzeisen | Kazuhiko Ohe, Stephen McGarvey
Molecular Biology Kumao Toyoshima | Radiology Takao Saruta Gynecologic Surgery Shiro Nozawa Medical Informatics Yoshiki Aoki
and Economics
10:30-11:00 | Nobutaka Hirokawa, | Jean Pierre Julien | Nobumasa Kato, Robert W. McCarley | Kohei Hashizume, Tadashi Kakizoe Hiroshi Kurita, William L. Holzemer
Cell Biology & Anatomy | Tadaharu Tsumoto | Neuropsychiatry Toshio Ogihara Pediatric Surgery Akira Kakita Mental Health Reiko Ueda
Coffee break (20min)
11:20-11:50 | Hiroki Kurihara, Jean Pierre Julien | Shoji Tsuji, Robert W. McCarley | Shinichi Takamoto, Jae-Gahb Park Ichiro Kai, William L. Holzemer
Physiological Chemistry | Tadaharu Tsumoto | Neurology Toshio Ogihara Cardiothoracic Surgery | Tadao Kakizoe Social Gerontology Reiko Ueda
11:50-12:20 | Yasushi Miyashita, Erwin Neher Kazuhiko Yamamoto, | Daniel K. Podolsky | Michio Kaminishi, Jae-Gahb Park Akira Akabayashi, William L. Holzemer
Integrative Physiology Masao Ito Allergy and Takao Saruta Gastrointestinal Tadao Kakizoe Health Economics/Health | Reiko Ueda
& Metabolism Rheumatology Surgery Promotion Science/
Biomedical Ethics
12:20-12:50 | Kensaku Mori, Erwin Neher Masao Omata, Daniel K. Podolsky | Masatoshi Makuuchi, |Jae-Gahb Park Yasuo Ohashi, William L. Holzemer
Cellular & Molecular Masao Ito Gastroenterology Takao Saruta Hepato-Biliary- Tadao Kakizoe Biostatistics/Epidemiology | Reiko Ueda
Physiology Pancreatic Surgery Epidemiology & Preventive
Health Sciences
Lunch (70min)
14:00-14:30 | Tomoyuki Takahashi, | Erwin Neher Toshiro Fujita, Daniel K. Podolsky | Tadaichi Kitamura, Jae-Gahb Park Katsuya Kanda, William L. Holzemer
Neurophysiology Masao Ito Nephrology and Takao Saruta Urology Akira Kakita Advanced Clinical Reiko Ueda
Endocrinology Nursing/ Nursing
Administration
14:30-15:00 | Masamitsu lino, Erwin Neher Ryozo Nagai, Daniel K. Podolsky | Hirokazu Nagawa, Jae-Gahb Park Keiko Kazuma, William L. Holzemer
Cellular & Molecular Masao Ito Cardiovascular Takao Saruta Surgical Oncology Tadao Kakizoe Adult Nursing/ Reiko Ueda
Pharmacology Medicine Terminal & Long-term
Care Nursing
15:00-15:30 | Masayoshi Mishina, Erwin Neher Tomifusa Kuboki, Robert W. McCarley | Kunihiko Tamaki, Rainer Schmelzeisen | Chieko Sugishita, William L. Holzemer
Molecular Neurobiology | Masao Ito Psychosomatic Toshio Ogihara Dermatology Shiro Nozawa Family Nursing Reiko Ueda
Medicine
Coffee break (20min)
15:50-16:20 | Masashi Fukayama, Kenneth Nilsson | Kazuhiko Nakahara, | Robert W. McCarley | Kiyonori Harii, Rainer Schmelzeisen | Sachiyo Murashima, | William L. Holzemer
Human Pathology Yukihiko Kitamura | Clinical Laboratory Toshio Ogihara Plastic & Reconstructive | Shiro Nozawa Community Health Reiko Ueda
Medicine Surgery Nursing
16:20-16:50 | Kohei Miyazono, Kenneth Nilsson | Yasuyoshi Ouchi, Robert W. McCarley | Tsuyoshi Takato, Rainer Schmelzeisen | Susumu Wakai, Stephen McGarvey
Molecular Pathology Yukihiko Kitamura | Geriatric Medicine/ Toshio Ogihara Oral & Maxillofacial Shiro Nozawa International Yoshiki Aoki
Aging Research Surgery Community Health
16:50-17:20 | Kouji Matsushima, Nahum Sonenberg Kozo Nakamura, Jae-Gahb Park Katsushi Tokunaga, | Stephen McGarvey
Molecular Preventive Kumao Toyoshima Orthopaedic Surgery Akira Kakita Human Genetics Yoshiki Aoki
Medicine
Feb. 18
9:30-10:00 | Akio Nomoto, Nahum Sonenberg| Teruhiko Toyo-oka, Daniel K. Podolsky | Makoto Araie, Rainer Schmelzeisen | Hiroshi Ushijima, Stephen McGarvey
Microbiology Kumao Toyoshima | Organ Pathophysiology | Takao Saruta Ophthalmology Shiro Nozawa Developmental Yoshiki Aoki
& Internal Medicine Medical Sciences
10:00-10:30 | Tadatsugu Taniguchi, | Nahum Sonenberg| Takashi Igarashi, Robert W. McCarley | Kimitaka Kaga, Rainer Schmelzeisen | Ryutaro Ohtsuka, Stephen McGarvey
Immunology Kumao Toyoshima | Pediatrics/Develop- Toshio Ogihara Otorhinolaryngology, Shiro Nozawa Human Ecology Yoshiki Aoki
mental Pediatrics Head and Neck Surgery
10:30-11:00 | Takaaki Kirino, Jean Pierre Julien Fumio Eto, Jae-Gahb Park Kiyoshi Kita, Stephen McGarvey
Neurosurgery Tadaharu Tsumoto Rehabilitation Medicine | Akira Kakita Biomedical Chemistry | Yoshiki Aoki
Coffee break (20min)
11:20-11:50 | Joji Ando, Kenneth Nilsson Kazuo Hanaoka, Tadao Kakizoe
System Physiology Yukihiko Kitamura Anesthesiology Akira Kakita
11:50-12:20 | Shoogo Ueno, Kenneth Nilsson Naoki Yahagi, Tadao Kakizoe
Bioimaging & Yukihiko Kitamura Emergency & Critical Akira Kakita
Biomagnetics Care Medicine
12:20-12:50 | Kou Imachi, Kenneth Nilsson
Biosystem Construction | Yukihiko Kitamura
& Control
Lunch (70min)
14:00-14:30 | Yasuo lhara, Jean Pierre Julien
Neuropathology Tadaharu Tsumoto
14:30-15:00 | Morihiro Sugishita, Jean Pierre Julien
Cognitive Neuroscience | Tadaharu Tsumoto
15:00-15:30 | Norio Suzuki, Nahum Sonenberg
Radiation Oncology Kumao Toyoshima
Coffee break (20min)
15:50-16:20 | Ken-ichi Yoshida, Kenneth Nilsson
Forensic Medicine Yukihiko Kitamura
16:20-16:50 | Kunio Shinohara, Nahum Sonenberg
Radiation Research Kumao Toyoshima
Institute
18:00-20:00 | Reception at Seiyoken, 15th floor of University Hospital
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Executive Summary

March 2003

S
| "
. ol fﬁl-J T —
Prof. Dr. Erwin Neher
Chair
The External Review Committee

The University of Tokyo Graduate School and Faculty of Medicine is among the lead-
ing institutions of biomedical research and education in Japan. In anticipation of pend-
ing structural reforms the senior faculty members have decided to perform a review of
its research activities. For this purpose 21 experts from top biomedical institutions
throughout the world and Japan have been invited for a two-day evaluation session.
The conclusions and recommendations of this committee are being presented here. The
summary of results is subdivided into four groups, reflecting the review process,
which was conducted by the four subgroups of the panel

Group 1 comprises 23 departments dedicated to the basic biomedical sciences, and
research oriented clinical departments. The panel noted that the classical disciplines
of medicine have well been reorganized during recent years around the methodolo-
gy and concepts of modern biomedical research. It was concluded that most depart-
ments are engaged in very original research, in which they are internationally high-
ly visible, some of them leading their respective fields. Although the research work
reviewed was mainly basic in nature outstanding clinical implications were
observed, which are expected to redirect clinical practice in the future. The panel
also identified a minority of research efforts for which reorientation and focusing
was recommended.

Group 2 consists of 13 departments in clinical medicine. These departments are quite
heterogeneous with respect to size and the subdivision of work between clinical
educational and research duties. Research efforts include work on pathogenesis,
pathophysiology, diagnosis, therapy and prognosis of diseases in the respective
areas. The panel was impressed by the high academic motivation of the staff and by
numerous important publications in internationally highly reputed journals.
Furthermore, the panel was delighted to note fruitful collaborations with basic sci-
ence departments within the University of Tokyo, but also with other facilities in

<15>



Japan and with prestigious academic institutions abroad. Note was taken of abun-
dant grant money from outside sources, reflecting superb academic achievements.
Regarding the overall organization of the clinical departments it was recognized
that a better balance would be needed between the clinical and research staff with
careful consideration of workloads regarding patient care and educational tasks.
Such reorganisation should aim for adequate time for research activities in all areas.
On the other hand research activities in some departments were found to cover too
wide a range of topics. In such instances focusing and reorganisation is indicated.

Group 3 consists of 17 clinical departments centered around such fields as Surgery and
Reproductive, Developmental and Aging Sciences. The panel was impressed by the
fact that each department has succeeded over the past decade to successfully
engage in basic as well as clinical research in spite of a “terribly busy clinical prac-
tice’ at the University Hospital. Research activities of the vast majority of depart-
ments were judged as excellent with respect to originality, productivity, scientific
impact and clinical impact. In a few cases the panel pointed out that reorientation
towards more specific research topics with strong clinical implications might be
indicated for clinical research units, in which not only research but also clinical
practice is conducted on a daily basis.

Group 4 comprises 15 departments in the fields of Social Medicine, Health Science and
Nursing, and International Health. The panel concluded that, on the whole, the
Graduate School and Faculty of Medicine at the University of Tokyo assumes a
leading role in research in these fields in Japan. Some departments are regarded as
world leaders in their respective disciplines. It was pointed out that the University
of Tokyo has pioneered in Japan in establishing Biostatistics and Biomedical Ethics
as newly required research fields in Health Research, and that professors of Nursing
have taken a national lead in many aspects of their discipline. However, it was also
recognized that the methods of the present review process may not be adequate to
tully appreciate the quality of some of the departments in Health Sciences and
Nursing. The panel noted that the International Health departments cover a wide
range of medical and epidemiological topics of relevance both to the developed and
developing world and concluded that the achievements apparent today clearly
identify the University of Tokyo as a promising center of excellence in research on
International Health. Closer inter-disciplinary and trans-disciplinary efforts will
allow to further develop this role.

In summary it can be stated that the University of Tokyo Graduate School of Medicine
combines world-class research in the most important biomedical research fields with
excellent medical practice. It managed to make the transition in most disciplines from a
solid-base traditional medical practice to research-oriented biomedicine, taking advan-
tage of recent progress in molecular medicine and advanced biomedical engineering.
The University of Tokyo Graduate School of Medicine is committed to complete this
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process and is in a good position to do so, given the fact that it harbors world-class
experts in many of the relevant disciplines.

The panel felt compelled to emphasize that the strength of the Medical School lies in an
ideal balance between basic, knowledge-oriented research and applied or disease-ori-
ented research - a balance, which emphasizes the importance of the former for the lat-
ter. Numerous examples were presented in which progress in basic research unexpect-
edly opened new insights into longstanding clinical problems, such as the discovery of
genes responsible for malignant hyperthermia or for a hereditary neuropathy. It is in
the very nature of knowledge-generating research that problem-solving insights hap-
pen unexpectedly and that they occur the more often the more knowledge-oriented
research is allowed to follow its own path. The panel recommends that the University
of Tokyo Graduate School of Medicine should continue to support its world-class bio-
medical research and this way build on its foundations for excellence in teaching and
health care.

Addendum

The Process and Remit of the Review

Background: In view of pending structural reforms of the Japanese health care and
university system and considering dramatic advances in knowledge in the biomedical
sciences the Graduate school of Medicine of the University of Tokyo decided to con-
duct a review of its research efforts. The purpose of this exercise was supposed to be
twofold: First, to provide guidance for the faculty in pending decisions on the further
development of the School and second to document the international standing of the
faculty within the rapidly changing international research scene. The review was
intended to concentrate on research performance, with teaching and infrastructure
issues covered only to the extent, which was considered necessary for optimal research
conditions.

The Planning Committee: The review was prepared by a Planning Committee consist-
ing of 6 senior faculty members and chaired by Prof. H. Okayama. The planning com-
mittee interacted with both the faculty and the review panel members by preparing the
written materials (see below), formulating guidelines on the procedures of the review
process, and to guarantee an efficient review process within the time available.
Specifically, two panel members were assigned to each of the departments to be
reviewed.

Materials and Documentation: Prior to the site visit panel members received two
pieces of documentation besides general information regarding the University of
Tokyo Graduate School of Medicine. One is a volume covering all of the departments
with concise texts regarding their major research achievements, ongoing research, as
well as future plans. In addition it included a reference list of up to 50 select scientific
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publications and a listing of personnel as well as current grant support. The other is a
collection of the ten most important publications and evaluation sheets on those
departments, which had been assigned to a given panel member.

A schedule of the presentation and other events was mailed prior to the meeting. On-
site panel members received information material on the University as a whole and on
the Medical School. This included

- The March 2002 Edition of “Tansei’, The University of Tokyo Magazine

- the 2003 prospectus of the Faculty of Medicine/Graduate School of Medicine

- a site map

The review process: On the evening prior to the review, panel members met with the
Dean of the Medical School and the Planning Committee for a decision of the proce-
dures and aims of the review. One of the panel members, E. Neher, was designated as
chairman of the panel. Furthermore, four additional members (Profs. M. Ito, T. Saruta,
A. Kakita and Y. Aoki) were identified to cooperate with the chairman in the genera-
tion of the Review Summary Report by providing summary results of the four themat-
ic subgroups (see page 19-37).

The main reviewing task was accomplished during the scientific presentations of the
68 departments, which were held in four parallel subgroups sessions on Monday,
February 17" and Tuesday, February 18", 2003. Each head of department was allowed
20 minutes of presentation time followed by up to 10 minutes of discussion.

The report: The evaluation sheets (two from independent panel members for each
principal investigator) were made available to the chairman and to those responsible
for the summary reports of the four subgroups. The reports were sent after the panel
meeting to the chairman as the basis for this report. Drafts of the reports were circulat-
ed among the panel members and the final version was submitted to the Dean of the
Medical School on 12* of March 2003.
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Group 1

Ito, Masao (RIKEN, Japan)

Julien, Jean Pierre (McGill University, Canada)
Reviewers Kitamura, Yukihiko (Osaka University, Japan)
Neher, Erwin (Max-Planck-Institute, Germany)
Nilsson, Kenneth (Uppsala University, Sweden)
Sonenberg, Nahum (McGill University, Canada)
Toyoshima, Kumao (RIKEN, Japan)

Tsumoto, Tadaharu (Osaka University, Japan)

Summarized by Ito, Masao

General Comments and Suggestions:

While reviewing the twenty-three departments of Group 1, we were deeply impressed by the high
standards and the extensive coverage of the topics presented to us. Through this review, we realize that the
classic disciplines of medicine such as anatomy, physiology, biochemistry, pharmacology and pathology
have been well reorganized during the past ten years around the methodology and conceptualization of
modern biomedical research at molecular, cellular, system and cognitive levels.

We used a five-grade rating system for evaluation (A: excellent, B: very good, C: good, D: fair, E:
poor) of each of the four aspects of research, namely, originality, productivity, scientific impact and general
aspect. Two assigned members of the review committee rated each of the 23 departments of group 1. The
highest grade, AA, was given to 13 departments for originality, 11 for productivity, 7 for scientific impact,
and 9 for general aspect. Hence, about one-half of the reviewed departments were deemed excellent. When
we counted all of the AA, AB and BB grades, 19 departments were evaluated as excellent or very good for
originality, 19 for productivity, 17 for scientific impact and 20 for general aspect. We conclude that most
departments have chosen highly original research topics and conducted productive research with high
scientific impact. These departments published numerous original papers in English, many of which
appeared in highly prestigious journals. The heads of the departments are well-established leaders and are
frequently invited to international symposia or lectures. We applaud the remarkable achievements of the
reviewed departments and their heads, and wish that the Faculty of Medicine, University of Tokyo continues
to lead in biomedical research worldwide.

The research works we reviewed are mostly basic in nature. However, when the clinical
implication was rated optionally, 16 departments were given at least one A grade. Therefore, we observe an
outstanding clinical implication in the research we reviewed, even though its strength varies from
department to department.

We, however, note that six of the 23 reviewed departments received a low grade for one or more
aspects. Three of them receiving C grades may require improvement of their research performance. Two
departments received D grades, one for the relatively low productivity represented by the publication output
and the other for the lack of innovative approaches. Another department received E grades because its
research outcome was disappointing. We recommend that these three departments reconsider their research
plans and strategies.

Specific Comments and Suggestions for Research Activities in Each Field within the Group:

I. Cellular Signaling, Molecular Biology, Cell Biology and Anatomy, Physiological Chemistry &
Metabolism, Integrative Physiology, Cellular & Molecular Physiology, Neurophysiology, Cellular &
Molecular Pharmacology, and Molecular Neurobiology

Modern medicine is firmly based on biomedical research that clarifies molecular, cellular and
system mechanisms of a normal living body. The nine departments in field I constitute a major core of such
research activities in the Faculty of Medicine, University of Tokyo. For the general aspect, four of them were
rated with AA, another four with AB, and the remaining one with BB; hence, the nine departments of field I
were all evaluated as either excellent or very good.

Prof. Shimizu's group (Department of Cell Signaling) mainly focuses on an increasingly promising
area, namely, lipid signaling. They cloned leukotriene A4 hydrolase, a key enzyme in the leukotriene
biosynthesis, and successfully produced various types of gene-manipulated mouse deficient in the
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leukotriene receptor, PAF receptor or cytosolic phospholipase A2, or mouse over-expressing the PAF
receptor. Prof. Okayama's group (Department of Molecular Biology) targets the cell cycle control,
differentiation control and anchorage-dependent growth, using the technology of the full-length ¢cDNA
cloning, which Prof. Okayama and Prof. Paul Berg reported in 1982 and revolutionized the field of gene
cloning. This group continues to produce interesting results linking the cell cycle to oncogenesis. Prof.
Hirokawa (Department of Cell Biology and Anatomy) heads a large dynamic group whose productivity has
been truly outstanding. They have successfully analyzed motor proteins functioning in axonal and dendritic
transport and identified most members of the kinesin gene family and clarified how they function as
molecular motors. They have made several epoch-making discoveries; e.g., a deficiency in KIF1 B causes
type 2A Charcot-Marie-Tooth neuropathy and KIF3 knockout leads to the loss of the right-left asymmetry in
normal body formation.

Using gene manipulation, Prof. Kurihara's group (Department of Physiological Chemistry &
Metabolism) discovered that endothelin (ET-1) is required for the formation of craniofacial and cardiac
neural crest structures including brachial arches and great vessels, and that andrenomedullin (AM) is
indispensable for vascular morphogenesis during the development and regulation of blood pressure by NO
production. These provide the bases for their further work on the development of neural crest and vascular
systems. Prof. Miyashita's group (Department of Integrative Physiology) takes the challenge of clarifying
neural mechanisms of learning and memory, ingeniously combining molecular approaches with synaptic
plasticity, microelectrode recording from monkey brains and fMRI imaging of human brains. They
previously discovered specific memory neurons in the monkey ventral infratemporal cortex and more
recently have shown that these neurons operate using the brain-derived neurotrophic factor (BDNF). They
have recently demonstrated the top-down signals from the prefrontal cortex for retrieving memory from the
infratemporal cortex. Prof. Mori's group (Department of Cellular & Molecular Physiology) developed
genetic and imaging techniques for investigating specific neuronal connections that form the odor maps in
the olfactory system, including the olfactory bulb, pyriform cortex and olfactory tubercle. Their work is now
extended to clarify how specific connections are generated through neurogenesis by axonal recognition of
target neurons.

Prof. Takahashi's group (Department of Neurophysiology) conducts excellent cell-physiological
analyses of synaptic transmission, using the unique preparation of the Calyx of Held, a synapse in the
auditory pathway in which both presynaptic and postsynaptic compartments can be patch-clamped. This
laboratory masters such a technically demanding task hardly like any other laboratories, worldwide. Works
by Prof. Iino's group (Department of Cellular & Molecular Pharmacology) excels in its quantitative
description of cellular processes related to IPs;-induced calcium signals in neurons. They characterized
different subtypes of IP; receptor playing different roles in various cell types. They have recently developed
genetically encoded sensors for IP;. Prof. Mishina' group (Department of Molecular Neurobiology) is
world-renowned for their contribution to the cloning of ion channel proteins, particularly in identifying
diverse NMDA receptor subtypes and their functional roles. His group identified the delta 2 type of
glutamate receptor, specifically located in cerebellar Purkinje cells. His group now attempts to combine
mouse and zebrafish genomics to obtain insights into brain development and function.

II. Pathology, Molecular Pathology, Neuropathology, Forensic Medicine, Molecular Preventive
Medicine, Microbiology, Immunology, and Neurosurgery

The eight departments constituting field II are dedicated to disease-oriented research that identifies
the causes of various diseases such as cancer, virus infections, heart or brain ischemia and Alzheimer's
disease, aiming at developing innovative medical treatments. For the general aspect, five of them were
evaluated as AA, another one AB, and the remaining two BB; hence, all of the eight departments of field II
are evaluated as excellent or very good.

Prof. Fukayama (Department of Human Pathology) conducts high-quality "niche" research on
Epstein-Barr virus-associated neoplasms and also on lung carcinoma. This area, however, needs to introduce
more new methodologies of molecular pathology. Their decision to merge with the Division of Surgical
Pathology of the University Hospital is reasonable and would allow more translational research. Prof.
Miyazono (Department of Molecular Pathology) developed his earlier world class work with Prof. C. -H.
Heldin to a new line of work on carcinogenic effects of the transforming growth factor-f§ (TGF- ). He is in
a position to reformulate traditional pathology to molecular pathology, and appears to need more resources
and support. Prof. Thara's group (Department of Neuropathology) focuses on molecular mechanisms
underlying Alzheimer's disease pathogenesis, and has made important contributions to the field of
amyloidogenesis with improvement of a method for quantifying amyloid f in human brains. Very recently,
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they have discovered the & cleavage, distinct from the (- and y-cleavage thus far established as the
mechanism underlying amyloidogenesis in the brain. Prof. Yoshida' group (Forensic Medicine) works on
reactive oxygen generation, lipid peroxidation, and injury and death of the myocardium or brain after
ischemia repercussion or intake of toxic substances, which are subjects closely relevant to forensic medicine.
This group also aims to contribute to the legal aspects of forensic medicine, and to improve methods in
forensic pathology. As an interface between the society and medicine, forensic medicine inevitably covers
broad areas, but for this group, a more focused approach may enhance its research activity.

The works on the molecular pathogenesis of inflammatory and immune diseases of Prof.
Matsushima's group (Department of Molecular Preventive Medicine) were deemed highly original, and if his
presentation had been better organized, the rate would have been even higher. Prof. Nomoto (Department of
Microbiology), known for his pioneering work on poliovirus, is now extending his group's research to
clarifying the mechanisms underlying the shut-off host protein synthesis by poliovirus. His work provides a
useful model for hepatoma development in hepatitis C virus (HCV) patients, which is expected to be
applicable to other viral diseases as well. Prof. Taniguchi (Department of Immunology), renowned for his
pioneering work on cytokines, impressed the reviewers by the remarkable breadth and depth, and
groundbreaking significance of his group's research. It is hoped that the complex protein machinery in the
immune system that his group uncovered will be further analyzed using novel technologies (for instance,
cryoelectron microscopy). Prof. Kirino's group (Department of Neurosurgery) has made important
contributions to research on cerebral ischemia as well as on genetic analysis of tumors. They demonstrated
that the proteosome activity plays a key role in neuronal death after brief cerebral ischemia and that mice
deficient in NR2A NMDA receptors are less vulnerable to ischemic insult. A major breakthrough is the
finding that endogenous neuronal progenitors can be induced in situ to replace hippocampal neurons
damaged after ischemia.

III. System Physiology, Bioimaging & Biomagnetics, Biosystem Construction & Control, Cognitive
Neuroscience, Radiation Oncology, and Radiation Research Institute

These six departments are grouped together because of their two common features, namely, they
require large instruments and develop physical, rather than chemical, means for diagnosis and therapy. A
general difficulty in establishing this research field III, in spite of its importance as an interface between
biomedical research and clinical medicine, is reflected by the fact that the six departments received no A
grade for the general aspect. Three of them, nevertheless, received BB, that is, "very good", but the
remaining three received low scores reflecting problems in their research plans or strategies.

Prof. Ando's group (Department of System Physiology) studies the effects of shear forces on
endothelial cells. The experimental device used to apply shear stress to cultured endothelial cells is valid,
and it provides the basis for their attempt to identify a flow sensor, shear-induced changes in gene
expression, and signal transduction in endothelial cells. The work, however, is still in a descriptive stage,
and a more focused approach may benefit them. The transcranial magnetic stimulation (TMS) performed by
Prof. Ueno's group (Department of Bioimaging and Biomagnetics) is in the front line of this field. Their
finding that repetitive TMS facilitates regeneration or prevents damage to rat hippocampal neurons may
have important clinical implications. The biological effects of strong static magnetic fields on mammalian
cells are interesting, and studies of these effects should be expanded using advanced technologies of cell
physiology, probably in collaboration with other departments. These basic studies may offer a basis for
securing our health in environments where significant high-frequency electromagnetic waves emanate from
an increasing number of commercial products such as mobile telephones . Prof. Imachi's group (Department
of Biosystem Construction & Control) has inherited the long tradition of artificial heart engineering in the
Faculty of Medicine, University of Tokyo, and extends it to develop an implantable total artificial heart
(TAH) that has so far enabled an implanted animal to survive for 63 days. This group will benefit from
collaborations with clinicians as well as cell biologists, particularly if, as is suggested in their future plans,
they are going to start analyzing ES cells to generate whole organs. In view of the difficulty in heart
transplantation, in particular in Japan, a rapid progress of the TAH project has a great social significance.

Prof. Sugishita's group (Department of Cognitive Neuroscience) primarily focuses on the use of
MRI and magnetoencephalography (MEG) in studies of human cognitive functions. Mapping of brain
regions involved in writing and face recognition is the main contribution of this group. Since Prof. Sugishita
will retire very soon, reformulation of the aim of the Department including a new research plan is essential
for developing the important field of cognitive neuroscience. Prof. Suzuki's group (Department of Radiation
Oncology) group focuses on two research subjects, 1) radiation-induced signal transduction and apoptosis,
and 2) function of DNA protein kinases in double-strand- break repair and cell death. Their studies,

3




however, appear to have diverged beyond the capacity of a relatively small number of researchers in this
group. It was also pointed out that not only the rather conventional approaches presently adopted but also
innovative methods should be introduced. Prof. Kunio Shinohara' group (Radiation Research Institute) is so
small that the scope of its activity is limited. They developed a new technology of soft X-ray microscopy
that may have some potential, but its usefulness has yet to be demonstrated.
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McCarley, Robert William (Harvard Medical School, USA)
Reviewers Ogihara, Toshio (Osaka University, Japan)
Podolsky, Daniel K. (Harvard Medical School, USA)
Saruta, Takao (Keio University, Japan)
Summarized by Saruta, Takao

General Comments and Suggestions:

Group 2 consists of thirteen clinical medicine departments. They have different historical
backgrounds, and the clinical and educational duties allotted to them also vary widely. Hence, their sizes and
activity scales are not uniform, and the number of the faculty members and the staffs differ considerably.
Regardless of the number of collaborators and the size of department, productive scientific research work with
high originality has been conducted in each department within the framework of given conditions.

One of the important tasks of clinical departments is to conduct research on the pathogenesis,
pathophysiology, diagnosis, treatment, and prognosis of the diseases in each specialized area. The research
activities of the majority of the thirteen departments that underwent external review are being conducted with
well-defined objects and are considered satisfactory. It is well appreciated that in some of the thirteen
departments, a highly organized translational medicine-oriented approach is being taken to correlate the
research and the clinical activities.

The majority of the staff of the departments that underwent review are highly motivated to act as the
leading figures in this country through their clinical and research activities. The reviewers were impressed by
the high academic motivation of the staff reflected in the official compendium that introduces their research
activities. It is also impressive that numerous important publications in highly reputed journals have been
made. In many instances, basic and clinical researches in these thirteen departments were performed in
collaboration with basic science departments within the University of Tokyo, with other facilities in Japan, and
also with some prestigious academic institutions outside this country. Undoubtedly, such collaborative works
have been most rewarding. It should also be noted that these thirteen departments have received reasonably
abundant academic grant moneys likely reflecting their superb academic achievements

It is concluded that the research activities in the departments of group 2 are highly satisfactory in
general and that they should be encouraged to keep up with their current excellent performances. In some of
the departments, however, the research activities have covered an excessively wide range of topics with rather
scanty organization. It is advised that the research activities in such departments should be concentrated on a
more limited number of topics in the future.

In each of the departments in group 2, the staffs are expected to share various amounts of patient
care duties and education. It is felt that the number of the staffs in each department should better be rearranged
with careful consideration to the work loads that do not pertain directly to research activities: a larger number
of staff personnel should be secured for the departments with greater patient loads and educational tasks to
allow an adequate time for research activities.

One final comment should be added to conclude this summary. This has been the first attempt to
provide a comprehensive external review of the research activities of the Graduate School of Medicine of the
University of Tokyo. Each of the professors was asked to make a presentation to the reviewers introducing the
research activities of his department. The form and the method of the presentation had not been predetermined
but were left to each of the presenters, resulting in presentations which differed considerably in organization,
length, and technical quality. It is possible that this situation exerted some influence on the final evaluations
made by the reviewers.

Specific Comments and Suggestions for Research Activities in Each Field within the Group:

1. DEPARTMENT OF INFECTION CONTROL AND PREVENTION:
This department has made important contributions in the prevention and control of hospital infections
within the university hospital as well as in other hospitals throughout Japan. It has also played an
important role as the center of diagnosis and treatment of HIV-infection in this country. The research
activities of the department have been focused on the prevention of MRSA infection, anti-HIV agents, and
on basic mechanisms of hepatotrophic viral infections. In view of the significance of the clinical and
scientific contributions being made by this department, it is recommended that the number of its faculties




be increased in the future.

DEPARTMENT OF RADIOLOGY:

The department of radiology has played a leading role in diagnostic radiology, radiation oncology, and
nuclear medicine in this country through multiple clinical research projects. Applications of magnetic
resonance imaging and positron emission tomography in the diagnosis and studies on the pathophysiology
of various diseases have yielded contributions highly valued internationally. The department is expected to
continue its current research and clinical activities, and is also anticipated to extend its efforts to some
newer fields of radiology including interventional radiology.

DEPARTMENT OF NEUROPSYCHIATRY:

Since 1994, when the ward and the ambulatory sectors of neuropsychiatry made the historical reunion, the
members of this department have been remarkably productive in their research activities. In particular,
their achievements in the study of post-traumatic disorders (PTSO) have been watched with keen interest.
Application of neuroimaging techniques to the study of human neuropsychiatric disorders is another
important contribution made by them. Basic research works using animal models are also being pursued.
It is hoped that the department keeps up with its highly productive clinical and academic activities.

DEPARTMENT OF NEUROLOGY:

It is only six months since the current professor and chairman of this department took his office. The
department, however, is already making new important contributions in the study of molecular
mechanisms of neurodegenerative disorders under the superb leadership of the new department chairman.
It is anticipated that the department will continue to play a leading role in the researches in molecular
genetics and gene therapy of neurodegenerative disorders.

DEPARTMENT OF CARDIOVASCULAR MEDICINE:

This department has been providing a comprehensive quality patient care in cardiovascular medicine.
Many basic research works have also been conducted, including a series of internationally valued studies
on the molecular biology of cardiac hypertrophy and cardiomyopathy. It is noteworthy that the members
of this department are attempting intensively to integrate the research and clinical activities.

DEPARTMENT OF GASTROENTEROLOGY:

This department has been actively involved in the study of pathogenesis, treatment, and prevention of viral
hepatitis and hepatocellular carcinoma that follows HCV infection, and it has undoubtedly played an
internationally recognized leadership in these fields. Important basic researches on the relationship
between Helicobacter pylori infection and gastric carcinoma have also been done. This department holds a
well-organized system to undertake research works relevant to clinical gastroenterology. It is hoped that it
extends its effort further to the study of gastrointestinal tract malignancies besides gastric cancer.

DEPARTMENT OF NEPHROLOGY AND ENDOCRINOLOGY:

The research works of this department have covered a surprisingly wide range of topics yielding many
publications in the journals with high impact factors. However, it is the impression of the reviewer that the
research activities of the department have been spread over an excessively wide range of topics. The
department is advised to take a more organized approach in its research activities that enables strategic
handling of the selected subject matters by the collaborative works of its members.

DEPARTMENT OF ALLERGY AND RHEUMATOLOGY:

The research activities of this department have been translational medicine-oriented, and have dealt with
the pathogenesis of autoimmune disorders, basic immunology, and various clinical research works. The
publications made in the journals of basic immunology with high impact factor ratings are impressive,
although it is the opinion of the reviewer that more papers had better been submitted to the journals of
internal medicine. The current research activity of the department, which is centered on the function of
antigen-specific T lymphocytes, is anticipated to yield discoveries highly important in immunology and
immunotherapy.




10.

11.

12.

13.

DEPARTMENT OF PSYCHOSOMATIC MEDICINE:

The members of this department have been actively involved in research on eating disorders and panic
disorders. Unfortunately, however, it is the opinion of the reviewer that their research efforts have not
always been most productive. Psychosomatic medicine should play an important role in our modern
society. It is encouraged that the members of this department continue with their efforts to make
publications in the journals with higher impact factor ratings and international reputations.

DEPARTMENT OF CLINICAL LABORATORY MEDICINE:

This department holds only two faculty members, both of whom serve concurrently as staff of the Clinical
Laboratory Center. This situation should be somewhat limiting to the research activities of this
department. The research works of this department, however, have covered a surprisingly wide range of
topics. The reviewer is of the opinion that the research activities of this department should be concentrated
on a more limited number of topics. An increase of the personnel of this department should also be
seriously considered.

DEPARTMENT OF GERIATRIC MEDICNE/DEPARTMENT OF AGING RESEARCH:

This department was established in 1962 as the first geriatric medicine department of this country, and has
been held as an ideal model of the provider of medical care for the aged and for research in geriatric
medicine. The research works of the department have dealt with a wide range of topics including bone
metabolism, atherosclerosis and respiratory diseases. The opinion was expressed that the research
activities of this department had better been targeted on more selected subject matters relevant to geriatric
patient care.

DEPARTMENT OF ORGAN PATHOLOGY, INTERNAL MEDICINE AND HEALTH SERVICE
CENTER:

The members of this department are assigned to the health care of the faculty, the students and the
employees of the University of Tokyo. Therefore, the time they can spend for research should not be too
abundant. The research activities of this department have been focused on the molecular biology of
cardiac dysfunction. The department is expected to be involved in researches that have relevance to
mass health care.

DEPARTMENT OF PEDIATRICS:

Pediatric medicine is expected to cover a wide range of health issues of children, and this department has
done a remarkable job to bring this expectation to effect. Many important papers, both basic and clinical,
have been published in journals of high impact factor ratings. The department is expected to continue with
its currently superb research activities. It is also hoped that it extends its activity to the study of mental
health disorders of the children.
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General Comments and Suggestions;

The group 3 consisted of 17 departments in various clinical fields such as Surgical Sciences and
part of Reproductive Developmental and Aging Sciences of the University of Tokyo Graduate School of
Medicine. Five members of the review committee took part in the evaluation of these departments. Two of
the 5 members reviewed one department and each referee independently reported his reviewing result of the
research activities of each department.

Through the entire review process, we were aware of and impressed by the fact that, under the
circumstances of terribly busy clinical practice in the University Hospital, each department had spared no
pains to performing basic as well as clinical research during the past decade, despite many restrictions on the
time and money, the number of working staffs and research associates, and the installation for research
activities as well, in each department. In general, there were no remarkable differences among the reviewed
departments, although some departments had a long history as well as a bunch of research projects
accumulated since their foundation, whereas others had been instituted only recently.

Two assigned referees independently gave an assessment of the department after extensively
reviewing a self-documentation on the outline of past accomplishment, present research activities and future
prospect, as well as a hearing done for 2 days on research activities of each department. The referees used a
five-graded scale for their evaluation (i.e., A: excellent, B: very good, C: good, D: fair, and E: poor) for each
of the following 5 categories: the originality, productivity, scientific impact, clinical impact, and general
rating. The highest mark AA was given to 9 departments for the originality, to 7 departments each for the
productivity, scientific impact and clinical impact, and to 10 departments for the general rating. All but one
department obtained marks of CC and superior for the 5 categories; only one department obtained the mark
CD for the category of clinical impact.

To inclusively assess departmentis research activity, scores from 5 to 1 were given to the grades
from A to E, respectively, and the sum of 2 refereeis scores in each category (e.g., AA=10, AB=9, BB=S,
etc.) was classified into three ranks defined as excellent (the score 8 or larger), ordinary (the score 6 or
larger), and poor (the score less than 6). Thirteen departments were ranked as excellent and 4 departments as
ordinary for the category of originality. For the productivity, 15 departments were ranked as excellent and 2
as ordinary. For the scientific impact, 13 were evaluated as excellent and 4 as ordinary. For the clinical
impact, 13 departments were ranked as excellent and 3 as ordinary, whereas 1 department was ranked as
poor. It may be noted that 15 of the 17 reviewed departments (88%) were ranked as excellent in the category
of productivity, indicating that the prospects for further expansion of research activities in these departments
are promising.

Finally, looking at the assessment result for the category of general rating, 12 departments were
ranked as excellent accounting for 70% of the 17 departments reviewed. Thus, it may be concluded that
most department heads are well supervising their staff and fellow doctors including research associates, and
are successfully directing their departments. For some of the remaining 5 departments ranked as ordinary,
however, it would take a bit more time to make any progress in their current research activities. In addition,
there was a suggestion from the reviewers to some of these departments that efforts might better be directed
toward the institution and execution of well-designed research projects on more specific subjects with strong
clinical impact, because these departments are regarded as clinical research units, in which not only basic
research but also clinical research and practice are conducted daily, and also because newly established
departments very often have several limitations to their research environment.




Specific comments and suggestions to each subspecialty group of Departments in group 3:

1. Surgery
Cardiothoracic Surgery; Gastrointestinal Surgery/Surgical Metabolism and Nutrition and Endocrine Surgery;
Hepato-Biliary-Pancreatic Surgery/Artificial Organs and Transplantation; Urology, and Surgical Oncology

For the category of general rating, all 5 departments in this group were ranked as excellent with
the average score of 8.8 (ranging from 7 to 10) in accordance with the scoring system defined above. It thus
appears that their research activities are to be favorably evaluated as excellent.

Department of Cardiothoracic Surgery (Takamotois group) has made remarkable contributions to
the field of thoracic and cardiovascular surgery especially in aortic valvular and coronary artery bypass
surgeries, and thoracic surgery as well. In general, very good clinical setting-oriented research projects have
been conducted to date. It is expected that many patients in the clinic would benefit from their continuous
research activities.

Dept. of Gastrointestinal Surgery (Prof. Professor Kaminishiis group) has focused its research
interests on the pathophysiology and carcinogenesis of the gastrointestinal tracts system. The development
of a model for creating chronic gastric ulcer, which was published in Gastroenterology, may be assessed as
an exceedingly unique and creative work. Also, a series of experiments related to Helicobacter pylori
infection and its eradication are very interesting. Research efforts in the future may better be exerted to
vigorously continue the investigation on the carcinogenesis of gastric cancer.

Dept. of Hepato-Biliary-Pancreatic Srugery/Artificial Organs and Transplantation (Prof.
Makuuchiis group) has introduced and standardized the systematic subsegmentectomy of the liver, which is
emerging as the most significant idea in recent hepatic surgery, especially in cirrhotic livers. Prof. Makuuchi
also proposed the concept of preoperative portal vein embolization in the event of extensive hepatic
resection in patients with hilar bile duct cancer to minimize the postoperative hepatic dysfunction. Most of
all, he and co-workers are the first in the world to have performed adult-to-adult living related liver
transplantation (LRLT), and have greatly contributed to improving the surgical techniques as well as the
post-transplant outcomes. Thus, their accomplishment may be favorably evaluated as excellent and their
endeavor to develop the hepatic surgery be respected, although they appear to attach too much importance to
clinical issues.

Dept. of Urology (Prof. Kitamurais group) has made good contributions to the understanding of
multifocal carcinogenesis in the urinary bladder and also to the development of dendrite cell immunotherapy
for patients with metastatic cancer. Moreover, a series of studies on urinary polyoma virus JC virus for the
past decade have a great impact on the development of the diagnostic as well as therapeutic modalities.
These excellent findings, which had originated from well designed clinical as well as experimental studies,
were recognized by several good international journals, and the results of this research is expected to
contribute to the advancement of the clinical urologic fields. There was a suggestion that these studies on the
carcinogenesis of urinary system should be continued and the knowledge obtained from this research should
be further directed toward clinical applications in the future.

Dept. of Surgical Oncology (Prof. Nagawais group) has made a contribution to furthering not only
basic sciences such as immunology, molecular biology, and genomics, but also clinical oncology. It provides
comprehensive evaluation, diagnosis, treatment and management for adult patients with both general and
oncologic surgical problems, in the ambulatory as well as inpatient settings. Among many excellent studies
of this department, the study that lateral nodes dissection is not necessary for patients with lower rectal
cancer undergoing preoperative radiotherapy is considered really important and very useful for treating
patients with advanced rectal cancer. These outstanding works would provide clinicians and practitioners
with valuable and novel ideas for managing patients. Prof. Nagawais ardor for scientific knowledge and
quality care of the patients should continue to be held.

2. Sensory and Motor System Medicine
Dermatology; Plastic and Reconstructive Surgery; Oral and Maxillofacial Surgery; Orthopedic Surgery;
Ophthalmology; Otorhinolaryngology, Head, and Neck Surgery; Rehabilitation Medicine

For the category of general rating, six of the 7 departments in this group gained the full mark, AA,
or were ranked as excellent (the average score of 10 in accordance with the scoring system). The remaining
1 Department was assessed as ordinary, or as good with the mark, CC.

Department of Dermatology (Prof. Tamakiis group) appears as a well-structured, young




department showing good cooperation with other departments in the University, and also appears very
productive as indicated by its publications with a very high impact factor. This can be considered as a
successful transition from research to clinic. This group has shown a strong focus in the research front with
increasing applications of research results for clinical diagnosis. It has incorporated both cytokines research
and immunological research into the clinical realm. Research into the basic mechanisms of immunology is
applicable not only to Dermatology but to Cell Biology in general. Results of the research work on
metastasis of melanomas are similarly applicable to the mechanisms of metastasis in other malignancies.
Constructive criticism would be aimed at the application of the results of research works to the treatment of
diseases in addition to the expanding molecular, enzymatic, and immunological diagnosis of dermatological
disorders. It is believed, however, that the direction of its perceptive studies would eventually incorporate
these goals towards actual clinical treatment of diseases.

Prof. Harii and co-workers (Dept. of Plastic and Reconstructive Surgery) have shown exceptional
ability to lead the vanguard in the still emerging field of reconstructive surgery. They have introduced new
surgical procedures and also have incorporated new techniques into the reconstruction of muscle and bony
structures for cancer patients. In addition, they have pursued new research leads into the molecular basis of
disease as well as the possibility of stem cell differentiation into tissues for skin and hair replacement. Their
outstanding research has had extremely strong impact on Plastic Surgery, and their excellent articles that
appeared in high-ranked journals have been appreciated worldwide. This clinical as well as basic research
should be continued in cooperation with other departments. In particular, the possible use of epidermal and
mesenchymal stem cells for replacement of various surface structures holds increasing promise for the
future. Optimization of their transformation and shaping/molding are topics for continuing research.
Moreover, their focus on the genetic basis of congenital anomalies related to plastic/reconstructive surgery is
commendatory. These supportive suggestions reconfirm the general positive trend of research carried out by
this Department.

Department of Oral and Maxillofacial Surgery (Prof. Takatois group) has taken multi-pronged or
multidisciplinary approaches to both clinical and basic research studies that are very commendable. On the
clinical front, in expanding the horizons of maxillofacial surgery, multidisciplinary approaches hold promise
for broadening treatment options for patients with deformities or tumors of the oral region. On the research
front, the collaborations with various academic as well as corporate groups are broad and varied, and
continue to shape the future for reconstructive oral and maxillofacial surgery. The broad diversification of
research is to be lauded. This department has exhibited the delicate balance in stewardship necessary to
finesse the strengths obtained from both corporate and academic collaborations. This department has shown
a similar approach to translational research; the diversification of oral reconstructive surgery to regenerative
technology and development are exemplary and show strong promise for the future.

Dept. of Orthopedic Surgery (Prof. Nakamurais group) has done outstanding research in the field
of orthopedics, especially of bone destruction, osteoclastogenesis in such areas as rheumatoid arthritis, senile
osteoporosis, and spinal cord or neuronal injuries. The departmentis research targets are very clear, and
excellent results of those research works were published in several prestigious international journals
including Nature. These results have been quite useful in the clinical orthopedic settings. This work is
believed to serve as a firm basis for deepening our understanding about orthopedic research. Studies on the
pathogenesis of osteoclastogenesis and therapeutic tools for damaged spinal cord should be better continued
in the future.

Dept. of Ophthalmology (Prof. Araieis group) has shown a strong focus on both the clinical and
basic research forefronts of glaucoma pathophysiology and treatment. In clinical research, the
pharmacokinetic evaluation and determination of pharmacological characteristics of various treatment
modalities for glaucoma are substantiated. In basic research, the investigations into the underlying molecular
biology and pathophysiology of glaucoma are similarly tangible foundations for future treatments. It may
appear that this department attaches too much importance to the evaluation of various treatment modalities
for glaucoma; an expansion of these developments and applications to other ophthalmologic disorders is
strongly suggested. Similarly, the research focus of the department is strongly directed toward glaucoma and
related fields; collaborations with other fields of basic research would be a welcome addition to its research
portfolio. In this respect, the forays into corneal transplantation using regenerative medicine and amniotic
cell replacement are innovative and very promising.

Dept. of Otorhinolaryngology, Head and Neck Surgery (Prof. Kagais group) has shown a strong
propensity for developing the products of research into innovative therapeutic modalities. On the clinical
forefront, this department continues to expand the pathophysiological understanding of the various sensory
organs while incorporating new treatment strategies towards malignancies. On the research forefront, the




group continues to focus on the basic underlying mechanisms of disease that may lead to future clinical
applications. Its work continues to be both broad in scope and deep. Its applications of research harvests to
clinical treatments, especially in new substitutive modalities for the sensory organs, are intuitive and
original. Prof. Kaga seems to have taken strong leadership in publishing various articles as lead author
during his tenure; it is laudatory that he demonstrates the initiative in publishing to junior members of the
department.

Recognized as a new-borne department in clinical medicine field, the Department of
Rehabilitation Medicine (Prof. Etois group) has been focusing its studies on the field of geriatric and stroke
rehabilitation. This group is especially interested in the functional and motor behavioral assessment of
geriatric and brain-disordered populations, and has published several good relevant articles. In addition to
committing themselves to clinical studies, Prof. Kaga and co-workers have recently broadened their research
spectrum to cover animal experiments, tissue and biomechanical studies. Because Prof. Eto has a strong
standing in the field of rehabilitation for geriatric people, research should better be continued in this field.
Moreover, it may be recommended that this department should institute a couple of more specific research
theme in this particular field of clinical medicine.

3. Vital Care Medicine
Anesthesiology; Emergency and Critical Care Medicine

The reviewers gave the mark BC each to these departments for the category of general rating,
which is favorably evaluated as good or ranked as ordinary (the average score of 7 each) according to the
scoring system.

Department of Anesthesiology (Prof. Hanaokais group) has concentrated its energies mainly on the
topics and themes that were closely connected to the anesthesiology, namely, respiration and circulation,
pain management, muscle relaxation, development of new devices and techniques for anesthesia,
mechanisms of anesthesia, shock, and perioperative quality of life control. Above all, the establishment of
the guideline for postoperative pain management using local anesthetics combined with narcotics via
epidural catheter to the epidural space may be noted as a remarkable accomplishment of this department.
However, because of the multidisciplinary nature of research activities that this department is involved in,
the objectives of basic as well as clinical research tend to be obscure and ambiguous. Therefore, it may be
recommended that this department should institute much clearer objectives in the research field.

Dept. of Emergency and Critical Care Medicine (Prof. Yahagiis group) has only a small working
staff serving as clinicians and surgeons at both the Emergency Center and the Critical Care Center. In spite
of this awfully terrible condition, they not only have seen more than 17000 patients per year at the
Emergency Ctr., but also have been engaged in many programs in a wide range of subjects related to basic
researches as well as practical problems. Particularly, their works on the structural parts involved in
activation and inactivation of Na channel that appeared in Nature (1989), and the clinical use of electrolyzed
water (Artificial Organs, 2000) are considered very commendable. Their curiosity to as well as enthusiasm
for research should not be discouraged from now on, and it is further suggested that they may better direct
their research interest toward more basic/scientific subjects.

4. Obstetrics and Gynecology
Obstetrics and Gynecology; Gynecologic Surgery

Both of these 2 departments gained the mark AA, or a full score of 10, for the category of general
rating. Thus, it appears that their research activities should be assessed and ranked as excellent.

In the Department of Obstetrics and Gynecology, Prof. Taketani has shown strong leadership in
supporting both diversification and specialization in his department. His research and clinical applications
for treatment of endometriosis are particularly noteworthy as well as his clinical prowess into the various
assisted reproductive technologies. To be noted is the fact that, in basic research field, this department has
been at the forefront of endocrinology and has expanded the knowledge of the underlying mechanisms of
folliculogenesis and gametogenesis. Clinically, this department has recently shown strength in the field of
feto-maternal medicine; this is believed to be a strong focus for the department in the future. In addition, it is
expected that the fruits of these basic research works in endocrinology would find their way into clinical
practice and technologies in the future.

Prof. Tsutsumi (Dept. of Gynecologic Surgery) has shown very active administration in both the
clinical and basic research forefronts. This department has continued to lead the field in the application of




endoscopic surgery for gynecologic disorders. Especially, research works of this department on the
determination and surgical indications for lymph node spread in gynecologic malignancies are noteworthy.
In basic research, several works in molecular endocrinology and reproductive biology are very unique and
intuitive. Any critical suggestions may not be necessary for this department. The work on environmental
estrogens and reproductive biology are perspective and influential; similar collaborations of Prof. Tsutsumiis
expertise in reproduction with experts in other fields may be recommended for the future.

5. Pediatric Sciences
Pediatric Surgery/Pediatric Oncology

Dept. of Pediatric Surgery (Prof. Hashizumeis group) has concentrated its research interests on
subjects in the following three areas, namely transplantation, developmental biology of congenital anomalies
and fetal surgery, and immunology of intestine. The idea of tracheal occlusion was very interesting, although
the clinical relevance was a little bit obscure. It may be recommended that the department should
concentrate its resources on experiments more related to clinical activities. In addition, considering the very
small departmental staff, it may be suggested to select and institute a couple of much clearer research
objectives; experiments on beta-catenin, for example, seem to be too much.







Group 4

Aoki, Yoshiki (Nagasaki University, Japan)
Reviewers Holzemer, William L. (University of California, San Francisco, USA)
McGarvey, Stephen (Brown University, USA)
Ueda, Reiko (Okinawa Prefectural Collage of Nursing, Japan)
Summarized by Aoki, Yoshiki

General Comments and Suggestions:

Group 4 includes three research areas encompassing fifteen different departments. The three research
areas are: 1) Social Medicine with two departments; 2) Health Sciences and Nursing with eight departments;
and 3) International Health with five departments. Four reviewers were assigned to Group 4. Two reviewers
evaluated the academic achievements of seven departments of Social Medicine and International Health, while
the other pair evaluated eight departments within Health Sciences and Nursing. Evaluation followed the
methods used by Groups of 1, 2 and 3. One reviewer assigned to Group 4 performed evaluations based solely
on documents prepared specifically for this external review by the University of Tokyo.

Inter-reviewer rating variation for the evaluation was relatively small among the group scores for all
departments. Of the fifteen departments of Group 4, twelve received the highest or second highest ratings, AA,
AB or BB. These results indicate that, on the whole, the Graduate School and Faculty of Medicine, Tokyo
University, assumes a leading role in research on Social Medicine, Health Sciences and Nursing, and
International Health in Japan, while some departments are regarded world leaders.

A few departments within Health Sciences and Nursing received somewhat moderate or lower
ratings. Although these departments are encouraged to strengthen the quality and quantity of their research, it
may be that some, especially those belonging to Health Sciences or Nursing, have not been adequately
evaluated by the methods of the present external review.

Specific Comments and Suggestions for Research Activities in Each Field within the Group:

Subgroup I; Department of Public Health, Department of Medical Informatics and Economics

Subgroup I includes the Department of Public Health and the related Department of Medical
Informatics and Economics. Both departments have published often in well-regarded, peer-reviewed journals.
Accordingly, they are recognized as excellent or very good (AB, BB).

Public Health must embrace a wide range of interdisciplinary research. The research areas targeted
by Department of Public Health are all essential topics, and are of special significance to Japan. Prof.
Kobayashiis group (Department of Public Health) presented research activities of high quality in varied,
significant disciplines. This includes work on disabled elderly care system, tobacco control policy, the supply
of physicians and their demographic and geographic distribution, cardiovascular disease risk factors, sarin
poisoning, and other subjects. The long life expectancy and reduced birth rate has brought about a revolution
of health policy in Japan. The academic achievements of Department of Public Health indicate that Prof.
Kobayashi is making a significant contribution to an appropriate health policy for a changing Japan.

The department of Medical Informatics and Economics currently has large service component as
part of its overall mission in addition to its usual routine scholarly activities. Research interests within the
Department of Medical Informatics and Economics are basic to technical innovation in medical science and
health care in this country. Prof. Oheis group (Department of Medical Informatics and Economics) has
initiated research on the development of a hospital informatics system and standardization of medical
information exchange. His group provides a useful information to medical staffs.

Subgroup II: Four departments relevant to Health Sciences and four departments relevant to Nursing
Sciences.

Health Sciences: Department of Mental Health, Department of Social Gerontology, Department of
Biomedical Ethics, Department of Biostatistics

Beyond traditional Health Science two new research fields, Biomedical Ethics and Biostatistics.
These have developed to reflect recent thinking about the social context of the conduct of research and newly
required research methods in health research. Anticipating that biomedical ethics and biostatistics will be
essential to the evolving Japanese system of medical education across the many school of medicine in the near




future, Tokyo University has assumed a leading role in these new areas of investigation. The decision to
establish these departments was a visionary one. Many useful papers have appeared in peer-reviewed journals.
However, scientific productivity of one department appears to be only moderate or low. Three departments are
given the mark of excellent or very good (AB, AB, BB) and one is rated as score of good (CC).

Prof. Kurita (Department of Mental Health) significantly contributes to the diagnosis and treatment
of pervasive developmental disorders. He is encouraged to continue promoting research reaching out to
collaborators in nursing and other fields of healthcare.

Professor Kaiis group focuses on health for the elderly, exploring fundamental human capacity,
social support exchange, as well as the functional impact of home visiting and activities outside of the house.
Gerontology today is a multidisciplinary field and, although worthwhile, the scope of current efforts here is too
broad to be adequately addressed by the limited staffing now available. Professor Kai is encouraged to sharpen
his focus within the areas of functional capacity and quality of life for the aged.

Prof. Akabayashi (Department of Biomedical Ethics) is investigating the development of social
consensus, functions, and responsibilities of the ethical committee. He should play a vital role in developing a
national code of biomedical ethics.

Prof. Ohashiis group (Department of Biostatistics) assumes a supportive role in clinical trials,
admirably serving the biostatistical needs of various principal investigators. Beyond this worthwhile activity
however, the department is challenged to become more engaged in their primary role, the development of new
statistical methodology for biomedical research, clinical trials, and epidemiology. They are also encouraged to
lend their supportive expertise to research areas other than clinical trials.

Nursing Sciences: 1) Department of Advanced Clinical Nursing/Nursing Administration, 2)
Department of Adult Nursing/Terminal and Long-term Care Nursing, 3) Department of Family Nursing, 4)
Department of Community Health Nursing.

The professors of nursing have taken the national lead in nursing administration, in adult, terminal,
and long-term care nursing, and in family and community health nursing. There are some research areas which
do not appear to fit into the mission of the respective department. Many papers, published only in Japanese,
would have a greater impact if incorporated into the English language literature. Two departments are given a
mark of excellent or very good (AB, BB), while two are rated as good (BC, CC).

Prof. Kandais group (Department of Advanced Clinical Nursing/Nursing Administration) studies the
national nursing workforce, with particular emphasis on staffing ratios as predicators of healthcare quality.
They also address the measurement and improvement of quality of nursing care, This work has impacted
national healthcare policy in hospital staffing ratios.

Prof. Kazumais group (Department of Adult Nursing/Terminal and Long-term Care Nursing) has
made an impressive use of the concentric circle model in research on muscle mass, exercise and fatigue. Her
focus on nursing care in an outpatient setting is an exciting development that is strongly encouraged.

Prof. Sugishitais group (Department of Family Nursing) demonstrates national leadership in family
nursing. They have published useful investigations in such diverse areas as acupuncture, elderly quality of life,
and physiological nursing care actions. However, little attention has been given to the family per se. The
department is encouraged to address both family and pediatric nursing.

Prof. Murashimais group (Department of Community Health Nursing) offers useful insights into the
care delivery system, quality of care in the community health, and governmental policy. There appear to be
many opportunities for collaboration with the Department of Social Gerontology in the area of health for the
elderly and with Nursing Administration in the areas of seamless hospital-community discharge.

Subgroup III: Department of International Community Health, Department of Human Genetics,
Department of Developmental Medical Sciences, Department of Human Ecology, Department of
Biomedical Chemistry

Subgroup III includes five departments whose interests focus on the field of International Health. It
covers a wide range of medical and epidemiological considerations, arising in both the developed and
developing world. International Health must embrace the continuing and widening economic and political
disparities that underlie poor health in developing nations. The research orientation of the chairman of each
department is clear and appropriate and the research subjects targeted by each of the five departments are of
high priority in the field of International Health.

Even though Japan lacks a long history in research of International Health, the chairs of these five
departments, in their respective disciplines, have made considerable achievements in international health. All
departments have numerous publications in recognized journals. Two departments are recognized with the
highest scores, AA, and three are given a commendable AB.




Prof. Wakaiis group (Department of International Community Health) has made significant progress
in the socio-economic, behavioral and biological basis of health using epidemiological and public health
analytic techniques. Prof. Wakai is an effective advocate for the theoretical and applied aspects of International
Health.

Prof. Tokunagais group (Department of Human Genetics) addresses some crucial areas of human
genetics, including anthropogenetic studies of associated populations, their histories, and the genetic basis of
disease. Their studies show that molecular genetics is a powerful tool with significant implications not only for
International Health, but also more broadly for the future of biomedical science.

Prof. Ushijimais group (Department of Developmental Medical Sciences) has done extensive work
on molecular epidemiology of diarrheal diseases and on social epidemiology in maternal child health. Such a
program, linking basic science with maternal and child health, is an admirable innovation.

Prof. Ohtsukais group (Department of Human Ecology) has made strides within a theoretical
framework linking environment, socioeconomic factors and human populations. Their studies are
characterized by holistic and multi-disciplinary approaches.

Prof. Kitais group (Department of Biomedical Chemistry) has demonstrated that basic research,
including molecular biochemistry represents a powerful set of tools holding great potential for public health
intervention. Their works on respiratory chains of eukaryote mitochondria and prokaryote cells may well lead
to promising new treatments for parasitic diseases.

Achievements to date place clearly identify the University of Tokyo as a promising center of
excellence in the research of International Health. Nevertheless, close, inter-disciplinary and trans-disciplinary
collaborative efforts have not yet matured. We strongly recommend that these departments interact with one
other more effectively in order to develop their potential for world-class research in the field of International
Health.
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Preface

The Graduate School and Faculty of Medicine of The University of Tokyo was
established in 1886 as the Imperial University Medical College. In keeping with
its tradition of leadership, it was recently modernized to increase the potential for

further advances in research and education.

The Graduate School of Medicine has 66 departments, 4 closely associated facili-
ties, and 6 endowed departments. The Graduate School grants doctoral degrees in
basic medical sciences, clinical medicine, and public health, and a master's degree
in medical science. A total of 200 graduate students are accepted each year. In
addition, the faculty members are fully responsible for teaching undergraduate
medical students. The departments are grouped into 11 programs: Molecular Cell
Biology; Functional Biology; Pathology, Immunology, and Microbiology;
Radiology and Biomedical Engineering; Neuroscience; Social Medicine; Internal
Medicine; Reproductive, Developmental, and Aging Science; Surgical Science;
Health Science and Nursing; and International Health. All are actively engaged in

advanced research and education.

With the goal of improving our research activities, the senior faculty members
recently decided to invite an external review. For this task, 21 internationally

renowned scientists were selected to form the review committee.

This booklet outlines the past and current research status of each professor and
each research group. Committee members may find this background information
useful as they prepare to visit the campus and to hear the researchers' formal pre-
sentations. The visit and presentations will be held on February 17 and 18, 2003 at
our Hongo campus. We greatly appreciate the committee members' willingness to
share their time and expertise, and we welcome their candid and constructive eval-

uations of our research activities.

February 2003

Fofakl Jrors

Takaaki Kirino, MD, PhD
Dean, Graduate School and
Faculty of Medicine

The University of Tokyo
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Department of
Cell Biology and Anatomy

Outline and Research Objectives

When our institution was reformed from School of Medicine to Graduate School of
Medicine, Department of Cell Biology and Anatomy has been built with the transition from
the previous department of Anatomy. Therefore, directions of researches in this department
are molecular cell biology based on structural cell biology.

At the same time this department has high responsibility for education of medical stu-
dents, students of other faculties, and master course and Ph.D. course students (totally 518
hours per year). The teaching covers lectures and laboratory courses of gross anatomy, neu-
roanatomy, histology, cell biology and developmental biolgy.

Main subjects of researches are focused on 1) the mechanisms of intracellular transport,
2) the mechanism of cell morphogenesis, and 3) roles of cytoskeleton on development.

To solve these problems we combine structural biological approaches such as various
kinds of light microscopy, immunocytochemistry, quick freeze deep etch electron
microscopy, cryoelectron microscopy, X-ray crystallography with molecular biology, bio-
chemistry, molecular biophysics, electrophysiology and molecular genetics.

Faculties and Students

Nobutaka Hirokawa, M. D., Ph.D.
(from 1983~)

Yoshimitsu Kanai, M. D., Ph. D.
Takao Nakata, M. D., Ph. D.

Professor and Chair

Associate Professor

Lecturer Yasuko Noda, M. D., Ph. D.
Sumio Terada, M. D., Ph. D.

Associate...........ccovvveeeeiiinnnnn. 8

Postdoctoral Fellow ................ 2 (Japan),1 (France),

................................................. 1 (China)

Graduate Students................... 7 (Japan), 2 (China)

Research Student.................... 3 (China), 1 (Korea)

Secretary & Technician........... 4

Past Research, Current Research and Major
Accomplishments

1. Rapid Freeze Deep Etch Electron Microscopy
and Identification of New Groups of Crossbridge
Structures Among Microtubules, Intermediate
Filaments, Actin and Membranous Organelles.
Hirokawa has developed a new microscopic
method which rapidly freeze cells and tissues by mak-
ing contact with a pure copper block cooled with lig-
uid nitrogen (-190 C) or helium (-269 C) in Japan. He
turther developed this method in USA with Dr. John
Heuser and visualised as yet unknown aspects of spe-
cialized membrane structures such as Gap Junction,
Tight Junction, and Neuromuscular Junctions. Further
he discovered a group of new filamentous cross-
bridges among microtubules, intermediate filaments,

actin filalments and membranous organelles.
Combining immunocytochemistry, biochemistry, and
in vitro reconstitution he proved the chemical nature
of these structures as 1) fodrin and myosin in brush
borders of intestinal cells, a model of cellular cortex,
2) MAP1A, MAP1B, MAP2 and Tau in microtubule
domains in neuronal axon and dendrites, 3) elongated
C-terminus of Neurofilament M and H proteins in
neurofilament domains in neuronal axons, 4)
Synapsin I associated with actin and synaptic vesicles
in presynaptic terminals.

I1. Discovery of Kinesin Superfamily Proteins,
KIFs and Elucidation of Mechanism of
Intracellular Transport.

Hirokawa discovered various kinds of new fila-
mentous structures between distinct kinds of mem-
branous organelles and microtubules. He predicted
these short crossbridges to be microtubule associated
motor proteins carrying cargo vesicles along the
microtubules.

The nerve axon is frequently very long (frequently
~1m long). Because of lack of protein synthesis
machinery in the axon most of the proteins necessary
in the axon and synaptic terminals ought to be trans-
ported down the axon as various kinds of membra-
nous organelles and protein complexes after the syn-
thesis in the cell body so that intracellular transport is
fundamental for neuronal morphogenesis and func-
tioning. At the same time because similar mechanism
exists in every kinds of cells nerve cells serve as a
good model system to elucidate this mechanism.
Using molecular biology we discovered most of



kinesin superfamily motor proteins, KIFs which move
along microtubule rails by hydrolysing ATP. Recently
we identified all 45 kif genes in mammalian such as
human and mouse. We have uncovered the structure,
dynamics and functions of many members of KIFs
usig molecular cell biological, biophysical, structural
biological and molecular genetical approaches.

KIFs in Axonal Transport

KIF1A and KIF1BJ transport synaptic vesicle pre-
cursors anterogradely from cell biology to synaptic
terminals. They are fundamental for neuronal func-
tioning and survivals. Further, we showed using
molecular genetic approaches that KIF1Bp is a respon-
sible gene of human hereditary neuropathy Charcot-
Marie-Tooth type 2A and proved that CMT2A is due
to haploinsufficiency of functional KIF1Bf and
decrease of synaptic vesicle protein transport.

KIF1BB+/- mice serve as a model for CMT2A and
we found a way of diagnosis and potential therapy of
the symptom of this desease. KIF1B a and KIF5A, B, C
redundantly convey mitochondria anterogradely.
KIF3, composed of KIF3A and KIF3B heterdimer and
associated protein KAP3, transports vesicles associat-
ed with a fodrin and important for neurites elonga-
tion through KAP3-o fodrin interaction. KIF2 and
KIF4 are expressed specifically in juvenile neurons
and functioning for neurite extension.

Receptor Transport in Dendrites

Our studies revealed the mechanism of transport
of receptors in dendrites.

KIF17 transports NMDA type glutamate receptor
containing vesicles in dendrites toward microtubule
plus ends through interaction between KIF17 C-termi-
nal tail-Mint 1 (mLin10)- CASK (mLin2)- Velis (mLin7)
and NR2B subunit of NMDA receptor. Furthermore,
we showed by transgenic mouse strategy that KIF17
plays a significant role on memory and learning.
KIF5A, B, C convey AMPA type glutamate receptor
containing vesicles towards microtubule plus end
through the interaction between KIF5 heavy chain -
GRIP1 (glutamate receptor interacting protein 1)-GluR
2 subunit of AMPA type glutamate receptors.

These studies elucidated also for the first time
long standing questions how KIFs recognize and bind
to cargoes by showing KIF tail - scaffolding protein
complex or adaptor protein complex- membrane pro-
tein interaction is a typical way. This idea was sup-
ported by our other study revealing that KIF13A
transports Mannose 6- phosphate Receptor containing
vesicles from Golgi to plasma mambrane through the
interaction between KIF13A tail - AP-1 adaptor pro-
tein complex and Mannose 6 phosphate receptors.
Our study about the transport of AMPA type receptor
by KIF5 also elucidated a mechanism how motor pro-

tein determines its direction, axon vs dendrites.
GRIP1 steers KIF5 to dendrites via KIF5 heavy chain -
GRIP1 interaction, while JSAP1 steers KIF5 to axon
via KIF5 light chain- JSAP1 interaction.

KIF3 Determines Left-Right Asymmetery of Our
Body

Our gene targeting study of KIF3 (KIF3A-/-, and
KIF3B-/-) siginificantly contributued for the elucida-
tion of mechanism of determination of left-right
asymmetry of our body, a very important hot problem
in developmental biology. Our study uncovered that
KIF3 motor is essential for left-right determination of
our body through intraciliary transportation of pro-
tein complexes for the ciliogenesis of motile primary
cilia that generate leftward unidirectional flow of
extraembryonic fluid, "nodal flow", which could pro-
duce a concentration gradient of putative secreted
morphogen in the extraembryonic fluid along the left-
right axis in the node of early embryo, very important
region for the determination of our body plan.

Mechanism of Motility of Monomeric Motor,
KIF1A

We have discovered monomeric motors KIF1 sub-
family such as KIF1A, KIF1B o and P. Because motors
previously identified are all dimers such as conven-
tional kinesin (KIF5), dyneins and myosin the prevail-
ing hypothesis for how the motor moves processively
for certain distance along rails was the hand over
hand model, which means a motor needs two legs to
move as we walk on the rail. We, however, discovered
monomeric motor such as KIF1A. Because the
monomeric motor is the simplest motor it is a good
model system to study the basic mechanism of motili-
ty of KIFs. We showed using molecular biophysics
approach that a single KIF1A motor can move proces-
sively for more than 1lum on microtubules.
Furthermore, our study revealed that the processive
movement of KIF1A is based on the biased Brownian
movement. This is the first clear experimental
demonstration showing that motor protein can move
by the biased Brownian movement. We further eluci-
dated why single leg motor can move processively
along microtubules without dissociation. We found
polylysin loop (K-loop) in loop12 and showed that
this K-loop is critical for processive movement
through the interaction with C-terminal flexible end
of tubulin (E-hook) especially at the weak binding
state (ADP state) by biophysics, and cryoelectron
microscopy.

We further analysed how the plus end bias can be
emerged by combination of cryoelectron microscopy
and X-ray crystallography. We found that counter
clock wise 20 degree rotation of motor domain from
ADP to ATP like state is critical for plus end biased
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movement of KIF1A monomeric motor.

Mechanism of Slow Axonal Transport

Cytoskeletal proteins such as tubulin, actin and
neurofilament triplet proteins (NFH, NFM, NFL) and
some cytosolic proteins were known to be transport-
ed down the axon slowly at 1~2mm/day. Using 1)
microinjection of fluorescein labelled cytoskeletal pro-
teins and subsequent analysis by fluorescent photo-
bleach recovery, 2) microinjection of caged-fluorescein
labelled cytoskeletal proteins and subsequent analysis
by UV-photoactivation in cultured neurons we
showed most of cytoskeletal proteins such as tubulin
and actin are transported as small oligomers. Further,
recently using microinjection of fluorescein labelled
tubulin and cytosolic proteins into squid giant axons
and subsequent analysis with fluorescence confocal
laser scanning microscopy and fluorescence correla-
tion spectroscopy combined with microinjection of
anti KIF antibodies we demonstrated that tubulin is
transported as small oligomers by conventional
kinesin (KIF5) as a motor.

I11. Microtubule Associated Proteins (MAPs) and
Mechanism of Neuronal Morphogenesis.

Hirokawa identified various kinds of filamentous
structures associated with microtubules by the quick
freeze deep etch electron microscopy. The next ques-
tions were what are the chemical nature and what are
the functions of these new structures. The micro-
tubule associated proteins (MAPs) identified in brains
were good candidates. Therefore, we have studied
MAPs. We biochemically isolated major MAPs of
mammalian brains such as MAP1A, MAP1B, MAP2
and tau, and studied molecular structure and localiza-
tion. All these MAPs were filamentous flexible stru-
tures from 185 to 50nm in length dependent on the
difference of molecular weight. Immunocytochemistry
and in vitro reconstitution comfirmed that these
MAPs are components of filamentous structures asso-
ciated with microtubules in neurons, To know the
function of MAPs, we expressed tau and MAP2 in
non neuronal cells such as fibroblasts and Sf9 cells by
cDNA transfection. These studies showed that tau
and MAP2 induce microtubule polymerization and
bundling and process extention. They also revealed
that C-terminal domain are critical for microtubule
polymerization and N-terminal projection domain
determines the different spacings between adjacent
microtubules in microtubule domains in axon vs den-
drites. These data suggest the important role of tau
and MAP2 in formation of axon and dendrites. In
order to elucidate function of MAPs in vivo we gener-
ated single knockout mice of tau, MAP1B, and MAP2
and analysed them. Generally, the phenotypes of sin-
gle knockout mice were subtle. However, tau/MAP1B

and MAP2/MAPI1B double knockout mice showed
predominant disturbance of axonal elongation and
dendritic elongation respectively. Cellular bases of
these phenotypes are suppression of microtubule sta-
bility and bundle formation in growth cones of axon
and dendrites leading to the inhibition of proper neu-
rite extention and neuronal cell migration. Thus, our
studies revealed Taw/MAP1B and MAP2/MAP1B syn-
ergistically play fundamental roles in axonal and den-
dritic formation respectively.

Future Prospects

The further studies in near future will include fol-
lowing subjects as the continuation of on going
researches.

I. Mechanism of Intracellular Transport

1) The functions of new KIFs especially in neurons,
epithelial cells and fibroblasts to elucidate yet
unknown mechanism of intracellular transport of
various kinds of membranous organelles, protein
complexes and mRNA.

2) Understanding how each KIFs recognize and bind
their specific cargoes.

3) The studies how the binding and unbinding of KIFs
with cargoes are regulated.

4) The mechanism how neurons determine the direc-
tion of transport by KIFs, toward axon vs dendrites.

5) The study of relationship between KIFs and neu-
ronal functions such as memory and learning by
molecular genetic approach.

6) The relationship between KIFs and diseases using
molecular genetical approaches.

7) The detailed mechanism of motility of KIF1IA motor
using structural biology and molecular biophysics.

I1. Mechanism of Neuronal Morphophogenesis
and MAPs

Using molecular genetical approaches we will
unravel the function of MAP1A, one member of major
MAPs whose function has been unknown.

Research Grants

1. Center of Excellence (COE) grant from the Ministry
of Education, Culture, Science and Sports, "Molecular
Cell Biological and Molecular Genetical Study of the
Cytoskeleton: Mechanism of Intracellular Transport,
Signal Transmission and Cellular Morphogenesis."
From April 1996 to March 2001. 1,885,000,000 yen

2. Grant in Aid for Basic Research, "Molecular Cell
Biology of New Molecular Motors, KIFs," from the
Ministry of Education, Culture, Science and Sports.
From April 1996 to Mach 1999. 34,500,000 yen

3. Center of Excellence (COE) grant from the Ministry
of Education, Culture, Science, Sports and
Technology, "Mechanism of Intracellular Transport
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Past Research and Major Accomplishments

Development of high-efficiency full-length cDNA
cloning method and eukaryotic expression cDNA
cloning system

Most of our past and current research stemmed
from the development of the full-length cDNA
cloning method and the cDNA expression cloning
vector system that was done in the early 1980s by
Hiroto Okayama and Paul Berg (Fig. 1)(1,2).

The full-length ¢cDNA cloning method and the
cDNA expression libraries constructed thereby have
been used to clone numerous functional genes in labo-
ratories over the world, the earliest one of which is
the human Lesch-Nyhan syndrome causative gene (3).
The cDNA expression cloning vector system was orig-
inally designed to clone genes on the basis of the
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functions they express in a wide range of host cells,
from fission yeast up to mammalian cells. This was
enabled by development of highly efficient methods
for introducing cDNA libraries into mammalian cells
and fission yeast and construction of vectors special-
ized for library transduction into fission yeast (Fig. 1)
(8, 10, 11). One of the most successful applications of
this expression cloning system was isolation of
human orthologues of several key cell cycle regulators
initially found in fission yeast. Paul Nurse cloned the
human cdc2 cDNA from one of our expression
libraries on the basis of trans-complementation of a
fission yeast temperature-sensitive mutant of cdcz*
essential for mitosis, and we cloned human ortho-
logues of weel* and cdc25* genes (13, 14), which criti-
cally regulate Cdc2 kinase during this transition, as
described below.

Cell cycle control

Cdc2 kinase is a protein kinase required for the
onset of mitosis, initially found in fission yeast, but
present in all eukaryotes. This kinase, associated with
cyclins, is regulated by inhibitory tyrosine phosphory-
lation and activating dephosphorylation by Weel
kinase and Cdc25 phosphatase, constituting a core
element of DNA damage-responsive cell cycle check-
point control for the G,-M transition in fission yeast.

S. pombe

40 promoter
ars

eu2+

pPAL vectol

Transfection into S. pombe
leu- ts mutant

Selection at non-permissive
temperature

Cloning in E. coli
Amplification

Fig.1. Methods for construction of full-length expression cDNA

librareis and trans-copmplementation cloning with fission yeast as host
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The identification of human orthologues (cdc2, weel
and cdc25B) of these fission yeast cell cycle regulators
demonstrated the evolutionary conservation of a cell
cycle control system up to mammals (13, 14, 30).
Using the same expression cloning system, we also
identified an additional mammalian homologue
(cdc25A) of cdc25* gene, which was found to play an
unexpected role (23).

This gene is expressed in early G, and required for
the cell cycle start. Search for targets for this novel
phosphatase led us to discover that Cdk4, a cyclin-
dependent kinase essential for the cell cycle start, is
regulated by tyrosine phosphorylation and that its
regulation constitutes a key part of DNA damage-
induced G, checkpoint arrest during cell cycle entry
from quiescence (23, 28, 37), revealing the presence of
mirror image mechanisms for controlling DNA dam-
age-responsive G, and G, checkpoint arrest in mam-
mals (Fig. 2).

In addition to the studies on mammalian cell cycle
control, we identified genes for 11 fission yeast novel
cell cycle factors and cyclin G a novel mammalian
cyclin (22), which control the G,-S transition, DNA-
replication checkpoint or the formation and mainte-
nance of sister chromatid cohesion (20, 24-27, 29, 33,
35, 40, 42-44, 48). Recent studies on two newly iden-
tified factors Esol and Pds5 involved in the formation
of sister chromatid cohesion led us to discover that
sister chromatid cohesion is formed and maintained
by a highly unexpected mechanism, which functions
as a molecular zipper and thereby promotes the for-
mation of cohesions only between sister chromatids
(48). This finding provided a new clue to the under-
standing of the mechanism for the genetic instability
associated with malignant transformation.

Differentiation control

One of the aspects of the cell we have been inter-
ested in understanding concerning carcinogenesis is
differentiation control. To this end, we also used fis-
sion yeast as a model organism and discovered five
novel genes controlling the commitment to differenti-

ation. They encode Escl a MyoD-like helix-loop-helix
protein, Nrd1 an RNA-binding protein, Phhl a stress
MAP kinase similar to p38, Rcd1 an evolutionally con-
served protein and Pasl and Cycl7 novel cyclins (21.
26, 31, 33, 36, 43, 44). These proteins were found to
be a modifier of cyclin AMP signaling, a determinant
of the threshold to nutrient starvation for the com-
mitment to differentiation, a stress signal transducer
as an absolute requirement for the differentiation
commitment, a key mediator of nitrogen starvation
signal and factors that ensure mutual exclusiveness
between the cell cycle start and the commitment to
differentiation. In addition, using trans-complementa-
tion cloning, we isolated a human functional counter-
part of the RNA-binding protein with predicted func-
tions, which were shown in hematopoietic cells (38).

Furthermore, we recently found that the mam-
malian counterpart of Redl is a novel transcriptional
cofactor mediating retinoic acid-induced cell differen-
tiation and is deeply involved in mouse lung develop-
ment (50). These findings not only reveal remarkable
conservation of the differentiation commitment sys-
tem as well as the key elements that control the com-
mitment step from yeast up to mammals (Fig. 3), but
also greatly help understand the highly complex
mechanism controlling the differentiation commit-
ment in mammals.

Anchorage-independent cell cycle start: a key
mechanism for malignant transformation

One of the fundamental phenotypes that distin-
guish malignant from benign cells is the metastatic
capability, which is underlain by the acquirement of
the ability to perform S phase entry in the absence of
anchorage. In the late 1980s, we began studies to
understand the nature and mechanism of the acquire-
ment of this unique property upon malignant trans-
formation, by using growth factor-transformable NRK
cells as a model system. The generally held concept
was that anchorage-independent S phase entry is a
mere consequence of excessive activation of growth
signaling or defects in a growth arrest system, which

15



1. Differentiation signal
2. Stress signal

3. Threshold control 4. Cell cycle start
control Pka"

4. Mutually exclussive control
with cell cycle start

—

Cell type-nonspecific Cell type-specific

Growth stimulation

1. Differentiaiton signal

Carbon /Nijtrogen
Slarvatlo ‘Starvati on'_-> Stress

cAMP

MAFKK

A klnase

Flm m' Q / ‘ Stress signal

MAPK

3. Threshold control
Mating

Pheromone% Conjugation

clz

B type l:yclln

G1 type cyelin

D -Cdkd/6

Fig. 3. Elements and evolutionary conservation of eukaryotic differentiation commitment control

Growth stimulati
rowth stimulation Cdk2-E

1

pgy A Cdk4/6-D

N

Anchorage/
Oncogenic stimulation

are caused by activation of oncogenes and inactivation
of recessive oncogenes. For the past 10 years, we
studied genetically and cytologically the properties of
oncogenically stimulated NRK cells and came to the
several remarkable conclusions: 1) In NRK cells, epi-
dermal growth factor and platelet-derived growth fac-
tor signals merge into a common pathway composed
of CrkIl, Ras and Raf-1, through which many onco-
genes induce transformation; 2) Activation of this
pathway induces anchorage-independent S phase
entry in a synchronized fashion, but is dispensable for
cell proliferation in the presence of anchorage; 3)
Oncogenic stimulation recruits Cdkoé to participate in
an essential step of anchorage-independent S phase
onset; 4) Activation of G, cyclin-dependent kinases
(Cdk4/6, Cdk2) is insufficient to induce anchorage-
independent S phase onset (15, 16, 32, 39). Recently,
we found that Cdc6, a key protein for the activation
of replication origins, requires anchorage or oncogenic
stimulation for its expression, which is regulated at
the levels of transcription and proteolysis via a cal-
pain-like protease, and moreover, that G, cyclin-
dependent kinases and Cdc6 constitute key targets for
controlling the G;-S transition by anchorage and onco-
genic signals (Fig. 4)(49).

We believe that this latest finding would provide a
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major breakthrough toward the understanding of the
mechanisms for anchorage loss-invoked restriction of
S phase onset and oncogenically induced anchorage-
independent S phase onset, the latter being responsi-
ble for the metastatic capability of malignant cells. In
addition, all these findings taken together raise the
possibility that oncogenic transformation is not mere-
ly resulted from a failure to arrest due to excessive
growth stimulation or defective cell cycle arrest sys-
tems, but from constitutive activation of a dormant
mechanism that is present in normal cells and enables
the cell cycle start in the absence of anchorage (46).

Current Research

We are currently devoting most of our efforts to
the understanding of how Cdc6 expression is regulat-
ed by anchorage and oncogenic signals.

Requirement for PI3 kinase in Cdc6 expression

It has been known that phosphoinositol-3 (PI3)
kinase is required for the cell cycle start and one of its
targets is p27 cyclin-dependent kinase inhibitor. We
recently found that entirely independent from p27
downregulation, Cdc6 requires PI3 kinase for its
expression during anchorage-dependent, but not



anchorage-independent, S phase entry. Treatment of
cells with a specific PI3 kinase inhibitor shuts off
Cdc6 expression despite E2F activation, but interest-
ingly this shutoff is overridden by oncogenic stimula-
tion. Further analysis is underway to identify how PI3
kinase and anchorage signal cooperate to express
Cdco.

Identification of the protease responsible for the
Cdc6 degradation and its regulation

The most crucial point in understanding the regu-
latory mechanism of Cdc6 expression by anchorage
and oncogenic stimulation is identification of the
responsible protease and its regulatory mechanism
(Fig.4). To this end, a human cdc6 cDNA was isolated,
tagged with a histidine tag and transcribed in vitro
and expressed in reticulocyte lysates, and the
expressed His-tagged Cdc6 protein was purified by
affinity chromatography in order to establish an in
vitro assay system. Analysis of the nature of the puta-
tive protease suggests that the cells arrested in G, by
anchorage loss contain the proteolytic activity that
seems to be responsible for Cdc6 degradation.
Analysis of the nature of this protease and its regula-
tion is currently in progress.

Cdké6-cyclin D3 as a highly potent sensitizer of
cells to chemical and physical transformation

We recently found that among D-type cyclin (D1,
D2, D3) and partner kinase (Cdk4, Cdk6) combina-
tions, the Cdk6-D3 complex is unique and can evades
inhibition by p27 and p21, consequently enabling this
complex to control proliferation competence under
growth suppressive conditions (47). This finding led
us to investigate the possible effects of the elevated
expression of this complex on cell's susceptibility to
malignant transformation, and we have found that 2-
5 fold overexpression of Cdk6-D3 elevates 10%-10°
folds the susceptibility of rodent fibroblasts to UV
irradiation- or 3-methylcholanthrene-induced malig-
nant transformation. Analysis is in progress to under-
stand this sensitization mechanism.

Future Prospects

There are three key questions regarding malignant
transformation: 1) What is the mechanism by which
transformed cells acquire the ability to perform
anchorage-independent S phase onset as a basis for
metastatic capability?; 2) What causes the genetic
instability of cancer, which is believed to be a driving
force for malignant progression and what are the key
cell cycle factors activated or inactivated during this
process?; 3) What is the mechanism for dedifferentia-
tion of malignant cells? We believe that the series of
our research will certainly offer critical clues to solve

these questions. We particularly believe that the find-
ing that Cdc6, a key factor for the activation of repli-
cation origins, absolutely requires anchorage or onco-
genic stimulation for its expression is a major break-
through to understanding the central mechanism of
oncogenically induced anchorage-independent S
phase onset.
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Department of
Cellular Signaling

Outline and Research Objectives

When cells are stimulated, by the serial actions of various enzymes, biologically active
lipid molecules are produced and released. They include prostaglandins, leukotrienes,
platelet-activating factor (PAF), lysophosphatidic acid (LPA) etc., collectively termed lipid
mediators (Fig 1). In concert with various neurotransmitters and hormones, these lipid
mediators are playing important roles in self-defenses and maintenance of homeostasis.
Unlike the biogenic amines or peptide mediators, lipid mediators are not stored in granules,
but they are biosynthesized from precursor lipids when necessary. To elucidate the func-
tions of lipid mediators, we isolated enzymes involved in the biosyntheses and metabolism
of lipid mediators, isolated G-protein-coupled receptors, and identification of intracellular
signaling. We are especially interested in identifying the specific roles of lipid mediators in
inflammatory responses as well as neuronal functions. We generated several transgenic or
knockout mice and analysed their roles in vivo. By mass spectrometric analyses, we also
measured dynamic changes in membrane lipid compositions, the significance of these
changes being in general signaling pathway. In the postsequece of whole human genome,
the intensive studies of protein regulation as well as behavior of small lipid metabolites are
of the highest importance.

enzymes involved in the biosyntheses and metabo-
lism of lipid mediators. Leukotriene A4 hydrolase,
Takao Shimizu, M.D., Ph.D. (1991-)  one of the key enzyme in the biosynthesis of chemo-

Takehiko Yokomizo, M.D., Ph.D. tactic leukotrienes, was cloned and characterized in
............... 3 our laboratory. This achievement was the first suc-
............... 4 cessful example of molecular cloning of the enzymes
............. 12 in the field of lipid mediators. We also obtained PAF
............... 7 receptor, as the first successful example of receptor
............... 2 cloning of lipid mediators, followed by cloning recep-

tors of various lipid mediators. We determined the
regulation of these enzymes by Ca-dependent intracel-

d Major Accomplishments lular translocation, phosphorylation by various kinas-

We have purified and cDNA cloned various es, and other posttranslational modifications. We also

Membrane phospholipids

"

Phospholipids: Lyso-phospholipids: Eicosanoids:
Platelet-activating factor Lyso-phosphatidylcholine Prostaglandins
Psychosine Lyso-phosphatidic acid Thromboxanes

Sphingophosphocholine Sphigosine 1-phosphate Leukotrienes

2-Arachidonoyl-glycerol Lipoxins
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generated PAF receptor-overexpressing mice, PAF
receptor-deficient mice, leukotriene receptor-deficient
mice, and the mice deficient in cytosolic phospholi-
pase A2 (cPLA2), which are involved in the syntheses
of eicosanoids and PAF. By analyzing the phenotypes
of these mice, we reported that the mediators are
involved in the pathogenesis of various inflammatory
and immune disorders, as well as normal physiology
including reproduction and synaptic plasticity.
Independently, one of the Associate is working on
axon guidance molecules, by establishing knockout
mice of guidance molecules (Sema 3A), and analyses
of their multiple phenotypes.

Phylogenetic Tree of various GPCRs

Current Research

Followings are ongoing projects in our laboratory.
Elucidation of enzymes in the biosyntheses of
lipid mediators, their regulation and mechanism
of intracellular translocation by stimuli.
Deorphaning projects of putative lipid mediator
GPCRs, which include indentificaion of novel lipid
mediators (Fig. 2).

Elucidation of GPCR-sorting mechanism in polar-
ized cells (kidney epithelial cells, neuron etc.)
Phenotype analyses of various genetic engineered
mice. Understanding of the molecular mechanism
of individual phenotypes in depth.
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5.

6.

Establishment of novel gene-targeted mice
(enzymes and receptors), and their congenic line
(B6, Balb/c, DBA etc.)

Identification of Sema3A knockout mice, in nerv-
ous systems, olfactory systems, bone formation.

Future Prospects

We will pursue following different projects, lead

by each faculty member.

1.

Identification of the roles of lipid mediators in the
central nervous system. For this purpose, we will
analyze the localization and subcellular localiza-
tion of enzymes involved in the biosyntheses of
lipid mediators. It is the most important to deter-
mine, how and which direction (either axon or
dendrite), these enzyme cause translocation in a
stimulus-dependent manner. The mice deficient of
enzymes or receptors of lipid mediators are useful
to identify the roles of mediators in the central
nervous systems. Some link has been reported
between Sema3A axon guidance molecules and
lipid mediators. By the use of double knockout
mice (Sema3A and lipid mediators), more confir-
mative and direct evidence will be obtained.

We have so far obtained various phenotypes of
genetic engineered mice, but molecular mecha-
nisms underlying these phenotypes remain mostly
unknown. The link between lipid mediators and
hormones, neurotransmitters, and cytokines will
be analyzed to obtain a whole view.

By mass spectrometric analyses, we like to find
out the temporal and positional dynamic changes
of membrane compositions including Raft and
caveolae. Also, mass spectrometry attached with
HPLC will aid in the identification of novel natural
lipid mediators (deorphaning project). For these
purposes, we recently built a new research group
called Department of Lipid Metabolome, by dona-
tion. We have collected several excellent lipid bio-
chemists, and mass spectrometer specialists.
Metabolome (metabolomics) is a new research
strategy after genome and proteome research. The
study is to analyze in detail small-sized molecules
(metabolites), and in combination with pro-
teomics, we will gain a more broad view how cells
adapt to a new environment, change membrane
fluidity, and cause metabolic changes, which final-
ly yield to gene expression.
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Past Research and Major Accomplishments

1. Vascular Biology
(1) Biology of Vasoactive Peptides
i) Endothelin

a. Discovery and Basic Characterization of
Endothelin

Our researches started with contribution to the
discovery of endothelin (ET-1), an endothelium-
derived vasoactive peptide, with Drs. Masashi
Yanagisawa, Tomoh Masaki and colleagues in
1987. Then, we studied the role of ET-1 in vascular
physiology and pathophysiology and revealed its
vasoconstrictive effect on in vivo canine coronary
arteries and induction of the ET-1 gene by some
cytokines and flow-induced mechanical stress in
vascular endothelial cells.

b. Endothelin-1 Knockout Mice

In 1991, we introduced the technique of gene
targeting in mice to our lab to further analyze the
biological implication of ET-1. As a result, we
found two novel and important roles of ET-1. First,
ET-1 proved to lower blood pressure when it acts

in the central nervous system although it mainly
acts as a pressor in the periphery. ET-1 also modu-
lates stress responses in the central nervous sys-
tem by regulating catecholamine metabolism.
Second, ET-1 proved to be essential for embryoge-
nesis. The phenotype of mice lacking ET-1
involved craniofacial and cardiac neural crest-
derived structures including the branchial arches
and great vessels. Indeed, ET-1 was the first
vasoactive substance bound to G protein-coupled
receptors that proved to be involved in embryonic
development (See 2-1)).

c. Endothelin-1 Overexpressing Mice

We found that the expression of ET-1 and its
processing enzyme ECE-1 is increased in the lesion
of human atherosclerosis and experimental vascu-
lar injury. The effect of overexpressed ET-1 was
further analyzed in transgenic mice and proved to
cause mesangial hyperplasia and glomerulosclero-
sis in the kidney. This result was indicative of the
stimulating effect of ET-1 on cellular proliferation
and remodeling in vivo.

ii) Adrenomedullin

a. Adrenomedullin Overexpressing Mice
Adrenomedullin (AM), a vasodilating peptide,
can be regarded as a counterpart of ET-1 in vascu-
lar tone regulation. We investigated the in vivo
effect of AM by producing transgenic mice overex-
pressing AM and found NO-dependent hypoten-
sion and resistance to endotoxin shock (decrease
in lethality) in transgenic mice. These results sug-
gested that AM may lower blood pressure by stim-
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ulating NO production and that AM may protect
tissues and organs from shock-induced damage.

b. Adrenomedullin Knockout Mice

The biological importance of AM was further
investigated by gene targeting. We demonstrated
that AM is indispensable for the vascular morpho-
genesis during embryonic development and for
postnatal regulation of blood pressure by stimulat-
ing NO production, confirming the hypothesis
derived from AM overexpression mice.

iii) CGRP

CGRP is structural related to AM and shares the
common receptor CRLR. To investigate systemati-
cally the differential role of the AM/CGRP family
members, we established alphaCGRP knockout
mice. The resultant phenotype revealed that
alphaCGRP contributes to the regulation of cardio-
vascular function through inhibitory modulation of
sympathetic nervous activity and that AM and
CGRP have distinct physiological roles.

(2) Transgenic techniques

During gene manipulation studies in mice, we
found that the ET-1 gene promoter is useful for vessel-
selective gene expression. This promoter was used
not only to overexpress ET-1 and AM but also to
make endothelial NO synthase and 15-lipoxygenase
overexpressing mice by our collaborators with fruitful
results. Recently, we realized targeting gene expres-
sion in vascular smooth muscle cells by using the ET-
A receptor (ETAR) gene promoter.

2. Developmental Biology
(1) Neural Crest Development

Craniofacial and cardiovascular defects in ET-1
knockout embryos gave a clue to the elucidation of
mechanisms for branchial arch formation contributed
by neural crest cells. By subsequent analysis, we
revealed that ET-1 regulates several downstream
genes such as HAND1/2 and Goosecoid transcription
factors to contribute to cranial/cardiac neural crest
development. Recently, we established ETAR promot-
er::GFP and ETAR promoter::TVA (avian retrovirus
receptor) to visualize and isolate ETAR+ neural crest
cells and to transfer genes specifically to them via
retroviral vectors. These systems serve as very useful
tools for the analysis of neural crest-derived branchial
arch development.
(2) Vascular Development

ET-1 knockout mice also demonstrated defects in
the great vessels and cardiac outflow tract, to which
cardiac neural crest cells largely contribute. From this
result, we found that ET-1 is important in vascular
smooth muscle cell development originated from neu-
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ral crest cells and that the ET-1to HAND?2 signaling
pathway seems to be critical. The outcome from AM
knockout mice showed that AM is important in the
formation of basement membrane during angiogene-
sis to stabilize vascular network.

3. Collaborative Works
(1) Biology of Metalloproteinase

In collaboration with Dr. Kouji Matsushima (Dept.
of Molecular Preventive Medicine), we exploited the
biological implication of ADAMTS-1, a member of the
ADAM-type metalloproteinase family, by gene target-
ing. We found that ADAMTS-1 is important for nor-
mal growth, fertility and organ developemnt (the kid-
neys, adrenal glands, adipose tissues etc.).

(2) Biology of Antimicrobial Peptides

In collaboration with Drs. Yasuyoshi Ouchi and
Takahide Nagase (Dept. of Geriatrics), we are studying
about defensins, endogenous antimicrobial peptides.
We have identified several novel types of human and
mouse beta-defensins which are expressed skeletal
muscle and epididymis.

Current Research

1. Vascular Biology

We have converged our previous achievement of
vascular biology on the aspect of developmental biolo-
gy including vascular development as described
below.

2. Developmental Biology
(1) Neural Crest Development

Extending our achievement of ET-1 knockout
mice, we are studying the mechanism how the inter-
cellular and intracellular signaling system related ET-1
is involved in neural crest development and branchial
arch formation because it may give a clue to the
insight how signaling interactions can change cellular
behavior to lead to morphogenesis. For this purpose,
we have established GFP and TVA transgenic mice as
described and are now establishing some other mice
which will be useful for the analysis of branchial arch
formation. We are also performing a systematic
screening for differential gene expression by DNA
microarray followed by in situ hybridization. By this
method, several important genes are to be obtained.

We are also studying about neural crest differenti-
ation using murine neural crest cell culture and Sendai
virus vectors developed by Drs. Yoshiyuki Nagai and
Atsushi Kato. In our preliminary result, we realized
nearly 100 % gene transfer into neural crest cells and
are analyzing the effect of some genes on neural crest



differentiation. Using some markers, we are also try-
ing to isolate neural crest stem cells.

We are further looking for the mechanism how
some transcription factors important for neural crest
development can exert their effects. For this purpose,
we are performing yeast two-hybrid screening using
Pax3 and HAND?2 as baits. We have obtained several
interesting clones and are analyzing their molecular
characteristics.

(2) Vascular Development

Above-mentioned studies concerning neural crest
differentiation include the issue of vascular smooth
muscle cell differentiation and we are trying to identi-
fy the target genes of the ET-1-HAND?2 pathway that
is important for smooth muscle differentiation. Two-
hybrid studies also involve this theme. Abnormalities
in vascular formation in AM knockout mice are also
being investigated further concerning the mechanism.

In addition, we have started studies on vascular
endothelial cell differentiation using the embryonic
stem cell system and are looking for possible interac-
tion between neural crest-derived smooth muscle pre-
cursors and endothelial precursors. It may clarify a
novel cellular interaction mechanism which can stim-
ulate vascular formation.

3. Collaborative Works

In collaboration with Drs. Yasuyoshi Ouchi and
Takahide Nagase (Dept. of Geriatrics), we are starting
further study on defensins using gene manipulation
in mice.

Future Prospects

(1) Basic research

Our future study will focus mainly on neural crest
and vascular development. Especially, major questions
are (1) how do intracellular mechanisms modulate
stem cell behavior including fate determination and
differentiation, and (2) how are cell behaviors inte-
grated into morphogenesis and organogenesis. By
studying neural crest development as a model, we
expect that we can approach these general issues. For
our coming research, we are introducing some new
techniques such as nuclear transfer.

(2) Applied research

Our current researches on vascular development
using embryonic stem cells are close to applied
researches in the field of regenerative medicine. On
this background together with nuclear transfer tech-
nique, we are planning translational researches to
generate vessels and other tissues and organs related

neural crest cells.

Research Grants

1. JSPS (Japan Society for the Promotion of Science)
Research for the Future Program (2000.4~2004.3)
total 240,000,000 yen.

2. Grants-in-Aid for Scientific Research from JSPS,
Scientific Research (B)

(2002.4~2004.3) total 14,900,000 yen

3. Grants-in-Aid for Scientific Research from JSPS,
Exploratory Research (C)

(2002.4~2004.3) total 9,900,000 yen

4. Grants-in-Aid for Scientific Research from the
Ministry of Education, Science and Culture, Japan,
Priority Areas Research (A), Allotted.
(2000.4~2001.3) total 1,800,000 yen.

5. the Research Grant for Cardiovascular Diseases (14C-
1) from the Ministry of Health and Welfare
(2002.4~2005.3) total 6,300,000 yen.
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Past Research and Major Accomplishments

Most of our research has been focused on the
higher brain functions of the mammalian central nerv-
ous system, in particular, the neural mechanisms of
cognitive memory in the primate. The basic motiva-
tion of the research can be best explained as follows:

Knowledge or experiences are voluntarily recalled
from memory by reactivation of their neural represen-
tations in the cerebral association cortex. Three ques-
tions are central in the understanding of this process:
(1) Where are mnemonic representations coded and

how are they organized?

(2) Which neural processes create the representation?
(3) What is the mechanism underlying reactivation of
the representation on demand of voluntary recall?

1. Creating the mnemonic representation

Lesion studies in primates have implicated the IT
cortex in long-term memory storage of visual objects
[40]. Neuronal correlates of associative long-term
memory were first discovered in the IT cortex by
Miyashita [49, 50] and Sakai & Miyashita [45]. He
developed a novel memory paradigm that requires the
subject to create a link of associative memory
between mathematically designed pictures (for exam-
ples, see Fig.1). Their single-unit recording experi-
ments in thepair-association task identified two
mnemonic properties of IT neurons. First, the stimu-
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lus-selectivity of IT neurons can be acquired through
learning in adulthood. Second, the activity of IT neu-
rons can link the representations of temporally associ-
ated but geometrically unrelated stimuli.

2. Activating the representation in the temporal
cortex on demand

In spite of the classical clinical observation that
electric stimulation of the temporal lobe produces
‘experiential responses’, there have been no direct evi-
dence supporting the notion of ‘reactivation of neural
representations’ during memory retrieval. We first
reported a neuronal correlate of the reactivation
process as ‘pair-recall neurons’ [42, 45]. In our subse-
quent study [30], we devised a new modified pair-
associate task in which the necessity for memory
retrieval and its initiation time were controlled by a
colour switch, independent of the cue stimulus pres-
entation. Single-unit recordings in monkeys perform-
ing this task revealed that IT neurons selective to a
memorized object are dynamically activated at the
time of memory retrieval of that object, and sup-
pressed at the time of retrieval of other objects. Then,
it became important to determine the neural network
that drives the memory retrieval machinery in the IT
cortex.

Figure 1 : Paired associates. Each pictures was created accord-
ing to a fractal algorithm.
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Figure 2 : Which information is carried via top-down signals? (a) A stimulus-stimulus association task. Twenty cue-pictures are ran-
domly sorted into five categories. Each of the four cues in one category specifies a common choice. (b) Category-selective delay
activity of an inferior temporal neuron. Delay activities were raised for all cues in Category I, but not for any cues in Category V
(rastergrams, top-down condition). Choice responses are also strongest for Category I and weakest for Category V. Spike density
functions show averaged activities across four cues in Category I (thick) and in Category V (thin) for both conditions (top-down,
blue; bottom-up, black). (c) Spike density functions of the top-down response for five categories, as well as the choice responses,
shown by a pseudo-colour coding. Note that the category-selective delay activity can predict choice selection.

3. Top-down activation through fronto-temporal
pathway

A candidate component of the neural circuit is the
top-down activation from the prefrontal cortex. The
prefrontal cortex has been implicated in various exec-
utive processes, and its contribution to mnemonic
functions, particularly in episodic memory and work-
ing memory, is repeatedly demonstrated in human
neuroimaging studies. We attempted to directly test
its contribution to memory retrieval control by the
capacity for interhemispheric transfer of mnemonic
signal through the anterior corpus callosum, a key
structure interconnecting prefrontal cortices. We
introduced the posterior-split-brain paradigm into the
associative memory task in monkeys [23]. Long-term
memory acquired through stimulus-stimulus associa-
tion did not interhemispherically transfer via the
anterior corpus callosum. Nonetheless, when a visual
cue was presented to one hemisphere, the anterior
callosum could instruct the other hemisphere to
retrieve the correct stimulus specified by the
cue. Therefore, although visual long-term memory is
stored in the temporal cortex, memory retrieval is
under the executive control of the prefrontal cortex.

In spite of predictions based on these behavioural
experiments, no neuronal correlate of the top-down
signal from the prefrontal cortex to IT cortex had
been detected. We provided the first evidence of the
existence of the top-down signal [14] by conducting
single-unit recording in posterior-split-brain
monkeys. In the absence of bottom-up visual inputs,
single IT neurons were robustly activated by the top-
down signal, which conveyed information on seman-
tic categorization imposed by visual stimulus-stimulus
association (Fig. 2). We also demonstrated that the

top-down signal had a longer latency by about 100 ms
than the bottom-up signal. The longer latency is most
likely ascribed to a multi-synaptic conduction delay
that reflected the signal transformation within the
prefrontal cortices.

Current Research and Future Prospects

Most of our current research is focused on the third
question on the mechanisms of cognitive memory, that
is, (3) What is the mechanism underlying reactivation
of the representation on demand of voluntary recall?

Two complementary approaches are of interest in
answering the above question. First, neuroimaging
studies in humans can elucidate brain representations
and their interactions in high-level memory processes,
which have been conceptualized as retrieval attempt
or contextual monitoring. Second, the well-analyzed
neural representations in the monkey cortex should
be compared with those in the human cortex. The
comparison would provide strong evidence that cou-
ples active neural codes in the brain network with
conscious experiences.

An example of our recent achievements along the
first approach is the discovery of a neural correlate of
the “feeling-of-knowing” [1]. The “feeling-of-knowing
(FOK)" is a subjective sense of knowing a word before
recalling it, and it provides us clues to understanding
the mechanisms of human meta-memory systems.
We investigated neural correlates for the FOK based
on the recall-judgment-recognition paradigm. Event-
related functional magnetic resonance imaging (fMRI)
with parametric analysis was used. We found activa-
tions in the left dorsolateral, left anterior, bilateral
inferior, and medial prefrontal cortices that signifi-
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Figure 3 : Comparison of activated cortical areas in set-shifting of WCST in monkeys (left) and humans (right).

cantly increased as the FOK became greater.
Furthermore, we demonstrated that the FOK-region
in the right inferior frontal gyrus and a subset of the
FOK-region in the left inferior frontal gyrus are not
recruited for successful recall processes, suggesting
their particular role in meta-memory processing.

Along the second approach, we have recently
demonstrated that fMRI studies in macaque monkeys
allow us to directly compare the brain activity of
humans with that of monkeys with respect to high-
level cognitive functions [2]. In this study, the func-
tional brain organization of macaque monkeys and
humans was directly compared by fMRI. Subjects of
both species performed a modified Wisconsin Card
Sorting Test that required behavioural flexibility in
the form of cognitive set shifting. Equivalent visual
stimuli and task sequence were used for the two
species. We found transient activation related to cog-
nitive set shifting in focal regions of the prefrontal
cortex in both monkeys and humans. These function-
al homologs were located in cytoarchitectonically
equivalent regions in the posterior part of the ventro-
lateral prefrontal cortex. This comparative imaging
provides insights into the evolution of cognition in
primates.

Various neuroimaging studies have been carried
out to clarify cognitive functions of the human
brain. Because most neuroimaging studies rely on the
correlation between cognitive processes and brain
activations, conjunction with other complementary
methods, such as neuropsychological studies and
transcranial magnetic stimulation, should be promot-
ed to clarify the behavioural significance of observed
brain activities. Emerging fMRI of the monkey brain
enables us to directly compare the brain activity of
humans with that of monkeys using the same modali-
ty. Therefore the monkey fMRI will make it possible
to combine imaging studies with electrophysiology or
lesion studies, and will hopefully lead to the under-
standing of the causal relationship between activated
brain areas and cognitive functions. Since most of the
detailed knowledge of anatomy and function of the
cerebral cortex has come from studies in monkeys,
sharing the same method among the studies of mon-
keys and humans would advance the understanding
of the neural basis of human cognition.
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Department of Cellular and
Molecular Physiology

Outline and Research Objectives

Knowledge comes to man through the door of the senses (Heraclitus). Using multidisci-
plinary approaches including electrophysiology, optical imaging, molecular / cell biology, and
molecular genetics, we aim at better understanding of neuronal mechanisms for the sensory
perception of the external world and for the emotional state induced in the brain by the
sensory inputs. For this purpose we are currently analyzing the central nervous system for
olfaction, a sensory modality that has a strong influence to human emotion. Another major
research focus of this department is to understand cellular and molecular mechanisms for
contact-mediated interactions between neurons and immune cells that occur in pathological
and physiological conditions.

(e.g., telencephalin (TLCN), Yoshihara et al., Neuron,
1994; OCAM, Yoshihara et al., ]. Neurosci., 1997). We
Professor and Chair Kensaku Mori, Ph. D. (May 1999 ~)  are currently extending the analysis of the functional

Faculties and Students

Lecturer Masahiro Yamaguchi, M.D., Ph. D.  roles of these cell adhesion molecules using TLCN-
ASSOCIALE ..o, 2 deficient mice (in collaboration with Prof. Mishina)
Graduate student.................. 12 and OCAM-deficient mice. During the course of the
Research student..................... 1 analysis of TLCN, we unexpectedly found that the
RICT6 (11 o AN 1 binding between TLCN and its counterreceptor LFA-1
mediated the interaction between neurons and
Past Research and Major Accomplishments A Offactory  Cerebral  cerebellum

K. Mori and colleagues have been studying the

functional organization of the olfactory nervous sys-
tem for nearly 28 years. Major accomplishment of our
research group before 1999 includes (1) a systematic
functional and structural analysis of the neuronal cir-
cuits in the mammalian olfactory bulb, the first center
for the processing of olfactory information in the
brain, (2) the finding that individual principal neurons
in the olfactory bulb respond selectively to a range of
odorants having common molecular structures, and
(3) the finding of zone-to-zone axonal connectivity
pattern between olfactory sensory epithelium and the
olfactory bulb. After K. Mori's arrival at the
Department of Cellular and Molecular Physiology in
May 1999, we further extended our previous studies
and found a clue for understanding the spatial organi- B
zation of the ‘odor map' in the olfactory bulb (Fig.1; e.
g., Mori et al., Science, 1999, Uchida et al., Nature
Neurosci., 2000., Nagao et al., NeuroReport, 2000).
These studies as well as our novel molecular genetic
approaches (Yoshihara et al., Neuron 1999) formed a
basis for current and future studies on the ‘odor maps’
in the olfactory bulb and olfactory cortex (e.g., Inaki
et al., Eur. J. of Neurosci., 2002).

We previously found several novel neuronal cell
adhesion molecules and analyzed their functional
roles in the formation of neuronal circuit in the brain | Domains in the odor map of the olfactory bulbI
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immune cells (Mizuno et al., J. B. C., 1997; Tian et al.,
]. Cell Biol., 2000, Eur. J. Immunol., 2000, J. Immunol.,
1997). We thus developed a co-culture assay system to
examine the contact-mediated interactions between
neurons and immune cells.

Our group generated transgenic mice in which
newly generated neurons are visualized in the brain
by the green fluorescent protein (Yamaguchi et al.,
NeuroReport, 2000). Using the transgenic mice, we are
now studying the neurogenesis and neuron-elimina-
tion in the adult brain.

Current Research

Current research programs and targets can be cate-
gorized into the following four topics.

(1) Functional analysis of the neuronal circuits in
the central olfactory nervous system

An astonishing feature of the olfactory system is
its ability to distinguish among more than 400,000
different odorants and among countless number of
odorants-mixtures, each having specific ‘odor’. Using
optical imaging and electrophysiological methods, we
are studying the ‘odor maps’ in the central olfactory
system to understand the logic employed by the olfac-
tory system for discrimination among numerous odor-
ants and for perception and learning of the olfactory
image of objects. The target regions for the mapping
include the olfactory bulb and several regions of the
olfactory cortex (e.g., piriform cortex and olfactory
tubercle). In addition, odorants having pleasant or
unpleasant ‘odor’ are used to map the brain regions
and to elucidate neuronal mechanisms responsible for
the emotional states of the brain.

(2) Neurogenesis and neuron-elimination in the
adult brain

Olfactory nervous system has an unusual capacity
to generate neurons throughout life. The sensory neu-
rons in the nasal epithelium and the local interneu-
rons in the olfactory bulb are turning over continuous-
ly even in the adult. Therefore, we choose the olfacto-
ry system as a model system with which to study the
molecular and cellular mechanisms for the recruit-
ment of newly generated neurons into the adult cen-
tral nervous system and for the selective elimination
of damaged neurons from the functional neuronal cir-
cuit. Molecular-genetic and physiological methods are
combined to analyze the mechanisms of the neuron-
recruitment and neuron-elimination. The knowledge
of the new-neuron recruitment into the functioning
neuronal circuit should be of critical importance in the
remedy of neurological diseases that accompany neu-
ron loss.
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(3) Molecular and cellular mechanisms for the
axonal recognition of specific target neurons and
for the formation of specific neuronal circuits

During development, growing axons, including the
axons from olfactory sensory neurons, can find their
specific target neurons and form functional neuronal
circuits. Recent studies on olfactory sensory neurons
demonstrate a remarkable relationship between the
selection of a single odorant receptor gene among a
repertoire of 1000 and the address of the axon-projec-
tion target-glomeruli in the olfactory bulb. Such
knowledge on the detailed address of the axon targets
is currently available only in the olfactory system. We
apply proteomics approaches to the olfactory axon
address system to elucidate molecular mechanisms
for the olfactory axon guidance to the target glomeruli
and for the formation of specific synaptic connections
with target neurons in the olfactory bulb.

(4) Cellular and molecular mechanisms for the
contact-mediated interactions between neurons
and immune cells in physiological and pathologi-
cal conditions

Immune cells rarely meet central neurons in physi-
ological conditions because of the blood brain barrier.
However, a massive infiltration of immune cells into
the brain occurs under many pathological conditions,
suggesting that immune cells may directly interact
with central neurons. To understand the nature and
consequence of the direct interaction between
immune cells and neurons, we are examining the
change in neuronal morphology and physiological
state of primary cultured neurons following the co-
culture with immune cells. In addition, we are cur-
rently focusing on telencephalon-neuron specific
membrane protein, telencephalin (TLCN), which bind
to LFA-1 integrin expressed by leukocytes. Since the
soluble form of TLCN can be detected in the serum
and cerebrospinal fluid of patients of several neurolog-
ical diseases, we are developing a sensitive ELISA
assay system to detect the soluble TLCN for monitor-
ing the possible neuronal damage in the telencephalic
regions of the patient brain.

Future Prospects

We plan to further pursue the current research
projects that are described above.

Topic (1): In addition to the current studies, we
will start a new project aiming at the elucidation of
neuronal substrate for the olfactory memory. In the
future study an emphasis will be placed on the search
for the behaviorally-relevant olfactory sensory maps
(e.g., food-odor maps) at higher olfactory centers
including the olfactory cortex and amygdala of the



rodent brain. An emphasis will be placed also on the
search for the neuronal mechanisms associated with
odorant-induced emotional changes. These studies
will hopefully provide scientific basis for the thera-
peutic use of odorants and for the treatment of dis-
eases in the olfactory nervous system.

Topic (2): We pursue to understand molecular and
cellular mechanisms how the newly-generated neu-
rons are integrated into the existing neuronal circuit
and how the damaged-neurons are removed from the
circuit without damaging the function of the neuronal
circuit in the adult brain.

Topic (3): Based on our initial proteomic approach-
es, we now have the list of candidate molecules that
might be involved in the olfactory axon target recog-
nition. Systematic functional assays will be performed
to pin-down the molecular complexes that are respon-
sible for the proper recognition of the olfactory axon
targets. The knowledge of the molecular mechanism
for target recognition in the olfactory system will be
of prime importance in understanding the molecular
mechanism for the formation of the neuronal circuits
in whole brain regions.

Topic (4): Cellular and molecular analysis of the
contact-mediated interaction between immune cells
and neurons will be further pursued using the co-cul-
ture assay system. In addition, we will start a system-
atic analysis of immune cell-mediated effects in the
brain of the TLCN-deficient mice. Collaborative
research with clinical laboratories will be pursued to
establish the methods for detecting and measuring
serum TLCN for the diagnosis of possible damage of
telencephalic neurons in the brain.

Research Grants

1. Grant-in-Aid for Creative Scientific Research (JSPS)
(2001-2005, ~65 millions yen / year)

2. Grant-in-Aid for Scientific Research on Priority Areas
(B) (MEXT) (1999-2002, ~9.6 millions yen / year)

3. Research Grant from the Human Frontier Science
Program (1999-2001, 59000 USD / year)

4. Grant-in-Aid for Exploratory Research (MEXT)
(2001-2002, 1.3 millions yen / year)

5. Research Grant from Mitsubishi Foundation (2000,
7.5 millions yen)
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Department of
Neurophysiology

Outline and Research Objectives

Our laboratory was founded in 1953 as a Department of Brain Physiology in Institute for
Brain Research, University of Tokyo Faculty of Medicine, and in 1996 integrated into
University of Tokyo Graduate School of Medicine. We have been teaching Neurophysiology
to undergraduate students in Medical School, and Master and PhD course students. As for
research, using patch clamp techniques in combination with molecular techniques, we aim
at elucidating cellular and molecular mechanisms underlying synaptic transmission and
modulation. We are particularly interested in dynamic changes at CNS synapses during
postnatal development.

Synapses in the CNS play pivotal roles in neuronal integration and plasticity. During
ontogeny CNS synapses undergo protein reformations, thereby establishing mature and dif-
ferentiated synaptic functions. Synapses also undergo changes in response to electrical and
chemical stimuli. Various proteins in the presynaptic and postsynaptic cells are involved in
such changes, and it is important to determine the role of these proteins in synaptic func-
tions and modulations. To this end, we combine electrophysiological, molecular and mor-
phological techniques to synapses visually identified in the CNS slices. In the rodent audito-
ry brainstem there is a giant excitatory synapse called the calyx of Held. At this synapse it
is possible to make simultaneous whole-cell recordings from a presynaptic terminal and a
postsynaptic target cell (Fig. 1). Furthermore, various molecules can be loaded into a nerve
terminal via whole-cell pipette perfusion during the recording (Fig.2). The large structure of
this synapse also allows us to identify presynaptic proteins immunocytochemically, and
even to follow translocation of presynaptic molecules upon stimulation. With these
approaches in combination with genetic manipulations and protein overexpressions, we
aim at addressing the molecular basis underlying synaptic functions.

Fig. 1 Simultaneous pre- and postsynaptic whole

i "o cell recordings at the calyx of Held
é . & Bt e synapse. Inset rgcords on the left show a presynap-
tic action potential and excitatory postsynaptic
e : currents (EPSC). Righthand inset illustrates the

procedure of patch-clamp whole-cell recording
method.

Kajikawa et al. (2001) Proc. Natl Acad. Sci. US.A.
‘Takahashi et al. (2000) Science

I Physie
Takahashi et al. (1998) J. Neurosei.
Forsythe et al. (1998) Neuron
Takahashi et l. (1996) Science

(portusion) " (loading) Fig. 2 Illustration of pipette perfusion system. A

I i =]  tube pulled from Eppendorf yellow tip is inserted
into the patch pipette with its tip about 600 mm
p——— , from the tip of the patch pipette.
\ (to the ampilifier) syringe
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Past Research and Major Accomplishments

1. In simultaneous pre- and postsynaptic recordings
at the calyx of Held synapse, we identified the tar-
get of presynaptic inhibition via metabotropic glu-
tamate receptors and GABA, receptors as being
the voltage-dependent Ca* channel (Takahashi et
al., Science 1996, ] Neurosci,1998), and that By
subunits of the trimeric G protein Go mediate the
presynaptic inhibition (Kajikawa et al, 2001
PNAS).

2. We identified that phorbol ester stimulates exocy-
totic machinery downstream of Ca* influx thereby
causing synaptic facilitation. By loading inhibitory
peptides into the nerve terminal, we also clarified
that both ePKC (Fig. 4a) and the Munc13-Doc2a.
interaction (Fig. 4b) underlie the phorbol ester-
induced facilitatory mechanism (Hori et al., ]
Neurosci 1998; Saitoh et al, 2002).

3. We found that Ca** channel types mediating CNS
synaptic transmission switch during development
(Iwasaki et al, ] Neurosci 2000).

4. By loading G protein-related compounds into the
calyx of Held nerve terminal, we clarified that the
main role of presynaptic G proteins is to accelerate
the replenishment of synaptic vesicles depleted
after massive release (Takahashi et al. Science
2000).

5. We have demonstrated that the quantal analysis
established at the neuromuscular junction is appli-
cable to the CNS synapse (Sahara & Takahashi, ]
Physiol 2001).

6. We found that NMDA receptors are unfavorable
for the reliability of fast synaptic transmission,
and that their developmental decline regulated by
auditory activity at the calyx of Held synapse dif-
ferentiates the synapse into the high-fidelity one
(Futai et al., ] Neurosci 2001)
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Fig. 3 Presynaptic inhibitory effect of baclofen occludes that of
L-AP4, suggesting that GABA; and metabotropic glutamate
receptors share a common intracellular mechanism for presynap-
tic inhibition. Righthand illustration summarizes our current
conclusion. Adenosine A1 receptors also share the same mecha-
nism (Kimura and Takahashi, unpublished observeation).
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Fig. 4 Left column, Phorbol etser-induced EPSC potentiation is
attenuated by the PKC inhibitor BIS (A) or PKC inhibtitory pep-
tide directly loaded into the calyceal terminal (B). Right column,
The Mid peptide, which interferes with the Doc2a-Munc13-1
interaction attenuated the phorbol etser-induced EPSC potentiation.
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Fig. 5 Synaptic currents mediated by presynaptic N-type Ca**
channels at 5 different central synapses. At 3 synapses, contribu-
tion of N-type Ca** channels to synaptic transmission decline
and disappear with postnatal development, whereas at other 2
synapses it remained unchanged throughout development.

7. We found that presynaptic Ca* currents undergo
facilitation by repetitive stimulation (Forsythe et
al, 1998 Neuron) via acceleration of their gating
kinetics (Cuttle et al., 1998 J Physiol) and that this
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facilitation is mediated by the Ca* binding protein
NCS-1 (Tsujimoto et al, 2002 Science).

8. We found that cytoplasmic glutamate concentra-
tion in the nerve terminal directly affects the
vesicular content of glutamate and that postsynap-
tic AMPA and NMDA receptors are not saturated
by a single packet of vesicular transmitter
(Ishikawa et al, 2002 Neuron).
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Fig. 6 Postsynaptic action potentials in response to presynaptic
stimulation at 100 Hz at the developing calyx of Held synapse in
mice. As mice mature fidelity of transmission increases, where-
as blocking NMDA receptors using APV increases the fidelity at
all ages.
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Fig. 7 The NCS-1 C-terminal peptide, when loaded into the
calyx of Held presynaptic terminal, blocked the activity-depend-
ent facilitations of presynaptic P/Q-type Ca* currents in a paired
pulse protocol (A) and in a tetanic stimulation (100 Hz) protocol
(C). The peptide had no effect on the current voltage relation-
ship of presynaptic Ca*' currents.
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Fig. 8 Switching the L-glutamate concentration in the presynap-
tic whole-cell pipette from 1 mM to 100 mM markedly potenti-
ated both quantal (blue) and evoked (red) EPSCs at the calyx of
Held synapse at physiological temperature.

Current Research

1. Identification of presynaptic potassium channels
involved in regulation of transmitter release.

2. Clarification on the developmental changes in the
quantal synaptic responses.

3. Mechanism and roles of presynaptic adenosine
receptors.

4. Developmental changes in the size of presynaptic
Ca** domain.

5. Identification in the target protein downstream of
€PKC.

6. Clarification in the different properties between
presynaptic N-type and P/Q-type Ca* channels.

Future Prospects

1. To elucidate the minimal essential molecules
required for short-term and long-term synaptic
plasticity.

2. To clarify the molecular basis underlying the
developmental speeding in the excitatory synaptic
currents.

3. To clarify the presynaptic factor(s) determining
the release probability.

Research Grants (in the past 5 years)

1996-2000
Research for the Future Program by the Japan Society
of Promotion of Sciences “Molecular mechanisms of
central synaptic modulation underlying the memory
formation” ¥ 317,092,000

2001-2002
Grant-in-Aid for Specially promoted Research from
the Ministry of Education, Culture, Sports, Science
and Technology “Cellular and molecular mechanisms
underlying postnatal development and differentia-
tion of central synapses” ¥216,000,000
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Department of Cellular and
Molecular Pharmacology

Outline and Research Objectives

Our department was founded in 1885 as the first pharmacology department in Japan. It
has had a strong research background in the field of calcium (Ca*) signalling since Professor
Emeritus Setsuro Eabashi discovered in 1950's the regulatory role of intracellular Ca** con-
centration in muscle contraction. Since then the field of Ca** signalling research has expand-
ed extensively: the Ca* signal is now known as a molecular switch in a vast array of impor-
tant cell functions including muscle contraction, exocytosis, cell proliferation, immune
responses and regulation of synaptic functions. The present research group led by Professor
lino is interested in the general principle of the Ca* signalling mechanism and is particularly
interested in Ca* signalling in neurons and muscle cells at present. We have recently
expanded the scope of our research to various signaling molecules upstream and down-
stream of Ca* signals. A notable feature of our department is that we have had an assembly
of staff members with diverse backgrounds, e.g., cell physiology, molecular biology and neu-
robiology. We believe that the collaboration of these people will facilitate the elucidation of

the medical and biological significance of Ca* signalling and related subjects.

Faculties and Students

Masamitsu Iino, M.D., Ph.D.
(From April 1995)
Kenzo Hirose, M.D., Ph.D.

Professor

Associate Professor

Associate...........ocovvvvvereniinnnn... 2
Postdoctoral Fellows............... 3
Graduate Students................ 11
Research Students................... 3
Laboratory Staff.................... 3

Past Research and Major Accomplishments

Our research focuses on the regulation of Ca* sig-
nals. In particular, we have made important contribu-
tions to clarifying intracellular Ca*  release mecha-
nisms. Our research also includes signaling molecules
upstream and downstream of Ca* signals. Through
these works, we have clarified feedback mechanisms
that are essential to the generation of spatiotemporal
patterns of Ca* signals.

1) Functional properties of IP;R.

The receptor-mediated activation of phospholipase
C results in the production of inositol 1,4,5-trisphos-
phate (IP;), which then releases Ca* from the intracel-
lular Ca* store. This Ca? mobilization is a central
mechanism in the generation of Ca* signals for the
regulation of various cell functions. We showed for
the first time that the Ca* release via IP;R is activated
by submicromolar concentrations of Ca* (Fig. 1). We
also discovered an inhibitory role of Ca? at higher
concentrations. Thus, IP;R activity is biphasically

dependent on cytosolic Ca* concentration with the
maximum level of activation obtained at 0.3 uM (J.
Gen. Physiol, 1990). We also showed that the effects
of Ca* on IP;R activity have no notable delay in exper-
iments using both caged IP; and caged Ca* (Nature,
1992). These results suggest the presence of a positive
feedback loop in IP;R-mediated Ca* release. Such a
positive feedback loop is expected to have a major
effect on Ca* release kinetics via IP;R (Nature, 1994b).
This notion, which is very popular in the field of Ca*
signalling, now has a strong molecular basis as shown
below.

We then studied the structure-function relation-
ship of IP;R. IP;R consists of three subtypes (IP;R1,
IP,R2 and IP;R3), that are encoded by different genes
and are expressed in a tissue- and development-spe-
cific manner. In collaboration with Prof. Kurosaki of
Kansai Medical University, we genetically engineered
DT40 B cells to express only one IP;R subtype and
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Figure 1. IP; and Ca*" dependence of IP;R activity. Both IP; and
Ca?" are required in the activation of IP;R.
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showed that each IP;R subtype has distinct properties
(EMBO J., 1999). For example, the order of IP; sensi-
tivity is IP;R2 > IP,R1 >I P,R3. Furthermore, we suc-
ceeded in mapping the Ca* sensor region of IP,R1 at
glutamate 2100 (Fig. 2) (EMBO J., 2001). Substitution
of this amino acid by aspartate (E2100D) resulted in a
10-fold decrease in the Ca* sensitivity of IP,R1. When
we expressed the E2100D mutant IP;R in DT40 cells,
the rates of increase of Ca* concentration and Ca*
oscillations during an agonist-induced response were
significantly reduced compared with cells expressing
wild-type IP;R1 (Fig. 3). These results demonstrate
that the Ca*-mediated feedback regulation of IP;R
activity is extremely important for the generation of
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Figure 2. Ca* sensor of IP;R. Glutamate (E) at position 2100
functions as the Ca** sensor of IP;R.
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Figure 3. Ca* signalling in cells expressing mutant (E2100D)
IP;R with reduced Ca** sensitivity. BCR-mediated Ca** oscilla-
tion was abolished in cells expressing the mutant [P;R.
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Figure 4. Positive feedback regulation of IP3R via the Ca** sen-
sor. Ca**-sensor-mediated positive feedback regulation of Ca*
release via IP3R is essential for the spatio-temporal pattern gen-
eration of agonist-stimulated Ca®" release.
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spatiotemporal patterns of Ca* signals (Fig. 4).

2) Ca** imaging using intact tissues.

In order to fully understand the physiological func-
tions of Ca*-mediated cell signalling mechanisms, it is
important to study Ca* signalling in cells that com-
municate with each other within intact tissues. With
this notion in mind, we performed Ca* imaging
experiments using intact vascular tissues. This
method successfully revealed that vascular smooth
muscle cells respond to sympathetic nerve stimuli
with Ca*> waves and oscillations (EMBO J., 1994). To
our surprise, resting arterial smooth muscle cells were
not quiescent in terms of Ca* signals. We discovered
spontaneous Ca* transients in unstimulated vascular
smooth muscle cells (J. Physiol, 1999). These Ca*
transients are called “Ca* ripples” because their peak
amplitudes were much smaller than those of sympa-
thetic nerve-stimulated Ca* responses. Ca* ripples
contribute to some extent to the resting tonus of the
vascular wall. Other physiological functions await fur-
ther clarification.

We have now extended the application of the tis-
sue imaging method to intestinal tissues, and have for
the first time succeeded in simultaneous imaging of
Ca* signals in smooth muscle cells and interstitial
cells of Cajal, which are the putative intestinal pace-
maker cells (J. Physiol, 2002). This method may help
us elucidate the rhythm-making mechanism in intes-
tinal tissues.

3) Excitation-contraction coupling and malignant
hyperthermia.

In skeletal muscle cells depolarization of the plas-
ma membrane induces Ca* release via the Ca* release
channel (ryanodine receptor, RyR) on the adjacent sar-
coplasmic reticulum. This process is called excitation-
contraction (EC) coupling and has been studied using
various methods. We have made several important
contributions to clarifying the molecular basis of E-C
coupling. There are three subtypes of RyR (RyR1,
RyR2 and RyR3) encoded by different genes. First, we
showed that RyR1 is critically important for EC cou-
pling (Nature, 1994a). Second, we showed that RyR1
but not RyR2 or RyR3 supports the skeletal muscle EC
coupling (EMBO J., 1996). Third, a stretch of about
100 amino acids (D2 region), which is ~1,300 amino
acids removed from the N terminus of RyR1, is impor-
tant for EC coupling (J. Biol. Chem., 1997). These
results provided a framework for the molecular eluci-
dation of EC coupling.

In relation to this subject, we have identified one
of the genetic causes of malignant hyperthermia, a
complication of general anesthesia with a life-threat-
ening fever, resulting from an abnormality in the
skeletal muscle calcium release channel, RyR1. We



identified a point mutation (L4838V) that is responsi-
ble for the gain-of-function mutation of RyR1 in
malignant hyperthermia patients with marked clinical
symptoms (Jpn. J. Pharmacol., 2002).

We also discovered junctophilin, a protein that is
responsible for the junction formation between the
plasma membrane and the sarcoplasmic reticulum
membrane (Mol Cell, 2000).

4) IP; imaging and discovery of a new IP; signalling
mechanism.

We have succeeded in visualizing the changes in
intracellular IP; concentration using the translocation
of the GFP-tagged PH domain of PLC-861 (GFP-PHD)
(Science, 1999). Using this method, we showed for the
first time the dynamic changes in the intracellular IP;
concentration (IP; oscillations and waves) (Fig. 5).
These results show that the IP; dynamics is an impor-
tant factor for the generation of dynamic spatiotempo-
ral patterns of Ca* signals. Furthermore, we applied
this method to measuring the changes in IP, concen-
tration in cerebellar Purkinje cells and found a novel
Ca*-mediated IP; signalling pathway that leads to IP;
production following climbing fiber inputs into
Purkinje cells (Neuron, 2001) (Fig. 6).

Current Research

Based on the results of our studies of Ca* sig-
nalling, we recognize the importance of the spatiotem-
poral distribution of signalling molecules in defining
cell signals. Thus, global Ca?* waves and oscillations in
smooth muscle cells result in contraction of the cells,
while localized, transient rises at subplasmalemmal
regions (Ca* sparks) result in relaxation of the cells.
We, therefore, believe that it is extremely important
to visualize the spatiotemporal distribution of sig-
nalling molecules within intact cells. To that end, we
are currently engaged in the development of indica-
tors of important signalling molecules (see below).
Two types of excitable cells, neurons of the central
nervous system and smooth muscle cells, are our cur-
rent target cells. In particular, neurons have distinct
cell polarity, therefore the spatiotemporal distribution
of signalling molecules should be of great importance
for the functions of neurons.

1) Development of novel signal indicators.

We are currently involved in the development of
new genetically coded indicators of various important
cell signals including nitric oxide (NO), protein phos-
phorylation and a Ca*-dependent transcription factor.
Some of the indicators are now being expressed in
cells for analysis, and others are now close to applica-
tion to cells.

2) Ca* signalling in Purkinje cells and synaptic
plasticity.

Ca* and IP; dynamics in Purkinje cells are now
studied in Purkinje cells in conjunction with the
molecular basis of synaptic plasticity. We use both
confocal and two-photon excitation microscopies to
observe signals in individual dendrites.

3) Molecular approaches to the study of IP;R-
mediated Ca* signalling.

We have identified the Ca* sensor region of IP;R
and showed that a mutation at this site resulted in
the inhibition of Ca* signals. We are introducing this
mutation to various cells to inhibit Ca* signals.
Through this approach it will be possible to clarify the
roles of Ca* signals in various cells.

Future Prospects

1) Elucidation of the relationship between Ca*
signalling and cell functions.

Intracellular Ca* signals exhibit extremely dynam-
ic changes both temporally and spatially. Such proper-
ty allows the Ca* signal to be an extremely versatile
switch regulating diverse cell functions; from trans-
mitter release in neurons to cell proliferation, and
from muscle contraction to apoptosis. The role of Ca*
signals in skeletal muscle contraction has been thor-
oughly clarified. However, there are still many cell
functions in which Ca? signals are thought to play
important regulatory roles, but their mechanisms
remain elusive. We would like to elucidate the rela-
tionship between the Ca* signalling mechanism and
the regulation of cell functions in all such frontiers.

2) Visualization and analysis of molecular events
at synapses during synaptic plasticity.

Among many cell functions, we are particularly
interested in those of neurons, which have such a
unique cell polarity and provide an excellent platform
for spatiotemporal cell signalling. We are interested in
cell signals upstream and downstream of the Ca* sig-
nals. Combining new signal indicators and imaging
methods, we wish to visualize the spatiotemporal dis-
tribution of cell signals in order to elucidate molecular
events at the synapses during synaptic plasticity that
underlies learning and memory.

Research Grants

1. Core Research for Evolutional Science and
Technology (CREST) from Japan Science and
Technology Cooperation “Calcium Signalling
Research with Advancement of Imaging and
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Molecular Genetic Methods" (Years 1996-2000)
¥676,312,000.

Grant-in-Aid for Scientific Research (Specially
Promoted Research) from the Minisitry of Education,
Science, Sports and Culture. “Visualization of
Intracellular Signal Flow” (Years 2000-2004)
¥430,000,000.
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Past Research and Major Accomplishments

The NMDA subtype of GluR is unique in function-
al properties among many neurotransmitter receptors
and ion channels mediating neural signaling in the
brain. The NMDA receptor channel is gated both by
ligands and by voltage, and is highly permeable to
Ca2*. These characteristics of the NMDA receptor
directly relate to its important physiological roles in
synaptic plasticity as a molecular coincidence detec-
tor. Some forms of long-term potentiation (LTP) and
long-term depression (LTD), which are thought to
underlie learning and memory, are critically depend-
ent on the NMDA receptor channel.

Molecular characterization of the NMDA receptor

We elucidated the molecular diversity of the
NMDA receptor by molecular cloning. Highly active
NMDA receptor channel was formed in vitro by co-
expression of two members of GluR subunit families,
that is, the GluRe (NR2) and GIuR{ (NR1). There are
four members in the € subunit family, whereas only
one member is known in the GluR{ subunit family
except for the splice variants. All of the NMDA recep-
tor channel subunits possess asparagine in segment
M2. Replacement by glutamine of the asparagine in
segment M2 of the GluRe2 and GluR(1 strongly
reduced the sensitivity to Mg* block of the NMDA
receptor channel. Since there is strong evidence that
Mg* produces a voltage-dependent block of the chan-
nel by binding a site deep within the ionophore, these
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results are consistent with the view that segment M2
constitutes the ion channel pore of the NMDA recep-
tor channel.

At the embryonic stages, the GluRe2 (NR2B) sub-
unit mRNA is expressed in the entire brain, and the
GluRe4 (NR2D) subunit mRNA in the diencephalon
and the brainstem. After birth, the GluRel (NR2A)
subunit mRNA appears in the entire brain, and the
GluRe3 (NR2C) subunit mRNA mainly in the cerebel-
lum. The expression of the GluRe2 subunit mRNA
becomes restricted to the forebrain, and that of the
GluRe4 subunit mRNA is strongly reduced. The
GluR{1 subunit mRNA is found ubiquitously in the
brain during development. The four GluRe subunits
are also distinct in functional properties and regula-
tion. Thus, multiple GluRe subunits are major deter-
minants of the NMDA receptor channel diversity, and
the molecular compositions and functional properties
of NMDA receptor channels are different depending
on the brain regions and developmental stages. These
findings raise an important question whether the
molecular diversity underlies the various physiological
roles of the NMDA receptor channel.

Physiological roles of multiple NMDA receptor
subtypes

To examine the functional roles in vivo of the
diverse NMDA receptor subtypes, we generated
mutant mice defective in respective GluRe subunits by
gene targeting. Disruption of the GluRel gene results
in reduction of hippocampal LTP and impairment of
Morris water maze learning. In GluRel mutant mice,
thresholds for both hippocampal LTP and contextual
learning increased. The ablation of the GluRe2 sub-
unit also impaired synaptic plasticity in the hippocam-
pus. The reduction of GluRel and GluRe2 affected the
plasticity of the hippocampal CA3 region in a synapse-
specific manner. These results indicate that the
NMDA receptor GluRel and GluRe2 subtypes play a
key role in synaptic plasticity, learning and memory.

GluRe2 mutant mice died shortly after birth and
failed to form the whisker-related neural pattern (bar-



relettes) in the brainstem trigeminal complex. In con-
trast, the barrelette formation was normal in GluRe4
mutant mice. These results show the involvement of
the GluRe2 subunit in the refinement of the synapse
formation of periphery-related neural patterns in the
mammalian brain. Heterozygous mutant mice with
reduced GluRe2 subunit of the NMDA receptor
showed strongly enhanced startle responses to
acoustic stimuli. On the other hand, heterozygous and
homozygous mutation of the other NMDA receptor
GluRe subunits exerted little or only small effects on
acoustic startle responses. Thus, the NMDA receptor
GluRe2 plays a role in the regulation of the startle
reflex. GluRe4 mutant mice exhibited reduced sponta-
neous activity, while GluRe3 mutant mice showed lit-
tle obvious deficit. GluRel and GluRe4 differentially
contributed to pain modulation.

Discovery and functional roles of GIuR62 in the
cerebellum

The wealth of knowledge on the neural circuits in
the cerebellum makes the cerebellum an ideal system
to study the molecular mechanism of brain function.
By molecular cloning, we found a novel GluR subfami-
ly named GIuRd. GluRd2 was selectively localized in
cerebellar Purkinje cells. Furthermore, its intracellular
localization was restricted to the parallel fiber-
Purkinje cell synapses. The carboxyl terminus of
GluRo2 interacted with delphilin containing a single
PDZ domain, formin homology (FH) domains and a
coiled-coil structure. Analyses of GluR62 mutant mice
revealed that the GluRd2 subunit was essential in
motor coordination and cerebellar LTD and in refine-
ment and maintenance of Purkinje cell synapses.

We investigated eyeblink conditioning in GluR62
mutant mice to elucidate its cerebellar cortical neural
mechanism, with reference to the temporal relation-
ship of conditioned and unconditioned stimuli. In the
delay paradigm, in which a tone (CS) overlapped tem-
porally with a periorbital shock (US), GluR42 mutant
mice exhibited a severe impairment in learning.
However, in the trace paradigm in which a stimulus-
free trace interval up to 500 ms intervened between
the CS and US, GluRd2 mutant mice learned as suc-
cessfully as the wild-type mice even with 0 ms-trace
interval. We then examined the delay and trace eye-
blink conditioning in NMDA receptor GluRe1l mutant
mice. In delay conditioning, GluRel mutant mice
attained a normal level of the conditioned response
(CR), although acquisition was a little slower than in
wild-type mice. In contrast, GluRel mutant mice
exhibited severe impairment of the attained level of
the CR and disturbed temporal pattern of CR expres-
sion in trace conditioning with a longer trace interval
of 500 ms. These results suggest that neural sub-
strates underlying eyeblink conditioning are different

depending on the temporal overlap of the conditioned
and unconditioned stimuli.

Current Research

These studies show that GluRs play key roles in
memory acquisition and neural pattern formation.
The memory signaling in the adult brain may share
the common molecular mechanism with the activity-
dependent synapse refinement during neural develop-
ment. To further investigate the molecular basis of
higher brain function, we are developing the condi-
tional gene targeting in the C57BL/6 mouse genetic
background and the molecular genetics of zebrafish.

Conditional gene targeting in C57BL/6 genetic
background

We developed an efficient homologous recombina-
tion system using ES cells derived from C57BL/6
strain. For a cell type-specific and temporal regulation
of gene targeting in the brain, we have generated
mouse lines that express Cre recombinase-proges-
terone receptor fusion (CrePR) gene specifically cere-
bellar granule cells, cerebellar Purkinje cells, hip-
pocampal CA3 pyramidal neurons and striatal spiny
neurons. Crossing of target mice first with FLP mice
to remove the neo selection marker gene and then
with Cre mice has yielded mutant mice lacking GluR
genes in specific neurons.

Molecular genetics of zebrafish

Elucidation of how the neural network is formed
and modulated is essential to understand how the
brain is functioning. The retinotectal projection and
olfactory systems in transparent zebrafish are suitable
to analyze synapse formation in vivo. We are develop-
ing a novel strategy that visualizes and manipulates
developing neurons in vivo.

Future Prospects

Combination of molecular genetic approaches in
mice and zebrafish will facilitate our understanding of
the mechanism of higher brain function at the molec-
ular, cellular and neural network levels.
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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
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Priority Area (C) from the Ministry of Education,
Science, Sports and Culture of Japan. “ Establishment
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Priority Area (C) from the Ministry of Education,
Culture, Sports, Science and Technology of Japan. *
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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

2. FLK1

@MACS . +VEGF

TGF- [5

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

3. SMC

Brown: SMaA
Blue: PECAM1

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

1. 1998 : Grant-in-Aid from the Ministry of Health and
Welfare of Japan (H-9-AIDS-002) “Studies on HIV
Infection” ¥216,400,000

2. Grant-in-Aid from the Ministry of Health and
Welfare of Japan “Studies on Epidemiology of HIV”
¥500,000

3. Grant-in-Aid for International Medical
Cooperation“Studies on International Medical
Cooperation against HIV Pandemic” ¥22,000,000

4. Grant-in-Aid from the Organization for
Pharmaceutical Safety and Research“Epidemiological
and Clinical Studies on Complications of HIV
Infections” ¥90,000,000

5. 1999 : Grant-in-Aid from the Ministry of Health and
Welfare of Japan (H-9-AIDS-002) “Studies on HIV
Infection” ¥216,426,000

6. Grant-in-Aid from the Ministry of Health and
Welfare of Japan “Studies on Epidemiology of HIV”
¥500,000

7. Grant-in-Aid from the Organization for
Pharmaceutical Safety and Research

Epidemiological and Clinical Studies on
Complications of HIV Infections” ¥90,000,000
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2001 : Grant-in-Aid from the Ministry of Health,
Labor and Welfare of Japan (H-12-AIDS-004)
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Labor and Welfare of Japan (H-12-AIDS-004)
“Studies on the Management of Complication in
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Grant-in-Aid from the Ministry of Foreign Affairs of
Japan, US-Japan Cooperative Medical Science
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Grant-in-Aid from the Ministry of Health, Labor and
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the Trends of HIV/AIDS in Japan and Its
Intervention” ¥500,000
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Past Research and Major Accomplishments

T. Taniguchi, Professor and Chairman of this

Department of
Immunology

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.

plex formation between E. coli ribosomes and bacte-
riophage Qb RNA), and returned to work at The
Cancer Institute, Japanese Foundation for Cancer
Research in Tokyo, wherein the molecular characteri-

Tadatsugu Taniguchi, Ph.D. (1995~)
Akinori Takaoka, M.D., Ph.D. (2000~)

................ 2 zation of soluble mediators of the immune response,
................ 4 now collectively termed cytokines, was initiated. In
.............. 12 fact, we initially identified and characterized the
................ 1 genes encoding IFN-f and IL-2, and established the
................ 2 production of cytokines by recombinant DNA tech-
................ 2 nology (Refs 1-6). The subsequent characterizations

of the promoters of these genes, performed at the
institute, were further extended after we moved to
the Institute for Molecular and Cellular Biology of
Osaka University, and we identified distinct regulato-

Department, obtained his Ph. D. at the University of
Zurich in 1978 (Title of doctoral dissertation: RNA-
RNA interactions in the process of 70S initiation com-
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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).
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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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Yusuke Inoue MD (nuclear medicine 1999-) (IMS)
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Postdoctoral Fellow ................ 1
Graduate Students................ 14
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Past Research and Major Accomplishments

Diagnostic Radiology

1. Visualization of cerebral arteries by contrast-
enhanced CT and MRI with special attention to sepa-
rate between the lumen and the wall. (select publica-
tions 1-7,12)

We have revealed that dynamic contrast enhanced
CT and MRI can be used to visualize vascular lumen
as well as its wall.

We developed 3D-CT angiography for cerebral
arteries to visualize lumen of the arteries and
aneurysms. We developed a new MR angiographic
technique, named “MRDSA” which can show the
hemodynamics with a frame rate of subsecond. We
also established the technique to see the wall of the
intracranial arteries, using contrast-enhanced MR
with suppression of the luminal signal by presatura-
tion pulse. We used this technique to see the irradiat-
ed intracranial arterial wall, which sometimes show
marked enhancement. We then established the way
to see the dynamic contrast changes of the wall itself.

In addition to diagnosis, we performed fundamen-
tal studies of MR-guided intravascular procedures.



2. Temporal Changes of the Apparent Diffusion
Coefficients (ADCs) of Water and Metabolites in Rats
with Hemispheric Infarction. (select publication 15)
The purpose was to clarify the temporal changes of
ADCs of cerebral metabolites during early focal ischemia.
in order to assess the pathophysiology of the reduction
in diffusion properties observed both in the ischemic
hemisphere and in the contralateral hemisphere.

3. Fully-Automated Segmentation of Colonic Walls
and Pulmonary Vessels (select publications 19-20)

We developed new segmentation methods, which
are applicable in both visualization of the colon and
computer-aided diagnosis in the detection of polyps in
CT colonoscopy. A new method for automated seg-
mentation of the pulmonary vascular tree in spiral CT
angiography was developed based on 3D image analy-
sis techniques and anatomic knowledge. The results
are able to be applied in detection of pulmonary
embolism by limiting search area of thrombi.

4. Radiologic —pathologic correlation of various dis-
eases (select publications 8-1116.18.21-20)

In the study the images with high spatial and con-
trast resolution are compared with the pathologic
findings and this kind of information is helpful for
differential diagnosis of diseases. This approach has
been successful in the field of the CNS, liver, and
ovaries.

5. New virtual CT endoscopy software

To overcome some of the disadvantages of virtual
endoscopy, new software called computed sectional
probe (CSP) method has been developed. This soft-
ware can be applied to the diagnosis of the gastroin-
testinal tract and tracheobronchial tree with improved
detectability and more accurate tumor staging.

Radiation Oncology
1. Development of a comprehensive system for pre-
cise radiation therapy (select publications 27.30.)

A total system for radiation therapy composed of a
linear accelerator unit with a microcomputer-con-
trolled multileaf collimator and a CT scanner installed
in the same treatment room was developed 17 years
ago. It was a prototype system of the widely prevail-
ing high precision radiotherapy system.

2. Megavoltage CT scanning with a medical accelera-
tor (select publication 29 32)

Megavoltage CT scanner using 4 MV and 6 MV
radiotherapy beam was developed. A detector system
is composed of 120 pairs of Cadmium Tungstate scintil-
lators. Although spatial resolution is limited, this sys-
tem has been used to verify positioning errors and

beam placement in the high precision radiation thera-
py-

Nuclear Medicine
1. Brain activation studies by positron emission
tomography (PET) (select publications 39.40)

We investigated the following issues; (I) repro-
ducibility of regional cerebral blood flow of resting
state measured by H2O-PET;(II) effect of physiological
stimulation on cerebral blood flow;(I1I) identification
of activation areas on anatomical structures. Our data
suggest that relative rCBF images and their paired
subtraction are more suitable for tapping functional
localization. The changes of rCBF in association cortex
for more complicated tasks are, in general, smaller
than those in primary cortex. PET images were taken
in two different conditions: blindfolded resting state
and anti-saccade. We applied these activation tech-
niques using H20 and PET to exploring motor func-
tion and language processing of Japanese language.
We investigated functional neuroanatomy of chewing.

We investigated Japanese language processing in
the brain using H20-PET. The results suggested that
Kanji and Kana are processed differently.

2. Evaluation of the prognostic value of FDG-PET for
rectal cancer (select publications 41)

We compared several variations of a semi-quantifi-
cation method, the Standardized Uptake Values (SUV)
and to determine the most appropriate parameter for
the prognostic prediction and to propose the quantita-
tive guideline of the FDG-PET. SUV2 was considered
to be a good prognostic indicator for long-term prog-
nosis of rectal cancer patients.

Current Research

Diagnostic Radiology

1. Evaluation and treatment of cerebrovascular dis-
eases with multimodality (CT, MR, US, angiography);
especially with X-ray angio-open MR system.

2. MR Diffusion Tensor Analysis and Visualization
(select publications 13.14)

A new display method for tractography in diffu-
sion tensor imaging was developed. Local reliability of
diffusion tracking is evaluated based on anisotropy,
and paths of tracking are displayed in colors and
opacity according to tracking reliability. By using sev-
eral clinical data sets of volunteers and patients, the
method was validated.
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3. Further clinical application of 3D data acquired by
Multidetector low CT (MDCT).

3-1. 3D display of secondary lobules of the lung

MDCT can generate contiguous thin section
(1.25mm) CT images of the lung at every 0.6mm
under single-breath holding. 3-D data of lung
parenchyma is abstracted and erosion of several pix-
els from the lung surface can be accomplished. The
structure of the secondary pulmonary lobule is clearly
seen. This information will be helpful to analyze dif-
fuse lung diseases.

3-2. 3D display of the surface of the liver

Using multi-phase dynamic study of the liver,
characteristics of enhancement in each pixel can be
abstracted. If the characteristics of enhancement of
the liver parenchyma are set on the time-density
curve, pixels showing similar enhancement pattern
will be differentiated automatically on computer. This
will be utilized to define the area of the liver
parenchyma and eventually the data of the area will
show the appearance of the liver surface three-dimen-
sionally. The appearance will be almost the same as
the liver is observed by laparoscopy or at surgery.
This computer-aided automatic process will be useful
the overall evaluation of changes of the liver shape
and its deformity (atrophy and hypertrophy).

Radiation Oncology
1. Molecular analysis on reproductive tissue (select
publications 34.35.38)

Radiation damage and recovery from ionizing radi-
ation are being investigated from the molecular view-
point.

2. Development of a C-arm mounted accelerator and
of Dynamic Conical Conformal Radiation therapy
(Dyconic CRT)

A C-arm mounted accelerator was developed. The
linac head was designed to move along the C-arm
with a maximum angle of 60 degrees (from a vertical
position toward the gantry). Simultaneous rotation of
the gantry creates a dynamic conical irradiation tech-
nique. Dyconic CRT was developed by combining the
technique with continuous motion of multi-leaf colli-
mator (M