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Introduction

This is the report of the University of Tokyo’s Faculty of Medicine and Graduate School of Medicine for
the years 2008. Here we document each department’s research and education activities.

The University of Tokyo has a historically unique role as the leading force in medicine within Japan. It
is only natural to expect that we well also be in the forefront of medicine worldwide. We take it as our
mission to be an internationally recognized source of important research results, and a center for training
outstanding medical scientists and clinicians.

In the 20th century, medicine was dominated by the West, but we are confident that in the 21st century
much greater contributions will come from Asia. In that context the role of Japan, and in particular that of
the Graduate School of Medicine at the University of Tokyo, will become even more important. Always
conscious of our mission, we should continue pursuing our educational and scientific interests
enthusiastically.

As we create the future, let us strive to achieve the best in medical research and teaching, and to provide
the best possible clinical care.

Takao Shimizu

Dean, Faculty of medicine and Graduate School of Medicine
The University of Tokyo

March, 2009
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History

82 practitioners trained in Dutch (European) medicine in Edo (Tokyo) laid out money and
established at Kanda Mitamagaike Vaccination station called the Shutojyo (vaccination center).
The Shutojyo burned by a fire which emerged from Kanda Aioicho, continued its operationat
othersites such as a residence of Ito Genboku.

The Shutojyo was moved to and reconstructed at Shitaya Izumibashi Dohri.

TheShutojyo became an official medical institution of the Shogunate Government.

The Shutojyo was renamed as Seiyo Igaku-syo (Institute of Western Medicine) and offered
courses ofWestern medicine in the fields of education, autopsy, and vaccination.

The Seiyo lgaku-sho was renamed as Igaku-sho (Institute of Medicine).

The Igaku-sho, affiliated with the Military hospital which was moved from Yokohama to Todo
residence in Shitaya, was renamed as Daibyoin (the Great Hospital).

The Daibyoin renamed as Igakko-ken-byoin (Medical School and Hospital).

Igakko-ken-byoin was renamed as Daigaku-Higashiko (University East Building).

Ministry of Education was established and Daigaku-Higashiko was renamed as Higashiko
(EastBuilding).

School System was established, renaming Higashiko as Daiichi-daigaku-ku-igakko
(ThelstUniversity District Medical School).

Daiichi-daigaku-ku-igakko was renamed as Tokyo-igakko (Tokyo Medical School).
Tokyo-Igakko was moved to Hongo.

Tokyo-lgakko, affiliated with Tokyo-Kaisei School, renamed as The University of Tokyo.Tokyo
Medical School was renamed as The University of Tokyo Faculty of Medicine.

The University of Tokyo was renamed as Imperial University, and University of Tokyo Faculty
ofMedicine renamed as Imperial University Medical college. Graduate School was established.
The Imperial University was renamed as Tokyo Imperial University.

Eiraku Hospital affiliated with Ministry of Education Medical Practice License Examination,
moved to Tokyo Imperial University and renamed as Koishikawa hospital affiliated to Tokyo
Imperial University Medical College.

Faculty system was established renaming Medical College as Faculty of Medicine.

The first building of the Faculty of Medicine was constructed.

Brain research office donated by Mr. Horikoshi Hisasaburo.

The second building of the Faculty of Medicine (main building) was constructed.

Tokyo Imperial University renamed as The University of Tokyo.

Institute of Nursing renamed as University Nursing School.

School of Health Care and Nursing founded.

Graduate School of the new system founded, Division of Biological Science Dr. Med.of
Medicine.

Midwives School established.
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Division of Pharmaceutical Sciences became independent Faculty.

Celebrated centennial of The University of Tokyo Faculty of Medicine.

Medical Library was built in memorial of the centenary.

Institute of Medical Electronics established.

Research Institute of Logopedics and Poniatrics was established.

School of Health Care and Nursing reorganized as the School of Health Sciences.

Graduate School of The University of Tokyo Reorganized and Division of Biological Science.
Dr.Med. Science course became Medical Science Division.

Health Science Course was established in Medical Science Division.

The third building of Faculty of Medicine was constructed.

Laboratory for Animal Experiments was established.

Animal Center for Biomedical Research was constructed.

Annex of the third building of the Faculty of Medicine was constructed.

Medical and International Academic Affairs established.

Graduate School specialized course was changed to major.

School of Health Sciences became The School of Health Science and Nursing.

School of International Health was established in Medical Science Division.

Radiation Research Institute was established.

As the result of the shift to the chair system of the Graduate School of Medicine, four divisions
were abolished, Third Basic Medicine, Social Medicine, Third Clinical Medicine and Fourth
Clinical Medicine. Instead, four divisions were established, Pathology, Immunology and
Microbiology, Social Medicine, Reproductive, Developmental and Aging Science and Surgery.
As the result of the shift to the chair system of the Graduate School of Medicine, three divisions
were abolished, First Clinical Medicine, Health Science and International Health. Instead, three
divisions were established, Internal Medicine, Health Science and Nursing and International
Health.

As the result of the shift to the chair system of the Graduate School of Medicine, three divisions
were abolished, First Basic Medicine, Second Basic Medicine and Second Clinical Medicine.
Instead four divisions were established. Molecular Cell Biology, Functional Biology, Radiology
and Biomedical Engineering and Neuroscience.

As the result of above mentioned reorganization, three institutes were abolished, Institute of
Brain Research, Institute of Medical Electronics and Institute of Logopedics and Phoniatrics.
Master Course of Medical Science was established in Graduate School of Medicine.

This course accepts graduates of all faculties except those from Schools of Medicine, Dentistry,
and Veterinary Medicine.

The International Research Center for Medical Education was established.

(The shared facility for education and research)

University Branch Hospital was united to University Hospital.

The Center for Disease Biology and Integrative Medicine was established.
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2004 Apr. All the National Universities owned by the Japanese Government becameNational University
Corporations, and the University of Tokyo was renamed the University of Tokyo National

University Corporation.
2007 Apr. The School of Public Health was establishrd. Thes school offers programs for Master public

Health.
2008 May. The University of Tokyo Faculty of Medicine and the University of Tokyo Hospital celebrated

their 150th anniversary.
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Teaching activities

Our teaching responsibility is following.
l.
1) Lecture on Cell Bilogy, Developmental Biology,
Histology and Neurocytology.
2) Lecture on Gross Anatomy and Neuroanatomy. to
medical students and students of other faculties
.
1) Laboratory course of Gross Anatomy and Neu-
roanatomy.
2) Laboratory course of Histology and Histology of
the Cenrtral Nervous System.
to medical students and students of other faculties.
In addition we offer a special training course (free
quarter) of various kinds of molecular cell biology
techniques such as immunocytochemistry, electron
microscopy, biochemistry, molecular biology, bio-
physics, and cellular and molecular neurobiology
technique to medical students.

Research activities

Our research field covers the molecular cell biology
of the cytoskeleton. We focus on the molecular me-
chanisms of cell morphogenesis and intracellular
transports.

Our laboratory studies molecular architecture, dy-
namics and function of the neuronal cytoskeleton us-
ing various new molecular cell biological approaches
including new electron microscopy such as the quick
freeze deep etch electron microscopy, cryoelectron
microscopy at atomic resolution, and cryoultrami-
crotomy, biochemistry, immunocytochemistry, mole-
cular biology, molecular genetics such as gene target-
ing and transgenic mouse approaches, molecular bio-
physics and structure biology including X ray crystal-
lography and cryoelectron microscopy.

In this way we can study structure, dynamics and
functions of cytoskeleton from gene to cell, tissue and
whole body.

Nerve cells as units of complicated neuronal net-
works in the brain develop very polarized morphology
composed of dendrites, cell body and a long axon



along the direction of impulse propagation. The neu-

ronal cytoskeleton plays three major important roles.

1) It provides dynamic frameworks for neurite ex-
tension and maintenance.

2) It provides structural bases for organelle trans-
ports in the cells. Namely it works as rails and
motor molecules to transport materials from cell
center to periphery and from periphery to cell
center.

3) It very importantly regulates release processes of
transmitters and also contributes to anchor recep-
tors at the postsynaptic sites.

Our laboratory studies molecular architecture, dy-

namics and function of the cytoskeleton focusing on

these three major roles.

To study these molecular mechanisms we use new

molecular cell biological approaches including elec-

tron microscopy of molecular resolution, biochemistry,
biophysics, molecular biology and molecular genetics
and X-ray crystallography.
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Introduction and Organization

The Department of Cellular Neurobiolgy was initially
established as Neuroanatomy department of former
Brain Institute of Medical School of Imperial
University of Tokyo in 1936. Since the structural
reconstruction of School of Medicine in 1997 this
department became one of the departments of Cell

Biology and Anatomy of Graduate School of Medicine.

This department is currently organized by Professor
Shigeo Okabe since September in 2007. The
department is constituted of other 11 members.

Teaching activities

For medical students, our department takes the

following lectures and courses.

1. Cell Biology, Histology and Neurocytology

2. Gross Anatomy and Neuroanatomy.

3. Free Quarter.

For graduate students, we offer the following lectures

and seminars.

1. Cellular Neurobiology.

2. Cell Biology and Histology.

3. Discussion seminars and progress reports of
experiment.

4. Joint seminar with other departments

Research activities

Brain functions, which are dependent on mutual
communication of a tremendous number of neuronal
cells, regulate the behavior of animals and humans.
The main structure specifically differentiated for
information exchange between neurons is called
"synapse”. Long-term maintenance of synaptic
properties underlies stability and reproducibility of
behavior in responses to external stimuli. In turn,
alterations of synaptic properties are thought to be the
basis of behavioral change in the course of animal
development and also after learning. Therefore,
synapses should be stabilized for a long term to realize
fidelity of various animal behaviors, but also should
be altered rapidly when animals adapt to a new
environment. Molecular basis of this dichotomy,
which is unique to synapses, is the main interest of our
laboratory.

The role of glia for synapse formation

Major structural components present in the vicinity of
synapses are processes of glial cells. Electron
microscopic analysis confirmed the presence of direct
contacts between synapses and astroglial processes.
By analyzing the relationship between astrocytic
contacts and subsequent stabilization and maturation
of spines, we found that local astrocytic contacts
promote spine stabilization and structural maturation.
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Introduction and Organization

This Department was established in 1893 initially as a
part of Department of Physiology, but in 1897 became
independent. In 1927, it was renamed Department of
Biochemistry, in 1974 First Department of
Biochemistry and in 1997 Department of Molecular
Biology, according to the creation of new related
departments and the reorganization of Faculty of
Medicine. This Department has been headed by 7
professors, who made great contributions to the
development of biochemistry, nutrition and molecular
biology in Japan.

Professor Muneo Kumagawa, who headed this first
Biochemistry or Medical Chemistry Department
established in this country, graduated in 1882 The
University of Tokyo Faculty of Medicine. In 1884 he
went to Department of Pathology, The University of
Berlin headed by Rudolf Virchow and under the
supervision of Ernst Salkowski. After returning to
Japan, he was promoted to Lecture and Professor of
this Department. In 1908, He discovered lack of
glycogenecity in lipids, which has been firmly
established besides some exceptions, and succeeded in

purification of vitamin B1, which was discovered by C.

Eijikman in 1906. He educated many including
Masahiro Sakaguchi, who developed a world-famous
colorimetric method for arginine and Takaoki Sasaki,
who first succeeded in generating liver cancer with
chemicals.

Professor Samuro Kakiuchi graduated The Imperial
University of Tokyo Faculty of Medicine in 1906 and
studied under Professor Kumagawa. After studies in
US, he come back and succeeded late Kumagawa. He
published Journal of Biochemistry and founded the
Japanese Society of Biochemistry. His students
included Professors Kodama and Shimazono.
Professor Keizo Kodama graduated the Imperial
University of Tokyo in 1918. Taking positions of
lecturer and Associate Professor and making studies at
Cambridge University, he became Professor of
Biochemistry Kyushu Imperial University and
succeeded Professor Kodama in 1933. He studied
oxidation and reduction and nutrition.

Professor Norio Shimazono graduated The Imperial
University of Tokyo Faculty of Medicine in 1928,
followed by taking positions as associate, lecturer,
professor at Niigata Medical School. In 1952 he
succeeded Professor Kodama. He studied vitamin B1/
cocarboxylase, ketoacid metabolism and hexose
metabolism.

Professor Tamio Yamakawa graduated The Imperial
University of Tokyo Faculty of Medicine and began
studies at The Institute for Infectious Diseases, The
University of Tokyo. After becoming Associate
Professor and Professor, he succeeded Professor
Shimazono. He was a pioneer in glycolipid research
and discovered the involvement of sialic acid in the
ABO blood type antigens.

Professor Masami  Muramatsu graduated The



University of Tokyo Faculty of Medicine in 1955. He
began studies in Department of Internal Medicine,
went to Baylor Collage of Medicine to study under H.
Busch, and after coming back, took a position at
Cancer Institute and professorship at Tokushima
University School of Medicine. In 1982, he succeeded
Professor Yamakawa. He studied ribosomal RNA and
cloned interferon and p450 genes.

Professor Hiroto Okayama graduated Kumamoto
University School of Medicine in 1973. After taking a
Ph.D. degree at Kyoto University School of Medicine,
he went to Stanford University to study under P. Berg.
Taking a position at NIH US, he became Professor of
Molecular Genetics, Osaka University Institute for
Infectious Diseases. In 1993 he succeeded Professor
Muramatsu. At Stanford and NIH, he studied gene
cloning and developed a full length cDNA cloning
method and a cDNA expression cloning vector system.
After return to Japan, he has been studying cell cycle
control and cancer.

Research Activities

Our current study focuses on the understanding of the
molecular mechanism enabling the anchorage-
independent S phase onset, which is the universal
property of cancer cells. All the members of our
laboratory are participating in this study.

1. Molecular  Mechanism  for  anchorage
loss-induced Cdc6 degradation
In 2002, we reported that anchorage deprivation
led to termination of expression of Cdc6, a factor
essential for the assembly of Pre-RC, via
Rb-independent transcriptional repression and
papain  family  protease-led  degradation.
Subsequently, we identified the protease as
lysosomal cathepsins, released from low
cholesterol-content lysosomes upon anchorage
deprivation. Although cathepsins appear to be the
major Cdc6 degrading enzyme in NRK cells, they
are not major ones in other cells such as mouse or
rat embryonic fibroblasts. We recently found that
two ubiquitin ligases are responsible for
anchorage loss-induced Cdc6 degradation, one of
which is identified as Cdh1-APC. One is likely to
be FBW?7 or a related. Another ubiquitin ligase is

likely to be responsible for degrading at least
Cyclin A during anchorage deprivation and
seemingly requires p53 for its activity. Its identity
and the mechanism by which it requires p53 for
its activity are unknown.

Identification of the signal pathways mediating
signals for cellular anchorage to extra-cellular
matrices

A key to understand the molecular basis for
malignant transformation is elucidation of signal
pathways that mediate anchorage signals and
control expression and activity of cell cycle start
factors including Cdc6 and cyclin A. We have
recently identified that the TSC1/2-Rheb-mTOR
pathway appears to mediate an anchorage signal
and controls at least the activity of Cdh1-APC an
ubiquitin ligase that acts in G1 and degrades both
Cdc6 and cyclin A. Active mTOR s required for
inactivation of Rb together with activated cyclin
D-dependent kinases. Inactivation of Rb activates
E2F, resulting in induction of Emil as well as
Cdc6 and Cyclin A. Induced Emil inactivates
Cdhl-APC, thereby suppressing degradation of
Cdc6 and Cyclin A. Search for the factor that links
integrins and this pathway is underway and a
candidate for it has already been found.

New function of Cdc6

Cdcé6 is known as the assembler of pre-replicative
complexes that is the initial step of chromosomal
replication. We found that this factor has an
additional function: the ability to activate
p21"A Linhibited Cdk2 in a ATP-dependent
manner, the function never anticipated for Cdc6
and never anticipated for the regulation of a
cyclin-dependent  kinase. This unbelievable
function of Cdc6 is confirmed by the essentiality
of the “Cy” motif and the ATPase domain for this
newly identified activity. Furthermore, we show
that Cdc6 determines utilization of the
p53-p21-dependent DNA damage checkpoint at
least in S phase cells. Whenever Cdc6 is not
destabilized, inactivation of Cdk2 by p21 is
blocked in S phase. This discovery highlights the
importance of Cdc6 as a focal point of the control
of S phase onset and progression.



Our current studies indicate that Cdc6 might
have two additional functions promoting S phase
onset and progression.

Induction of anchorage-independent
proliferation of NRK cells by manipulation of
four cell cycle and related factors

One approach to understand the mechanism of
oncogenetic transformation is to find a way to
induce anchorage-independent proliferation of
cells by manipulating cell cycle factors. This
could be done with NRK cells and overexpression
of three factors: Cdc6, Cdké and cyclin D3, the
latter two of which can evade inhibition by
inhibitor proteins and activate E2F under growth
suppressive  conditions like in  anchorage
loss-induced G1 arrest. Last year we succeeded in
inducing anchorage-independent proliferation of
mouse embryonic fibroblasts by overexpression of
Cdké, cyclin D3 and Cdc6. But the
anchorage-independent proliferation was transient
and lasted only one week. This year we have
found the way to obtain continued
anchorage-independent proliferation of embryonic
fibroblasts. It can be achieved by additional
expression of constitutively active mutant Rheb,
which is a positive regulator of mMTOR complex 1.

Education

To medical students, we give lectures on DNA and
related. DNA replication, transcription, nuclear export
of mRNA, translation, gene engineering, mobile DNA
and metabolism of nuclei acids are the topics covered

by

the lectures. To graduate course students, the

genetic engineering course consisting of lectures and
experiments is provided.
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Introduction and Organization

In addition to the above 5 faculty members, we have 9
graduate students (9 doctor course students including
1 PhD-MD course students), and 4 undergraduate
medical students (Free Quarter). Several clinical
scientists and a research fellow from pharmaceutical
company are also our members. We have two foreign
scientists (one postdoc from Germany and one
graduate student from Taiwan). Ms Toshie Takahashi
(Assistant belongs to the Dean of the Faculty), Ms
Fumie Hamano (Research associate) and Mr Shinji
Ichihara (Technical staff) are in charge of maintenance
and education of various instruments for common use.
Professor Takao Shimizu has been awarded Japan
Academy Prize in June 2009.

Education

For about 100 undergraduate students from the
Faculty of Medicine, and about 5 students from
Faculty of Science (Department of Anthropology), we
deliver about 80 lectures, small-group seminars, and
laboratory course for a couple of weeks. Our
laboratory is accepting Free Quarter students every
year, and the total number from 2003 to 2008 is over
17. For graduate course students, we have
three-month lecture series (Lecture on receptor and
signal transduction), and an eight-week laboratory
course for clinical scientists.

Research
1. Lipid mediator and lipid metabolism.

Oxygenated products of arachidonic acid
(prostaglandins, leukotrienes, and
hydroxyeicosatetraenoic acids) as well as bioactive
phospholipids (platelet-activating factor and other
related phospholipids) activate cellular signaling
pathways in various cells. These lipid mediators,
working together with other bioactive substances such
as neurotransmitters and cytokines, are now
considered to play significant roles in neuronal
plasticity and self-defense systems. To identify the
roles of lipid mediators in the living systems,
principally three approaches are ongoing with
different strategies; (1) isolation of enzymes involved
in syntheses and degradation of lipid mediators,
cloning of cDNAs and genes, elucidation of enzyme
regulation at transcriptional and posttranscriptional
levels; (2) cloning of G-protein coupled receptors for
lipid mediators and clarification of intracellular
trafficking and signaling mechanisms; and (3) target
disruption or overexpression of the gene of interest in
mice, and identification of the in vivo role of each
molecule by examining phenotypes of these mice. In
the last several years we have cloned several key
enzymes of phospholipid metabolism and receptors for
lipid mediators. Recently, we have successfully
identified several lysophospholipid acyltransferases
involving in Lands’ cycle. Thus, we are able to
explain the molecular mechanism and biological
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significance of diversity and asymmetry of membrane
lipids. Several lines of transgenic mice and
knock-out mice were established and their phenotypes
were analyzed. We found that these mediators are
involved in inflammation, allergy, and neuronal
functions.

2. Simultaneous quantitation of lipid mediators.

Lipid mediators are produced through a cascade
pathway. In the cascade known as “arachidonate
cascade”, several key enzymes such as cytosolic
phospholipase A2, cyclooxygenases, and
lipoxygenases function as common regulators in
combination with various terminal synthases that
produce specific lipid mediator molecular species.
For a comprehensive analysis of lipid mediators, a
simultaneous quantitation method with sensitivity and
reliability is necessary. Thus, we have recently
developed a quantitation system for multiplex lipid
mediators by column-switching HPLC-tandem mass
spectrometry. When optimized, the system enables
the rapid analysis of 14 lipid mediators with a
throughput of 96 samples/24 h, lower limits of
guantitation of 5 pg on column, and linear calibration
ranges up to 2000-5000 pg. Indeed, we successfully
detected dynamic changes in a series of lipid
mediators in some pathologic tissues of rodents.

3. Various instrumental analyses.

The Faculty of Medicine has various analytical
and preparative instruments for the common use,
which include mass spectrometers (JEOL HX 110,
Hitachi M-80 and Finnigan MAT TSQ 7000
[ThermoQuest]) equipped with gas chromatographs or
HPLC, PerkinElmer peptide sequencers, FUJI BAS
2000 image analyzer, BD FACScan, and Beckman
capillary electrophoresis system (P/ACE 2000). Ms.
Takahashi is in charge of the maintenance of these
machines and instruction for the beginners. As her
own projects, she is identifying peptide sequences of
various proteins by HPLC-MS, and identification of
small-molecular weight compounds by GC-MS and
HPLC-MS.

4. Internet Web site
To see our research activities in more detail,
please refer to our web site (http://biochem2.umin.jp/

index_j.html). In this homepage, you will also find
our experimental protocol useful for the molecular and
cellular biology studies. Dr. Kita and Mr Harayama
are in charge of the homepage.

5. Collaboration with Department of Metabolome

In 2003, a new laboratory, Department of
Metabolome was established by the donation of
Shimadzu Co., Ltd, and Ono Pharmaceutical Co.
Professor Ryo Taguchi and Associate Professor
Yoshiya Oda are worldwide leading researchers on
proteomics and metabolomics. In collaboration with
them, we are searching for novel lipid mediators that
bind to orphan G-protein-coupled receptors, lacking
identified cognate ligands. In this collaboration we
recently determined 12HHT
(12(S)-Hydroxyheptadeca-5Z,8E,10E-trienoic acid) as
a novel ligand for BLT2 which has been recognized as
the low affinity second LTB, receptor. We also
succeeded in  molecular cloning of lung-type
acyl-coa:lysophosphatidylcholine  acyltransferase 1
(LPCAT1) involving in production of lung surfactant.
These research are supported by Grant-in-Aids,
Nanobio Integration Program of the University of
Tokyo, and a global COE program.
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Introduction and Organization

The Department of Physiological Chemistry and
Nutrition, the predecessor of the present department,
was founded in 1952. Upon the restructuring of the
university system in 1997, the department was
renamed ‘Department of Physiological Chemistry and
Metabolism’ as one unit of the Specialty of Molecular
Cell Biology. The present members include the above
stuffs, 2 postdoctoral fellows, 6 graduate students, 2
technical staffs and 1 secretary.

Teaching Activities

We give a series of lectures and laboratory courses
on biochemistry and molecular biology for
undergraduate students from Faculty of Medicine and
Faculty of Science. We also accept undergraduate
students taking “Free Quarter” and “Early-Exposure-
to-Medicine” courses every year. Several students are
staying in our lab beyond the term to join our research.

For graduate students, we hold progress-report
meeting and journal club every week, and sometimes
invite established scientists for seminar to encourage
scientific discussion.

Research Activities

1. Developmental Biology and Medicine

(1) Neural crest and craniofacial development

We have investigated the role of endothelin-1

(ET-1) signaling in neural crest and craniofacial
development and identified the ET-1/ETA-receptor
to DIx5/6 pathway in the dorsoventral axis
patterning of crest-driven branchial arch structures.
To further clarify the underlying mechanism, we
have established mice in which gene cassettes can
be efficiently knocked-in into the Ednra locus using
recombinase-mediated cassette exchange (RMCE)
based on the Cre-lox system. Using this system,
we have demonstrated that the dorsoventral axis
patterning of pharyngeal arches is regulated by the
ETA-receptor-selective, G4/G1;-dependent signaling,
while the formation of the distal pharyngeal region
is under the control of a Gg/Gy-independent
signaling. We also identified Calpain6 as a
downstream molecule of the ET-1 pathway and its
biological function in cytoskeletal organization and
cell motility. We further identified TAZ as a protein
that binds to and coactivates Pax3, a key
transcription factor in neural crest development and
its role in the organogenesis of the kidney and lung
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as revealed by gene knockout.
(2) Preimplantation development and epigenetics
To further understand the mechanisms of cell
differentiation, we are studying how the DNA
methylation status is controlled in preimplantation
development and how reprogramming occurs after
nuclear transfer. We identified the somatic type of
DNA methyltransferase 1 as an enzyme responsible
for maintenance methylation in preimplantation
development.
(3) Angiogenesis
We found that Id1l confers in vivo angiogenic
property to human vascular endothelial cells via
angiopoietin-1 upregulation, which may give a clue
to novel strategy for therapeutic angiogenesis. We
also found that the function of 1d1 is controlled by
protein kinase A through nucleoplaasmic shuttling.

2. Mouse Genetics
Collaborative works as follows are going on by
using gene manipulation approach in mice.
(1) Physiological roles of vasoactive peptides
(2) Pathophysiological roles of defensin
(3) Developmental roles of non-coding RNA
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Introduction

This laboratory was initially established in 1877 as
The First Department of Physiology, and reorganized
in 1997 as Laboratory of Integrative Physiology in the
Department of Physiology. Our laboratory cooperates
with other laboratories in the Department of Physiol-
ogy, that is, Laboratory of Molecular/Cellular Physi-
ology and Laboratory of Neurophysiology, in teaching
activities for undergraduate courses and the nursing
school. The fields in which our laboratory specializes
span the entire spectrum of animal functions of physi-
ology, including general physiology, sensory physiol-
ogy, endocrinology, neurophysiology, higher nervous
functions and cognitive neurosciences.

Teaching activities

The staff members as well as experts from other
universities (Drs. A. Nambu, S. Kaname, S. Sugiura
and Y. Shibagaki) take part in giving lectures and la-
boratory courses to the undergraduate students of the
Medical School. The lectures are aimed at providing a
clear understanding of the hierarchical functional or-
ganizations of living systems. The curriculum is up-
dated every year. For example, a new electrocardio-
gram experiment in humans was introduced to the
laboratory course, in which students learned human

physiology of electrocardiogram, its practical proce-
dure in clinical settings and its cellular physiological
origins. This practice gained popularity and interest
among students. We accept Free-Quarter students
every year. Usually these students' activities are not
limited to one Quarter, and 2 students (M3 and M4)
continued to enjoy their researches from 2008 through
2009. Some of these students completed their own
projects, and gave oral presentations in international
meetings and published original papers in top-rank
international journals. It is not rare that students who
enjoyed his/her Free-Quarter decided to get into the
Ph-D. course after the completion of the 2-year clini-
cal training and started to study neurophysiology in
our laboratory. Furthermore . we accepted a
Ph-D.-M.D course student who enjoyed his
Free-Quarter and decided to get into the Ph-D.-M.D
course. Thus the Free-Quarter system has proved to
provide an excellent basis for bringing up M.D. re-
searchers for future Japanese basic medicine.

To facilitate communication among research groups
in our laboratory, a weekly conference is held for dis-
cussing current research activities. We also have a
monthly joint seminar with Department of Pharma-
cology, Department of Psychology in Faculty of Let-
ters and Department of Biophysics in Faculty of
Science. As part of a teaching activity for the graduate
students, we have another weekly English seminar, in
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which the graduate students learn how to give presen-
tations and hold discussions and debates in English.

Research activities

Most of our research is focused on the higher brain
function of the mammalian central nervous system :
(1) higher functions of vision and memory, (2)
non-invasive measurements of human brain activities
and (3) non-invasive functional measurements of
monkey brain activities that links above (1) and (2).
The results of such research have been published in
first-rate journals, as listed in the reference. A brief
summary of each topic follows:

(1) In the primate, visual information processing in
the cerebral cortex proceeds along the neural
pathway originating from the primary visual area
in the occipital lobe to the anterior part of the
temporal association cortex. Our laboratory dis-
covered several classes of important memo-
ry-neurons electrophysiologically in the temporal
lobe of the monkey. In the inferotemporal cortex,
which we propose to be the storehouse of visual
long-term memory, we discovered a group of
neurons which encode object-object association.
We found that the backward signal from the
medial temporal lobe to the inferotemporal cortex
mediates formation of the mnemonic neural cir-
cuits for the association. Recently we also found
that the top-down signal from the prefrontal cor-
tex to the inferotemporal cortex plays a central
role in retrieval of the mnemonic associative
neural code stored in the inferotemporal cortex.
Since association is a basic mechanism for con-
structing the human memory-based knowledge
system, our finding provides a key to understand-
ing the basic organization of the primate cerebral
cortex.

(2) The recent explosion of new technologies for
noninvasive measurements of human brain activi-
ties, especially of functional magnetic resonance
imaging (fMRI), allows us to observe parallel ac-
tivation of functional brain modules in humans
engaged in various mental tasks. We contributed
to development of a new method called
“event-related fMRI”, which enables to utilize the
time resolution of fMRI. We applied this

“event-related fMRI” method to the analysis of
human cognition, and identified several functional
centers in the human prefrontal cortex in cognitive
tasks such as the Wisconsin Card Sorting Task.

(3) Recently, we successfully applied fMRI method to
macaque monkeys performing highly intelligent
cognitive tasks. These fMRI studies were done in
ultra-high field MRI scanner at 4.7 Tesla, suc-
cessfully providing much higher spatial resolution
than in a conventional clinical MRI scanner. This
approach provides us a new approach that bridges
a gap between the human non-invasive studies
and the various invasive studies in animals, in-
cluding intra-cortical electrical microstimulation
and reversible functional inactivation with GABA
agonist drug injections.
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Introduction

The Department of Cellular and Molecular
Physiology succeeded the former *Second Department
of Physiology’, and belong to the Department of
Physiology. We participate in the teaching of
physiology at undergraduate school and graduate
school.

The present members include the above stuffs, 4

postdoctoral researchers, 2 visiting scientist, 9

graduate students and 1 secretary stuff.

Education

The department provides lectures and practice in
physiology for undergraduate students. We teach elec-
trophysiological methods and cell and molecular phy-
siology methods for free quarter students. The de-
partment provides also lectures and instructions for
laboratory research for graduate and undergraduate
students in the fields of sensory physiology and mo-
lecular and cellular neurobiology. Seminars, progress
reports, and journal club for graduate students are
routinely provided. Monthly joint seminars (Function-
al Biology Seminars and RIKEN BSI Group Semi-
nars) are also provided for graduate students.

Research

Using multidisciplinary approaches including elec-
trophysiology, optical imaging, molecular and cellular
biology, and molecular genetics, we at the Department
of Cellular and Molecular Physiology aim at under-
standing neuronal mechanism for the perception of
sensory inputs and for the emotional states induced by
the sensory inputs. Our recent focus includes olfactory
cortical mechanisms for recognizing food odors and
for judging their edibility.

We have been investigating also the neuronal me-
chanisms for the incorporation of adult-born inter-
neurons into the pre-existing neuronal circuit in the
olfactory bulb, and the contact-mediated interactions
between neurons and immune cells.

Currently we are focusing on the following three
topics.

(1) Analysis of the functional neuronal circuits in the
central olfactory system.

Based on the knowledge of the ‘odorant recep-
tor maps’ in the olfactory bulb, we are studying
the manner of olfactory information processing in
the olfactory cortex and higher olfactory associa-
tion regions. We found that individual neurons in
the anterior piriform cortex integrate signals from
distinct categories of food-born odorants. These
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results suggest that the olfactory cortical neurons
detect the odorant-category profile of foods in or-
der to distinguish distinct food odors.

Individual neurons in the anterior olfactory nuc-
leus also showed odorant category profile selec-
tivity. Furthermore, for individual cortical neurons
odorant category profile selectivity of left-nasal
input was nearly equivalent with that of the
right-nasal input.

We found also that neuronal circuit in the ol-
factory bulb can actively prolong the odor induced
spike responses and thus keep the specific odor
information for more than tens of seconds after
the cessation of odor stimulus. In addition, we
noted behavioral state-dependent change of the
dendrodendritic synaptic inhibition in the olfac-
tory bulb.

In addition, we found functional modularization
in the odor maps of the olfactory bulb.

Cellular and molecular mechanisms for the con-
tact-mediated interactions between neurons and
immune cells in physiological and pathological
conditions.

We are currently focusing on telecncephalon-
specific cell adhesion molecule, telencephalin. We
are investigating the telencephalin-mediated sig-
nals between neurons and immune cells especially
microglia during recovery from the neuronal
damage.

Incorporation of adult-born interneurons in the
pre-existing neuronal circuit in the olfactory bulb.

The olfactory system is chosen as a model sys-
tem with which to study the recruitment of newly-
generated neurons in the adult neuronal circuit.
We are studying cellular and molecular mechan-
isms that segregate the fate of new neurons be-
tween successful incorporation and apoptotic eli-
mination into/from the neuronal circuit. Recently
we noted the feeding-related time window of fate
decision of newly-generated granule cells in the
olfactory bulb, and current focus of our study in-
cludes the reorganization of the olfactory bulb
circuit during and after the eating time.

Publications (2008)

Haddad, R., Khan, R., Takahashi, Y. K., Mori, K.,
Harel, D. and Sobel, N. A metric for odorant
comparison. Nature Methods, 5: 425-429
(2008).

Ishikawa, M., Nakamura, A., Fujiki A., Ide, J and
Mori, K. Improving the taste of artificial swee-
teners using flavors. In D. K. Weerasinghe and
G. E. DuBois (Eds), Sweetness and sweetners,
biology, chemistry, and psychophysics,
(pp420-429) Oxford Univ. Press (2008)
Imayoshi, 1., Sakamoto, M., Ohtsuka T., Takao,
K., Miyakawa, T., Yamaguchi, Y., Mori, K., Ikeda,
T., ltohara, S. and Kageyama, R. Long-term labe-
ling and ablation reveal requirement of conti-
nuous neurogenesis for the structural and func-
tional integrity of the adult forebrain.

Nature Neuroscience, 11:1153-1161 (2008)
Tsuno, Y., Kashiwadani, H. and Mori, K. Beha-
vioral state regulation of dendrodendritic synaptic
inhibition in the olfactory bulb.

J. Neurosci. 28:9227-9238 (2008).

Kikuta, S., Kashiwadani, H. and Mori, K.
Compensatory Rapid Switching of Binasal Inputs
in the Olfactory Cortex J Neurosci. 28: 11989-

11997 (2008)



23

Department of Neurophysiology

Professor

Masanobu Kano, M.D., Ph.D.
Associate Professor

Kouichi Hashimoto, Ph.D.
Associate

Kazuo Kitamura, Ph.D.

Homepage http://plaza.umin.ac.jp/~neurophy/

Introduction and Organization

This laboratory was founded in 1953 as Department
of Neurophysiology, Institute for Brain Research. In
1996, it was integrated into Graduate School of
Medicine. We teach neurophysiology for medical
undergraduates and for students in the Master and
Ph.D. courses. Our research aims at elucidating
cellular and molecular mechanisms underlying
regulation of synaptic transmission and postnatal
development of neuronal circuits.

Teaching activities

We  teach  neurophysiology  for  medical
undergraduates in lectures and practical courses.
Lectures are designed for students to learn basic
mechanisms underlying the generation of electrical
signals, synaptic transmission and their regulations in
the nervous system. Students also learn how functional
neural circuits in the brain are formed and matured
during postnatal development. In the practical courses,
students perform two types of classical experiments of
neurophysiology. First, students make intracellular
recording from frog skeletal muscle fibers and
examine the endplate potential for understanding basic
properties of synaptic transmission. Second, students
record electromyogram (EMG) from human
gastrocnemius muscles and learn how the stretch
reflex works.

We accept Free-Quarter students. Students are
encouraged to experience patch-clamp recordings
from neurons either in brain slices or in dissociated
culture, or to experience recordings of neuronal
activities from living animals.

For the training of Master and Ph.D. course students,
we have a weekly conference for discussing current
research activities. A laboratory member summarizes
his/her recent experimental data or presents papers
closely related to his/her research. Moreover, for
mutual communication between the laboratories with
similar interests in neuroscience, we have a weekly
joint  seminar with Department of Cellular
Neurobiology and Division of Structural Physiology.

Research activities

The brain consists of neuronal circuits in which neurons
are connected through numerous synapses. To
understand the brain function, it is necessary to
elucidate mechanisms of synaptic transmission and
those underlying changes in synapses related to
development, learning and memory (synaptic plasticity).
For this purpose, we use various methodological
approaches including electrophysiology, pharmacology,
morphology, genetic engineering of mouse and optical
imaging of functional molecules in living neurons. We
particularly focus on observing neuronal activities in
real time in intact neurons. We use whole-cell patch
clamp recording, calcium imaging, two-photon imaging
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and their combinations in various preparations (cultured
neurons, brain slices and intact animals) and investigate
molecular mechanisms of synaptic transmission and
plasticity.

The main subjects of our research are as follows
(1) Refinement of synaptic organization during
cerebellar development:

In early postnatal days, all Purkinje cells in the
cerebellum are innervated by multiple climbing fibers.
These surplus climbing fibers are eliminated eventually
with the progress of postnatal development, and most
Purkinje cells become innervated by single climbing
fibers by the end of the third postnatal week in mice.
We investigate the mechanisms how single climbing
fibers are selected and how the surplus climbing fibers
are eliminated.

(2) Retrograde synaptic modulation mediated by
endogenous cannabinoids:

We reported in 2001 that endogenous
cannabinoids are released from postsynaptic neurons in
an activity-dependent manner, act retrogradely onto
presynaptic cannabinoid receptors and suppress
transmitter release. Since then, we have been
investigating the mechanisms of this retrograde
modulation. We are also interested in elucidating the
physiological significance of this phenomenon
including learning and memory.

(3) Synaptic integration in intact animals:

To understand the physiological function of
synapses in vivo, we analyze synaptic transmission and
integration in single neurons in the intact brain by using
in vivo two-photon imaging and whole-cell recording.
We also develop new methods to implement these
experiments.

References

1. Hashimoto K, Yoshida T, Sakimura K, Mishina
M, Watanabe M, Kano M. Influence of parallel
fiber-purkinje cell synapse formation on postnatal
development of climbing fiber-purkinje cell
synapses in the cerebellum. Neuroscience. Dec
31. [Epub ahead of print]

2. Kano M, Hashimoto K, Tabata T. Type-1
metabotropic glutamate receptor in cerebellar
Purkinje cells: a key molecule responsible for
long-term depression, endocannabinoid signalling

and synapse elimination. Philos Trans R Soc
Lond B Biol Sci. 2008 Jun 27;363(1500):2173-
86.

Kano M, Ohno-Shosaku T, Hashimotodani Y,
Uchigashima M, Watanabe M. Endocannabinoid-
mediated control of synaptic transmission.
Physiol Rev. 2009 Jan;89(1):309-80.

Ohnami S, Endo M, Hirai S, Uesaka N, Hatanaka
Y, Yamashita T, Yamamoto N. Role of RhoA in
activity-dependent cortical axon branching. J
Neurosci. 2008 Sep 10;28(37):9117-21.

Sato T, Miura M, Yamada M, Yoshida T, Wood
JD, Yazawa |, Masuda M, Suzuki T, Shin RM,
Yau HJ, Liu FC, Shimohata T, Onodera O, Ross
CA, Katsuki M, Takahashi H, Kano M, Aosaki, T,
Tsuji S. Severe neurological phenotypes of Q129
DRPLA transgenic mice serendipitously created
by en masse expansion of CAG repeats in Q76
DRPLA mice. Hum Mol Genet. 2009 Feb 15;18
(4):723-36.

Uesaka N, Nishiwaki M, Yamamoto N. Single
cell electroporation method for axon tracing in
cultured slices. Dev Growth Differ. 2008 Aug;50
(6):475-7.



Functional Biology

2. Pharmacology



26

Department of Cellular
and Molecular Pharmacology

Professor
Masamitsu lino, M.D., Ph.D.
Research Associate

Toshiko Yamazawa, Ph. D., Yohei Okubo, Ph. D.,

Kazunori Kanemaru, Ph. D.,

Hiroshi Sekiya, M.D.

Homepage http://calcium.cmp.m.u-tokyo.ac.jp/index_e.html

Introduction and Organization

Our department was founded in 1885 and
collaborates with the Department of Molecular
Neurobiology and Pharmacology in the education of
undergraduate medical students.

Teaching activities

Pharmacology lectures and laboratory courses for
the medical students are given by the staff members of
both Departments of Pharmacology. We also invite
eight outside expert lecturers to cover rapidly
developing fields in pharmacology and related
medical sciences. The laboratory courses include both

traditional and advanced pharmacological experiments.

A new intensive laboratory course for medical
students started in the year 2001, and we participated
in the program. We also give lectures for graduate
students including master course students and Ph.D.
candidates.

Research activities

Our department has a strong background in the field
of Ca?* signalling. Ca®** signal is now known to
function as a molecular switch in almost every
important cell function including muscle contraction,
exocytosis, cell proliferation, immune responses and

regulation of synaptic functions. This is the reason
why this field is expanding rapidly and our research
activity is now diversifying. We are particularly
interested in Ca®* signalling in the central nervous
system.

1) Spatiotemporal regulation of Ca®* signals

Ca?* signals show very dynamic, temporal and
spatial changes. This property allows the Ca**
signal to be an extremely versatile cellular switch
regulating diverse cell functions. One of the most
notable spatiotemporal patterns of Ca?* signals is
the oscillatory change in intracellular Ca**
concentration ([Ca?'];), or Ca?* oscillation. Many
cellular functions are regulated by the Ca®
oscillation frequency. However, fundamental
questions remain. How and why does [Ca®];
oscillate? We have addressed these questions. First,
we studied inositol 1,4,5-trisphosphate (IPs3)-
induced Ca®* release mechanism, which is one of
the most important Ca?* mobilizing mechanisms in
many types of cell. We showed that the activity of
the IP3; receptor (IPsR) is dependent on the
cytoplasmic Ca®* concentration. Therefore, Ca?*
release via the IPsR appears to be under the
feedback control of mobilized Ca**. We identified
the Ca?* sensor region of the IP;R and showed that
the positive feedback regulation of IP3R via the
Ca’* sensor of IPsR indeed plays an essential role
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in regulating the Ca?* signal dynamics including
Ca?* oscillation.

In order to further study the mechanism
underlying Ca®* oscillations, we visualized the
Ca®* concentrations within the intracellular
organelles (both endoplasmic reticulum and
mitochondria) during Ca®" oscillations. We found
that Ca®* shuttles between these intracellular
organelles in phase with cytoplasmic Ca?*
oscillations. Our results also indicated that the
Ca®* shuttling determines the Ca®* oscillation
frequency. Thus, we have shown that mitochondria
play an important role in the generation of Ca®*
oscillation. These results provide a clue to the
mechanism of Ca" oscillation.

Why then does [Ca*]; have to oscillate?
Transcription by the nuclear factor of activated T
cells (NFAT) is one of the important cellular
functions that are regulated by the Ca*" oscillation
frequency. NFAT is dephosphorylated by
Ca’*-dependent phosphatase, calcineurin, and
translocates from the cytoplasm to the nucleus to
initiate transcription. We analyzed the kinetics of
the dephosphorylation and translocation of NFAT,
and found that the dephosphorylated form of
NFAT functions as a working memory of transient
increases in [Ca®*]i. With increasing frequency of
Ca®*  oscillation, dephosphorylated ~ NFAT
accumulates in the cytoplasm to enhance its
nuclear translocation. This is the molecular basis
of the mechanism that decodes the Ca** oscillation
frequency. We also showed that Ca®* oscillation is
more cost-effective in regulating cell functions
than a continuous increase in Ca®*. These studies
provide us with an insight into the secrets of Ca?*
signalling.

Imaging of signalling molecules

Our study on Ca*" signalling made us realize the
importance  of  visualization of signalling
molecules within living cells. Thus, our laboratory
has been involved in the generation of new
indicators of signalling molecules upstream and
downstream Ca?* signals. We have succeeded in
imaging IP3 signalling in various cells including
intact neurons within cerebellar slice preparations.
We also developed an indicator to detect the

3)

phosphorylation of myosin regulatory light chain.
The indicator allowed us to image phosphorylation
state of myosin light chain in living cells.
Furthermore, we generated a nitric oxide (NO)
indicator based on the heme-binding domain of
soluble guanylyl cyclase. This indicator was
successfully used in cerebellar slice preparations
to image NO signals in response to parallel fiber
(PF) stimulation. We found that the NO signal
intensity decreases steeply with distance form the
activated synapse and generate synapse-specific
long-term potentiation (LTP) of PF-Purkinje cell
synapses. We also showed that the NO signal
intensity depends biphasically on the frequency of
PF stimulation. Importantly, the LTP depends
similarly on the frequency of PF stimulation. Thus,
our NO indicator provided us with valuable
information regarding the role of NO signals in the
central nervous system.

Glutamate is the most important excitatory
synaptic transmitter in the brain. We have
generated a glutamate indicator based on the
glutamate-binding domain of the AMPA-type
glutamate receptor. Using this fluorescent
glutamate indicator, we have succeeded in imaging
spatiotemporal dynamics of glutamate in the
extrasynaptic space in brain slices. This study will
provide the basis for the research of extrasynaptic
glutamate transmission that is involved in many
critical brain functions.

Exploration of new cellular functions that are
regulated by Ca?* signals

Although many important cell functions have
been found to be regulated by Ca®* signals, not all
the Ca?*-dependent cell functions have been
identified. We are now searching for new cell
functions that are regulated by Ca®* signals.

Cells communicate with each other to form
organized structures by cell-cell adhesion and
cell-cell repulsion, but it remains to be clarified
how cell-cell contact information is converted to
intracellular signals. We found that cells in contact
with neighbouring cells generate local transient
intracellular Ca®* signals (Ca?* lightning). Ca®*
lightning was exclusively observed near cell-cell
contact regions and was not observed in the central



28

regions of cells, nor was it found in solitary cells
that are not in contact with other cells. We also
show that Ca?* lightning is capable of regulating
cell-cell repulsion in a Ca?*-dependent manner.
These results demonstrated that cell-cell contact
information may be transmitted by a new form of
Ca®* signal, Ca®* lightning, to regulate
intracellular events.

We also clarified a new synaptic maintenance
mechanism in the parallel fiber—Purkinje cell
synapse in the cerebellum. We have found that
there is a retrograde signaling mechanism
downstream of metabotropic glutamate
receptor-mediated 1P5-Ca®" signaling in Purkinje
cells, which then generates BDNF (brain-derived
neurotrophic factor) that maintains the glutamate-
release function of the presynaptic terminal of
parallel fibers. This presents a new form of
activity-dependent synaptic maintenance
mechanism.

We have studied the role of IP3-Ca?* signaling
in astrocytes (the most abundant glial cells) and
found that it regulates the expression of molecules
on the surface of astrocytes that regulate the
growth of neurons. Our results indicate that
N-cadherin is involved in the regulation of neural
growth. There seems to be more molecules that
are involved in this mechanism, and we are
searching for the new molecular mechanisms.

4) Cell-to-cell variability in Ca?* signals

Cell-to-cell phenotypic variability within clonal
populations has attracted considerable attention.
We found that human embryonic kidney 293 cells
exhibit all-or-none phenotypic variability in Ca®*
response  upon agonist application: only

approximately 40% of the cells respond to caffeine.

Using a systems-biological approach that
combines  time-lapse Ca?*  imaging and
mathematical modeling, we are now analyzing the
basis of the cell-to-cell variability. It is expected
that the study may provide a conceptual basis of
the cell-to-cell phenotypic  variability in
mammalian cells.
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Teaching activities

Our Department, in collaboration with the
Department of Cellular and Molecular Pharmacology,
takes responsibility for lectures and laboratory courses
on pharmacology for the undergraduate students of the
Faculty. There are some 41 lectures per year including
those given by seven invited lectures to cover
specialized and currently highlighted fields in
pharmacology. We offer several laboratory courses,
and all the members of the Department participate in
the courses to provide close consultation for the
students.

For the graduate students, there are series of
seminars on molecular biology and neuroscience. We
also have research seminars to discuss and stimulate
the research activities of the graduate students in the
Department.

Research activities

Current research activities are focused on the
molecular mechanism and regulation of learning and
memory. Brain function is based on highly complex
neural networks and their dynamics. The glutamate
receptor (GIuR) plays a key role in brain dynamics.
We elucidated the diversity of the NMDA-type GIuR
by molecular cloning and functional expression.
Ablation of the NMDA receptor GluRel by gene

targeting resulted in the increase of thresholds for both
hippocampal LTP induction and contextual learning.
Furthermore, cerebellar Purkinje cell (PC)-specific
GIluR32 mutant mice showed impairment of cerebellar
LTD and motor learning. These results suggest that
GluR is a key molecule of learning and memory.
Further analyses of GIuR32 and GluRel mutant mice
revealed that the temporal relationship of conditioned
and unconditioned stimuli determines the neural
substrates of eyeblink conditioning, a simple form of
associate learning, implying a systemic regulation of
learning and memory. Interestingly, the NMDA
receptor GluRe2 was essential for formation of the
whisker-related neuronal barrelette structure in the
brainstem trigeminal nucleus. The number of parallel
fiber (PF)-PC synapses was decreased in GluR&2
mutant mice and multiple climbing fiber innervation
was sustained. Thus, memory formation in the adult
brain and synapse refinement during development
may share common molecular mechanisms.

To investigate the molecular mechanism and
regulation of learning and memory, we employed two
approaches, conditional gene targeting on the pure
C57BL/6 genetic background and neuron-specific
gene manipulations in transparent zebrafish embryos.
Brain functions are the products of dynamic
interactions between multiple genes and environments.
Accordingly, there are large differences among mouse
strains at the behavioral and neurobiological levels.
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Therefore, it is crucial to manipulate genes on the
same and homogenous genetic background and then to
analyze and compare the phenotypes of various
genetically modified mice. We have established an
inducible and neuron-specific gene targeting system
on the pure C57BL/6 genetic background by
employing  Cre-progesterone  receptor  fusion
recombinase for temporal regulation of gene targeting
and Flp/frt recombination system for elimination of
marker genes. Inducible ablation of GIuR32 in the
adult cerebellum resulted in appearance of spines free
from axon terminals and mismatching between active
zone and PSD at PF-PC synapses. We thus identified
GIluR32 as a key molecule that regulates pre- and
postsynaptic matching and synaptic connection in the
adult brain, providing evidence for the notion that
there is a common molecular mechanism underlying
synaptic plasticity and synapse formation. Among
GluR&2-interacting molecules, we were interested in
Delphilin because of its selective expression in
cerebellar PCs. Ablation of Delphilin facilitated LTD
induction at PF-PC synapses and enhanced OKR
gain-increase adaptation without affecting any
detectable histological abnormalities. This finding
suggests that LTD induction at PF-PC synapses is a
crucial rate-limiting step for OKR gain-increase
adaptation, a simple form of motor learning. Studies
on conditional mutant mice also revealed the
involvement of striatal neurons in fear memory
formation and the novel role of hippocampal NMDA
receptors in network oscillation.

Transparent zebrafish embryos enable us to
visualize synapse formation Using an
olfactory sensory neuron-specific gene manipulation
system with effector-reporter double-cassette vectors,
we demonstrated that PKA-CREB signaling regulated
synaptic vesicle accumulation in the axon terminals
and calcineurin-NFAT signaling controlled
morphological remodeling of the axon terminals
during synapse formation. Mental retardation (MR),
defined as a failure to develop cognitive abilities, is
the most frequent cause of serious handicap in
children and young adults. Nonsyndromic MR is
characterized by reduced cognitive function without
any other clinical features, thus providing the most
direct approach to specifically study the neurobiology
of cognition and pathogenesis of MR. The expression

invi vo.

of Il1rapl 1b, the zebrafish orthologue of mammalian
ILIRAPLL1 responsible for a nonsyndromic form of
X-linked MR, stimulated synaptic  vesicle
accumulation in the axon terminal of olfactory sensory
neurons. On the other hand, the expression of Il1rapl
1b-P455H prevented the morphological remodeling of
axon terminal from complex shape to simple ones.
These results suggest that I11rapl 1b regulates synaptic
vesicle accumulation and morphological remodeling
through the carboxyl-terminal domain and TIR
domain, respectively. We thus provide evidence that
mental retardation protein Illrapl 1b plays an
important role in the axon terminal differentiation
during neuronal network formation.
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Introduction and Organization

Department of Pathology and Diagnostic Pathology is
responsible for the practice of diagnostic pathology,
education, and research in conjunction with Division
of Diagnostic Pathology of the University Hospital.
Our aim is the construction of “pathology as clinical
medicine” as well as “next-generation pathology for

translational research”.

“Diagnostic Pathology” has been officially
admitted in the fiscal year 2009 as the name of clinical
department that can be shown to the patients. It was a
great delight for us pathologists as indicating a general
acceptance of the importance of pathology diagnosis.

Dr. Motoi moved to Teikyo University, School of
Medicine as an Associate Professor. Drs. Sakatani and
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Morikawa moved to the Division of Diagnostic
Pathology, and Dr. Kikuchi was a new member of
Associates. Dr. Takazawa and Dr. Shibahara were
promoted to be Lecturer and Lecturer (Hospital),
respectively. Dr. Yamauchi was employed by the
global COE program, Chemical Biology of the
Diseases, on September.

Two postgraduate students finished the course
and received Ph.D. In the new fiscal year, 2009, four
new students will enter the course, and there are 13
postgraduates (including one foreign student).

We are responsible for the pathology practice of
The University Hospital, and carry forward the
morphology-based research targeting human diseases.
On the other hand, we take charge of General
Pathology course for the 1% grade students in
collaboration with Department of Molecular Pathology,
and also Systemic Pathology, Clinical Clerkship, and
Bedside-learning (BSL) for the 2" —4™ grade students.

Clinical activities (diagnostic
pathology and autopsy)

Together with Division of Diagnostic Pathology, we
are responsible for the pathologic diagnosis and
autopsy in the University Hospital (see the
corresponding section of Division of Diagnostic
Pathology).

Surgical pathology conferences are regularly held
with each clinical division, and the cases of various
tumors, including thorax, brain, liver, pancreato-
biliary tract, urology, gynecology, breast, and
orthopedics, as well as biopsy cases of liver, kidney
and skin are discussed.

Clinico-pathological conferences (CPCs) for two
autopsy cases are held every month in the hospital.
They are useful for the education of clinical
residents, in addition to the weekly autopsy
conferences.

A model project for the survey analysis of deaths
related to medical treatment (DRMT) has been in
operation since September 2005. We have participated
in the autopsy inspection in corporation with
Department of Legal Medicine. We have also started
the two-year project, “Feasibility of post mortem
imaging as a method assisting the autopsy inspection
of DRMT” (Grants-in-Aid from Ministry of Health,

labor and Welfare). The report 2008 is now open to
the public and available at the website of the study
group (http:://humanp.umin.jp/).

Teaching activities

We take on General Pathology course for the 1% grade
of undergraduate students, especially in its
morphological field. The course program and lecture
notes are open to the public and available in UT Open
Course Ware (http://ocw.u-tokyo.ac.jp/) .

Each class of Systemic Pathology course and
exercise is held in parallel with that of Systemic
Medicine course. Handouts are available in every half
course of the pathological exercises, and all slides
used in the course are accessible on our website as
virtual slides (digital images of the slides). All of the
microscopes will be renewed and the virtual
microscopy system will be introduced in the
laboratory of the 2n Building, partially by means of
a financial aid from the head office of the university as
one of its Education and Research Programs.

Clinical clerkship for the 3 grade, and BSL for
the 4" grade are carried out. In BSL, following
courses are included; autopsy pathologic practices
including a case presentation for paired students,
surgical pathologic practices using various tumor
sections, and a tour of the pathology laboratory.

The past examinations for the second grade
students and for graduation are also referred to the
website.

We have started the lecture series of tumor
pathology for the Cancer Profession Training Program
in postgraduate school, and the key slides are
distributed as DVD to the students.

Research activities

The firsrt major theme is “chronic inflammation and
neoplasms”, for which wvarious investigations are
developed, in the fields of Epstein-Barr virus (EBV)
associated gastric carcinoma (GC), lung carcinoma
and scar formation, and carcinogenesis in pulmonary
fibrosis. We clarified the role of latent membrane
protein 2A in the development and progression of
EBV-associated GC.

The second main theme is the search of target
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molecules for cancer therapy by global analysis of
expression profiles of various cancers, in collaboration
with Research Center for Advanced Science and
Technology (RCAST), the University of Tokyo. Drs.
Ota and Shibahara carried out immunohistochemical
studies with newly-developed monoclonal antibodies
using the tissue microaaray of various carcinomas.

Dr. Ishikawa developed a new method for
analyzing the precise copy number of genes in genome
wide (EG-method) in corporation with Prof. Aburatani
(RCAST). It is the essential method for the medical
research of the diseases, and he is expected to develop
a new field of genome pathology. His method also gets
a lot of attention from industries as a new method
available for identifying the patients susceptible to
adverse effects of a drug.
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Introduction and Organization

Our department has a more than 100-year history
from its establishment as the Department of Pathology.
Prof. Miyazono is working as the professor of the
Department of Molecular Pathology from August
2000. Now, the Department consists of a professor, an
associate professor, a lecturer, two research associates,
4 technicians, and several research fellows, including
19 graduate students, 3 master course students, 2
post-doctoral fellows, and a guest research fellow
from Sweden.

Teaching activities

Our department takes responsibility for lectures
on “General Pathology” for the undergraduate
students of the Faculty of Medicine in collaboration
with the staff of the Department of Human Pathology.
Teaching responsibilities include lectures on General
Pathology related to the mechanisms of diseases.
Since we believe it very important for medical
students to study Basic Oncology, we teach a basic
tumor biology course in our lectures of General
Pathology. In addition, we offer several laboratory
courses for students from molecular pathological
points of view.

We also supervise research activities of the

graduate students of the Department. Our laboratory is
located at the 11th floor at the Research Building of
Graduate School of Medicine. The laboratory is very
convenient for doing research, since most of the
experiments can be done at this floor. We have
“Progress Meeting” twice a month and “Monday
Seminar” once a month.

We have been doing collaboration with the
Ludwig Institute for Cancer Research, Uppsala,
Sweden for more than 10 years. We have annual
TGF-B meeting in Sweden every spring, and some
graduate students participate in the meeting and orally
present their results.

We are currently supported by the Global Center
of Excellence (COE) Program for "Integrative Life
Science Based on the Study of Biosignaling
Mechanisms" from the Ministry of Education, Culture,
Sports, Science and Technology of Japan. This
program stimulates interaction with students and
scientists in the program as well as those from other
laboratories.

Graduate students also present data at various
meetings, including Annual Meetings of the Japanese
Cancer Association, and Annual Meeting of the
Molecular Biology Society of Japan. At the corridor of
our laboratory, posters of our graduate students
reported at these meetings are presented.
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Research activities

Our major research interest is to elucidate how
members of the TGF (transforming growth
factor)-beta family transduce signals, and how they
regulate growth, differentiation, and apoptosis of
various cells. We are also interested in the regulation
of angiogenesis and lymphangiogenesis using
embryonic stem (ES) cell-derived vascular progenitor
cells and other endothelial cells.

Smad2 and Smad3 (Smad2/3) are primarily
involved in the transmission of TGF-beta signaling
from the cytoplasm to the nucleus. Many transcription
factors have been reported to cooperate with Smad2/3
in regulation of the transcription of target genes. We
have identified more than 1,700 Smad2/3 binding sites
in the promoter regions of over 25,500 genes by
chromatin  immunoprecipitation on  microarray
(ChIP-chip) in human HaCaT Kkeratinocyte cells.
Binding elements for ETS1 and TFAP2A were
enriched in the Smad2/3 binding sites, and knockdown
of either ETS1 or TFAP2A resulted in alteration of
TGF-beta-induced transcription. These findings
suggest general roles of ETS1 and TFAP2A in the
transcription induced by TGF-beta-Smad signaling
pathways. We identified novel Smad binding sites in
the CDKN1A gene where Smad2/3 binding was
regulated by ETS1 and TFAP2A. Moreover, we
showed that siRNAs for ETS1 and TFAP2A affected
TGF-beta-induced growth arrest. We have also
analyzed genes specifically regulated by Smad2 or
Smad3, and found that their specificity was not solely
dependent on the amounts of the Smad2 or Smad3
proteins bound to the promoters. These findings reveal
novel regulatory mechanisms of Smad2/3-induced
transcription in  TGF-beta signaling pathways
(Koinuma et al., Mol. Cell. Biol. 2009).

Epithelial-to-mesenchymal transition (EMT) is a
crucial event for cancer cells to acquire invasive and
metastatic properties and is induced by TGF-beta. We
found the mechanism whereby Snail, a key
transcriptional regulator of EMT, is induced by
TGF-beta in cancer cells. Snail induction by TGF-beta
was highly dependent on cooperation with active Ras
signals, and knockdown of Ras abolished induction of
Snail by TGF-beta in a pancreatic cancer cell line
Panc-1. Exogenous expression of active Ras into

HeLa cells resulted in induction of Snail by TGF-beta,
while expression of other target genes of TGF-beta,
e.g. Smad7 and PAI-1, was not affected by Ras
signaling. We found that phosphorylation at the linker
region of Smad2 or Smad3 by MAP kinases was not
essential for the induction of Snail by TGF-beta. Our
findings indicate that Ras and TGF-beta signaling
cooperate in the induction of Snail, which occurs in a
Smad-dependent manner (Horiguchi et al., J. Biol.
Chem. 2009).

Thyroid transcription factor-1 (TTF-1, also
known as Nkx2.1) is expressed in lung cancer, but its
biological functions are unknown. We have found a
novel function of TTF-1 that inhibits TGF-beta-
induced EMT and restores epithelial phenotype in
several lung adenocarcinoma cells. The effect of
TTF-1 was accompanied by down-regulation of some
TGF-beta target genes, including above-mentioned
EMT regulators, such as Snail and Slug. Silencing of
TTF-1 enhanced TGF-beta-induced EMT, and thus,
TTF-1 exerts a tumor-suppressive effect with
abrogation of cellular response to TGF-beta. Moreover,
we have found that TTF-1 reduces TGF-beta2
production in lung adenocarcinoma A549 cells and
that TGF-beta conversely decreases TTF-1 expression.
These findings suggest that enhancement of autocrine
TGF-beta signaling facilitates the decrease of TTF-1
expression and vice versa, and that regulation of
TTF-1 expression can be a novel therapeutic strategy
for treatment of lung adenocarcinoma (Saito et al.,
Cancer Res. 2009).

We previously reported the use of TGF-beta
inhibitor on tumor neovasculature in stroma-rich
tumor models (such as pancreatic cancer models) to
increase the intra-tumoral distribution of nanoparticles.
We compared the effects of two other protein kinase
inhibitors, imatinib and sorafenib, with TGF-beta
inhibitor (LY364947) on extravasation of a modelled
nanoparticle, i.e. 2 MDa dextran. We first used a
Matrigel plug assay to compare neovasculature
formed inside of and around Matrigel plugs
(intra-plug and peri-plug regions, respectively).
Intra-plug neovasculature was more abundantly
covered by pericytes, while peri-plug neovasculature
was less covered. TGF-beta inhibitor showed the most
potent effect on intra-plug neovasculature in
increasing the extravasation of dextran, while
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sorafenib showed the most potent effect on peri-plug
neovasculature. Next, these findings were confirmed
by using two tumor models, i.e. the CT26 colon
cancer and the BXPC3 pancreatic cancer models. The
neovasculature phenotype in CT26 was similar to that
in the peri-plug region, while that in BxPC3 was
similar to that in the intra-plug region. Consistently,
sorafenib potently enhanced the accumulation of
nanoparticles in the CT26 tumors, while TGF-beta
inhibitor did so in the BxPC3 tumors. Thus, the
strategy for optimization of tumor neovasculature for
nanoparticles may be different, depending on tumor
types (Kano et al., Cancer Sci. 2009).

During the process of embryonic lymphatic
development, a homeobox transcription factor, Prox1,
is expressed in a subset of venous blood endothelial
cells (BECs) in which an orphan nuclear receptor,
COUP-TFII, is highly expressed. Proxl induces
differentiation of BECs into lymphatic endothelial
cells (LECs) by inducing the expression of various
molecules responsible for LEC differentiation,
including vascular endothelial growth factor receptor
3 (VEGFR3). However, mechanisms how
transcriptional activities of Prox1 are regulated remain
to be studied. We have found that Prox1 induces the
proliferation and migration of BECs and LECs toward
VEGF-C by inducing the expression of cyclin E1 and
VEGFR3, respectively. Gain-of-function studies
showed that COUP-TFII negatively regulates the
effects of Prox1 in BECs and LECs. We also showed
that Prox1 and COUP-TFII physically interact with
each other in LECs and that they both bind to the
cyclin E1 promoter. These findings suggest that
COUP-TFII physically and functionally interact
during differentiation and maintenance of lymphatic
vessels (Yamazaki et al., Gene Cells, 2009).

We have organized Sapporo Cancer Seminar
“TGF-beta signaling and cancer” on June 26-27, 2009
in Sapporo (supported by the Global COE Program).
More than 150 scientists and students participated in
the Seminar, and exchanged their most recent data.
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Introduction and Organization

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 molecular mechanisms of a variety of
biological events, providing useful insights into life
science. Recently, efforts have also been initiated by a
number of research groups to utilize animal viruses as
a tool for human gene therapy. In order to familiarize
students 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, currently assumes a responsibility for
teaching bacteriology, mycology, and virology to
medical undergraduates.

Education
Undergraduate Course, Faculty of Medicine

In a series of lectures (totally 64 hr) and
laboratory courses (36 hr), the following subjects are
covered.
1) Molecular biology of bacteria, phages, and animal
viruses
2) Mechanisms of microbial diseases
3) Laboratory diagnosis of pathogenic microbes
4) Infection control and biosafety

5) Application of  microbial organisms  for

biotechnology
6) Socioeconomic impact of microbial diseases

In addition to the staff of our department, experts
from the National Institute of Infectious Diseases (Dr.
Watanabe and Dr. Yoshikura), Faculty of Agriculture
(Dr. Onodera), Institute of Medical Science (Dr.
Sasakawa, Dr. Kawaoka, Dr. lwamoto, Dr. Saito, and
Dr. Matano), and professor emeritus (Dr. Kawana)
contribute to the teaching activities.

Research

1. IRES (internal ribosome entry site)-dependent
translation
Kamoshita, N., Munakata, T., and Nomoto, A.

2. PVR (poliovirus receptor)-dependent and
-independent poliovirus entry
Ohka, S., Nihei, C., Mikame, M., and Nomoto, A.

3. Effect of viral infection on cell metabolism
Kamoshita, N., Matsuda, N., Nihei, C., Ohka, S.,
and Nomoto, A.

4. Blood brain barrier permeation of poliovirus
Mikame, M., Nihei, C., Ohka, S., and Nomoto, A.

5. Oral infection mechanism of poliovirus
Ohka, S., Kajiro, K., and Nomoto, A.

6. Development and application of poliovirus
vector
Chiba, H., lgarashi, H., Shimizu, M., Ohka, S.,
and Nomoto, A.

7. Biochemical analysis of HCV (hepatitis C
virus) genome as an RNA replicon
Okamoto, Y., Munakata, T., Kamoshita, N., and
Nomoto, A.



8. Molecular basis for HCV pathogenesis
Munakata, T., Hayase, N., and Nomoto, A.

9. Development of novel inhibitors of HCV
replication
Munakata, T., and Nomoto, A.

Publications

1. Nishimura T, Saito M, Takano T, Nomoto A,
Kohara M, and Tsukiyama-Kohara K.
Comparative  aspects on the role of
polypyrimidine tract-binding protein in internal
initiation of hepatitis C virus and poliovirus
RNAs. Comparat Immunol Microbiol Infect Dis.,
31: 435-448, 2008.
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Introduction and Organization

The Department of Infection Control and Prevention
started at first as the Division of Hospital Infection
Control Services on January 23, 1991. This division
developed into the Division of Infection Control and
Prevention on September I, 1993 and the present
department on June 4, 1994. Currently, our faculty
consists of one professor, two lecturers, 6 guest
lecturers, two research associates, 11 laboratory
technicians, and two office assistants. For isolation
and identification of microorganisms from clinical
specimens, we amalgamated the microbiology unit
from the Department of Clinical Laboratory in 2001.

Clinical activities

Our daily activities are as follows:

1) Surveillance and control of hospital-acquired
infection, such as infection or colonization of
methicillin-resistant  Staphylococcus au reus and
other drug-resistant microbes.

2) Investigation of trends in weekly bases and
monthly reports to all departments; Screening of

colonization; monitoring of appropriate use of
antibiotics such as mupirocin and vancomycin.

3) Microbiological investigation of wards and
environment (at request or need).

4) Detection, investigation, intervention and control of
the hospital infection outbreak.

5) Offering of information and advice on HIV-infected
patients” management.

6) Direct inquiries and advises on management of
patients with wvarious infections through ward
rounds every week.

Teaching activities

We have been charged for education of undergraduate
students on the course of medicine (lectures and
practical exercises on the infection control for the 3rd
and 4th grade students and lectures on infectious
diseases for the 4th grade students), the course of
health science (lectures on microbiology), and the
school of nursing (lectures and practical exercises on
microbiology). These lectures and exercises contain
subjects not only on the hospital infection but also on
clinical microbiology. We are also engaged in the
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education of graduate students as well as hospital
staff.

For postgraduate education, we have been committed
to the guidance for new postgraduates and residents
on the hospital and occupational infection control. We
have been also offering our information and technique
on occasions of request.

Research activities

We have been mainly studying on following subjects:

1) Development of preemptive strategies for the
control of healthcare-associated infection

2) Development of new methods in infection control
and treatment of viral hepatitis

3) Molecular  pathogenesis  of
carcinoma in HCV infection

4) Pathogenesis of progression of HIV infection

hepatocellular

5) Molecular pathogenesis of the mitochondrial
disturbances in viral infections

6) Molecular pathogenesis of hepatitis B viral
infection

7) Host defences to microorganisms

8) Molecular analysis of innate immunity in

microorganism infection
9) New detection method and pathogenesis of
opportunistic cytomegaloviral infection

10) Mechanism of multi-drug resistant
microorganisms
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Introduction and Organization

The history of the Department of Immunology,
formerly the Department of Serology, dates back to
1918. The department’s adopted its present name
when Dr. Tomio Tada, now Professor Emeritus of The
University of Tokyo, took his position in 1977 as
professor and chair of the department. Through his
innovative research and great contributions to the
international community of immunologists, Dr. Tada
raised the stature of the department to a
world-renowned status. After his retirement in 1994,
Dr. Taniguchi had tried to follow and improve the high
standards of the department established by Dr. Tada
by providing a first-rate education to students as well
as performing cutting-edge, internationally recognized
research in the field of immunology.

In the late 1970s and early 1980s, Prof. Taniguchi’s
research was the first to identify and subsequent
characterize two cytokine genes, interferon (IFN)-f
and interleukin (IL)-2. These initial studies led to the
experimental dissection of the cytokine systems in the

context of the regulation of immunity and oncogenesis.

One of our major contributions resulting from these
efforts was the discovery and characterization of a
new family of transcription factors, termed interferon
regulatory factors (IRFs).

While the core of our current research is aimed at
clarifying the functions of IRF family members in the
context of immunity, the broad scope of our scientific
interests encompass a number of areas including those

pertaining to innate immune system activation,
autoimmunity, oncogenesis, and others.

Teaching activities

All members of our department take our
responsibilities to teach and train the next generation
of scientists very seriously. Our department provides
through lectures on

class work instruction

immunobiology, immunochemistry and molecular
immunology to the undergraduate students of the
faculty, as well as practical training by way of
laboratory courses on basic immunology experimental
techniques. The education of graduate students is
based on weekly seminars during which time students
present the progress of their own research projects,
discuss the future directions of their own and the
research of others, and are exposed to the latest,
cutting-edge research question confronting the field of
immunology. We also offer a special training course
(called

biological and immunological techniques to medical

‘free quarter’) of basic and advanced
students. In addition to lectures and laboratory courses
provided by our own staff members, special seminars
on leading research activities are also given by
internationally recognized scientists from all over the
world, such as Jeffrey V. Ravetch (Professor of The
Rockefeller University).
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Research activities

Our research interests within the fields of cellular
and molecular immunology involve the extensive
that underlie the
regulation of gene expression and signal transduction

analysis of the mechanisms
in host defense systems, with a focus on the molecular
mechanisms of the host defense against viral and
bacterial infections. Among these mechanisms, the
interferon (IFN) system is one of the most important
in the control of such infections. During the course of
our studies, we have identified members of the
interferon regulatory factor (IRF) family to play a
number of critical roles in immunity. In total, our
studies on IRFs have revealed a remarkable functional
diversity and serve as key regulators in the control of
innate immune responses. For example, we have
shown that the transcription factor IRF-7 is essential
for type I

TLR-activated
IRF-5 was demonstrated by us to be critical for the

IFN production upon virus- and
signaling pathways. Furthermore,

induction of pro-inflammatory cytokines and
chemokine genes, which are typically activated by
TLRs in response to infections.

The exposure of DNA within the cytoplasm of a
cell, which can occur during the course of viral and
bacterial infections, evokes strong, TLR-independent
immune responses. Recently, we have identified a
protein that functions as a cytosolic DNA sensor in
these responses. DNA-dependent activator of IRFs
(DAI) upon recognition of cytosolic DNA associates
with TBK1 kinase and IRF3 transcription factor to
induce transcription of type I IFN genes. We further
identified several important domains of DAI, and
revealed that DAI forms a multimer upon DNA
recognition to activate the down-stream signaling
pathways. We have established DAI-deficient mice

and plan to investigate the physiological role of DAL

With IRF-mediated
apoptosis, we have shown that IRF-5, previously

respect to regulation of
shown by us to be important cytokine gene induction,
also regulates cellular susceptibility to apoptosis
triggered by various stimuli such as virus, DNA
damage, and death receptor Fas. In addition, we have
demonstrated that IRF-5 has tumor suppressive
activity. Therefore, IRF-5 is important for two main

aspects of immune homeostasis and host defense,
namely in generating immune responses to invading
pathogens and suppression of tumor development.
Another IRF-1
transactivates the IL-12 receptorf gene, thereby

recent, critical finding is that
supporting Thl differentiation. These are just a small
subset of the scientific questions related to the IRF
family of transcription factors, which serves to
illustrate the important role they serve in host defense
system. Future studies by our and other labs will
continue to reveal their functions.

In addition to their roles during pathogen challenge,
type I IFNs are known to be produced at low levels in
the absence of infection. Recently, we demonstrate
that a weak signal by these constitutively produced
type 1 IFNs plays a preventive role in cellular
transformation. IFN receptor AR1 (IFNAR1)-deficient
(Ifnarl”") MEF, which are unable to receive signals
by type I IFNs,
transformation during long-term cell culture without

undergo spontaneous cellular

any abnormal growth properties. Furthermore,
Ifnarl”” mice develop chemically induced skin
papilloma more severely than wild-type mice and the
expression of IFNAR1 mRNA are significantly
decreased in human gastric cancer tissues.
Collectively, these findings suggest a cell-intrinsic
role of the weak signal by constitutively produced
type I IFN to prevent cells from transformation.

In addition to advancing a basic understanding of
the principles of immunology, we are also trying to
establish therapeutic strategies for the treatment of
cancer. The selective elimination of tumor cells is one
of the most important issues in cancer therapy. In this
context, we recently revealed that Noxa, a BH3-only
protein with proapoptotic activity, selectively induces
apoptosis in human tumor cells. Upon infection of a
recombinant adenovirus contrived to express the Noxa
gene, apoptosis was induced in several human breast
cancer cell lines, but not in normal mammary
epithelial cells. Furthermore, intratumoral injection of
the Noxa-expressing adenovirus resulted in marked
shrinkage of the transplanted tumor without any
notable adverse effect on the surrounding normal
tissue. These data provide a new prospect for cancer
therapy by the Noxa-mediated selective elimination of

malignant cells.
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Introduction and Organization

Department of Radiology was established in 1932.
Radiology covers three major fields that are, Diagnos-
tic Radiology (imaging and intervention), Radiation
Oncology (radiotherapy) and Nuclear Medicine. The
clinical, educational and research activities of our de-
partment are being carried out in cooperation with
Department of Radiology in The Research Institute of
Medical Science, which has three (1 associate profes-
sor, 1 lecturer, and 1 assistant professor) positions. In
addition, Department of Radiology mainly takes care
of radiation protection and radiation safety in the hos-
pital.

Clinical activities

Clinical services on Diagnostic Radiology, Nuclear
Medicine, and Radiation Oncology are provided in the
centralized Clinical Radiology Service Department in
cooperation with radiology technologists and nurses.

In the section of Diagnostic Radiology, all CT and
MRI examinations are monitored and reported by di-
agnostic radiologists. Diagnostic radiologists, gastro-
enterologists and cardiologists mainly perform inter-
ventional procedures.

In the section of Nuclear Medicine, there are two
SPECT rooms and three PET rooms. These nuclear
imaging procedures are chiefly performed and re-
ported by radiologists and cardiologists.

Each year, over 700 new patients receive radiation
therapy in the Radiation Oncology section. Highly
accurate 3D radiation therapy is the most outstanding
feature. Stereotactic radiation therapy for small lung
or liver tumors was kicked off recently.

In the 9™ floor of the new inpatient building, there
are 12 beds in the Radiology ward, which are usually
used for oncology patients receiving radiation therapy
and chemotherapy. Some of them are sometimes used
for patients receiving invasive diagnostic procedures
such as interventional radiology (IVR), angiography
and myelography. There are two special beds for ra-
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dionuclide (RN) therapy in the same floor. In addition,
four beds are allotted to terminal care ward located in
the 14" floor.

Teaching activities

Lectures are given to the fourth-, fifth- and
sixth-year students to provide fundamental knowledge
of diagnostic radiology, radiation oncology and nuc-
lear medicine. Professor, associate professors and lec-
turers as well as specialists assigned as part time lec-
turers take part in the education. A series of lectures
about fundamentals of radiology and related sciences
are given to the fourth-year students. As bed-side-
learning (BSL) curriculum, sixteen small groups of
the fifth-year students are taking part in mini-lectures
and practice to learn basics of diagnostic radiology for
one week. For the sixth-year students, another week
of small group training and mini-lectures are prepared
to learn advanced medical techniques of Radiation
Oncology and Nuclear Medicine. They will learn de-
tailed principles of image constructions in various
kinds of imaging modalities and technology in radia-
tion therapy against cancer. Postgraduate students are
also welcome to each of subspecialties of radiology
according to their interests.

Research activities

Research activities in our department include clini-
cal research, animal experiments and development of
instruments as well as computer-based new technolo-
gy. Diagnostic Radiology group in the department
promotes research activities aiming at efficacy im-
provement of diagnostic imaging and expansion of its
application. Multi-row detector helical computed to-
mography (MDCT) enables us to take tomographic
images in three-dimensional (3D) fashion. Using the
data acquired by MDCT various kinds of diseases in
almost all parts of the body, from cerebral diseases to
musculoskeletal diseases, can be displayed in 3D im-
ages. New 3D software developed in our departments
is now widely used in the field of the gastrointestinal
tract, lung, and central nervous system. In addition,
we have opened a new laboratory section named Im-
age Computing and Analysis Laboratory with invita-
tion of a new staff from the Faculty of Engineering,

the University of Tokyo. This section will contribute
to development of novel software to abstract clinically
useful information from the 3D imaging data more
sophisticatedly. In the field of magnetic resonance
(MR) imaging, MR digital subtraction angiography,
perfusion imaging, and diffusion tensor imaging are
the foci of research. These techniques are aggressively
applied to the investigation of vascular and neoplastic
diseases of the brain. Application of an open-type MR
imaging unit to interventional radiology is another
field of clinical research. In our section, MR imaging
is specifically used to the treatment of vascular mal-
formation. Basic animal experiments are also in
progress in the field of functional MR imaging and
diffusion and perfusion MR techniques.

Radiation oncology group promotes research
projects in two major fields, one is physical engineer-
ing aspect of radiotherapy and the other is reduction of
injuries due to radiation exposure. With the purpose of
achieving precise external irradiation, a new linear
accelerator with C-arm and multileaf collimator sys-
tems was developed and installed, which is utilized
mainly for non-coplanar radiation therapy in many
patients especially with brain tumor or head and neck
tumor. Dynamic conical conformal radiotherapy (Dy-
conic therapy) for metastatic brain tumors using the
accelerator is under evaluation. In addition to gamma
knife radiosurgery, this new accelerator based stereo-
tactic radiotherapy for brain diseases has been under-
gone, and stereotactic radiotherapy for body tumors,
such as lung and liver tumors, has been investigated. A
new technology to track mobile tumors, represented
by lung tumors is under investigation in collaboration
with accelerator makers. Novel approach to terminal
care of patients with various cancers has been inves-
tigated and implemented as the palliative care team in
cooperation with expert nurses. The relationship be-
tween terminal condition and cytokines, and newly
developed scoring system of quality of life are being
evaluated. The gustatory injury due to radiotherapy
has been investigated through animal experiments in
combination with the laboratory of biological function,
Graduate School of Agricultural and Life Sciences,
University of Tokyo, and through taste tests in clinical
setting. Radiation injuries in many tissues in the criti-
cally accident in Tokai-mura were also investigated.

Nuclear Medicine group promote clinical research
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on images of function by the application of radioiso-
tope-labeled tracer technology. In particular, emission
tomography (PET and SPECT) is applied for the
evaluation of cerebral blood flow and metabolism in
patients with dementia, epilepsy, and cerebrovascular
diseases. Cerebral blood flow, glucose metabolism and
neural synaptic functions are measured for the under-
standing of normal and pathophysiological states of
CNS disorders, using a variety of positron-emitter
radiotracer, such as [0-15] H,0, CO,, O,, CO, [F-18]
FDG, [C-11] methionine, [F-18]Dopa, [C-11]NMSP,
NMPB and [C-11] raclopride. The study of dementia
using SPECT and the standard brain atlas has made it
possible to categorize the type of dementia. Evalua-
tion of dopaminergic function by PET is very impor-
tant in the differential diagnosis of parkinsonism.
Cardiac PET and SPECT are also active fields. Myo-
cardial viability, vascular reserve and sympathetic
nerve denervation in the ischemic heart disease are
evaluated with [F-18] FDG, [N-13] NHs, TI-201 and
[1-123] MIBG. Higher brain functions such as reading,
speech and thinking have been studied with PET by
comparing blood flow and receptor binding potential
(BP) under various tasks and at rest. For the precise
localization of activated brain function, computer
processing and reconstruction of composite images of
function and anatomy is an essential subject for inves-
tigation. At present, whole body FDG-PET is one of
the most effective tool for exploring metastatic lesions
of cancer patients. Combination display of
SPECT/PET with XCT/MRI would be a routine job
and anatomo-functional images would play an impor-
tant role in the clinical management of the patients.
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Introduction and Organization

Our department originated from the Institute of
Medical Electronics, established in 1961. In 1997, as a
result of the shift to the chair system of the Graduate
School of Medicine, the Institute was replaced with
three departments of Biomedical Engineering: System
Physiology, Bioimaging and Biomagnetics, and
Biosystem Construction and Control. The Department
of System Physiology consists of one professor and

one lecturer.

Teaching activities

We provide lectures of “Early Exposure to
Medicine” for first year students, “Basic Principles of
Biomedical Engineering” for second and third year
students, “Introduction to Biomedical Engineering”
for postgraduate students, “Introduction to Medical
Science: Medical Engineering” for master’s students,
in the faculty of Medicine, and “Principles of
Medicine” for postgraduate students in the faculty of
Engineering. We offer practical training of biomedical
engineering research to third and fourth year medical
students. A weekly seminar is held in our laboratory
bringing together staff, postgraduate students and
research fellows to discuss journal articles and give
updates on experiments. Our aim is to enhance the

research skills of students.

Research activities

This laboratory has been pursuing the study of

biomechanics dealing with mechanical phenomena in
the human body, especially focusing on cellular
sensing and response mechanisms to mechanical
stimuli. The main theme of our work is the
relationships between shear stress, a mechanical force
generated by blood flow, and its target cells, vascular
endothelial cells. This would be of benefit not only
to understanding blood flow-mediated regulation of
vascular functions but also to the elucidation of
clinically important problems such as angiogenesis,
vascular remodeling and atherogenesis which occur in
a blood flow-dependent manner.

Original biomedical engineering methods have been
applied, in which cultured endothelial cells are
exposed to controlled levels of shear stress in a
fluid—dynamic flow apparatus and whose responses
are analyzed at the cellular and molecular levels.
Microcirculatory hemodynamics and oxygen transport
are studied by employing opto-electronics technology.

The results of these experiments are listed below.

1. Cell responses to shear stress
2. Shear stress-mediated gene regulation
3. Shear stress signal transduction

1. Cell responses to shear stress

Our studies have demonstrated that endothelial cells
When a
cultured endothelial cell monolayer was partially

have functional responses to shear stress.

denuded, surrounding cells migrated and proliferated
in the denuded area, and covered the denuded area.
Shear stress enhanced the regenerative functions of
endothelial cells (Microvasc Res 1987, Biorheology,
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1990).
oxide, a potent vasodilator, in endothelial cells in a
dose-dependent manner (BBRC 1994).
also increased the expression of thrombomodulin, an

Shear stress increased the production of nitric
Shear stress
antithrombotic molecule, in endothelial cells (BBRC

1994).
vascular cell adhesion, which leads to the inhibition of

In contrast, it decreased the expression of

leukocyte adhesion to wvascular cell adhesion
molecule-1 (VCAM-1; BBRC 1993, Am J Physiol
1994).
stress increases the levels of adrenomedulin and
mRNA which have
vasodilating effects in addition to nitric oxide

A collaborative study showed that shear

C-type natriuretic peptide
(Hypertension 1997), and that it also augmented the
expression of lectin like low density lipoprotein
receptor (LOX-1) at the protein and mRNA level (Circ
Res 1998).

progenitor cells

Recently, we revealed that endothelial
(EPCs)
peripheral blood proliferate and differentiate into

circulating in human
mature endothelial cells in response to shear stress,
thereby forming tube-like structures in collagen gel (J
Appl Physiol 2003). We also found that shear stress
induces the differentiation of murine embryonic stem
cells (ES cells) into endothelial cells in vitro (Am J
Physiol 2005).
collaborative study, a new type of artificial blood

Based on these findings, in a

vessel, in which ES cells were cultured in polymer
tubes and exposed to pulsatile shear stress, was
developed (J Artif Organs 2005). More recently, we
revealed that shear stress increased the gene
expression of the arterial EC marker ephrinB2 in
EPCs, while it decreased the gene expression of the
venous EC marker EphB4, suggesting that shear stress
affects arterial-venous differentiation of EPCs (J Appl

Physiol 2009).

2. Shear stress-mediated gene regulation

We have demonstrated that shear stress regulates
endothelial gene expression transcriptionally and/or
posttranscriptionally. Shear stress downregulates
VCAM-1 gene transcription via the double AP-1
binding element (TGACTCA) in the promoter which
functions as a shear stress-responsive element (Am J
Physiol 1997).
increase the level of granulocyte/macrophase-colony
stimulating factor (GM-CSF) via mRNA stabilization

Shear stress has also been shown to

(Circ Res 1988).
showed that around 600 known and unknown

Differential display analysis

transcripts were up- or down-regulated in human
umbilical vein endothelial cells exposed to a shear
stress of 15 dynes/cm” for 6 h (BBRC 1996). From
these shear stress-responsive genes, a cDNA encoding
an unknown G-protein coupled receptor was cloned
(BBRC 1997).
factor SP1 is involved in the shear stress-induced

We showed that the transcription

down-regulation of P2X4 (an ATP-gated cation
channel) gene expression in endothelial cells (Am J
Physiol 2001).
that approximately 3% of the all endothelial genes,

DNA microarray analysis revealed

which corresponds to about 600 genes, respond to
shear stress (J Athero Thromb 2003).
revealed that endothelial genes are differentially

Recently, we

regulated by laminar and turbulent shear stress.
Laminar shear stress decreases the gene expression of
urokinase plasminogen activator (uPA), which plays a
role in fibrinolysis and vascular remodeling, via both
GATA6-mediated
transcription and an

down-regulation of  gene
of mRNA
degradation, while turbulent shear stress increases the

acceleration

uPA gene expression through mRNA stabilization (Am
J Physiol 2004).
up-regulates the gene expression of plasminogen

We demonstrated that shear stress

activator inhibitor-1 (PAI-1) through activation of
transcription factors Sp-1 and Ets-1
hepatocytes (Am J Physiol 2006).
compliant tube-type flow-loading device that allows

in human
We developed a

simultaneous application of physiological levels of
shear stress and cyclic strain to cultured cells and
observed that the response of endothelial genes to
shear stress or cyclic strain depends on whether the
two forces are applied separately or together (J
Biotechnology 2008).

3. Shear stress signal transduction

We first showed that Ca®’ signaling plays an
important role in the mechanism by which endothelial
cells recognize the shear stress signal and transmit it
into the cell interior (In Vitro Cell Dev Biol 1988.
Strong shearing forces induced by dragging
endothelial cells with a balloon causes an increase in
cytoplasmic Ca>" concentrations (Biorheology 1994).

A relatively weak shearing force like shear stress
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generated by fluid flow needs the presence of
extracellular ATP to induce Ca®" response, and at
several hundred nanomolar of ATP, intracellular Ca*"
concentrations increase in a shear stress-dependent
manner (BBRC 1991, 1993). Generally, flow-induced
Ca®" responses are initiated at a locus at the cell edge
and propagate throughout the entire cell in the form of
a Ca’™ wave. The initiation locus corresponded
precisely to caveolae rich cell edges (Proc Nat’l Acad
Sci 1998). We found that a subtype of ATP-gated
cation channel, the P2X4 receptor, is expressed in
human vascular endothelial cells (Am J Physiol 2000)
and that P2X4 receptors play a crucial role in the
shear stress-dependent Ca”" response (Circ Res 2000).
Endogeneously released ATP by shear stress is
involved in the P2X4-mediated Ca®" responses (Am J
Physiol 2003). We produced P2X4-deficient mice
and observed that the P2X4-deficent mice have
impaired flow-dependent control of vascular tone and
remodeling, indicating that shear stress signal
transduction via P2X4 plays a critical role in the
regulation of circulatory functions (Nat Med 2006).
Our recent study revealed that cell surface ATP
synthase localized in caveolae/lipid rafts are involved
in the shear-stress-induced ATP release by ECs (Am J

Physiol 2007).
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Introduction and Organization

Institute of Medical Electronics was established in
1963 as the first research institute for medical
engineering in Japan. Department of Clinical
Medicine in the Institute of Medical Electronics was
started in 1964 for research and development of the
advanced diagnostic and of the therapeutic medical
engineering technologies in clinical medicine. To
date, medical engineering has grown up not only to a
very important academic discipline but also to a very
important means for the clinical medicine. The name
of the department and institute has been changed as
shown above since April 1, 1997 with the structural
reformation of the Faculty of Medicine.

The research covers wide area of interdisciplinary and
comprehensive research fields based on the medical
and engineering techniques, we are cooperating with
various laboratories. Our doctor course students have
the opportunity to perform research work under the
guidance of Prof. Mabuchi at Department of
Information Physics and Computing, Graduate School
of Information Science and Technology.

Teaching activities

As for under-graduate education, our department takes
a part in systematic lectures for the 3rd year medical
students, and provides practice in the “free quarter”
course for the 3rd and 4th year medical students. In
systematic lectures, basic knowledge for the advanced
diagnostic and therapeutic medical engineering

technologies are presented. The basic lectures of
artificial organ technologies are included.

As for post-graduate education, our department takes
a part in series of lectures for master course and
doctor course students. In the lectures for master
course students, artificial organ technologies are
presented. In the lectures for doctor course students,
philosophy, methodology and basic and special
knowledge about medical engineering high
technologies for basic and clinical medicine are
presented.

The educational practice of the post-graduate students
is performed mainly by on-the-job training method in
the daily research works. Pre-operative management,
anesthesia, surgery, post-operative management,
measurement, data processing, ethical factor, and
much other important information are acquired
through the fabrication and the animal experiment of
artificial hearts. As for the subject of research,
students find by themselves not only from the field of
artificial organs but also from the wide area of
medical engineering fields. On the other hand, the
education to train the leaders of biomedical engineers
and clinical engineers is another important role.
Students must attend to weekly meeting. They can
learn how to perform the research work and how to
report it through this meeting.

Research activities

Our research field covers advanced diagnostic and
therapeutic medical engineering high technologies for
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clinical medicine. The main themes are artificial
organs (artificial heart, assist circulation, artificial
lung, artificial valve, tissue engineered artificial
organs, regenerative artificial organs, etc). Especially,
artificial heart is the world famous research project
having a long history since 1959 at the University of
Tokyo. Almost all the researches and developments
for driving mechanisms, energy converters, blood
pumps, artificial valves, biomaterials, power
transmissions, measurement techniques, control
methods, anatomical compatibility, hemocompatibility,
tissue compatibility, computer fluid dynamics,
physiology, pathology, and so on, have been studied.
All the stuffs and students are participating in the
artificial heart project. In 1995, we succeeded to
survive a goat for 532 days with the paracorporeal
total artificial heart (TAH), which is still the longest
survival record of TAH animals in the world.

Our artificial heart research at present is to develop an
implantable TAH.  We invented a small
continuous-flow blood pump with high performance,
named undulation pump, to meet the purpose. We
are developing an undulation pump total artificial
heart (UPTAH) using undulation pumps. The UPTAH
is the most compact implantable TAH with the highest
performance in producing output in the world. This
TAH is designed to generate pulsatile flow by
changing motor speed periodically. Recently, the new
model of UPTAH was developed for the purpose of
studying physiology with nonpulsatile TAH. This
UPTAH can switch pulsatile flow to nonpulsatile flow
with a single device easily. We succeeded to survive a
goat for 153 days with UPTAH.

How to control the output of TAH is another big
interest. We have developed our original control
method, named 1/R control, in which the cardiac
output is controlled by the cardiovascular center
through the feedback mechanism using changes in
total peripheral resistance and arterial pressure. At the
present time, 1/R control is the only reported method
to achieve a physiological control of a TAH logically.
With 1/R control, the particular problems of TAH such
as venous hypertension, slight anemia, low thyroid
hormone level, and so on, were not observed and the
output was changed in accordance with a metabolic
condition of the animal.

1/R control was installed in the UPTAH and the

pathphysiological study was performed with
nonpulsatile TAH. The result showed that 1/R control
could be possible not only with a pulsatile TAH, but
also with a nonpulsatile TAH. The general condition
and organ function were not changed by the
application of the nonpulsatile mode. Cardiac output
and arterial pressure changed with the condition of the
goat in pulsatile and also in nonpulsatile modes, which
seemed almost identical. However, the sucking effect
of atria was very significant in the nonpulsatile mode,
resulted in hemolysis. Therefore, nonpulsatile TAH
with 1/R control was considered to be inadequate,
unless some pulsatility would be introduced to avoid
fatal sucking effect for ensuring sufficient inflow
condition.

A project of ELSS (Emergency Life Support System)
that is a compact PCPS (Percutaneous cardio
pulmonary support) device for emergency use has
been started in 2004. The device consists of blood
pump, oxygenator, drive and control unit and battery
unit. A new membrane oxygenator and a new blood
pump were designed and fabricated in one piece. An
experimental model exhibited good performance.
The whole system components are packed in a case
having 180 mm in diameter and 390 mm long. The
whole weight will be less than 10 Kg.

Concerning the biomaterials, the mechanisms of
thrombus formation and calcification on the medical
polymer surfaces have been studied. Recently, we
developed the new hybrid technique. In general, it was
not easy to develop the mechanical components of
implantable artificial organs from the components of
living tissue because strength and durability are not
enough. To overcome the problem, a tissue engineered
insert molding method for making parts of artificial
organs was introduced. In the method, the mold in
which the artificial material is inserted was implanted
in the animal, and the tissue grew into the mold to
make the hybrid parts. The method was applied to the
Jellyfish  valve. The hybrid Jellyfish valve
demonstrated a possibility of the method for practical
use. This hybrid biomaterial technique will be
important technology for developing next generation
artific