

















Canberra is a planned city built as the
new capital between Sydney and Mel-
bourne at the beginning of the 20th cen-
tury. There is a large lake at the center
of city, which was designed based on
several geometric motifs such as cir-
cles, triangles and axis. The ANU cam-
pus is a very large and we can see rab-
bits, possums and many kinds of birds
on the grounds. I did my research in the
Molecular Genetics Laboratory under
the supervision of Professor Philip
Board. My work at the ANU was to pu-
rify proteins.

The outline of my experiment is as
follows. Plasmids which contained the
gene of the target protein were trans-
fected into the competent cells (bacte-
ria). I obtained the protein by culturing
these cells that produce the target pro-
tein followed by cell lysing to break
down the cell wall. However, this cell
culture contained other mixed proteins,
so I had to purify the protein I was in-
terested in. Of course, not all proce-
dures went smoothly. Sometimes my
target protein precipitated out, against
my wishes. When this happened, my
supervisor gave me some appropriate
advice. Finally, I obtained and purified
the target protein. All the steps I had to
take to get to that result required critical
thinking and perseverance. I have ad-
opted a researcher’s mind by practicing
these important values.

The people I met in Australia were

very kind and welcoming. Professor

Board drove me around Canberra and

took me to Tidbinbilla National Park. I

saw a lot of animals there, such as kan-

garoos and koalas. After that, he invited
us to his house. I enjoyed a barbecue in
his beautiful garden, enjoying some
great Aussie beef! He also arranged a
Canberra Hospital Tour for me, where I
learned the differences between Austra-
lian hospitals and Japanese hospitals.

Also, the PhD students were very
kind. For example, they gave me many
tips on life in Canberra. We did a lot of
things together such as mountain climb-
ing at Black Mountain, dinner at a Chi-
nese restaurant and stargazing. The
most memorable thing was to celebrate
Chinese New Year. The party was held
at Graduate House and we each brought
a dish. We had dumplings, fried rice,
chicken wings, curry and so on. We en-
joyed all the dishes and the conversa-
tion. They also organized a farewell
dinner for me.

January 26th is Australia Day. All
Australians celebrate this holiday and
many events were held at the lakeside. I

enjoyed the free barbecue breakfast, the

Canberra is a planned
city. This view of the
beautiful city is from
Mt. Ainslie.
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The striking new building
that houses the John Cur-
tin School of Medical Re-
search, where we did our
work.

Flag Raising ceremony, the prime min-
ister’s speech, Flyover, Gun Salute and
Dragon Boat race. Although Canberra
is usually a quiet city, it becomes lively
with people on holiday. The festival
ended with fireworks by lakeside. I was
impressed that Australians love their
country deeply and patriotically on one
hand and welcome multinational people
warmly on the other.

Finally, I would like to express my
deepest gratitude to all the relevant staff
members and students at ANU and TM-
DU. In particular, I must thank Profes-
sor Board and Professor Yoshinobu Ei-
shi gave me a wonderful opportunity,
Ms. Jean Cappello who taught me a lot
at the laboratory, and the PhD students
who made my stay an exciting and
memorable one.

Last but not least, many thanks to my
classmates Shungo Aratake and Shohei
Tsujino. We supported each other and
worked together at ANU. I will never
forget my days in Australia, and |
would like to return to that great coun-

try someday.

The ANU campus is
very large. | enjoyed
the wonderful natural
views available, such
as this one.
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Hair Follicle Stem Cells Provide a Functional Niche for Melanocyte Stem Cells

IN MOST STEM cell systems, the or-
ganization of the stem cell niche is still
largely unknown. Melanocyte stem
cells (MelSC) and hair follicle stem
cells (HFSC), which are originally de-
rived from a completely different de-
velopmental origin, are located in the
bulge area of mammalian hair follicles.
While our previous studies indicated
that the niche plays a dominant role in
MelSC fate determination?!, the under-
lying mechanisms and the identity of
niche cells for MelSCs are still unclear.
Our recent study published in Cell
Stem Cell revealed that HFSCs provide
a functional niche for MelSCs through
transforming growth factor 3 (TGF- 3 )
signaling to prevent premature hair
graying?. To explore the roles of HFSCs
as niche cells, we have focused on Col-
lagen XVII (Coll17al1/BP180/BPAG2),
a hemidesmosomal transmembrane col-
lagen and transforming growth factor f3
1/2 (TGF-B1/2), both of which are pref-
erentially highly expressed by HFSCs.
First, to examine the possible involve-
ment of these two molecules in MelSC
maintenance, we analyzed deficient
mice of Coll7al gene and Tgfbr2 gene.
Tgfbr2 null mice show progressive hair
graying but not hair loss3, while Co-
117al deficient mice show premature

hair loss as well as premature hair gray-

ing2 (Fig.1).

Analysis of HFSCs and MelSCs of
the Col17al null mice showed that Co-
117al is critical for maintenance not on-
ly of HFSCs but also of MelSCs, which
do not express Coll7al but directly ad-
here to HFSCs, through maintaining
their quiescence and immaturity?2
(Fig.2). This potentially explains the
mechanism underlying hair loss in hu-
man COL17A1 deficiency. Interestingly,
Coll7al deficient mice show defective
TGF-f production by HFSCs2. TGF-[3
signaling is activated in MelSCs when
they reenter the quiescent non-cycling
state during hair cycles3. Therefore, we
analyzed MelSCs in conditional Tgfbr2
deficient mice which lack TGF-f3 type II
receptor specifically in the melanocyte
lineage and found that Tgfbr2 is essen-
tial for the maintenance of MelSC im-
maturity and quiescence to prevent hair
graying2.3. These data indicate that
HFSC-derived TGF-f is a critical niche
factor that regulates MelSC immaturity
and quiescence.

Finally, forced expression of CO-
L17A1 in basal keratinocytes, including
HFSCs, in Coll7al null mice rescues
MelSCs from premature differentiation
and restores TGF-f signaling, demon-
strating that HFSCs function as a criti-

cal regulatory component of the MelSC
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niche through TGF-P signaling (Fig.3).

The interactions between different
lineages of stem cells turned out to be
crucial for cyclic regenerative growth
of pigmented hair. This points to a com-
plex but efficient crosstalk in stem cell
niches. The maintenance of somatic
stem cell populations by another type
of somatic stem cells in a coherent cell
mass might be a recurring strategy for
somatic stem cell maintenance.
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Hair graying and
hair loss found in
a Coll7al-defi-
cient mouse.
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Autophagy Suppresses Spontaneous Tumor Formation

WHILE ALL COMPONENTS of our
bodies are constitutively synthesized,
they are also constitutively degraded or
eliminated. Whole organisms and even
individual cells can maintain their func-
tion and freshness through recycling
their own constituents (e.g. proteins and
organelles) and can adapt to various in-
ternal and external changes.
Macroautophagy, which is usually
called “autophagy”, is one of the major
degradation pathways in the cell along
with the ubiquitin-proteasome system. In
autophagy, intracellular components are
sequestered by autophagosomes and then
degraded upon fusion with lysosomes.
Using autophagosome-indicator mice
(GFP-LC3 transgenic mice) and conven-
tional ATG5 knockout mice, we have
shown that autophagy is up-regulated
during starvation and is critically impor-
tant for maintenance of the amino acid
pool. Autophagy is also essential for pre-
implantation development as the amino
acid supplying system and for intracellu-
lar protein quality control, which has been
suggested by studies using oocyte- and
neural cell-specific ATGS5 knockout mice,
respectively. Furthermore, autophagy is
important for differentiation of erythro-
blasts and adipocites, elimination of intra-
cellular microbes, and presentation of cy-

toplasmic antigens.

‘ Isolation membrane ‘

Lysosome

‘ Autophagosome ‘

Fig.1: The process of autophagy.

However, the long-term effect of de-
fects in autophagy in vivo has never been
systematically analyzed. Evidence using
cell culture and allografted tumor models
has suggested that autophagy is also in-
volved in tumor suppression. However,
results from currently available in vivo
models have been limited. Because sys-
temic deletion of autophagy genes causes
embryonic or neonatal lethality, the role
of autophagy in tumor suppression has
never been tested in vivo.

To overcome these limitations, we gen-
erated mice with systemic mosaic dele-
tion of ATGS5, in which only a small pop-
ulation of cells were autophagy-defective
in every tissue. These mice are viable for
more than 19 months and develop multi-
ple benign tumors only in the liver. Swol-
len mitochondria and oxidative stress and
genomic damage responses were detected
in the hepatic tumor cells. Liver-specific
ATG7 deficient mice also developed liver
tumors, but their size was reduced by
concomitant knockout of the p62 gene
(collaboration with Dr. Masaaki Komat-
su, Tokyo Metropolitan Institute of Medi-
cal Science). Our study suggests that con-
tinuous autophagy is important for
prevention of accumulation of abnormal
mitochondria and p62, and thereby for

suppression of spontaneous tumorigene-

sis particularly in the liver.
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Autolysosome

A portion of cytoplasm, including organelles, is enclosed by an autophagosome. The outer mem-
brane of the autophagosome fuses with the lysosome, and the internal material is degraded.
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While we have shown that autophagy
can be a tumor suppressor, other studies
have also suggested that autophagy
could support tumor progression and
survival. In fact, tumor cell death can be
induced by autophagy-inhibiting drugs
such as hydroxychloroquine in combina-
tion with conventional chemotherapy, and
clinical trials of autophagy-inhibiting
drugs have begun in the United States.
These two apparently opposed roles of
autophagy are not mutually exclusive;
generation of only benign tumors, not
cancers, in our models suggests that au-
tophagy may be required for progression
beyond the benign state. This study also
provides a novel tool to study autophagy
in a non-biased way. Since autophagy is
likely involved in a variety of physiologi-
cal and pathological processes, the ATGS
mosaic mice would be useful to explore

novel roles of autophagy.
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Fig.2:

Tumors formed in ATG5 mosaically
deleted mice.

Liver tumors are formed in mice with mosaic
deletion of the A7G5 gene (at 19 months).

A Single-Use,

Centrifugal Type Assist Heart with Excellent Durability and Biocompatibility

IN JAPAN, A LAW governing organ
procurement from brain death patients
was approved in 1997, followed by the
second heart transplantation in 1999.
Since then, over ten years have passed,
but because of a shortage of donor hearts
the heart transplantation rate in Japan has
been limited to about ten cases per year.
The end-stage heart failure patients who
need heart transplantation must wait over
two years before transplantation. During
this long waiting time, maintaining circu-
lation relies on mechanical circulatory
support devices (MCSD).

Currently three types of MCSD are
available for clinical use in Japan. The
first is the blood pump used in the cardio-
pulmonary bypass for several hours dur-
ing open heart surgery, the second is the
percutaneous cardio-pulmonary support
(PCPS) pump used for emergency treat-
ment for approximately one week, and
the third is an implantable blood pump
which can be used for two years or lon-
ger, bridging to heart transplantation.
However, we do not have an appropriate
MCSD that can be used from one week to
one month to safely support circulation
for patients who are awaiting transplanta-
tion. Such devices not only sustain life,
but also allow a diagnosis of how well the
heart function can recover and whether or

not the patients actually need a heart

Easily attachable and
detachable pump head

Electromagnet for levitation

Radial magnet-coupling disk

DC motor for rotation

transplant, enabling better decisions on

how to proceed with treatment.

Magnetically Levitated
Centrifugal Blood Pump

To meet the requirements for a one-
month blood pump, we have designed
and evaluated the durability and bio-
compatibility of a magnetically levitat-
ed centrifugal blood pump, MedTech
Mag-Lev, in calves. Fig.l shows the
overall design of such a system. A sim-
ple, X- and Y-axis active control that
uses electromagnets, combined with
passive control that uses permanent
magnets, and a radial magnetic cou-
pling drive mechanism were employed
to implement a single-use magnetic lev-
itation mechanism of a centrifugal
pump. The pump head consists of top
and bottom housings and an impeller-
rotor. It has a priming volume of 23 mL
and incorporates a secondary flow path
of 0.3 mm width, allowing a better
wash-out effect and anti-thrombo-
genecity. The pump can provide a flow
of 4-5 L/min against 100 mmHg after
load at 2000 rpm. The nominal peak-to-
peak vibration of the impeller-rotor at
2000 rpm is around 20-30 micron with
a power consumption of around 10-15
watts. The prototype system has been

successfully tested in calves in the left

1 Impeller-rotor X,Y
displacement signals

Magnetic levitation
control signal

Magnetic levitation
controller

Consol-Controller

Motor rotation
controller

Motor-rotor
position signal

Motor rotation
control signal

Fig.1: Schematic diagram of a single-use, magnetically-levitated centrifugal blood pump.
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ventricular assistance mode to demon-
strate stable operation for duration of
60 days. Five calves survived to 60
days with normal hemodynamics and
without any adverse effects on major
organ function. In addition, the plasma-
free hemoglobin level remained below
5 mg/dL. Autopsy findings revealed
that there were no thrombi inside the
explanted pump head and no signs of

infarction in the major organs.

Clinical Applications

The MedTech Mag-Lev pump can be
used in the area of cardio-pulmonary
bypass during open heart surgery, per-
cutaneous cardio-pulmonary bypass for
the duration of three weeks, one-week
to one-month circulatory support bridg-
ing to implantable assist hearts or heart
transplantation. The MedTech Mag-
Lev can contribute to extracorporeally
and safely maintain circulation of heart
failure patients for one-month or during
the time in which the next treatment

options can be explored and decided

upon.

Fig.2: Newly assembled clinical console and
motor-driver.
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To the Future from the 60th Anniversary of IBB

THE INSTITUTE OF Biomaterials and Bioengineering (IBB)
of TMDU celebrated its 60th anniversary on April 1,2011.

Regarding this event, I should first express my gratitude and
respect to the retired IBB faculty and staff because of their
great contribution to the development of our present institu-
tion. I keenly feel the significance of the 60-year history of
IBB because the present state of our institution was made pos-
sible only due to the efforts and achievements of our prede-
cessors. Therefore, I have a deep understanding of our respon-
sibility in ensuring the future health of IBB through our
current and future work.

The IBB currently contributes to diverse academic fields
such as biofunctional molecules, biomaterials and biosystems
via its position as a center of excellence of biomaterials and
bioengineering. In fact, many IBB discoveries have been com-
mercialized since the Institute of Dental Materials Research
was established in 1951 and, after two reorganizations, be-
came the IBB as currently constituted. From another perspec-
tive, the fields of research promoted at IBB are expanding rap-
idly as the significance of science, engineering, and
pharmacology relating to medicine and life science in the de-
cade has grown by leaps and bounds.

To be sure, artificial materials still have serious problems of
biocompatibility and biofunction that must be solved with
consideration of the various influences such materials have on
the entire body. In medicine and life science, advanced abili-
ties in diagnosis and sensing are areas that need immediate at-
tention; the creation of new academic fields of medicine on
the basis of micro devices is urgently required. The state of
the art in these areas will move forward with the formation of

a platform of micro devices for individuals, cells, and compo-

Takao Hanawa, PhD
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nents and the development of a more sophisticated understand-
ing of causes and effects and the general biosystem. In addi-
tion, it is necessary to put much effort into frontier research
fields that encompass regenerative medicine and nanotechnolo-
gy, and which include the research and development of materi-
als and devices in liaison with life science researchers.

As described above, the recent progress made in biomateri-
als and bioengineering is remarkable. Therefore, the present
structure of the institute is unfortunately not always appropri-
ate to meet the rapidly changing and diverse demands from so-
ciety, the academic world, and medical clinics.

In response to the new research environment and the needs
of IBB stakeholders described above, the IBB will, effective
April 2012, undergo its third reconstruction. The purpose of
this reorganization is the optimal utilization and commercial-
ization of materials and devices that contribute to medicine and
dentistry and the promotion of medical and dental sciences
through collaborations with medical and dental schools.

Our final goal is to

. maintain the IBB’s con-

tinuous contributions to
society so that, in 40
HRERERASE
RO years, a further evolved

' "'6:0{[5,),_, IBB can look back with
ﬂ' pride on its 100th anni-
- versary and look toward

its next century of ser-

vice.

The front cover of the book
published to commemorate the
60th Anniversary of the IBB.

Celebrating the Anniversary of TMDU'’s Foundation and the 20d Homecoming Day

AS A PART of our effort to improve our brand strength and
nurture our love for our university, we celebrated the anniver-
sary of the foundation of our school on October 12 and held our
2nd Homecoming Day on October 16, 2011. In conjunction with
our anniversary, we called for the students and school staff to
clean up the campus for “My Campus Project”. In addition,
for the “Healing Green Project”, President Takashi Ohyama
planted plum and mountain cherry trees. In the afternoon, 18
staff members were awarded for their continuous service.

At the 2nd Homecoming Day celebration, a campus tour
was held, featuring the new library in M&D Tower and the
26th floor Faculty Lounge. After the tour, Ikuo Kameyama, the
President of Tokyo University of Foreign Studies, lectured on
“The Power of Literature — Dostoyevsky” at the Memorial

Lecture Hall of Akio Suzuki. The lecture was followed by a
ceremony at which four professors were given the “Best Teach-
er Award” as a part of the “Doubling the Can-Do Spirit Proj-
ect”. After the award presentation, a convivial party was held
at the Faculty Lounge with President Ohyama, professors
emeritus, and alumni who were celebrating the 50th anniversa-

ry of the 17th graduating class of the Faculty of Dentistry.

Participants at the Faculty Lounge.
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EDITORIAL SUMMARY

WE ARE PLEASED to bring you the TMDU Annual News, Vol. 4, updating
TMDU’s international activities and campus events during the school year 2011.
President Takashi Ohyama gave a New Year’s message on January 4, 2012 in
which he highlighted goals and plans for the school year 2012 on the topics of 1)
Operational subsidy and budget for facility improvements, 2) Integrative educa-
tion of medicine and dentistry, 3) Review of the research organization and pro-
motion of large-scale research projects, 4) Administrative operation policy of the
university hospitals, and 5) Promotion of international exchanges/contributions.
Following the president’s new-year’s message, this issue covered the efforts and
contributions of the TMDU’s dental and medical teams in supporting recovery
of the Tohoku area, which was hit by the massive earthquake of March 11, 2011.
The activities in the TMDU's international collaboration centers in Ghana, Chile
and Thailand continued making further progress by more intensive collaboration
and exchange for research promotion and development of human resources in
Ghana, by transferring Japanese knowledge and techniques to doctors in Chile
and the greater Latin American region, and by new video conference systems es-
tablished with Thailand.

The International Summer Program (ISP) 2011 was successfully held during Au-
gust 28 through 31, 2011. The symposium focused on Organ/Tissue Develop-
ment and Degeneration: Fundamentals and Clinical Applications.

TMDU alumni living in Thailand, the Republic of Indonesia, Uruguay, Spain,
America, and the UK sent letters describing their activities, while TMDU stu-
dents who were dispatched to countries such as Chile, Ghana, Thailand, the UK,
America, Finland, and Australia reported their exciting experiences overseas.
The press releases reported Professor Emi Nishimura’s research on “Hair Folli-
cle Stem Cells Provide a Functional Niche for Melanocyte Stem Cells”. Profes-
sor Noboru Mizushima’s research on “Autophagy Suppresses Spontaneous Tu-
mor Formation” and Professor Setsuo Takatani’s research on “A Single-Use,
Centrifugal Type Assist Heart with Excellent Durability and Biocompatibility”.
As campus information, we introduced the 60th anniversary of the Institute of
Biomaterials and Bioengineering and the 2nd Homecoming Day, celebrating the
anniversary of TMDU’s foundation.

As the above activities demonstrate, TMDU is continually striving to improve
health care around the world by “Cultivating Professionals with Knowledge
and Humanity”.

THE EDITORIAL OFFICE expresses many thanks to those who took special
time in preparing articles for this issue. If you have any suggestions and news to
be included in the future issues of TMDU Annual News, please feel free to con-

tact the Public Relations office by e-mail (kouhou.adm@tmd.ac.jp) .
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