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Professors’ 10 year performance evaluation

In 2011 the National Institute for Basic Biology, has requested an external evaluation
committee to conduct 10 year performance evaluations of 4 professors on their contributions
to academic research, education, and contributions to the scientific community. The four
professors being evaluated in 2011 are Prof Taisen Iguchi, Prof. Satoru Kobayashi, Prof.
Shinji Takada, and Prof. Masaharu Noda.

Details of the evaluation are as follows:

1) In November, 2011 a 10 year performance evaluation committee was formed, consisting
of 4 professors and the Director-General of NIBB.

2) In February, 2012, committees made up of 3 foreign researchers and 2 Japanese
researchers were formed to evaluate the work of each of the professors under review. These
evaluating researchers were familiar with the professor's specialty field, and were recruited
from outside of NIBB. Each researcher was asked to write an evaluation of their assigned
professor, and was given the following materials to assist in their evaluation:

Explanation of research

List of research achievements

Reprints of papers on primary achievements

A brief summary of their career

3) In June, 2012, the comments made by the evaluating researchers were compiled by the
Director-General.
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Taisen has been at Professor level since the year 2000 and has had adjunct professorships at the
University of Florida and South Carolina since then. He is well known internationally in the field
of endocrine disruption in aquatic organisms and has had senior roles in Editorship and Board
membership of several international journals. He won a Zoological Society award recently in 2011.
The international workshops in which he has participated have focussed on the incorporation of
modern molecular approaches to environmental monitoring of chemicals and he has made very
significant contributions to this area particularly through OECD. His leadership is evidenced partly
by significant funding, in particular from the Core Research Science and Technology programme,
Cooperative research between UK and Japan and sustained funding from the Ministry of the
Environment. His status is also noted in the form of his vice-presidency of the Japan Society of
Endocrine Disruptors which is his speciality. He is regularly invited to give presentations at
international conferences such as in Europe and in the USA recently. His research profile is marked
by very important contributions to the understanding of the mechanisms at a molecular level of sex
hormones during development of a range of organisms, particularly mammals and aquatic
vertebrates and invertebrates. He has contributed to a better understanding of such mechanisms and
this has important implications in the context of human health and in the health of organisms in the
environment. This importance is emerging not only in terms of potential reproductive capacity but
also in terms of sex determination in daphnia and potential implications in terms of obesity. There
is a translational aspect to the work since it is contributing to the development of screening
methods and biomarkers. His future research plan has great potential especially in the context of
the influence of changing environmental conditions on sex determination in some organisms. I
consider his new direction in functional studies including the use of knock-down strategies for
certain genes as an effective way forward which should attract good funding and strong papers. In
terms of his publications, Taisen has published a total of around 4 papers per year over the past 10
years. It is important to consider the quality of these outputs. Whilst some papers are in modest
journals in terms of impact factor, such as Chemosphere, ] Molluscan Studies, Aquatic Toxicology,
Environ Toxicol Chem, it is useful to note that even the top journals for this very applied field are
generally of such low impact factor. He does however appear as senior author in many of these
papers reflecting his leadership and there are some papers of higher impact such as Environ Health
Perspectives, Development, Mol Endocrinology, Endocrinology, Oncogene reflecting some of the
more human related aspects of his work. I should highlight particularly his recent paper in Plos
Genetics in which he is senior author in a study making an important discovery on sex
determination in daphnia. In the UK we are currently undergoing a research assessment to
determine the quality of 4 publications per researcher since 2008 and determining if a researcher
has outputs of sufficient quality to be submitted for assessment. The papers that Dr. Iguchi has in
this period would be at a level certainly sufficient for a selection of 4 submit table papers
particularly the Plos Genetics and the Endocrinology papers in this period. This is a form of
benchmarking that might be useful for you in your assessment.

In conclusion, I consider Dr. Iguchi to have made a significant mark internationally
in his research niche and he has been an effective ambassador for Japan in this subject
area, helped by some strong collaborations.
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Looking just at the curriculum vitae of Prof. Iguchi it is obvious that from the beginning of his
career he started out to perform research building up international relations. He performed his
postdoctoral fellowship at the University of California, Berkeley, under supervision of one of the
best comparative endocrinologists, Prof. Howard Bern, and it looks like that stay has been very
effective on the future development of the scientific career of Prof. Iguchi. He had several
upgrading professional appointments leading finally to his present position at Okazaki Institute for
Integrative Bioscience, National Institute for Basic Biology. Due to his international reputation he
has been even honoured to become since 2006 Adjunct Professor at the Universities of Florida and
South Carolina, USA, which is really remarkable.

During the period 2000-2011 he supervised 10 PhD students successfully indication his leading
capacities and furthermore he is also stably involved in teaching in several courses in Japan as well
as being invited for lecturing to USA.

Evaluating the publication record of Prof. Iguchi via PubMed or Web of Science revealed that
his publications are not only having unusually high impact factors concerning his research topics
but they are also extremely well cited as seen by citation numbers and corresponding Hirsch factor
of Prof. Iguchi. Reviewing his publications concerning research topics it is evident that he has
chosen excellent models not only vertebrates but also invertebrates to perform really comparative
endocrinology at its best, which is of mutual benefit for introducing new insights because the
research is hereby based on a broader and comparative basis.

A numerous evaluation of publications is easy and indicates the great progress Prof. Iguchi
obtained during the last 10 years because he dramatically increased from 2000 onwards his annual
publication record to a very impressive number and the international journals he is publishing are
always the firs category for the respective topics resulting in a broad attention by readers of the
international scientific community.

Prof. Iguchi is an active member in several national and international scientific societies as well
as in several editorial boards of the best acknowledged journals even being editor for “Journal of
Applied Toxicology”.

However, beside the general excellent performance of Prof. Iguchi it has to be mentioned that he
has demonstrated remarkable creativity to be always on the forefront of innovative developments in
science. He has been one of the Japanese founders of endocrine disruptors research becoming also
internationally very well respected in a very short period to be also world leading in that research
field. The other remarkable innovation is his successful effort to establish toxicogenomics and
especially creating the expression “ecotoxicogenomics” is associated with Prof. Iguchi.

Prof. Iguchi is also extremely active in participation and organization of national and
international conferences including OECD workshops, which are having internationally important
outreaches for human beings as well as ecosystems.

Due to his numerous national and international scientific activities providing new findings of the
mechanisms of basic biology in vertebrates as well as in invertebrates Prof. Iguchi became the
award of the Zoological Society in 2011.

In Parallel to Prof. Iguchi’s scientific achievement he was also able to get extremely well third-part
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funding and it is noteworthy that he even received funding by NIH, US, indicating his great
international reputation.

In summary, Prof. Iguchi is one of the most important world leading scientists in the field of
environmental sciences, which is based by his excellent concept to perform first scientific sound
research in basic biology and then to combine new findings with application especially concerning
endocrine disruptors and ecotoxicogenomics. Herewith Prof. Iguchi has been acknowledged as one
of the scientific pacemakers for international research and validation of new testing methods. Based
on the international available information and the data submitted by Prof. Iguchi himself it is
obvious that he made during the last 10 years a great step further on his career on national as well
as on international level. The overall evaluation of Prof. Iguchi concerning his research activity of
that period can be rated only as outstanding and excellent concerning basic science but also of
remarkable international significance in respect to environmental and health perspectives by
application and transfer of scientific findings.

CZEEIT X 5l

In looking at his accomplishments over the last 10 years, I find his productivity in research
outstanding. For the period of 2002 2011, Dr. Iguchi has produced 163 peer-reviewed publications
and 47 review articles. His peer-reviewed papers have been, for the most part, in very high quality
journals with significant impact on the field of biology.

In addition to his overall productivity, Dr. Iguchi has pioneered several important, interrelated
areas of research. He has been, and remains at, the leading edge of research on molecular
mechanisms whereby environmental hormones alter critical periods of animal development. In the
period for this evaluation Prof. Iguchi has been one of the top 3 laboratories in the world helping us
understand the mechanisms whereby environmental agents change the fate of cells, tissues and
organs. This work done primarily in animal models, but has great importance to human health. In
fact, his work has been used to understand the impact of the drug, diethylstilbestrol (DES) given to
over ten million women worldwide, has had on a human cohort that still experiences reproductive
dysfunction and disease.

Another major contribution in mechanistic biology of this last decade has been the discovery and
characterization of endocrine disrupting chemicals contributing to the current epidemic of obesity.
Dr. Iguchi's work contributed to the concept of environmental “obesogens”, that is, chemicals
giving rise to cellular changes leading to overall obesity. Both from the mechanistic standpoint as
well the inclusion of new classes of compounds, such as organotin, this is highly significant.

Following his commitment to science in the public service, Iguchi has conducted research to
develop techniques and concepts to help screen our environment for contaminants with unwanted
biological activities. This is led him to establish molecular approaches using genomic techniques to
screen environmental samples as well as instruct other investigators how best to use molecular
techniques in environmental research. He has supplemented this approach by developing screening
assays for trans-activation of genes known to be responsive to nuclear receptors and screening a
variety of fish species to ascertain the relationship of mechanism and function with biological
change. Coupled with his genomics approach these 2 important research areas have helped set the
standard worldwide for screening of biologically active environmental agents.
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Another major contribution from Iguchi's work this past decade has been the use of comparative
biology and endocrinology to understand environmental impact in the development of organisms.
Iguchi’s lab is probably unique in the world for its capacity to do detailed, thorough and
comprehensive studies of species ranging from American alligators through 5 species of fish to
some of the most complete work on an organism as simple as Daphnia magna, a tiny crustacean. I
remain impressed and indeed astounded at the breadth of approaches Prof. Iguchi has established in
his laboratory.

Prof. Iguchi's standing in his field is reflected in the fact that in the 10 years under evaluation he
has given 67 invited presentations at conferences around the world. I myself have invited Prof.
Iguchi to an annual meeting on environment and hormones held here at Tulane University. Dr.
Iguchi has also been asked to serve on numerous committees dealing with environmental endocrine
disruptors, in particular, and environmental research, in general as further evidence of the respect
he has garnered. Iguchi has also served as the editor of Environmental Sciences from 2005 to 2009
and currently is a sectional editor of the Journal of Applied Toxicology, a position he has filled
since 20009.

Prof. Iguchi has developed very active international collaborations and indeed holds an Adjunct
Professorship at the Medical University of South Carolina where he also is a full member of the
Marine Biomedicine and Environmental Sciences faculty. His publications in the last decade list
co-authors who are the leaders in the field of environmental endocrine disruption indeed from
numerous countries in Asia Europe and United States. As an additional indication of his
international standing and inclusion in important international research teams Prof. Iguchi was
recently asked to join a research team consisting of universities from the southeastern United States
as well as several government agencies to respond to the oil spill in the Gulf of Mexico and its
potential adverse environmental effects of such marine species as the bottlenose dolphin and the
green sea turtle.

In summary, Prof. Iguchi is an international leader in an important area of basic biology with
significant environmental implications. In approaching environmental disruption of sexual
development and reproduction, Prof. Iguchi has used the very best and most up-to-date approaches
of basic biology. He has brought cutting-edge molecular biological research to a field of broad
ecological significance. In my evaluation, Prof. Iguchi is the leading Japanese investigator in the
field of environmental endocrine science and is one of the top 3 or 4 investigators in this field in
the world. Prof. Iguchi's work has significance not only for environmental issues but has
illuminated areas of fundamental biology.

D ZEIZ L %2 Ml

Prof. Iguchi is a leader in the fields of reproductive and developmental endocrinology. He has

the rare ability to be highly successful in numerous fields, which as first glance, could appear to be
a lack of focus. Rather, this diversity in research effort is at the very core of modern science; that is,
the ability to participate in cross-disciplinary and interdisciplinary science. However, Prof. Iguchi
does not just participate in such science but is a leader in the field and runs a laboratory group that
is an example on how such work should be done.

The Iguchi’s group is internationally recognized for their work examining the ability of various
estrogenic drugs to cause developmental abnormalities of the reproductive system. They are
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recognized for their work on the effects of DES, a powerful estrogenic drug, on the development of
the reproductive system of the mouse. They have expanded this work over the last decade to
establish many of the genetic pathways and mechanisms associated with abnormalities of the
reproductive system. This has provided cues to similar disease states in humans. They have also
established research in this area using non traditional model systems, such as fish, amphibians and
alligators by collaborating with laboratories around the world that are also recognized for their
research and leadership. However, it has been the Iguchi’s group, and specifically Prof. Iguchi, that
has helped lead these collaborations providing the molecular expertise that has generated great
success and a series of important papers published in leading journals, such as PLoS Genetics,
Nature Medicine, Oncogene, Endocrinology, Molecular Endocrinology, Development, etc. He has
published an impressive set of 163 original papers and 47 review papers (many of them in first rank
journals) in the past 10 years. Importantly, if one just focuses on the work done by Iguchi’s group
in the area of estrogen receptor evolution and characterization in vertebrates, one finds that the vast
majority of the papers published in the world over the last 5 to 10 years on the topic come from his
group and collaborators but importantly, the work was largely lead by Prof. Iguchi.

The influence Prof. Iguchi has had goes beyond examining a few drugs or environmental
contaminants, as he has played an essential leading role in the development of the field of
Endocrine Disrupting Chemicals (EDCs) Biology. Prof. Iguchi was a central figure in establishing
research in this area in Japan in the 1990s, but he continues to be a leader in this field not just in
Japan but worldwide. He is the leader of a major research effort in collaboration with scientists
from the UK and the USA. His laboratory has explored and led the way in establishing various
modern approaches to testing for the biological effects of a wide array of chemicals. Importantly,
these approaches use the principles of modern endocrinology thus they are unique to the field of
toxicology and provide an important new approach to testing the safety of chemicals for wildlife
and humans. He is also an influential member of several panels of the OECD that are developing
the next generation of tests examining the effects of various EDCs. Prof. Iguchi is more that just a
“Japanese representative” on these committees, rather he is a well-known leader in the field and
thus, a key scientific mentor for these teams.

In addition to research excellence and the ability to obtain support for such work, Prof. Iguchi
also has a record of excellence in public service. He has done all the things we expect of a
world-class professor with service to the institution and profession but he has gone significantly
beyond the normal range of activities. Prof. Iguchi has had a significant impact by serving of
various government agencies panels, serving on Ph.D. dissertation committees of students from
various universities around the world, and coordination research efforts of international teams.

Prof. Iguchi is a world class research scientist but also a mentor and leader in the field of
endocrinology and environmental health. His group is an essential component of several major
collaborative efforts nationally and internationally, such as their collaboration with the laboratories
of Profs. Louis Guillette (University of Florida/Medical University of South Carolina) and Charles
Tyler (Exeter University). These three groups are considered the leaders in the world in examining
wildlife species exposed to EDCs, and the Iguchi group is essential to that success.

In sum, Prof. Iguchi has established himself as one of the leaders in the fields of reproductive
and developmental endocrinology, environmental health, and comparative endocrinology by his
distinguished academic career in the past 10 years.
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Summary by the Director-General of NIBB

Prof. Iguchi is head of the Division of Molecular Environmental Endocrinology at the
Okazaki Institute for Integrative Bioscience and the National Institute for Basic Biology,
advancing research in the analysis of the mechanisms through which endocrine disrupting
chemicals affect an organism's function. He has continued to actively perform as a global
research leader by developing an assay system for quantitatively analyzing the effects of
endocrine disruptors and showing their intracellular molecular mechanics, by presenting a
great number of excellent papers, and being active in joint international research projects.
Recently, he has been expanding his research into subjects such as the molecular
mechanisms involved in permanent changes in sex organs in mice caused by hormones and
hormone analogues, the mechanics of sex differentiation in Daphnia and crocodiles, and
the molecular evolution of hormone receptors. In addition, as head of the Center for
Transgenic Animals and Plants and the Model Animal Research Facility, he devoted
himself to providing fundamental resources for researchers both inside and outside of
NIBB, and from 2011 he has been participating in the management of the institute as head
of the Advisory Committee for Programming and Management, as well as the Managing
Director in charge of Safety and Intellectual Property. I continue to expect great things of
Prof. Iguchi, both as a global research leader, and as a dedicated member of NIBB’s

management.



1. Curriculum Vitae of Taisen IGUCHI

Name: IGUCHI, Taisen
Date of Birth: _
Office Address

Okazaki Institute for Integrative Bioscience

National Institute for Basic Biology

National Institutes of Natural Sciences

5-1 Higashiyama, Myodaiji, Okazaki 444-8787, Japan
Phone: +81-564-59-5235

Fax: +81-564-59-5236

e-mail: taisen@nibb.ac.jp

Research Areas
Endocrinology, Comparative Endocrinology, Receptor Biology, Reproductive

Biology, Environmental Science, Reproductive Toxicology, Endocrine Disruption

Academic Qualifications
Okayama University, Faculty of Science 1974 BSc.
Okayama University, Graduate School of Science 1976 MSc.
University of Tokyo, Faculty of Science 1981 Ph.D.

Professional Experiences

1978-1979: Researcher, Department of Cell Biology, Shigei Medical Institute,
Okayama

1979-1987: Assistant Professor, Department of Biology, Yokohama City
University

1981-1983: Postdoctoral fellow, Cancer Research Laboratory and Department of
Zoology, University of California at Berkeley, USA

1987-1991: Associate Professor, Yokohama City University

1989: Visiting Endocrinologist, University of California at Berkeley, USA

1992-2000: Professor, Biology and Graduate School of Integrated Science,
Yokohama City University

1994: Visiting Professor, University of California at Berkeley, USA

2000-present: Professor, Okazaki Institute for Integrative Bioscience, National
Institute for Basic Biology

2006-2011: Adjunct Professor, School of Life Science, University of Florida, USA

2011-present: Adjunct Professor, Medical University of South Carolina and
Hollings Marine Laboratory, USA



Graduate (Ph.D) Students Supervison: (2000-2011)
Hiroshi Urushitani (Postdoctoral fellow, National Institute for Environmental
Studies)
Satomi Kohno (Assisstant Professor, Medical University of South Carolina and
Hollings Marine Laboratory)
Akinobu Okada (Pharmaceutical Company)
Shinichi Miyagawa (Assisstant Professor, Okazaki Institute for Integrative
Bioscience)
Mika Kobayashi (Postdoctoral fello, Konan University)
Atsuko Suzuki (Researcher, Food Company)
Masaru Sato (The Graduate University for Advanced Studies, Sokendai, DC3)
Kenji Toyota (The Graduate University for Advanced Studies, Sokendai, DC2)
Rhyohei Yatsu (The Graduate University for Advanced Studies, Sokendai, DC2)
Eri Sumiya (The Graduate University for Advanced Studies, Sokendai, DC2)

Award
Zoological Society Award (September 22, 2011)

Professional Societies

Japan:

Endocrine Society

Zoological Society

Comparative Endocrinology

Developmental Biology

Environmental Toxicology

Toxicology

Endocrine Disruptor Research; vice president from 1998 to present
Toxicogenomics International Forum; vice president from 2001 to 2005

USA:

Endocrine Society

Society for Biology of Reproduction
Integrative Biology

American Zoologist

Editor of Environmental Sciences, 2005-2009

Editor of Journal of Applied Toxicology, 2009-present

Editorial Board of Trace Element

Editorial Board of Ecotoxicology and Environmental Safety

Editorial Board of Biology of Reproduction

Editorial Board of Journal of Steroid Biochemistry and Molecular Biology



II. DESCRIPTION OF OTHER ACADEMIC ACTIVITIES
(Education, Service to academic communities, etc.)

1. Academic Activities

Voluntarily, I am giving lectures to junior high school/high school students (Yokohama
Futaba Gakuen) for environmental changes affect the physiology, sex, reproduction etc. in various
animal species, as a part of Environmental Education. Since the year 2000 until present, I am doing
this 5-6 times a year on Saturdays.

I was involved in the establishment of the Japan Society of Endocrine Disruptors Research in
1998 and since then I am serving as a vice president of the society which has over 1000 members. I
also have negotiated with the Ministry of Education, Culture, Sports, Science and Technology to
establish a new research area of Endocrine Disrupting Chemicals in the Grant-in-Aid for Scientific
Research. The topic of “Environmental Risk of Endocrine Disruptors” was set as a priority area
between 2000 and 2004 and over 200 scientists joined this priority research.

With Dr. Tohru Inoue (National Institute of Health Sciences), we established a
Toxicogenomics International Forum between 2001 and 2005 in order to accelerate the use of
“Omic technologies” such as transcriptomics, proteomics, metabolomics, in the field of toxicology.
I served as a vice president for this forum. We organized annual meetings including one in Okazaki.
I also have been invited several international meetings to discuss the development of
toxicogenomics/ecotoxicogenomics and a relatively new issue on pharmaceuticals in the
environment. These meetings include: SETAC Pellston meeting (Pensacola, Florida, USA in 2002),
Toxicogenomics meeting (Okazaki, Japan in 2003), SETAC Pellston meeting (Portland, Oregon,
USA, in 2004), OECD Ecotoxicogenomics workshop (Kyoto, Japan in 2004) which I have
organized, SETAC Pellston meeting, (Pellston, Michigan, USA in 2005), UK NERC International
Opportunities Workshop on Fish Ecotoxicogenomics (Portugal in 2007 and Vancouver , Canada in
2008).

I am leading as a chair of the United Kingdom-Japan Research Cooperation on Endocrine
Disrupting Chemicals from 2003 to present, and also leading as a chair of the United States
Environmental Protection Agency-Japanese Ministry of the Environment Bilateral Meeting from

2005 to present for establishment of testing methods mainly aquatic animal species.

2. Organization of Symposia

2001, March 3-5: “NIBB Conference, Frontiers of Endocrine Disruptor Research” in Okazaki
2003, October 6-7: “Ecotoxicogenomics” in Okazaki

2004, March 17-19: “Genes and Environment” in Okazaki

2004, October 13-15: “OECD/IPCS Workshop on Toxicogenomics” in Kyoto

2009, June 22-26: “International Conference on Comparative Endocrinology, Symposium 4”: in

Hong Kong



2010, March 2-3: “Howard Bern Symposium: Recent Advances in Comparative Endocrinology” in
University of California at Berkeley, Berkeley, USA

2010, July 11-16: International Society of International Society of Amphibian and Reptilian
Endocrinology (ISAREN 2011) and The Inaugural Meeting of the North America Society for
Comparative Endocrinology (NASCE 2011), Symposium 7: Sex determination and
differentiation, in University of Michigan, Ann Arbor, USA

3. Grant Awards

Core Research Evolutional Science and Technology (1999-2004) ¥450,000,000

Priority Area Environmental Endocrine Disruptors and Risk Assessment (2000-2004) ¥60,000,000
UK-Japan Cooperative Research (2000-present): ¥70,000,000

Ministry of Health Labor and Welfare (2000-present): ¥27,000,000

National Institutes of Health — Child Development (2005-2007) Hypospadias: Interactions of sex
steroids and Fgfr2. (PI — M. Cohn; co-Pls - L.J. Guillette and T. Iguchi): $250,000

National Institutes of Health — Environmental Health Sciences (2006-2008). Inhibins and
Environmental Estrogens in Ovarian Disease. (PI: L.J. Guillette; co-PI- T. Iguchi): $275,000

Ministry of the Environment (2006-2008) ¥ 120,000,000

Grants-in-Aid for Scientific Research (2004-present): ¥40,000,000

Ministry of the Environment (2000-present) ¥100,000,000

Chemical Industry (2007-present) ¥13,500,000

National Institute for Basic Biology (2011) ¥ 10,000,000

4. Professional Activities

Editor-in-Chief: Environmental Sciences (2005-2009)

Editor-in-Chef of Asia-Oceania section: Journal of Applied Toxicology (2009-present)

Editorial board: Ecotoxicology and Environmental Safety (2004-present), Trace Element
(2005-present), Biology of Reproduction (2009-present), Journal of Steroid Biochemistry and
Molecular Biology (2010-present)

Vice president of the Japan Society of Endocrine Disrupters Research (1998-present)

Journal Review: Aquatic Toxicology, BBA, Biology of Reproduction, BioScience, BMC Genomics,
Cell and Tissue Research, Cells Tissues and Organs, Chemosphere, Development Growth and
Differentiation, Ecotoxicology and Environmental Safety, Endocrine, Endocrine Journal,
Endocrinology, Environmental Health Perspective, Environmental Sciences, Environmental
Science and Technology, Environmental Toxicology and Chemistry, European Journal of
Histochemistry, Experimental Biology and Medicine, General and Comparative Endocrinology,
Genome Biology, Human Reproduction, Journal of Applied Toxicology, Journal of Biomaterials
Science, Journal of Comparative Biochemistry and Physiology, Journal of Molecular
Endocrinology, Journal of Pharmacy and Pharmacology, Journal of Steroid Biochemistry and

Molecular Biology, Molecular and Cellular Endocrinology, Molecular Biology and Reproduction,
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Molecular Biology Reports, Pesticide, Biochemistry and Physiology, PLoS Genetics, PLoS One,
Proceedings of the National Academy of Sciences, USA, Reproductive Toxicology, Toxicological

Science, Toxicology, Toxicology Letters, Zoological Science, BMC Molecular Biology

5. Teaching Experience
Tokyo Science and Technology (2000-present)
Yokohama City University (2000-2002, 2009, 2010)
Shimane University (2005, 2007)
Okayama University (2005)
University of Tokyo (2003, 2005)
Kyong Hee University, South Korea (2005, 2007, 2009)
University of Florida (2004-presnt)
Tokyo University of Pharmacy and Life Sciences (2010-present)
Medical University of South Carolina and Hollings Marine Laboratory (2011- present)

6. Other Activities

Adjunct Professor of University of Florida (2004-present)

Adjunct Professor of Medical University of South Carolina and Holligs Marine Laboratory,
MUSC College of Graduate Studies. Full member of the Marine Biomedicine and
Environmental Sciences Center Faculty (201 1-present)

Teaching at Yokohama Futaba Gakuen Junior High School/High School from 2000-present

Grant reviews: USA (National Science Foundation, NIH), New Zealand, Polland, UK (National
Environmental Research Council), South Africa, South Korea, Germany, France, Canada,

Austria, Switzerland

7. Committee Member

Present:

International Organizations: Continuing: Organization of Economical Cooperation and
Development (OECD), Validation and Management Group (VMG) ecotoxicology,
VMGnon-animal, EDTA, WNT, World Health Organization and UNEP

Domestic: Ministry of the Environment, Ministry of Health, Labour and Welfare, Ministry of

Economy, Trade and Industry, Cabinet Office of Food Safety Commission,
Past:

Chair of Environmental Chemical Pollution Committee in Kanagawa Prefecture

Kitakyusyu City, Aichi Prefecture, Ministry of Agriculture, Forestry and Fisheries, Ministry of
Land, Infrastructure and Transport

Ph.D. Committee in School of Life Science, University of Florida

Ph.D. Committee in Psychology, Neuroscience and Behavior, McMaster University, Canada
Ph.D. Committee in Stellenbosch University, Cape Town, South Africa
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11.

12.

13.

14.

15.

16.

17.

18.

III.  SYMPOSIUM PRESENTATIONS/INVITED SEMINARS

Iguchi, T.: Developmental effects of estrogenic agents on mice, fish and frogs. Joint Meeting
of the VIth International Conference on Hormones, Brain and Behavior & The Society for
Behavioral Neuroendocrinology, Madrid, Spain, August 8, 2000.

Iguchi, T.: Endocrine disruptor issue: developmental effects of estrogenic agents in animals.
Annual Symposium of the Korean Society of Endocrinology, November 24, 2000.

Iguchi, T.: Gordon Research Conference, Mass., USA, July, 2002.

Iguchi, T.: OECD Workshop on Fish Histopathology, (Netherlands), September, 2002.

Iguchi, T.: Environmental endocrine disruptor issues in Japan. Chemicals in the Environment:
Hazards for Human Development, University of California at Irvine, USA, December 2, 2000.
Iguchi, T.: Medaka: current studies in Japan. Colloquim on the Use of Japanese Medaka Fish
in Risk Assessment Process. Mid-Continent Ecology Division, Duluth, MN, USA, July
30-Augst 1, 2002.

Iguchi, T.: Endocrine disruptor issues in Japan. The 2™ POPs Conference, Taiwan University,
Taiwan, December 6, 2002.

Iguchi, T.: Current strategies against environmental endocrine disruptors by the Ministry of
Environment, Government of Japan. Water Research Conservation: EDC and Toxins,
Stellenbosch University, Republic of South Africa, May 5, 2003.

Iguchi, T.: Recent works using molecular techniques — from daphnia to mouse-. Water
Research Conservation: EDC and Toxins, Stellenbosch University, Republic of South Africa,
May 6, 2003.

Iguchi, T.: Changes in my life and research after Wingspread meeting. Wingspread II, Western
State College of Colorado, USA, July 18, 2003.

Iguchi, T.: Research evolution from irreversible changes by early estrogen treatment to
developmental disorders exposed to environmental endocrine disruptors. e. hormone
Symposium. Tulane University, New Orleans, USA, October, 2003.

Iguchi, T.: Cloning of genes from America alligators and roach. University of Pretoria,
Pretoria, Republic of South Africa, March 2004.

Iguchi, T.: Situation in Japan. Environmental Endocrine Issue with Review Pesticides: Policy
and Procedure, AGCHEM Forum, London, U.K., June 17-19, 2003.

Iguchi, T.: Science for assessing the impacts of human pharmaceuticals on aquatic ecosystems.
SETAC Pellston Workshop. Salt Lake City, USA, July, 2003.

Iguchi, T.: Endocrine disruptor issues in Japan and OECD: current strategies and our own
research from Daphnia to mouse. Endocrine Disrupting Chemicals (EDC) Symposium in
Conjunction with the 19™ Scientific Meeting Malaysian Society of Pharmacology and
Physiology. University of Malaya, Kuala Lumpur, Malaysia, May 17-18, 2004.

Iguchi, T.: Evaluation of endocrine disruptors based on gene expression using a DNA
microarray. Gordon Research Conference: Environmental Endocrine Disruptors,
Colby-Sawyer College, New London, USA, June 6-11, 2004.

Iguchi, T.: Endocrine disruption studies in Japan — a focus on molecular advances. CREDO
Ecological Relevance of Chemically-Induced Endocrine Disruption in Wildlife. University of
Exeter, Exeter, U.K., July 5-7, 2004.

Iguchi, T.: SETAC Pellston Workshop: Emerging Molecular and Computational Approaches
for Cross-Species Extrapolations, Portland, Oregon, USA, July 18-22 , 2004.
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33.
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36.

. Iguchi, T.: Commonalities and differences between ecotoxicogenomics and mammalian
toxicogenomics. OECD/IPCS Workshop on Toxicogenomics, Kyoto, Japan, October 13-15,
2004.

Iguchi, T.: Estrogens and development in laboratory animals. e. hormone Symposium, Tulane
University, New Orleans, USA, October 27-30, 2004.

Iguchi, T.: Application of ecotoxicogenomics for studying endocrine disruption in vertebrates
and invertebrates. Taiwan National University, Taipei, Taiwan, November 12, 2004.

Iguchi, T.: Focused array for evaluation of estrogenic effect of chemicals on mice. 9" ICEM
Satellite Meeting on Toxicogenomics, Kauai, Hawaii, USA, August-September, 2005.

Iguchi, T.: Current progress of research on endocrine disrupting chemicals - Possible
mechanism of chemicals on developing animals. IWA International Conference, Tsukuba,
Japan, July, 2005.

Iguchi, T.: Recent progress of endocrine disrupting chemical issues in Japan. JST China-Japan
Collaborative Work, Tokyo, Japan, May, 2005.

Iguchi, T.: Recent progress of endocrine disrupting chemical issues in Japan and application of
ecotoxicogenomics for studying endocrine disruption in vertebrates and invertebrates. Nanjing
Medical University, Nanjing, People’s Republic of China, October, 2005.

Iguchi, T.: Persistent gene expression in mouse vagina exposed neonatally to diethylstilbestrol.
Nanjing Medical University. Nanjing, People’s Republic of China, October, 2005.

Iguchi, T.: Recent progress of endocrine disruptor research: application of transcriptomics.
International Symposium on Trace Environmental Pollutants. Kumamoto University,
Kumamoto, Japan. December 9, 2005.

Iguchi, T.: Molecular approaches to understanding estrogenic contaminants and the
reproductive system. Universidad Nacional Autonoma de Mexico, Facultad de Ciencias,
Mexico City, Mexico. March 13, 2006.

Iguchi, T.: Molecular approaches to understanding estrogenic contaminants and the
reproductive system. Universidad Juarez Autonoma de Tabasco, Villahermosa, Tabasco,
Mexico, March 15, 2006.

Iguchi, T.: Current progress of endocrine disruptor research in Japan. Gordon Research
Conference 2006: Environmental Endocrine Disruptors, Il Ciocco, Italy, June 4-9, 2006.
Iguchi, T.: Temperature-dependent sex determination in alligators. University of Florida,
Gainesville, Florida, USA. July 26, 2006.

Iguchi, T.: Application of toxicogenomics for studying endocrine disruption and basic biology
in vertebrates and invertebrates. 23™ Congress of European Comparative Endocrinologist,
Manchester, U.K., September 1, 2006.

Iguchi, T.: Application of toxicogenomics for studying endocrine disruption and basic biology
in vertebrates and invertebrates. IGB, Leibniz-Institute, Inland Fisheries Research Institute,
Berlin, Germany, September 4, 2006.

Iguchi, T.: Recent progress of endocrine disrupting chemical issues in Japan and application of
ecotoxicogenomics for studying endocrine disruption in vertebrates and invertebrates. Kyung
Hee University, Korea, September 21, 2006.

Iguchi, T.: Application of toxicogenomics for studying endocrine disruption. Korea Genome
Organization (KOGO), Annual Meeting, Seoul, Korea, September 22, 2006.

Iguchi, T.: Developmental effects of sex hormones on fish. Ecophysiology in Marine
Organisms. Center for Marine Bioscience and Biotechnology, National Taiwan Ocean
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47.
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University, Keelung, Taiwan, October 13-14, 2006.

Iguchi, T.: Application of microarray for identification of estrogen response element, estrogen
responsive genes and unpredictable effects through nuclear receptors. Korean Society of
Toxicogenomics & Toxicoproteomics, Inchon, Korea, November 6, 2006.

Iguchi, T.: Recent studies using Xenopus laevis and American alligators — Adipogenesis in
Xenopus laevis induced by organotin compounds and temperature-dependent sex
determination of alligators. International Symposium on Amphibian and Reptile
Endocrinology and Neurobiology. Berkeley, California, USA, March 26-28, 2007.

Iguchi, T.: What are the data on environmental contaminants disrupting reproductive function?
Examples of mosquitofish, roach and medaka. International Federation of Fertility and Sterility,
Durban, South Africa, April 29-May 3, 2007.

Iguchi, T.: Developmental effects of chemicals: TBT-induced adipogenesis and DES-induced
persistent vaginal changes in mice. 4™ Copenhagen Workshop on Endocrine Disrupters.
University Department of Growth and Reproduction, Rigshospitalet, Copenhagen, Denmark,
May 28-31, 2007.

Iguchi, T.. Toxicogenomics, risk assessment and Daphnia magna. Daphnia Genomics
Consortium 2007, Indiana University, Indiana, USA, June 7-9, 2007.

Iguchi, T.: Daphnia magna. ecotoxicogenomics, basic biology and risk assessment. ICT, Le
Palais des Congres de Montreal, Canada, July 15-19, 2007.

Iguchi, T.: Estrogen receptor o mediates estrogen action in induction of anovulation and
persistent vaginal changes induced by perinatal exposure to estrogens and estrogenic chemicals
in mice. Future Research on Endocrine Disruption: Translation of Basic and Animal Research
to Understand Human Disease, Durham, North Carolina, USA, August 27-29, 2007.

Iguchi, T.: New concepts in environmental endocrine signaling. e. hormone Symposium,
Tulane University, New Orleans, USA, April, 2008.

Iguchi, T.: Activities in OECD and Japan. NERC International Workshop on Fish
Toxicogenomics: Moving into Monitoring and Regulation. Vancouver, Canada, April, 2008.
Iguchi, T.: Sex determination mechanisms of fish food, Daphnia magna. Sex Determination
and Gametegensis in Fish: Current Status and Future Directions, Honolulu, USA, May, 2008.
Iguchi, T. and Tooi O.: Achievements of UK-Japan collaboration. DEFRA meeting: Endocrine
Disruption in Aquatic Environments: Lessons for Taking the Science Forward in Support of
Chemical Management. UK, May, 2008.

Iguchi, T.: Current situation of endocrine disruptor issue in Japan. Gordon Research
Conference on Environmental Endocrine Disruptors, Waterville, USA, June, 2008.

Iguchi, T.: Novel field of ecotxicogenomics in the study of endocrine disruption in
non-mammalian models. The Endocrine Society 90™ Annual Meeting, San Francisco, USA,
June, 2008.

Iguchi, T.: Ecotoxicogenomics and transactivation assays as tools for studying endocrine
active chemicals in aquatic animals. Korean Society of Toxicogenomics, Incheon, Korea,
November, 2008.

Guillette, L.J.Jr., Moore, B.C. and Iguchi, T.: Endocrine disrupting contaminants and the
developing ovary: altered activin/inhibin and steroid signaling leads to modified
folliculogenesis. 5" Copenhagen Workshop on Endocrine Disrupters, Ubiquitous Endocrine
Disrupters and Possible Human Health Effects. Rigshospitalet, Copenhagen, Denmark, May
20-22, 20009.

Iguchi, T.: Current status of the endocrine disruptor research in Japan and OECD including my
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own laboratory. International Symposium of Environmental Emerging Compound
Measurement Technology and Management, National Pingtng University of Science and
Technology, Pintung, Taiwan, May 26, 2009.

Iguchi, T. and Tatarazako, N.: Current research progress in Japan. OECD Validation and
Management Group Ecotoxicity, Invertebrate, OECD, Paris, France, June 8-9, 2009.

Iguchi, T., Kato, Y., Watanabe, H., Oda, S. and Tatarazako, N.: Modulation of sex
determination by juvenile hormones and their analogs in Daphnia magna. International
Conference on Comparative Endocrinology, Symposium 4: Environmental Toxicology and
Endocrine Disruption. Organized by Van der Kraak, G. and Iguchi, T., Hon Kong, June 22-26,
2009.

Iguchi, T.: Guidance on identifying endocrine disrupting effects. Organized by ECETOC,
Barcelona, Spain, June 29-30, 2009.

Iguchi, T. and Yamazaki, K.: Activities on testing and assessment of ED in Ministry of the
Environment, Japan. OECD Workshop on Endocrine Disruption Testing and Assessment,
Copenhagen, Denmark, September 22-24, 2009.

Iguchi, T.: Endocrine disruption across multiple animal species — common mechanism? e.
hormone Symposium, Tulane University, New Orleans, USA, October 20-24, 2009.

Iguchi, T., Koide-Yoshida, S., Watanabe, H., Igarashi, K., Kanno, J. and Miyagawa, S.:
Genomic and epigenetic approaches for analysis of developmental effect of neonatal estrogen
on mouse vagina. Horiba Symposium, University of Tokyo, Tokyo, October, 20-24, 2009.
Iguchi, T.: Comparison of two-generation test with full life cycle test using medaka. USEPA,
Washington DC, USA, November 16, 2009.

Iguchi, T.: Analysis of the comparative sensitivities of fish to environmental estrogens — in
vitro assays. OECD VMGnon-animal Meeting, Washington DC, USA, November 16-19,
20009.

Iguchi, T.: Sex determination mechanisms of water flea, Daphnia magna. Howard Bern
Symposium: Recent Advances in Comparative Endocrinology, University of California at
Berkeley, California, USA, March 2-3, 2010.

Iguchi, T.: Endocrine disruption in invertebrates: sex determination of Daphnia magna. 11" e.
hormone Symposium, Tulane University, New Orleans, USA, October 19-23, 2010.

Iguchi, T.: Current status of the endocrine disruptor research in Japan and OECD. 2010
Symposium What’s in Our Water? CSIRO Discovery Centre, Black Mountain, Canberra,
Australia, November 10-11, 2010.
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IV.  RESEARCH ACTIVITIES OF TAISEN IGUCHI FOR 2000-2011

On February 1, 2000, I moved to the National Institute for Basic Biology (NIBB) and
Okazaki Institute for Integrative Bioscience. Since then, I have focused my research efforts on
topics related to 1) estrogen signaling and the deleterious effects of estrogenic chemical
contaminants during embryonic development using mice, fish, amphibians and reptiles, 2) the
evolution of estrogen receptors, 3) the mechanisms of environmental sex determination in alligators
and water flea, and also participated in 4) the establishment of screening and testing methods using
fish, amphibians and invertebrates for the detection of endocrine disrupting activities using fish,
amphibians and invertebrates for the Organization of Economical Cooperation and Development
(OECD) and Ministry of the Environment (MOE), Japan.

1. Background of Research

In Japan, the issue of environmental endocrine-disrupting chemicals (EDCs) emerged as a
major environmental and public health concern in 1997. EDCs can interact with steroid,
arylhydrocarbon, retinoid and other nuclear receptors and consequently affecting gene expression.
Therefore, receptor-based functional studies were needed to understand the potential adverse
effects of EDCs on human and wildlife populations. In 2000, our group joined the program in
Environmental Biology at NIBB. Since then, I have worked primarily on the basic biology of a
wide array of species and used these data to establish testing methods for aquatic animals including
Daphnia magna, and various model fish and amphibian species which are used for the detection of
effects following exposure to EDCs. I have provided expert scientific assistance to committees of
various Ministries including MOE, Ministry of Health Labour and Welfare, Ministry of Economy,
Trade and Industry, Ministry of Agriculture and the Cabinet of Food Safety in Japan, OECD,
World Health Organization (WHO), International Programme on Chemical Safety (IPCS), United
Nations Environment Programme (UNEP) and the United States Environmental Protection Agency
(US EPA). Since 2003, I have served, with an English colleague, as the chair of the United
Kingdom-Japan Research Cooperation agreement and since 2005, the USA-Japan Bilateral

Meetings.

Environmental factors, including synthetic chemicals found in the environment, have the
capacity to disrupt sex determination, sex differentiation, maturation of the reproductive system
and reproductive cyclicity in wildlife. These chemicals can bind to steroid hormone receptors
and/or nuclear receptors, as mentioned above, and evoke hormonal/anti-hormonal effects and
unpredictable health outcomes. Thus, my current studies examine 1) molecular mechanisms of
environmental estrogens and sex hormones and their effects during critical developmental windows,
such as persistent proliferation of the mouse vaginal epithelium, 2) microarray analysis of estrogen
responsive genes including the analysis of differential responses in the vagina, uterus and
mammary tissue of estrogen-exposed mice, 3) investigating unexpected effects of organotin
compounds, such as alterations in lipid metabolism and obesity, 4) temperature-dependent sex

determination using American alligators, as a model to discover new genes involved in gonadal



differentiation, 5) population effects and species differences in response to estrogenic chemicals in
fish species, 6) evolution of estrogen receptors (ERs) and androgen receptors (ARs), and the
formation of a ‘gene zoo* (collection of gene information from various important sentinel animal
species), and 7) environmental sex differentiation of Daphnids by juvenile hormones. 1 believe
these approaches will help with an understanding of the basic biology of several important animal
species as well as provide an understanding of interspecies variation. Further, this work has
allowed the development of model systems that can be used to predict EDCs and endogenous

hormone response differences.

2. Research Activities
1) Molecular mechanisms of environmental estrogens and sex hormones and their
effects during critical developmental windows

The emerging paradigm of the “Embryonic/Fetal Origins of Adult Diseases”, provides a
powerful new framework for considering the effects of EDCs on human and animal health. In 1971,
prenatal exposure to a synthetic estrogen, diethylstilbestrol (DES), was found to result in various
abnormalities of the reproductive tracts in women, and this syndrome was called the DES
syndrome. Similar abnormalities had been reported before this in mice and seen then extensive
work, including many papers from my group examining responses in mice, have demonstrated
exposure perinatally to estrogens induces persistent proliferation of vaginal epithelial cells.
Reduction of apoptosis was found in the vaginal epithelium of mice exposed neonatally to DES.
Also, persistent phosphorylation of erbB2 and estrogen receptor a (ERa), sustained expression of
EGF-like growth factors and phosphorylation of JNK1, IGF-I receptor and Akt were observed in
the persistently changed vagina. Recently, we have shown persistent expression of Wnt4, notchl,
notch 3 and other genes in the neonatally DES-exposed mouse vagina. Currently, we are analyzing
the methylation status of genes exhibiting altered expression. The importance of ERa., but not ER[,
in the induction of persistent changes in the vagina of mice, has been demonstrated, by my group,
using ERa specific agonists and ER[P specific agonists. Only neonatal treatment with an ERa
agonist induced persistent vaginal changes. Neonatal androgen exposure also induced similar

persistent vaginal changes in mice.

In 1986, I found polyovular follicles (POF) in ovaries of mice exposed neonatally to DES.
These are follicles containing more than two oocytes. A similar phenomenon was reported in
American alligators exposed to estrogenic contaminants through yolk contaminants deposited by
the mother. This work was down by my collaborator Prof. Louis Guillette, Medical University of
South Carolina. Work has been performed showing the importance of ERp in the induction of POF
in mice using ERP knockout mice and ER specific agonists. We continue to work on this issue
and have collaborated with Prof. Guillette’s laboratory to determine the universality of this

pathology in vertebrates.

2) Microarray analysis of estrogen responsive genes

To understand the mechanisms through which estrogenic chemicals act on mouse



reproductive organs, data documenting the temporal and spatial expression patterns of
estrogen-responsive genes are essential. A large number of genes, ca. 600 genes, that are affected
by estrogen treatment, have been identified in tissues of wild-type mice using a microarray
approach. For most of the identified genes, expression was induced by 17B-estradiol (E,) in a
dose-dependent manner. Subsequently, several environmental (xeno)estrogens were tested and
characteristic gene expression patterns were observed for each compound tested; these patterns
were distinct from that obtained following E, exposure. We further found that xenoestrogenic
chemicals and dioxin have distinct effects on the liver as well. These data have been used by us,
and others, to begin exploring tissue-specific effects which should be considered when elucidating
the effects of various EDCs. A microarray approach also has been successfully applied to analyze
the effects of estrogenic chemicals on the development of X. laevis tadpoles.

Based on these studies, we established a “transient” Society of Toxicogenomics and
Ecotoxicogenomics (2000-2005) to encourage scientists to use transcriptomics (microarrays) and
proteomics for toxicological research and for the mechanistic understanding of chemical effects

and toxicities.

3) Discovering an obesogen: the unexpected effects of organotin compounds

The ubiquitous environmental contaminant, tributyltin chloride (TBT) is well known to
induce the development of male sexual characteristics (imposex) in gastropods. We found that TBT
and its congeners induce the differentiation of adipocytes in vitro and increase the adipose mass in
vivo in vertebrates, such as X. laevis and mouse. TBT is a nanomolar affinity ligand for the retinoid
X receptor (RXR) in the rock shell and for both the RXRa and the peroxisome proliferator
activated receptor y (PPARY) in X. laevis, mouse and human. TBT promotes adipogenesis in the
murine 3T3-L1 cell model and perturbs key regulators of adipogenesis and lipogenic pathways in
vivo, primarily through activation of RXRa and PPARy. Moreover, in utero exposure of mice to
TBT leads to strikingly elevated lipid accumulation in adipose depots, the liver and the testes of
neonate mice and results in increased adipose mass in adults. In X. laevis, ectopic adipocytes form
in and around gonadal tissues following exposure to organotin compounds or ligands of RXRa or
PPARy such as LG268 and troglitazone. TBT represents the first example of an EDC that promotes
adverse effects from gastropods to mammals. Prenatal (TBT) and early postnatal exposures
(estrogens) represent powerful examples of EDCs that permanently alter developmental
programming. Our work was the first demonstration showing that certain chemicals could induce
adipogenesis both in vitro and in vivo, and these chemicals have been termed “Obesogens”.

Recently, we found that certain RXR agonists and a RXR antagonist can activate and
inactivate snail RXR in the transactivation assay, respectively. In order to understand the
mechanism of organotin compounds in the induction of imposex in mollusks, therefore, RXR

agonists and antagonists have been applied to snails.

4) Temperature-dependent sex determination of American alligators

The American alligator (Alligator mississippiensis) exhibits temperature-dependent sex

determination. Further, the testis appears to be the default gonad type whereas the ovary is induced,



either by incubation at a certain temperature or experimentally by exposure to exogenous estrogens.
Use of this model allow us to identify new genes involved in the differentiation of the ovary and
testis. These data could transform our understanding of the formation of the gonad, as the genetic
pathways leading to gonadal development are still poorly understood in almost all vertebrates. In
collaboration with our colleagues, we have cloned and characterized ERa, ER[3, progesterone
receptor (PR), AR, heat shock-related proteins (HSPs), aromatase and anti-Miillerian hormone
(AMH) as well as quantified their gene expression patterns in gonadal tissue during the period of
sex determination for the first time. Steroid receptors and most of the HSPs studied exhibited no
significant change in expression in gonadal tissue obtained from animals incubated at either male-
(33.5 °C) or female- (30 °C) producing temperatures. However, several HSPs showed a suggestive
pattern in the gonadal or adrenal whereas aromatase and AMH showed dramatic increases in
expression in gonads of animals incubated at the female-producing temperature and the
male-producing temperature, respectively. We cloned several temperature sensing genes, transient
receptor potentials (TRPs), from alligators and one of the TRPs, TRPV4, could sense temperatures
around 30-34 °C. Our research group is currently investigating the interaction of TRPs and sex
differentiation genes in alligator embryos in collaboration with Prof. Guillette’s group at MUSC.
We also have found that ERa plays an essential role in sex determination as exposure of the
developing embryo to an ERa specific agonist overrides the temperature effect whereas an ERf3

agonist does not.

5) Population effects and species differences in response to estrogenic chemicals in
fish species

Estrogenic chemicals have been found in river water and sewage effluents all over the
world. Therefore, population effects of estrogenic chemicals are of a concern, however, so far there
is no evidence showing population effects of estrogenic chemicals, even in controlled
laboratory-based exposures. We detected the equine estrogen equilenin (Eqn), and its metabolite
17B-dihydroequilenin (173-Eqn), by tandem GC-MS/MS in all sewage treatment works (STW)
influent samples and 83% of STW effluent samples analyzed, respectively, at low concentrations
(0.07-2.6 ng/L) and also found they were taken up into effluent-exposed fish. These estrogens
bound to and activated fish ERs, with potencies on ERa of 2.4-3490% compared to E2. Exposure
of fish for 21 days of Eqn and 173-Eqn induced estrogenic responses including hepatic growth and
vitellogenin (VTG) production at concentrations as low as 0.6-4.2 ng/L. Associated with these
effects was the induction of hepatic ERa and ERB1 gene expression, suggesting ER-mediated
mechanism(s) of action. These data provide evidence for the discharge of equine estrogens from
hormone replacement therapy into the aquatic environment and highlight a strong likelihood that
these compounds contribute to feminization in exposed wild fish species.

Feminization responses including testis-ova in the testis in wild male freshwater fish are
caused by exposure to estrogenic chemicals contained in effluents from STW. In UK. rivers,
feminization responses, including intersex, are widespread in wild roach (Rutilus rutilus)

populations, and severely affected fish have a reduced reproductive success. We exposed roach to



environmentally relevant concentrations of the contraceptive estrogen 17o-ethinylestradiol (EE2)
for up to 2 years, including intermittent and repeated exposures, to determine effects on sexual
development and subsequent responsiveness to estrogen. Exposure of roach to EE2 (at 4 ng/L) for
2 years resulted in sex reversal in males, leading to an all-female population within two cohorts in
terms of their stages of ovarian development, one paralleling the control females and one at a
significantly less advanced stage. Differing developmental and maturing rates of the putative
sex-reversed males compared with control females would question their functional capability as
females in the wild. Early-life exposure to environmentally relevant concentrations of EE2,
sensitized females to estrogen, as determined by the measurement of the responses of
estrogen-sensitive genes following a further EE2 challenge 400 days after the original exposure. In
the wild, exposure to environmentally relevant concentrations of EE2 during early life has
significantly wider implications for the sexual physiology in fish than has thus far been determined.
Recently, we found several zona pellucida genes that can be used as bio-marker genes for testis-ova

in male medaka.

6) Establishment of transactivation systems for the screening of chemicals using
receptor genes from various animal species and establishing species differences in
response to chemicals

We have reported species-specific difference in the response to estrogenic chemicals both
in vivo and in vitro using several fish species widely used in chemical testing (e.g., zebrafish,
fathead minnow, medaka) and/or as environmental monitoring species (e.g., roach, stickleback,
carp). In vivo exposures to EE2 via the water (nominal 2 and 10 ng/L for 7 days) were conducted
for seven fish species to compare their responsiveness of hepatic VTG mRNA induction to EE2
exposure. For VTG mRNA induction in vivo, the order of species responsiveness was: rainbow
trout (not tested in the ERa activation assays) > zebrafish > fathead minnow > medaka > roach >
stickleback > carp. In vitro, zebrafish ERo was found to be the most responsive of the fish species
tested, and carp and stickleback ERa the least responsive to natural steroid estrogens. This was also
the case for in vitro exposure to EE2 with an ERa-mediated response sensitivity order of zebrafish
> medaka > roach > fathead minnow > carp > stickleback. For VTG mRNA induction in vivo,
Overall, the ERa responses to steroid estrogens in vitro compared well with those seen in vivo
(VTG induction for exposure to EE2) showing in vitro screening of chemicals using fish
ERa-mediated responses are indicative of estrogenic responses (VTG induction) in vivo. We have
also established transactivation assay systems for ARs, thyroid hormone receptors (TRs),
glucocorticoid receptors (GRs), and PRs from various animal species as well as the ecdysone
receptor from Daphnia magna. Based on these studies, our transactivation systems using medaka
ERa, medaka AR, Xenopus tropicalis TR and D. magna ecdysone receptor have been used as a

Tier 1 screening in the risk assessment of chemicals by the MOE, Japan.

7) Evolution of estrogen receptors

Our group has cloned steroid and xenobiotic receptors (SXR) from various animal species

(fish, amphibian, reptiles, birds and mammals) by our group and we have demonstrated
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species-specific differences in their response to various environmental and endogenous chemicals
(receptor gene zoo). Thus, simple predictions of chemical effects based on data from a few
established model species are not sufficient to develop ‘real world’ risk assessments. ER and
ER-like genes have been cloned from various animal species including rockshell, Amphioxus,
lamprey, lungfish, sturgeon, roach, stickleback, mosquitofish, mangrove Rivulus, Japanese giant
salamander, newt, Silurana tropicalis, American alligator, Nile crocodile, freshwater turtle, various
snakes, and vultures. Teleost fish have three ER subtypes, ERa,, ERB1 and ERB2 because of an
evolutionary gene duplication event. Other vertebrate species usually exhibit two ER subtypes,
ERa and ER[, whereas invertebrate species and amphioxus possess ER-like sequences. Snails
have an ER-like sequence which shows ligand-independent activation. Amphioxus has an ER-like
sequence and a steroid receptor that is an ancient type of steroid receptor. Functional studies
showed that the rockshell ER-like sequence does not bind estrogen but exhibits ligand-independent
transactivation, whereas lamprey ER exhibited ligand-dependent transactivation, proving that
primitive vertebrates, such as the Agnatha, have a functional ER. We are currently analyzing the

function of each ER subtype by knocking down each ER and/or two ERs together in medaka.

8) Evolution of androgen receptors

Vertebrates show diverse sexual characters which are regulated by androgens. To
elucidate the evolutionary history and functional diversification of AR genes in vertebrates, we
cloned AR cDNAs from a shark, basal ray-finned fishes (Actinopterygii), namely bichir and
sturgeon (Acipenseriformes), and teleosts including a basal teleost, arowana (Osteoglossiformes).
Molecular phylogenetic analysis revealed that a gene duplication event gave rise to two different
teleost ARs (o and PB) and likely to have occurred in the actinopterygian lineage leading to teleosts
after the divergence of Acipenseriformes but before the split of Isteoglossiformes. Functional
analysis revealed that in the shark classical androgens activate the target gene via an androgen
response element by classical androgens. The teleost ARa showed unique intracellular localization
with a significantly higher transactivation capacity compared to teleost ARP. These results indicate
that the most ancient type of AR, as activated by the classical androgens as ligands, emerged before
the Chondrichthyes-Osteichthyes split and the AR gene was duplicated during a teleost-specific
gene duplication event. Currently, we are analyzing the function of each AR subtype using Tilling

mutants in medaka as a model animal.

9) Environmental sex differentiation of Daphnids

Due to their inclusion in acute toxicity or reproductive toxicity tests, Daphnia magna has
been used extensively to evaluate the organism- and population-based responses of invertebrates to
pollutants. Although these are the standard tests for the risk assessment of chemicals in most
countries and the OECD, they do not provide any information about the mode of action of the
tested compounds. Therefore, we applied an ecotoxicogenomic assessment of D. magna. We
established a Daphnia EST database, and developed an oligonucleotide-based DNA microarray
with high reproducibility. Exposure of D. magna to several chemicals resulted in characteristic

gene expression patterns that are chemical-specific, indicating that the established DNA microarray



can be used for classification of toxic chemicals, as well as to develop a mechanistic understanding
of chemical toxicity in a common freshwater organism. D. magna reproduce asexually
(parthenogenesis) when they are in an optimal environment for food, photoperiod and population
density. Once environmental conditions become sub-optimal, they alter their reproductive strategy
from asexual to sexual reproduction. Chemicals are able to affect sex determination of D. magna
and we found that juvenile hormone (JH) agonists (insect growth regulators), for example, induce
the production of 100% male offspring. The molecular basis of environmental sex determination is
largely unknown in D. magna and to understand the molecular mechanisms of this phenomenon,
we isolated sex differentiation/determination-related genes. DM-domain is a cysteine-rich
DNA-binding motif first recognized in proteins encoded by the Drosophila sex determination
gene doublesex (DSX), and it is well known as sex-related gene. We identified five DM-domain
genes in D. magna. Quantitative gene expression analysis in daphnid gonads revealed that DSX
genes were expressed in the testis. We have further developed a method to inject genes into D.
magna embryos which will allow us to study gain- and loss-of function analyses in more detail in
this species. Using the RNA interference (RNAi) method to inject double stranded RNA for
silencing genes into newborn eggs, we demonstrated that DSX/ (doublesex 1), one of the
DM-domain genes, is essential for male differentiation in D. magna. Also injection of the DSX/
gene into “female eggs” successfully induced male phenotypes. In addition to D. magna, D. pulex,
D. galeata, Ceriodaphnia dubia and Moina macrocopa also have been demonstrated to show high
DSXI gene expression in males which have been induced by JH agonists and environmental
conditions. To further explore the signaling cascade of sexual differentiation in D. magna, the gene
expression profile of JH-responsive genes is essential. Therefore, DNA microarray analyses have
been performed on gonads of D. magna exposed to fenoxycarb (a synthetic JH agonist widely used
as an insect growth regulator) and methyl farnesoate (a JH identified in decapods) at the critical
timing of JH-induced sex differentiation in D. magna. We are currently identifying genes in the

ovary.



V.FUTURE RESEARCH PLAN

We found and have reported on the persistent phosphorylation of erbB2 and ERa, and
persistent expression of growth factors and phosphorylation of JNK1, IGF-I receptor and AKT in
the vagina of mice exposed perinatally to a synthetic estrogen. This mouse model has provided
important background data for a new working hypothesis, the Embryonic or Fetal Basis of Adult
Disease or Developmental Origins of Health and Disease. The molecular mechanisms underling
these phenomena need to be clarified. We are currently analyzing the methylation status of various
genes showing altered expression in the mouse vagina. Also, we are analyzing the involvement of
the Wnt/B-catenin system in the altered mouse vagina by perinatal estrogen exposure. These studies,
we believe, can clarify part of molecular pathway leading to the development of vaginal tumors.

Environmental conditions determine sex in several animal species including reptiles and
water flea. Current concerns with global climate change and altered patterns of local environments,
are a growing concern for many ecosystems, especially freshwater and estuarine systems. We are
currently focusing on the molecular mechanisms of temperature-dependent sex-determination in
the American alligator. In collaboration with Prof. Louis Guillette of the Medical University of
South Carolina and Hollings Marine Laboratory, we are analyzing the genome of the American
alligator. Our group started this project in 2004 and rapidly accumulated the largest library of EST
for a reptile. Since that time, we have analyzed genes of particular interest. Now, we are able to use
next generation sequencing technologies that allow us to read alligator genes fairly quickly, and an
Alligator Genome Consortium was established in 2011. We are focusing on the TRP genes which
encode temperature sensor proteins. We now know that most of sex-differentiation related genes
are very similar to those in the mammals. Our goal is to find the molecular mechanism of the
temperature-dependent sex determination, pathway from one of TRP to sex-differentiation genes
using alligator embryos. We are also using turtles that also show temperature-dependent sex
determination. However, compared to alligators, they use a lower temperature for male
differentiation than do the alligators. In medaka, high temperatures during development reverse
genetic females into males, which is also an interesting model to analyze the function of TRPs. We
will clarify the molecular basis of the temperature-dependent sex determination in the alligator,
turtle and medaka.

In the parthenogenic water flea, sub-optimal environmental conditions such as reduction of
food, short photoperiod, crowding and lower temperature, induce male offspring production. We
already demonstrated that JH agonists induce male offspring and that the expression of DSX/ gene
is essential in the differentiation of males. However, the gene pathway related to male
differentiation is still unknown. Using our established microarrays, we are currently analyzing the
gene networks which are related to male differentiation using a microarray approach. Further, we
are working on the juvenile hormone receptor (JHR) in D. magna, since JH induces male offspring
production. We are almost ready to report on the properties of the JHR of daphnids.

To further examine the evolution of the steroid receptors, we are cloning and adding

information of receptor genes from various animal species. In fish, there are 3 ER subtypes and 2



AR subtypes because of gene duplication. We are currently analyzing the function of each receptor
subtype in medaka using Tilling technique and knockdown techniques.

Finally, we have been asked to assist Prof. Louis Guillette and Assistant Professor Satomi
Kohno, of the Medical University of South Carolina and the Hollings Marine Laboratory, in further
developing of hormone receptor transfection assays so that we can access the potential endocrine
disrupting potential of aged oil and oil dispersants used in the Gulf of Mexico Oil Spill and
contaminants in the NASA, Cape Canabel, Florida. As part of those projects, we will help develop
targeted assays using receptors cloned from species of special concern, such as the bottlenose
dolphin, green sea turtle and several commercially important fish species. This project will also
involve our collaboration with scientists from several government agencies (NOAA, NIST, NASA).
This project would provide new testing methodologies and approaches that could be used

worldwide.
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Neural topographic maps are a fundamental principle of nervous system organization, and form
when one set of neurons projects their axons onto a target region so that the spatial order of the
neurons is preserved in the order of their connections. The best characterized of these maps is the
visual projection from the retina to the midbrain tectum. As initially proposed by Sperry more than
sixty years ago, formation of these maps can be explained by graded axon guidance labels that are
specified genetically. Around the time I first met Dr. Noda his lab performed an important study,
published in Nature in 1996, where they identified a large number of asymetrically distributed
molecules in the retina. This list of molecules has provided a rich resource to understand the basic
biology of retinotectal topographic map development, and Dr. Noda has continued to study these
molecules since that time. The initial studies in 1996 and a Science paper in 2001 were especially
groundbreaking, identifying transcription factors that pattern both the retinal A-P and D-V axes,
establishing Dr. Noda as a leader in the retinotectal mapping field. Studies to identify additional
asymmetrically distributed molecules were described in Dr. Noda’s 2004 J. Neurobiol. paper. His
work on retinal transcription factors over the last 10 years has continued to be productive and
useful, such as the 2003 Development paper and the 2009 Dev. Biology paper studying the
mechanisms of action of CBF1 and CBF2 respectively.

Dr. Noda’s most important contribution in the topographic mapping field over the last ten years,
in my view, is the very interesting 2006 Nature Neuroscience paper on Ptpro. Previous work had
identified Eph receptor tyrosine kinases and their ephrin ligands as cell surface labels that guide
retinotectal axons to form a topographic map. Activation of Eph receptors, like other receptor
tyrosine kinases, involves receptor autophosphorylation, but the mechanism that shuts off receptor
signaling had been completely unknown. Knowing the mechanism to shut off the receptor is
significant, since the final topographic position of axons in the map is determined by the exact
threshold of receptor signaling, and arriving at this threshold probably involves repeated cycles of
receptor activation and inactivation as axons dynamically explore the target region. Dr. Noda’s
2006 paper showed that Ptpro dephosphorylates EphA receptors, which map the A-P axis, as well
as EphB receptors which have a role in mapping the D-V axis. In addition to biochemical evidence,
the paper showed that functional perturbations of Ptpro affect retinal axon guidance in vitro, and
had strong effects on retinal map topography in vivo. This was a thorough and very original study
that addressed an important and previously unanswered question in topographic map development.

Over the last ten years Dr. Noda has also made useful contributions to the RPTP field by
publishing several studies of PTP{. This has included several biochemical studies of the role of
PTP{ in signal transduction, as well as studies of its expression pattern and functional roles in vivo.
Taken together, these studies of PTP( represent a substantial body of work.

Overall, Dr. Noda has been highly productive over the last ten years. He had published some
very high profile work in the 1990’s which set him up with a strong international reputation, and he
has continued to intelligently follow this up with a very substantial body of work since then,
including 44 original papers in his list of publications, several of which represent very original and
significant advances in the field. Since your letter didn’t mention any specific purpose for the



evaluation, I’m not sure if you are looking for a more specific conclusion, but I would certainly say
that Dr. Noda’s scientific output over the last ten years has been suitable and indeed very
impressive for a scientist of his career stage and position.
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Prof Dr. Noda has performed outstandingly and has made key fundamental discoveries towards a

better understanding of the development of the retino-tectal system, the key model system for
topographic projections in the brain. These discoveries include but are not limited to the evaluation
time period from 2002 — 2012.

His lab has performed a much-needed and very successful large-scale screening for molecules
differentially expressed in the retina along the antero-posterior and/or the dorso-lateral axis. This
screen led to the identification of a series of very interesting candidate molecules with potential
function in controlling the retinotectal projection and work on these molecules has been published
accordingly in high profile journals.

They then identified molecules with roles in developmental cascades being expressed at very early
times of eye development and driving the differential expression pattern of axon guidance
molecules. This work was fundamentally important and lead to a much better, clearer
understanding of how this patterning process occurs.

Some molecules from the differential screen are currently characterized including APC, and
CRMPs and will likely lead also to high-profile publications.

I consider also his work of receptor protein tyrosine phosphatases in the retinotectal projection
and their characterisation in vitro and in vivo in antagonizing EphA activation/phosphorylation as
very important for the axon guidance field, being very novel, outstanding and of highest quality.

M. Noda has taken the next step in understanding the complexities of the visual system by
working towards an identification and characterisation of local retinal sub-circuits. Here - in a
collaboration with Botund Roska’s lab from Basel, Switzerland - he identified and characterized a
neural circuit defined by the expression of SPIG1 (coming out of the differential screen done in his
lab earlier) leading to the characterisation of some direction-selective amacrine cells. In my view,
M. Noda has moved with this work into a very promising topic of neurobiological research which
obviously has very much future.

I am not an absolute expert in the other fields M. Noda’s lab is working on, but from the quality
and quantity of publications it is apparent that also in the fields of receptor tyrosine phosphatases
outside the nervous system and in homeostatic control of body fluid he has performed
outstandingly.

In his department multiple key technologies are established, like retroviral technologies
combined with inducible expression, mouse knock-in/out technologies and not least of course the
stripe assay technology which enables his department to work fully competitive with the best labs
in the world.

Overall I consider M. Noda in the very top ranks of internationally competitive researcher. When
reading papers from his labs, I am always confident that his work is of highest quality, genuinely
new and very interesting.
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My statements can easily be verified just by looking at his achievements during the last 10 years.

He has published ground-breaking papers in the very best journals. He is the first (1x, a review
with two authors) or the last (31x) author in most of the 44 papers published during the last 10
years. Moreover, he is second to last in 8 of those papers. This, together from what I know about
his work and which is exquisitely described in his statement of research activity over the last 10
years, indicates that he is the driving force behind the projects (whose significance I will describe
further down in this text). I took the effort to look into the times Dr. Noda’s work of the last 10
years has been cited. This gave over 656 citations, much above the average impact factor of the
journals in which he published. So from the bibliometrical parameters, his publication record can
be qualified as outstanding.

More important are his scientific contributions. Also here, Dr. Noda excels. He has opened
several new, relevant and exciting fields of research, which are and will be linked with him. One
such field is the one dealing with the discovery, description and functional characterization of the
sodium-level sensing channel Nax. The existence of such a mechanism has been postulated since
long ago, but it was Dr. Noda who discovered the molecular entity and signaling pathway
responsible for it. Again, in his characteristic way of approaching a problem, he did all imaginable
steps to cement the case, including cloning, elucidation of the physiological function besides the
primary one, such as its control in lactate signaling, and even finding, albeit a single case, a clinical
instance of an autoimmune reaction against Nax. He used the patient’s immunoglobulin fraction to
then close the loop by demonstrating that if injected into mice, it caused complement reaction in
the sites where Nax is specifically expressed in the brain.

Similarly, in the area of development, Dr. Noda used his vast experience in molecular and
developmental biology to uncover molecular mechanisms that determine region-specific
projections of retinal ganglion cells. Exploiting a large-scale screening using restriction landmark
cDNA scanning, he identified several asymmetrically expressed molecules that are at the basis of
the topographical retinotactal projections. Using a clever combination of electrophysiological and
gene-transfection techniques, he elegantly clarified the signal pathway all the way from the retina
to the medial terminal nucleus. His work has been vital in understanding how the ganglion cells
reach their appropriate targets during development.

The third area where Dr. Noda has set his mark is associated with modulation of synaptic
strength, critically involved in learning and memory. In particular, he investigated the role of a
protein tyrosine phosphorylation receptor-type Z, Ptprz. He evaluated the contribution of individual
amino acid residues to the enzymatic activity and deduced the substrate motif. With this, he
identified a series of proteins that could be targets of Ptprz, including a family of proteins crucial
for the organization of proteins in synapses (PSDs). In fact, the involvement of Ptprz in Long Term
Potentiation (LTP) could be directly demonstrated. These studies were expanded using
Ptprz-deficient mice, and the behavioral aspects carefully analysed and interpreted. But Dr. Noda
did not stop here. He discovered that a splicing isoform of Ptprz is important in gastric ulceration
induced by Helicobacter pylori.

Here again the circle from molecule to complex physiological function, including behavior and
clinical relevance, in this case comprising a gastric aspect, was toughly addressed.



His numerous invited lectureships at international level further support his visibility in the
scientific community. In addition, he has been able to attract respectable quantities of funding (in
the order of 10 million EURO) during the last 10 years. He has tutored 10 PhD students trough
their degree during this time, and is an active member in the editorial board of Developmental
Neurosciences, a top-ranking journal in the field.

All things considered, Dr. Noda is an outstanding scientist, who lends great prestige to the
National Institute for Basic Research of Japan. Therefore, his scientific achievements during the
last 10 years more than fully justify his continuation, even including a promotion if at all feasible.
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Scientific achievements of Prof. Masaharu Noda in the past 10 years can be classified into 3

categories; (i) identification of molecules involved in the development of retinal ganglionic cell, (ii)
identification in the role of a protein tyrosine phosphatase, (iii)molecular mechanism underlying
homeostatic control of extracellular Na concentration. Among them, the issue (iii) seems to be the
most significant contribution from a physiological viewpoint. It has been clarified that high Na
concentration in the body fluid induces Na influx through Na, channels in glia. In response to Na,
glial cells secrete lactate to GABAerigic neurons, thereby inhibiting neuronal activity for Na intake
behavior. Although the last neuronal steps remain to be seen, these studies have identified an
important functional role of this unique Na channel molecule. These basic studies are important
contribution to human and animal physiology.

The issue (i) comprises (a) topological identification of transcriptional factors during embryonic
development, (b) identification of molecules that can affect axonal projection, elongation and
branching, (c¢) developmental changes in the excitatory/inhibitory synaptic input ratio.

The issue (ii) has provided interesting information, one in the learning mechanism and the other
in the gastric ulcer formation. However, much remains to be investigated to clarify the underlying
mechanism.

Overall, in the past 10 years, Prof. Noda and his group reported 44 papers, some of which
appeared in high-profile journals such as Neuron or Nature sister journals. In this respect, his
scientific productivity is regarded as high enough for a PI. The research topics are not focused to a
single issue, but new findings are supported by solid evidence, therefore will make significant
contributions to many relevant studies including their own. It is hoped that Prof. Noda integrates
his findings and reach a novel conceptional stage from which a new field can be opened.
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Summary by the Director-General of NIBB

Prof. Noda came to NIBB in 1991 and has consistently produced advanced research into
the mechanisms controlling the expression of brain function and formation of the central
nervous system as head of the Division of Molecular Neurobiology. He has led
international research into elucidation of the mechanisms of body fluid homeostasis and
the formation of the visual system as well as functional analysis of receptor-like protein
tyrosine phosphatase. At NIBB he has acted as an important research executive as
Managing Director in charge of General Affairs and of Evaluations, and as head of the
Center for Radioisotope Facilities, the Center for Transgenic Animals and Plants, and the
Research Support Facility. Furthermore he has been a principal research administrator as
head of the Advisory Committee for Programming and Management. In 2010 he helped to
inform the public of the research activities being done at NIBB by supervising the
institute’s Open House event. I look forward to even more active cooperation from Prof.
Noda, both as an NIBB administrator and as an international leader working to further the

expansion of research.
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Division of Molecular Neurobiology (Prof. M. Noda)

1. Statement of research activity in the past 10 years
(Numbers in parentheses represent original articles and those underlined represent
reviews or books in the List of Publication)

We have been studying the molecular and cellular mechanisms underlying the
development of the vertebrate central nervous system (CNS), mainly using the visual
systems of chicks and mice. This research covers many developmental events
including the patterning of the retina, terminal differentiation of neurons, navigation,
branching and targeting of axons, and formation, refinement and plasticity of synapses.
The scope of our interests also encompasses the mechanisms for various functions of
the mature brain, including body-fluid regulation, behavior control, learning, and
memory.

Our main research themes are: (A) Molecular mechanisms for retinal patterning
and topographic retinotectal projection, (B) Functional roles of receptor-type protein
tyrosine phosphatases (RPTPs) mainly in the brain, and (C) Mechanisms for body-fluid
homeostasis in the mammalian brain. Achievements of respective research groups

during the last ten years are summarized below.
A. Molecular mechanisms for the specificity in neural connections

(1) Mechanisms for the regional specification in the developing retina

Retinal patterning which determines region-specific features of retinal ganglion
cells (RGCs) is the basis for the topographic retinotectal projection. To understand the
molecular mechanisms underlying the retinal patterning during development, an overall
view of asymmetrically expressed molecules in the developing retina is needed. We
performed a large-scale screening of the E8 chick retina using the restriction landmark
cDNA scanning (RLCS) technique (13), in addition to a cDNA subtractive
hybridization technique (Nature 382, 632-635, 1996). We identified 33
asymmetrically distributed molecules along the nasotemporal (N-T) axis and 20 along
the dorsoventral (D-V) axis in the embryonic retina: Some showed a double-gradient
expression pattern.

In the past ten years, we have been devoting our efforts to the characterization
of the individual functional roles of these molecules, and to the determination of the
cascades controlling their expression. To this end, we developed and took advantage



of a retrovirus vector-mediated gene transfer into the chick optic vesicle by in ovo
electropolation (4, 5). We can now present gene cascades of the topographic
molecules for retinal patterning and retinotectal projection (Figure 1; modified from ref.
25; see also 6).

Along the A-P axis, fibroblast growth factor (Fgf) and Wnt first play pivotal
roles in inducing the expression of two winged-helix transcription factors FoxGl
(CBF-1) and FoxD1 (CBF-2) in the nasal (N) and temporal (T) regions in the optic
vesicle, respectively (34). The region-specific expression of FoxGI and FoxD1 begins
at an early stage (peaking at E3) and determines the regional specificity in the retina (10,
34, see also, Nature 382, 632-635, 1996; Dev. Growth. Diff. 41, 575-587, 1999). Two
homeobox transcription factors, SOHo! and GH6, are consequently expressed
specifically in the nasal region. Afterwards, ephrin-A5 and ephrin-A2 begin to show
nasal-high expression and Ephd3 temporal-high expression in the retina.
Misexpression of FoxG1 in the temporal retina represses the expression of EphA3 and
FoxDI, and induces that of SOHol, GH6, ephrin-AS5, and ephrin-A2 (10). SOHol and
GHG6 repress the expression of FoxDI and EphA3 (34). In this process, intriguingly,
FoxGl controls ephrin-A5 via a DNA binding-dependent mechanism (as a
transcriptional repressor), and ephrin-A2 via a DNA binding-independent mechanism
(as an inhibitor of BMP2 signaling) (10, 25, 34) (see below). In contrast, FoxD1 acts
as a transcriptional repressor in controlling its downstream targets (34).

Along the D-V axis, counteraction between BMP4 and Ventroptin first governs
the regional specification in the retina (Science 293, 767-778, 2001): At the early
stages of development from E2 to ES, dorsally-expressed BAMP4 determines the regional
specificity of the dorsal retina and ventrally-expressed Ventroptin counteracts the
activity of BMP4 (10). Transcription factors 7hx2/3/5 in the dorsal retina and cVax in
the ventral retina begin to be expressed from E3 under the control of the BMP4 signal
(25). At approximately ES, BMP4 expression in the dorsal retina rapidly disappears
(10). Concomitantly, Ventroptin comes to be expressed in an oblique-gradient fashion
(V/N-high pattern from E6 onward). Then, instead of BMP4, BMP2 begins to be
expressed in an oblique-gradient fashion (D/T-high pattern), complementary to that of
Ventroptin, to counteract it (10, 25). The inhibitory effect of FoxG1l on the BMP
signaling is thought to be responsible for turning the expression patterns of BMP2 and
Ventroptin about 30 degrees to the posterior side from the first D-V axis (10, 25).
Switching from BMP4 to BMP2 should occur owing to the difference in their genetic
regulatory mechanisms, and this would be the basis of the tilting of the D-V axis in the
developing retina. The expression of EphBs, ephrin-Bs, and ephrin-A2 is under the



control of the BMP2 signal (25). BMP2 thus appears to play an important role in the
topographic projection along both axes. In this study, we also showed that projections
of retinal axons can be manipulated by ectopic expression of these topographic
molecules in the retina (25), indicating that topographic retinotectal projection is
specified by retinal patterning during development.

(2) Genetic labeling of retinal axons

To save the effort to label retinal axons in mice, we generated transgenic mouse
lines in which several sensory systems in the brain are specifically visualized
genetically (1). We generated GAP-lacZ encoding an axon-targeted reporter, a fusion
protein comprising the membrane-anchoring domain of GAP-43 and p-galactosidase.
The reporter gene was introduced into the genome under the control of a promoter
element of the Brn3b transcription factor to establish transgenic mouse lines. The
individual lines thus generated afforded clear images of specific axonal pathways of the
visual, vomeronasal, pontocerebellar, and auditory systems. The reporter protein
labelled the entire axonal process as well as the cell body of developing and mature
neurons on staining with X-gal. We show that these lines facilitate the developmental
and anatomical study of these neural systems. This strategy should be applicable to a

variety of neural systems by using various specific promoter elements.

(3) Mechanisms for the topographic retinotectal projection
Eph families of RPTK (receptor protein tyrosine kinase) and their ligands,

ephrins, play a crucial role in the establishment of retinotectal projections. We
identified protein tyrosine phosphatase receptor type O (Ptpro) as a specific PTP that
efficiently dephosphorylates both EphA and EphB receptors (22). Ptpro
dephosphorylates the second tyrosine residue conserved in the juxtamembrane region
(22), which is required for the activation and signal transmission of Eph receptors.
Using the chick retinotectal projection system, we showed that Ptpro controls the
sensitivity of retinal axons to ephrins and thereby has a crucial role in the establishment
of topographic projections (22; Figure 2). Our findings explain the molecular
mechanism that determines the threshold of the response of RPTKSs to the ligands in
vivo.

We identified several region-specific molecules whose expression peaked after
E8 in the retina (13): When their expression was experimentally enhanced or
suppressed in vivo, abnormal axonal targeting, branching, or synaptic arborization was

induced. For dynamic morphological changes of cells, rearrangements of the



cytoskeleton including microtubules are essential. However, the molecular
mechanisms underlying the microtubule remodeling between orientated and disoriented
formations are almost unknown. We found that novel subtypes of collapsing response
mediator proteins (CRMP-As) in addition to the original proteins (CRMP-Bs), which
result from the alternative usage of different first coding exons, are involved in this
conversion of microtubules (9). Overexpression of CRMP2A and CRMP2B in chick
embryonic fibroblasts induced oriented and disorganized patterns of microtubules,
respectively. Moreover, sequential overexpression of another subtype overcame the
effect of the former expression of the countersubtype. Overexpression experiments in
cultured chick retinas showed that CRMP2B promoted axon branching and suppressed
axon elongation in ganglion cells, while CRMP2A blocked these effects when
co-overexpressed (9; Figure 3). Our findings suggest that the opposing activities of
CRMP2A and CRMP2B contribute to the cellular morphogenesis including neuronal
axonogenesis through remodeling of the microtubule organization.

We found that another asymmetric molecule, a leucine-rich repeat-containing
transmembrane protein (13), associates with adenomatous polyposis coli 2 (APC2), a
neuron-specific homologue of the APC tumor suppressor protein. APC2 is distributed
along microtubules in growth cones as well as axon shafts of retinal axons (35). Using
the chick retinotectal projection system, we showed that APC2 plays an important role
in axonal projections through the regulation of cytoskeletal dynamics in response to
extracellular signals (35; Figure 4): Apc2 knockdown retinal axons showed abnormal
growth attributable to a reduced response to ephrin-A2 in vitro. Overexpression of
APC2 in cultured cells induced the stabilization of microtubules, whereas knockdown
of 4Apc2 in chick retinas with specific short hairpin RNA reduced the stability of
microtubules in the retinal axons. Recently, we generated Apc2-deficient mice by a
gene-targeting technique. We have found defects in the retinocollicular projections of
the mutant mice. The mutants also display severe laminary defects in some regions of
the brain including the cerebral cortex and cerebellum, indicating that APC2 is involved
in axonal navigation and cellular migration (submitted for publication). We are now
analyzing the phenotype of the Apc2-deficient mouse in more detail to clarify the
function of APC2 in the development of the CNS.

We expect the molecular mechanisms underlying the branching, pruning, and
synapse formation of retinal axons to be revealed through studies on the region-specific
molecules in the retina.

(4) Direction-selective retinal ganglion cell subtypes



Visual information is transmitted to the brain by roughly a dozen distinct types
of retinal ganglion cells (RGCs) defined by a characteristic morphology, physiology,
and central projections. However, our understanding of how these parallel pathways
develop is still in its infancy, because few molecular markers corresponding to
individual RGC types are available.

We identified a novel secretory protein, SPIG1, expressed predominantly in the
dorsal region in the developing chick retina (13). We generated knock-in mice to
visualize SPIG1-expressing cells with green fluorescent protein, and found that the
mouse retina is subdivided into two distinct domains for SPIG1 expression and SPIG1
effectively marks a unique subtype of RGCs during the neonatal period (28). SPIG1™*
cells in the dorsotemporal domain project to the dorsal lateral geniculate nucleus
(dLGN), superior colliculus (SC), and accessory optic system (AOS). In contrast, in
the remaining region, here named the pan-ventronasal domain, SPIG1" cells form a
regular mosaic and project exclusively to the medial terminal nucleus (MTN) of the
AOS that mediates the optokinetic reflex as early as P1 (Figure 5A; modified from refs.
28, 33). Their dendrites costratify with ON cholinergic amacrine strata in the inner
plexiform layer as early as P3. These findings suggest that these SPIG1" cells are the
ON direction selective (DS) ganglion cells (28). Moreover, a combination of genetic
labeling and conventional retrograde labeling revealed that MTN-projecting RGCs are
composed of SPIG1* and SPIG1” RGCs distributed in distinct mosaic patterns in the
retina, indicating that they comprise two functionally distinct subtypes of the ON DS
ganglion cells (Figure 5A).

Next, we examined light responses of these two subtypes of MTN-projecting
RGCs using targeted electrophysiological recordings (33). SPIG1" and SPIG1" RGCs
respond preferentially to upward motion and downward motion, respectively, in the
visual field (33; Figure 5B). The direction selectivity of SPIG1" RGCs develops
normally in dark-reared mice. The MTN neurons are activated by optokinetic stimuli
only of the vertical motion as shown by Fos expression analysis. Furthermore, genetic
labeling and conventional retrograde labeling revealed that axons of SPIG1" and SPIG1"
RGCs project to the MTN via different pathways (33; Figure 5A). The axon terminals
of the two subtypes are organized into discrete clusters in the MTN. These results
suggest that information about upward and downward image motion transmitted by
distinct ON DS ganglion cells is processed in the MTN separately, if not independently.
SPIG1 should therefore serve as a useful molecular marker for studying the
differentiation and distinct circuiting of the two ON DS ganglion cell types.



A key circuit module of DS ganglion cells is a spatially asymmetric inhibitory
input from starburst amacrine cells in the retina. However, it was not known how and
when this asymmetry is established during development. We photostimulated mouse
starburst cells targeted with channelrhodopsin-2 (CR-2) while recording from a single
SPIG1" DS ganglion cell. We then followed the spatial distribution of synaptic
strengths between starburst and DS ganglion cells during early postnatal development
before these neurons can respond to a physiological light stimulus, along with
confirmation of connectivity by monosynaptically restricted trans-synaptic rabies viral
tracing (41). As a result, we found that random or symmetric synaptic connections
from starburst amacrine cells are established as early as postnatal day 6, and that
asymmetric inhibitory synaptic inputs are subsequently developed over a 2-day period
(41; Figure 6).

B. Functional roles of protein tyrosine phosphatase receptor type Z

Protein tyrosine phosphorylation plays crucial roles in various biological events
including brain development and brain functions. We have made efforts to reveal the
functional roles of protein tyrosine phosphatase receptor-type Z, Ptprz (also called
PTPZ/RPTPP), which is mostly expressed as chondroitin sulfate proteoglycans in the
brain. To reveal its intracellular signaling pathways, we performed a systematic
screening for substrates of Ptprz by developing a “yeast substrate-trapping system”, and
identified Gitl, p190RhoGAP, GOPC/PIST, and Magil (17, 1). Subsequent studies
revealed that Ptprz selectively dephosphorylates pl190RhoGAP at Tyr1105 (ref. 21),
Gitl at Tyr-554 (ref. 44), and Magil at Tyr-373 and Tyr-858 (ref. 44). Alignment of
the primary sequences surrounding the target phosphotyrosine residues showed
considerable similarity, suggesting the presence of a consensus motif for substrate
recognition by Ptprz. We estimated the contribution of surrounding individual amino
acid residues to the catalytic efficiency using in vitro peptide-based assays, and deduced
that the typical substrate motif for the catalytic domain of Ptprz was
“E/D-E/D-E/D-X-1/V-pY-X” (X is not an acidic residue) (44). We found by database
screening that the substrate motif is present in several proteins, including paxillin at
Tyr-118. Expectedly, we verified that Ptprz efficiently dephosphorylates paxillin at
this site in cells (44).

In the yeast substrate screening above, several PDZ domain-containing proteins
including PSD95, Magi3, Veli-3, Synj2bp, Sntal and Sntbl were isolated as
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non-substrate interacting proteins that bind to the C-terminal PDZ-binding motif of
Ptprz (17, 1). Among the 21 receptor-type PTP members (RPTPs), only the R5
subfamily, Ptprz and Ptprg, have a canonical PDZ-binding motif (-S-L-V) at their
carboxyl-termini.  This suggests that Ptprz can form a stable enzyme-—substrate
complex on PDZ-containing scaffold proteins. Indeed, we found that FrbB4 becomes
a substrate for Ptprz with the help of PSD95: In transfected cells, Ptprz can
dephosphorylate ErbB4 when PSD95 is coexpressed (27). In addition, TrkA, which is
reportedly bound to the PDZ domain of GIPC, was efficiently dephosphorylated by
Ptprz (30). Some proteins associated with Ptprz on PDZ-containing scaffold proteins
are thus likely dephosphorylated by Ptprz without a strict substrate recognition
structure.

The physiological importance of Ptprz has been demonstrated through studies
with  Ptprz-deficient mice (Neurosci. Lett. 247, 135-138, 1998). Although
homozygous Piprz-deficient mice appeared to be healthy and showed no obvious
anatomical abnormalities in the brain, we found that one conspicuous defect in adult
Piprz-deficient mice is a significant enhancement of long term potentiation (LTP) in the
CAl region of the hippocampus (18) and learning deficits (18, 21). LTP is a
long-lasting augmentation of synaptic strength that has been suggested as a cellular
mechanism underlying learning and memory. Because Ptprz is known to be abundant
in the synaptic fraction, it is considered to be involved in the regulation of synaptic
plasticity, and learning and memory. In this regard, the phosphorylation of
p190RhoGAP at Tyr-1105, was found to be decreased after fear conditioning in the
hippocampus of wild-type mice, but not of Pprz-deficient mice (21), suggesting that
the PTP activity of Ptprz is up-regulated during learning.

We had already identified pleiotrophin/HB-GAM and midkine as ligands
involved in the regulation of Ptprz (J.B.C. 271, 21446-21452, 1996; J.B.C. 274,
12474-12479, 1999; Proc. Natl. Acad. Sci. USA 97, 2603-2608, 2000). We revealed
that binding of pleiotrophin to the extracellular region of Ptprz induces dimerization (or
oligomerization) and thereby suppresses the PTP activity (23). In addition, we found
that the extracellular region is proteolytically processed in vivo by several proteases
including metalloproteinases (31) or plasmin (32). Since matrix metalloproteinase 9
(MMP-9) levels and accordingly the proteolytic activity are rapidly increased by stimuli
that induce LTP, the removal of the inhibitory extracellular portion by
metalloproteinase-mediated processing presumably abolishes this ligand-induced
inactivation mechanism (Figure 7A, B), and thereby induces dephosphorylation of the
substrate proteins in the hippocampus of wild-type mice.
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In addition to the brain, we found that the non-proteoglycan form of Ptprz-B, a
splicing isoform of Ptprz, is expressed in the gastric epithelial cells. Here, we
demonstrated that Ptprz functions as a receptor for the vacuolating cytotoxin VacA,
produced by Helicobacter pylori (5): Surprisingly, Ptprz-deficient mice did not show
mucosal damage at all when VacA was administered intragastrically, although VacA
was incorporated into the gastric epithelial cells to the same extent as in wild-type mice
(5). VacA bound to Ptprz, and the levels of tyrosine phosphorylation of Gitl, a Ptprz
substrate, were higher after treatment with VacA, indicating that VacA behaves as a
ligand for Ptprz (5). Thus, erroneous Ptprz signaling by VacA induces gastric
ulceration (Figure 7B).

Our understanding of the physiological functions of Ptprz, together with its
intracellular signaling mechanisms through substrates, has become much deeper over
the past decade. We are now focusing our efforts on integrating these findings into a
comprehensive picture. Furthermore, we are planning to expand this strategy to other
RPTPs to know their functional roles.

C. Mechanisms of homeostatic control of body fluids in the mammalian brain

Mammals have a set of homeostatic mechanisms that work together to maintain
body-fluid sodium (Na") levels at 135-145 mM and osmolality at ~300 mOsm/kg
through the control of intake and excretion of salt and water. The circumventricular
organs (CVOs), where no blood-brain barrier exists, are suggested to be involved in
monitoring body-fluid conditions. However, molecular and cellular mechanisms for
sensing the Na' levels and osmolality of body fluids within the brain have long been an
enigma. We have been investigating the mechanisms of homeostatic control of body
fluids in the mammalian brain, including Na'-level- and osmolality-sensing systems.

As for Na+-level-sensing, our series of studies with Na,-deficient mice revealed
that Na, serves as a Na'-level sensor of body fluids (2, 3, 8, 15, 19; 2, 3). Nay, an
atypical sodium channel whose structure is poorly homologous (~50%) to the
voltage-gated sodium channels, had long remained an enigma (Figure 8A). We
generated Nay-gene deficient mice by inserting the lacZ gene in-frame and analyzed the
expression pattern of Nay. In the central nervous system, Na, was expressed in the
dorsal root ganglions and the CVOs including the subfornical organ (SFO), organum
vasculosum of the lamina terminalis (OVLT), median eminence (ME), and posterior
pituitary (PP) (Figure 8B; see also J. Neurosci. 20, 7743-7751, 2000). In the
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peripheral nervous system, Na, was expressed in the non-myelinating Schwann cells (3).
Na,-deficient mice did not stop ingesting salt when dehydrated, while wild-type mice
avoided salt (J. Neurosci. 20, 7743-7751, 2000). We subsequently demonstrated that
the Nay channel is a concentration-sensitive Na channel with a threshold value of ~150
mM for extracellular Na* in vitro (2). We further showed that salt aversive behavior
does not occur on direct infusion of a hypertonic Na' solution into the cerebral ventricle
in Na,-deficient mice, in contrast to wild-type mice (15). The behavioral defect of
Nay-deficient mice was completely recovered by a site-directed transfer of the Na, gene
into the SFO, indicating that the SFO is the primary site of the Na'-level-sensing for the
control of salt-intake behavior (15). All these findings indicate that the Nay channel is
the brain Na'-level sensor, which has been long postulated to be present at the sensory
CVOs (2, 3).

Our detailed analyses revealed that Na, channels in the SFO are specifically
expressed in perineuronal processes of astrocytes and ependymal cells enveloping
particular neural populations including GABAergic neurons (20). This indicates that
glial cells, not neurons, are the primary site of Na'-level-sensing, suggesting some
mechanism to transfer the Na* signals from “inexcitable” glial cells to neurons. We
subsequently demonstrated that Nay channels directly interact with o subunits of
Na'/K'-ATPase, and thereby bring about Na'-dependent activation of the metabolic
state of the glial cells (26). Metabolic enhancement leading to the extensive
production of lactate was observed under high Na* conditions in the SFO of wild-type
mice, but not of Na,-deficient mice (26). Lactate, as well as Na*, stimulated the firing
activity of GABAergic neurons in the SFO (26). The GABAergic neurons supposedly
regulate hypothetic projecting neurons involved in the control of salt-intake behavior
(26; Figure 9). To our knowledge, this study is the first to show that glial cells take
the initiative in the regulation of neural activity using lactate as a signaling substance, a
“gliotransmitter”.

Recently, we found a patient with essential hypernatremia who harbors
autoantibodies to Nay (38). The patient had a ganglioneuroma mainly composed of
Nay-positive Schwann-like cells, and this neoplasia likely evoked an antitumor immune
response (38). Passive transfer of the immunoglobulin (Ig) fraction of the patient’s
serum reproduced the symptoms with abnormal reductions in water intake and
vasopressin release in wild-type mice (38; Figure 10). Because Na,-deficient mice are
normal in vasopressin release (37), we considered that autoantibodies to Nay not only
affected the Na'-level-sensing mechanisms mediated by Nay channels, but also impaired
the regulatory systems for the production/release of vasopressin. In support of this
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view, cell death was observed in the brain of mice injected with the patient’s Ig, along
with focal deposits of complement C3 and inflammatory infiltrates in CVOs. This
suggests that complement-mediated cell death in the CVOs occurred in these mice and
also in the patient (38). Because the SFO and OVLT have efferent projections, which
are responsible for the regulation of vasopressin, histological damage to the SFO and
OVLT would be the reason for the dysregulation of vasopressin production/release. In
addition, damage to the PP, the site where vasopressin is released into the blood
circulatory system, would also affect the release. These results suggest that the
ganglioneuroma triggered the production of anti-Nay autoantibodies, leading to
persistent tissue damage in the CVOs, and thereby hypernatremia (a paraneoplastic
neurologic disorder).

As for the osmolality-sensing mechanism, a cation channel, transient receptor
potential vanilloid 1 (TRPV1), has been implicated as a sensor of hypertonicity in body
fluids based on studies with TRPVI-deficient mice. However, the response of TRPV1
to hypertonic stimuli has not been demonstrated with heterologous expression systems
so far, despite intense efforts by several groups. Thus, the molecular entity of the
hypertonic sensor in vivo still remains controversial. Very recently, we found that the
full-length form of TRPV1 is sensitive to an osmotic increase exclusively at around
body temperature (~37°C) using a heterologous expression system (43). We also
demonstrated that the osmosensitivity of TRPV1 at 36°C is further enhanced by another
activating stimulus, such as protons (pH) or capsaicin, indicating that osmosensitivity of
TRPV 1 is synergistically enhanced by these distinct activating stimuli. Our findings
thus indicate that TRPV1 integrates multiple types of activating stimuli, and is sensitive

to hypertonic stimuli under physiologically relevant conditions.
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Figure 1. Developmental expression of topographic molecules in the chick retina. FoxGI and
FoxD1 are expressed in a counter-gradient manner in the optic vesicle. After the optic cup
forms, the expression domains of FoxGI and FoxD1 are separated by reducing their positive
regions to a narrow region of the nasal or temporal retina, respectively. Subsequently, GH6
and SOHo1 are expressed specifically in the nasal retina from HH stage 12-14. The expression
domains of GH6 and SOHol fill the gap between the expression areas of FoxGI and FoxDI.
EphA3 and ephrin-A5 are homogeneously expressed in the retina at early developmental stages
and become restricted to the temporal and nasal retina, respectively, under the control of these
transcription factors at later stages. The counteraction between BMP4 and Ventroptin (VOPT)
governs the regional specification in the retina along the D-V axis early in development (HH
stage 11 to E5). At around E5, BMP4 expression in the dorsal retina rapidly begins to
disappear, and Ventroptin comes to be expressed in an oblique-gradient manner from E6
onward (in a V/N-high gradient). Concomitantly, BMP2 begins to be expressed in a pattern
complementary to that of Ventroptin (in a D/T-high gradient). The inhibitory action of FoxG1
on BMP signaling is attributable to the change in the expression of Ventroptin and BMP2 to the
oblique-gradient pattern. The counteraction between Ventroptin and BMP2 determines the
expression of the formerly dorsoventrally-asymmetric molecules and ephrin-A2 in an
oblique-gradient fashion, and resultantly governs the retinal patterning and retinotectal
projection along both the A-P and D-V axes. Ephrin-A2 begins to be expressed much later
than ephrin-A5 from E6 in an oblique-gradient manner from the beginning under the control of
the BMP2 signal. Development proceeds from left to right.
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EGFP-Nasal Ptpro(DA)-Nasal

Figure 2. Regulation of the sensitivity of chick retinal axons to ephrin-A2-Fc¢ by Ptpro. To
visualize retinal axons, egfp was coelectroporated into the retina, and the retinal strips were
subjected to the ephrin-A2-Fc stripe assay. (A) Control temporal axons preferred to grow in
control Fc-containing lanes (dark) rather than ephrin-A2-Fc lanes (red). (B) Ptpro
(WT)-overexpressing temporal axons randomly grew in both control Fc and ephrin-A2-Fc lanes.
(C) Control nasal axons randomly grew in both control Fc and ephrin-A2-Fc lanes. (D) When
the DA mutant of Ptpro, Ptpro (DA), was overexpressed, nasal axons showed a preference for
control Fc lanes like the normal temporal axons.
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A B
CRMP-2B CRMP-2B + CRMP-2A

Figure 3. Antagonistic effects of CRMP2A and 2B on axon morphology. Retinas from chick
E6 embryos were electroporated with an expression vector to express CRMP2B (A) and
CRMP2B + CRMP2A (B), and cultured for 2 days.

- 107 -



>
ve)

ar
(=}
1

Control APC2 shRNA <DT>
' 40 ~@— Control
—O~ APC2 shRNA
30

20+

Branches (%)

1 2 3 4 5 6 7 8 9 10
A »

Tectal position

50 80 —

~@— Control <DN> <VT>
—— APC2 shRNA

~~ = 60 4 ~®— Controi

X X —0— APC2 shRNA

1%} 0

[} [$)]

= =

Q (&)

c c

g g

[an] m

1 2 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10
A > >

Tectal position Tectal position

Figure 4. Distribution of interstitial branches of retinal axons on the tectum at E12.5. (A) The
tectum was subdivided into 10 areas along the anteroposterior axis, and numbers of branches in
each area were counted. (B-D) Quantification of branch distributions of dorsotemporal (DT),
dorsonasal (DN), and ventrotemporal (VT) retinal axons, respectively. The values are shown
as the mean + SEM. In APC2-knockdown embryos, interstitial branches from the axon shaft
were more diffusely distributed along the anteroposterior axis. A, Anterior; P, posterior.
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® SPIG1* cells projecting to the MTN (Upward-preferring cells)
® SPIG1~ cells projecting to the MTN (Downward-preferring cells)

SPIG1*

SPIG1~

Figure 5. (A) Schematic representation of axonal connectivity between the retina and the
contralateral medial terminal nucleus (MTN) of the accessory optic system. Information on
upward and downward visual motion is conveyed to the MTN by distinct neuronal pathways.
This represents our findings together with those in previous studies on retinal projections to the
MTN in mice and rats. The upward-preferring subtype of ON DS ganglion cells (SPIG1™;
green) predominantly projects to the MTN via the inferior fasciculus of the accessory optic tract
(AOT-IF), whereas the downward preferring subtype (SPIG17; red) projects to the MTN via the
superior fasciculus of the accessory optic tract (AOT-SF). The fibers of the AOT-SF split
from the optic tract (OT) and the brachium of the SC, then they course ventrally over the surface
of the cerebral peduncle (CP) and finally terminate in the MTN. On the other hand, the fibers
of the AOT-IF leave the OT just after passing through the optic chiasm (OC), then course
caudally, and terminate in the MTN. MGB, medial geniculate body.

(B) SPIG1 marks the upward-preferring subtype of DS ganglion cells. Representative spike
trains and their polar plots in response to eight different directions of the drifting square-wave
gratings for 6 s are shown. Spikes were recorded from a SPIG1" cell (upper panel) and SPIG1
cell (lower panel). The red line indicates the preferred direction of the cells.
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Figure 6. Channelrhodopsin-2-assisted circuit mapping at P6 and P8. Recordings from SPIG1"
cells at P6 (A-C) and P8 (D-F). (A-E) Inhibitory (A, D) and excitatory (B, E) postsynaptic
currents elicited in a SPIG1™ cell by the photostimulation of the surrounding starburst amacrine

cells. Polar plots are also shown. (C, F) Spatial asymmetry index (SAI) for inhibition and
excitation. Error bars, s.d.
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Figure 7. (A) Schematic drawing of the proteolytic processing of Ptprz in central synapses.

(B) Schematic drawing of proposed Ptprz signaling pathways for the regulation of synaptic
plasticity (Spine formation) and the induction of gastric ulcers (Cell adhesion of epithelial
cells).

- 111 —



Nay 1.6 /cﬁ?

Nay 1.2 Salt/water [

Nay 1.1 intake ie) ) Cerebeilum
Nay 1.3
Nay 1.7
Nay
Nay 1.4
Nav 1.5 - S
Nay 1.8 PP
Nav 1.9

| Vasopressin release I

Figure 8. (A) Phylogenetic tree of voltage-gated sodium channel o subunits. (B) Schematic
illustration of the midsagittal section of the mouse brain. Nuclei (filled circles) and neural
pathways (lines) involved in the regulation of vasopressin release are shown. The neural
pathway involved in salt/water intake remains unknown (dotted line). The sensory CVOs,
including the SFO, are characterized by the presence of neuronal cell bodies and extensive
networks of fenestrated capillaries which allow components of plasma to be released into the
intercellular space. The ventricular side is partitioned by an ependymal cell layer facing the
third ventricle. Nay is expressed in the SFO, OVLT, ME, and PP. MnPO, median preoptic
nucleus; PVN, paraventricular nucleus; SON, supraoptic nucleus.
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Figure 9. Schematic overview of the Na'-level-sensing mechanism and Na'-dependent
regulation of neurons in the SFO. (1) When animals are dehydrated, Na" concentrations in
plasma and cerebrospinal fluid increase above the normal level of ~145 mM. (2) When the
extracellular Na* concentration exceeds ~150 mM, Na, channels begin to open, and the
intracellular Na" concentration in these glial cells is increased. (3) This leads to the activation
of Na’/K'-ATPase. The activated Na"/K*-ATPase consumes more ATP than usual to pump
out Na". (4) To fuel Na"/K*-ATPase with ATP, the glial cells enhance glucose uptake to
stimulate anaerobic glycolysis. (5) Lactate, the end product of anaerobic glycolysis, is released
from the glial cells and supplied to neurons, including GABAergic neurons, through the
processes enveloping them. (6) Lactate stimulates the activity of the GABAergic neurons
through production of ATP, leading to the inhibition of hypothetic projecting neurons involved
in the control of salt-intake behavior. In Na,-deficient mice, the Na'-dependent stimulation of
glycolysis is impaired and the activity of the GABAergic neurons is not promoted even under
dehydrated conditions, and so the salt-intake behavior is not suppressed.
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Figure 10. Generation of the animal model. Passive transfer of the Ig fraction of the patient’s
serum reproduced her symptoms in wild-type mice with abnormal reductions in water intake

and vasopressin-release.
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Major scientific contributions and their impact: The research of Prof. Takada has always been
focused on signaling by secreted proteins in vertebrates with a particular focus on Wnt signaling on
the molecular side and somitogenesis as his developmental paradigm. He has made key
contributions to our molecular understanding of Wnt action, in particular with respect to the
machinery involved in Wnt modification and the secretion of Wnt proteins. The first thing however
that 1 connect Prof Takada to, without going thought the impressive publication list, are his
discoveries around the transcriptional co-repressor ripply 1 and its role in somitogenesis. With
these findings he surprised and stimulated the community. He very systematically exploited the
role of ripply and besides his traditional model system mouse, also took advantage of zebrafish to
complement and expand his research. Even though a surprise for the community, the discovery of
ripply is a logical consequence of Prof. Takada’s systematic analyses of the molecular processes
governing somitogenesis.

In that context the planned future research to study the molecular mechanisms involved in the
establishment of metameric structures in vertebrates is an excellent choice. With his scientific
originality, this comparative approach will shed new light on the hypothesized generality of the
underlying mechanisms and their modification to implement specific solutions. The same holds
true for the even bigger aim of planned research: the establishment of signaling fields in vertebrate
development and the delineation of the respective molecular bases.

This is an ambitious aim, but Prof. Takada has laid the ground for seriously tackling it. Not just
with his key contributions to the field so far, but also through his excellent connections and
collaborations in the community.

International recognition and diffusion: His research in the last ten years has resulted in 46 peer
reviewed publications that have attracted 2157 citations and his h-index over the last 10 years is 25.
Of the 46 publications, Prof Takada was senior author in 17 publications, 7 of which appeared in
the top tier of journals in his field (e. g. Developmental Cell, Genes & Development). His
publication output is excellent, both in numbers as well as with respect to the journals published in.
His publication record also indicates that Prof. Takada was a valued collaborator, both in national
as well as increasingly in international collaborations. Its worthwhile mentioning that he has
published together with the top western scientist in his field (e. g. Jessel, McMahon, Thesleff). If
one would want to read from the publication list, one could see that the international collaborative
papers are becoming increasingly more frequent in the last years. Taken together Prof. Takada had
an excellent publication output with a trend to more collaborative publications in the last years.

His research projects have constantly attracted grant support, almost exclusively with him as
lead investigator. These were either individual grants or network grants that he was coordinating.
The total grant volume could not be deduced from the documents, however the fact that he received
nine big grants (running for five years on average) indicates an excellent performance also in this
field.

Taken together Prof. Shinji Takada is an excellent, highly creative, collaborative and productive
scientist who reports on a very successful decade of exciting and groundbreaking science. He
present research plan that is timely, well based in his previous research and ambitious. He found
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the “nerve” of what will be relevant in the future and with that is clearly at the forefront. We would
be very glad and proud if we could have attracted and kept such an internationally highly
recognized researcher and leader in his field.

BZEIZ L % il

Shinji's laboratory has shown several key findings both in the area of somite boundary

formation/segmentation and also in Wnt signaling, for e.g.,:

1) The link between FGF signaling and Notch signaling-regulated cyclic gene expression, which
the Takada group showed is mediated via the Hairy/Enhancer of Split complex protein Her13.2

2) Shinji's group showed that somite boundaries are maintained by an Integrin-dependent
accumulation of Fibronectin. Epithelialization of somites also requires fibronectin assembly.
They also showed that the Integrin-fibronectin and Ephrin- Eph receptor system cooperatively
maintain somite boundaries.

3) The Takada group has shown very nicely that specification of interneurons in the Dorsal spinal
cord requires the activity of Wnt 1 and Wnt3 ligands, which are normally expressed by the roof
plate of the spinal cord.

4) Role of fatty acid modifications on Wnt protein secretion- Shinji and colleagues have
contributed to the understanding of how secretion and transport is regulated by modifications
to the Ser 209 of Wnt3a by palmitoleic acid. They also demonstrated that acylation of Wnt3a is
also essential for its secretion.

In addition to these very key and significant findings, Shinji's lab has also contributed to the
understanding of other interesting areas such as pharyngeal arch development, using ripply and
tbx] mutant mice. Furthermore, by generating knock-out mice, they have shown that Fgfl8
function is essential for osteogenesis and chondrogenesis in mammals. Thus, the Takada lab has
been at the forefront of vertebrate somitogenesis and development, and is of international standing.

In addition to his very interesting research, Shinji is a very respected and highly regarded
colleague, as evidenced by his many seminars and lectures in various international and regional
scientific meetings. His group has received many grant awards. His lab trains students and
post-docs of a very high caliber, and he has been a good mentor to many junior colleagues. He is
very good colleague in the Asian Developmental Biology community as well.

If Shinji Takada were in our institution, his research programme would be enthusiastically and
wholeheartedly supported. He would be a fantastic colleague to have, and I wish we could recruit
him.

CZBIT X 2 7Fil

Professor Shinji Takada is a first-rate scientist of international reputation. His research, one way

or another, has connected mostly with Wnt-signaling in Development. You are assessing research
carried out over the last ten years. [ will note some influential highlights.
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The actual segmentation process, the physical splitting off of somites form a presomitic
mesoderm utilizes an integrin-fibronectin system as Professor Takada’s studies revealed in an
elegant genetic screen in the zebrafish for somite deficiencies (Koshida et al., 2005, Genes and
Development). His productive ENU-screen also provided the first evidence for Ripply
transcriptional repressors in the transition from presomitic to somitic state Kawamura et al., 2005,
Developmental Cell). Importantly, though large-scale mutagenesis had been performed by several
groups, Professor Takada’s reasoning that there was more to be discovered with knowledge in hand
was vindicated by this spate of high quality papers in 2005.

The other major paper from Professor Takada’s group identified a novel lipid modification on a
Whnt-protein, Wnt3a (Takada et al., 2006, Developmental Cell). Although the Nussse group was the
first to identify acylation at Cys77 in extracellular transport of Wnts, Professor Takada’s group
found a second critical palmitylation at Ser209 essential for ER to Golgi trafficking in a process
that requires Porcupine. Porcupine was known to regulate Drosophila Wingless/Wnt trafficking and
the similarity of Porcupine to O-acetyltransferases suggested a model for Porcupine’s actions. Only
two groups have contributed significantly to Wnt biochemistry, Professor Takada and Professor
Nusse. Given the importance of these signals in development and disease, their ground-breaking
studies have been critical in understanding Wnt biology.

The last few years have seen the publication of some interesting papers from Professor Takada;
for example, the extension of Ripply-family member activity to early development on pharyngeal
structures (Okubo et al., 2011, Development), and productive collaborations with a number of other
groups, but perhaps not the punch of the first half of the last ten years. Knowing Professor Takada,
I expect there is a lot more to come.

DZEIZ L %2 Ml

In these 10 years, Dr. Takada constantly obtained competitive research funds indicating his effort

on managing his laboratory. In addition, this also reflects that his constant publication of the
original and important study is highly valued by other scientists.

Originality and significance of the research.
[Signaling factor in development]

In the signaling molecule field, Dr. Takada focused on the study of the function of Fgf and Wnt
on tissue patterning during animal development. Among them two works on the Wnt are
remarkably original and important. One is the report that Wnt has a crucial role on the
determination of the dorsoventral polarity of the neural tube. Shh and BMP signaling have been
reported to be as the counteracting factor determining the dorsoventral polarity of the neural tube
by other group and cited in many textbook of developmental biology or neurobiology. Dr. Takada
showed rather Wnt signaling than famous BMP signaling is important for determining the polarity
in the dorsal neural tube (Genes Dev.). Since famous scientist reported the role of the BMP earlier
than his study, most textbooks emphasize the BMP signaling. But fair textbook describes that Wnt
signaling as the determinant.

The other report, he showed that in addition to already reported palmitoylation of the conserved
Cys residue, palmitoylation of the Ser residue is crucial for intracellular traffic and secretion of the
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Wnt proteins (Dev. Cell).

In addition he has established unique system to produce soluble Wnt3a protein in culture system
and provided to other researcher. Currently Wnt protein is commercially available, but until such a
convenient situation comes, his Wnt3a protein was very valuable for many researchers.

[Mechanism of the somite segmentation]

For these ten years, there is a dramatic advantage on the study of the molecular mechanism
controlling segmentation of somite. In this history nobody doubt that this progress is supported by
the significant contribution of Japanese scientists. Dr. Takada is a member of this scientist and the
characteristic point of his approach is to take advantage of Zebrafish forward genetics. As one of
the core member of ERATO Kondo (Hisato)’s project he has isolated many lines of unique
segmentation mutants by genome wide screening. Effectively exploiting this wealth, he identified
the responsible gene of the mutants and figured out their function in the segmentation system. His
major and original contribution to this field is as followings.

1. Identification of Hes13.2 as a partner of Herl1/7 oscillation system. (Genes Dev.)

2. Identification of Ripplyl as a member of wavefront realizator. (Dev. Cell)

3. Demonstration of the function of integrin-fibronectin system as the stabilizer of segmented
somite. (Dev. Cell)

In the resent publication on the analysis of the transcriptional interaction system for somite
segmentation, he effectively collaborated with theoretical biologist, Dr. Mochizuki, and made a
complicated transcriptional system very clear. This work not only contributes on the illustration of
the transcriptional network required for the somite segmentation but also shows the effectiveness of
collaborating with theoretical biologists for current developmental biology.

Three his papers on the somite segmentation study are referred in the resent review of the
somitogenesis (Pourquie, O. Cell 145, 650-663. (2011)) as a study provides important contribution
to this field.

Judged from the points mentioned above, I conclude that Dr. Takada remarkably contributed on
the progress of developmental biology for the past 10 years.

Comment on the future work

Dr. Takada proposed two major future research projects based on the current research. Both
project concerns to current paradigm of developmental biology and steadily planned so that I think
very interesting result is expected. As already mentioned, Dr. Takada’s ten years achievement is
largely depend on the wealth of Kondo project and international progress of somitegenesis. He
successfully advanced his original study by effectively exploiting genetic approach. I think this
approach is also essential for the two future projects.

EZEBIZ L 5 i

EHEKIZ, REIZDEZD ., Int 7 T ILROFHTIZEW TR Z U — R 50584 R L T
LB TWD, FUILNT LE, ZOSIITITRS 200N, 2D 2 E TOfMCE B,
WFFEFE R A2 B < SIT B EENTZ DT, O FRANFILERR K <HEME L T\ 5, s
FTLHZE TRV, FEFITHUE 22 O B & 12 Wint 20 F DO AEALRIME 2 B 5 22 L7z 2006
D Developmental Cell OFIEA /N7 bOHBH LD TH o7, FH-2IEEER & Wnt-3a
Do DR Z NN LT E DMZEIEENE T TH o T2 Wint OB N L WD T > 7Y 7
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=R E. MIEATOEE IO L RLEMD H 5, 2009 FREICI1E, S5
FERT DAY & it 2 i L C LR - LR TEDAHI 2 #ESL S 5 70 & Flhi & JE 4 &S
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Summary by the Director-General of NIBB

Prof. Takada is head of the Division of Molecular and Developmental Biology at the
Okazaki Institute for Integrative Bioscience and National Institute of Basic Biology, and has
used mice and zebrafish to perform intense research into the secretion and concentration
gradients of Wnt proteins, which are essential to embryogenesis, and the molecular
mechanisms of somitogenesis. He is well known internationally and is a highly valued
research leader. He has contributed greatly to research management by being head of the
Okazaki Institute for Integrative Bioscience twice, head of the Center for Radioisotope
Facilities, the Center for Transgenic Animals and Plants, and the Research Center for
Integrative and Computational Biology. He exhibited his ability as head of NIBB’s
Research Support Facilities through reorganization and establishment of new collaborative
facility use and collaborative research systems. I expect even more great efforts from Prof.
Iguchi, both as an international scientific leader, and as a contributor and supporter of
NIBB.
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1. Personal Information

A) Name
Shinji Takada

B) Date of birth

C) Office Address
5-1 Higashiyama, Myodaiji-cho, Okazaki, Aichi, 444-8787, Japan

D) Research area

Developmental Biology, Molecular Biology

E) Education

University of Tokyo  BS 1982 Pharmaceutical Science
University of Tokyo =~ MS 1985 Molecular Biology
University of Tokyo ~ PhD 1988 Molecular Biology

F) Professional experience

1988-1990: Position equivalent to senior research associate with Dr. Masuo Obinata. Institute
for Tuberculosis and Cancer, Tohoku University, Japan

1990-1993: Postdoctoral fellow with Dr. Andrew P. McMahon. Roche Institute of Molecular
Biology, Nutley, New Jersey, USA

1993-1994: Research associate with Dr. Andrew P. McMahon, Department of Cell and
Developmental Biology, Harvard University

1994-2001: Associate Professor, Center for Molecular and Developmental Biology, Faculty of
Science, Kyoto University, Japan

2001-2002: Professor. Center for Molecular and Developmental Biology, Graduate School of
Science, Kyoto University, Japan

2002-present: Professor. Okazaki Institute for Integrative Biosciences, National Institutes of
Natural Sciences, Okazaki, Japan

2002-present: Professor. Department of Basic Biology, The Graduate University for Advanced
Studies, Okazaki, Japan

G) Awards

Fellowship of Human Frontier Science Program 1991-1993

H) Professional societies

Member of Japanese Society of Developmental Biologists

Member of The Molecular Biology Society of Japan
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I) Publications

Class 1: Research articles in peer review journals
Chen, Q., Takada, R., & Takada'S. (2012)

Deficiency of Porcupine, an O-acyltransferase gene, impairs convergent extension during
gastrulation in zebrafish embryos and does not affect equivalently the trafficking of different
Wnt proteins.
J. Cell Sci. in press

oOkubo, T., Kawamura, A.,Takahashi, J., Yagi, H., Morishima, M., Matsuoka, R., & Takada, S.
(2011)
Ripply3, a Tbx1 repressor, is required for development of the pharyngeal apparatus and its

derivatives in mice
Development 138, 339-348

Nishita M, Itsukushima S, Nomachi A, Endo M, Wang Z, Inaba D, Qiao S, Takada S, Kikuchi
A, Minami Y. (2010)
Ror2/Frizzled complex mediates Wnt5a-induced AP-1 activation by regulating dishevelled
polymerization.
Mol Cell Biol. 30, 3610-3619

Yoshinaga, Y., Kagawa, T., Shimizu, T., Inoue, T., Takada, S., Kuratsu, J., Taga, T. (2010)

Wnt3a promotes hippocampal neurogenesis by shortening cell cycle duration of neural

progenitor cells.
Cell. Mol. Neurobiol. 30, 1049-1058

Takahashi J., Ohbayashi A., Oginuma M., Saito D., Mochizuki A., Saga Y., & Takada S.
(2010)
Analysis of Ripplyl/2-deficient mouse embryos reveals a mechanism underlying the
rostro-caudal patterning within a somite.
Dev. Biol. 342,134-145

Hashimoto, H., Shinohara, K., Wang, J., Ikeuchi. S., Yoshiba, S., Meno, C., Nonaka, S.,
Takada, S., Hatta, K., Wynshaw-boris, A., & Hamada, H. (2010)
Planar polarization of node cells determines the rotational axis of node cilia.
Nat Cell Biol. 12, 170-176

Miyaoka, Y., Tanaka, M., Imamura, T., Takada,S., & Miyajima, A. (2010)
A novel regulatory mechanism for Fgfl8 signaling involving cysteine-rich FGF receptor
(Cfr) and delta-like protein (DIk)
Development 137, 159-167

Katayama R., Ishioka, T., Takada, S., Takada, R., Fujita, N., Tsuruo, T., & Naito, M. (2010)
Modulation of Wnt signaling by the nuclear localization of cellular FLIP-L
J Cell Sci 123, 23-28.

Agalliu D, Takada S, Agalliu I, McMahon AP, & Jessell TM. (2009)
Motor neurons with axial muscle projections specified by Wnt4/5 signaling.
Neuron 61, 708-720

Shimizu T, Kagawa T, Inoue T, Nonaka A, Takada S, Aburatani H, & Taga T. (2008)
Stabilized  {beta}-Catenin = Functions through TCF/LEF Proteins and the
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Notch/RBP-J{kappa} Complex To Promote Proliferation and Suppress Differentiation of
Neural Precursor Cells.
Mol Cell Biol. 28, 7427-7441.
Kawamura, A., Koshida, S., & Takada, S. (2008)
Activator-to-repressor conversion of T-box transcription factors by the Ripply family of

Groucho/TLE-associated mediators.
Mol Cell Biol. 28, 3236-3244.
Alvarez-Medina, R., Cayuso, J., Okubo, T., Takada, S., & Marti, E. (2008)
Wnt canonical pathway restricts graded Shh/Gli patterning activity through the regulation of

Gli3 expression
Development 135, 237-247

Takada, 1., Mihara, M., Suzawa, M., Ohtake, F., Kobayashi, S., Igarashi, M., Youn, M-Y,
Takeyama, K., Nakamura, T., Mezaki, Y., Takezawa, S., Yogiashi, Y., Kitagawa, H.,
Yamada, G., Takada, S., Minami, Y., Shibuya, H., Matsumoto, K. & Kato, S. (2007)
A histone lysine methyltransferase activated by non-canonical Wnt signalling suppresses
PPAR-gamma transactivation.
Nat. Cell Biol. 9, 1273 - 1285

Akanuma, T., Koshida, S., Kawamura, A., Kishimoto, Y., & Takada, S. (2007)
Pafl complex homologes are required for Notch-regulated transcription during somite

segmentation.
EMBO Rep. 8, 858-863

Ishioka T, Katayama R, Kikuchi R, Nishimoto M, Takada S, Takada R, Matsuzawa S, Reed JC,
Tsuruo T, Naito M. (2007)
Impairment of the ubiquitin-proteasome system by cellular FLIP.
Genes Cells. /2, 735-744.

Hayashi, T., Mizuno, N., Takada, R., Takada, S., & Kondoh, H. (2006).
Determinative role of Wnt signals in dorsal iris-derived lens regeneration in newt eye.
Mech Dev. /23, 793-800.

Horiuchi, K., Umetani, M., Minami, T., Okayama, H., Takada, S., Yamamoto, M., Aburatani,
H., Reid, P. C., Housman, D. E., Hamakubo, T., & Kodama, T. (2006).
Wilms' tumor 1-associating protein regulates G2/M transition through stabilization of cyclin
A2 mRNA.
Proc Natl Acad Sci U S A. 103, 17278-17283.

Inoue T, Kagawa T, Fukushima M, Shimizu T, Yoshinaga Y, Takada S, Tanihara H, & Taga T.
(2006).
Activation of canonical Wnt pathway promotes proliferation of retinal stem cells derived

from adult mouse ciliary margin.
Stem Cells. 24, 95-104
Nishita, M., Yoo, S. K., Nomachi, A., Kani, S., Sougawa, N., Ohta, Y., Takada, S., Kikuchi, A.,
& Minami, Y. (2006).
Filopodia formation mediated by receptor tyrosine kinase Ror2 1is required for

Whnt5a-induced cell migration.

- 129 —



J. Cell Biol. /75, 552-562.
oTakada, R., Satomi, Y., Kurata, T., Ueno, N., Norioka, S., Kondoh, H., Takao, T., & Takada, S.
(2006).
Monounsaturated fatty acid modification of Wnt proteins: Its role in Wnt secretion.
Dev. Cell 11, 791-801.
Yamaguchi, Y., Yonemura, S., & Takada, S. (2006).
Grainyhead-related transcription factor is required for duct maturation in the salivary gland

and the kidney of the mouse.
Development /33, 4737-4748.
Kassai, Y., Munne, P., Hotta, Y., Penttila, E., Kavanagh, K., Ohbayashi, N., Takada, S.,
Thesleff, 1., Jemvall, J., and Itoh, N. (2005)
Regulation of mammalian tooth cusp patterning by ectodin.
Science 309, 2067-2070
oKawamura, A.*, Koshida, S.*, Hijikata, H., Sakaguchi, T., Kondoh, H., & Takada, S. (2005a)

(* These two authors contributed equally to this work.)

Zebrafish Hairy/Enhancer of split protein links FGF signaling to cyclic gene expression in
the periodic segmentation of somites.
Genes Dev. 19, 1156-1161

oKawamura, A., Koshida, S., Hijikata, H., Ohbayashi, A., Kondoh, H., and Takada, S. (2005b)
Groucho-associated transcriptional repressor Ripplyl is required for proper transition from

the presomitic mesoderm to somites.
Dev. Cell, 9, 735-744
oKoshida, S,, Kishimoto, Y,, Ustumi, H,, Shimizu, T,, Furutani-Seiki, M,, Kondoh, H,, &
Takada, S. (2005)
IntegrinaS-dependent Fibronectin accumulation for maintenance of somite boundaries in

zebrafish embryos.
Dev. Cell 8, 587-598
Nakagiri, S., Murakami, A., Takada, S., Akiyama, T., and Yonehara, S. (2005)
Viral FLIP enhances Wnt signaling downstream of stabilized beta-catenin, leading to control

of cell growth.
Mol. Cell Biol., 25, 9249-9258
Narita, T,, Sasaoka, S,, Udagawa, K,, Ohyama, T,, Wada, N,, Nishimatsu, SI,, Takada, S,, and
Nohno, T. (2005)
Wntl0a is involved in AER formation during chick limb development.
Dev. Dyn. 233, 282-287
Riccomagno, M., Takada, S., and Epstein, D. (2005)
Wnt dependent regulation of inner ear morphogenesis is balanced by the opposing and

supposing roles of Shh.
Genes Dev. /9, 1612-1623
Shimizu, T,, Wada, T,, Muroyama, Y,, Takada, S,, and Ikenaka, K (2005)
Wnt signaling controls the timing of oligodendrocyte development in the spinal cord.
Dev. Biol. 282, 397-410
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Takada, R., Hijikata, H., Kondoh, H, and Takada, S. (2005)
Analysis of combinatorial effects of Wnts and Frizzleds on b-catenin/armadillo stabilization

and Dishevelled phosphorylation.
Genes Cells /0, 919-928
Yamaguchi, Y,, Ogura, S,, Ishida, M,, Karasawa, M,, and Takada, S. (2005)

Gene trap screening as an effective approach for identification of Wnt-responsive genes in

the mouse embryo.
Dev. Dyn. 233, 484-495

Satoh K, Kasai M, Ishidao T, Tago K, Ohwada S, Hasegawa Y, Senda T, Takada S, Nada S,
Nakamura T, & Akiyama T.(2004)
Anteriorization of neural fate by inhibitor of beta-catenin and T cell factor (ICAT), a
negative regulator of Wnt signaling.
Proc Natl Acad Sci U S A. 701, 8017-8021

Kamata T, Katsube K, Michikawa M, Yamada M, Takada S, & Mizusawa H. (2004)

R-spondin, a novel gene with thrombospondin type 1 domain, was expressed in the dorsal

neural tube and affected in Wnts mutants.
Biochim Biophys Acta. /676, 51-62

Muroyama Y, Kondoh H, & Takada S. (2004)

Wnt proteins promote neuronal differentiation in neural stem cell culture.
Biochem Biophys Res Commun. 373, 915-921.

Naito M, Katayama R, Ishioka T, Suga A, Takubo K, Nanjo M, Hashimoto C, Taira M, Takada
S, Takada R, Kitagawa M, Matsuzawa S, Reed JC, & Tsuruo T. (2004)

Cellular FLIP inhibits beta-catenin ubiquitylation and enhances Wnt signaling.
Mol Cell Biol. 24, 8418-8427.

Hasegawa H, Ashigaki S, Takamatsu M, Suzuki-Migishima R, Ohbayashi N, Itoh N, Takada S,
& Tanabe Y. (2004) (The last two authors are co-corresponding authors.)

Laminar patterning in the developing neocortex by temporally coordinated fibroblast growth
factor signaling.
J Neurosci. 24, 8711-8719.
Usui H, Shibayama M, Ohbayashi N, Konishi M, Takada S, & Itoh N. (2004)
Fgf18 is required for embryonic lung alveolar development.
Biochem Biophys Res Commun. 322, 887-892.

Fujino T, Asaba H, Kang MJ, lkeda Y, Sone H, Takada S, Kim DH, Ioka RX, Ono M,
Tomoyori H, Okubo M, Murase T, Kamataki A, Yamamoto J, Magoori K, Takahashi S,
Miyamoto Y, Oishi H, Nose M, Okazaki M, Usui S, Imaizumi K, Yanagisawa M, Sakai J, &
Yamamoto TT. (2003)

Low-density lipoprotein receptor-related protein 5 (LRPS) is essential for normal cholesterol

metabolism and glucose-induced insulin secretion.
Proc Natl Acad Sci U S A. 100, 229-234

Oishi I, Suzuki H, Onishi N, Takada R, Kani S, Ohkawara B, Koshida I, Suzuki K, Yamada G,
Schwabe GC, Mundlos S, Shibuya H, Takada S, & Minami Y. (2003) (The last two authors
are co-corresponding authors.)
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The receptor tyrosine kinase Ror2 is involved in non-canonical Wnt5a/JNK signalling
pathway.
Genes Cells. 8, 645-654

Nakagawa S, Takada S, Takada R, & Takeichi M. (2003)

Identification of the laminar-inducing factor: Wnt-signal from the anterior rim induces

correct laminar formation of the neural retina in vitro.
Dev Biol. 260, 414-425.

Yamanaka H, Moriguchi T, Masuyama N, Kusakabe M, Hanafusa H, Takada R, Takada S, &
Nishida E. (2002)
JNK functions in the non-canonical Wnt pathway to regulate convergent extension
movements in vertebrates.
EMBO Rep. 3, 69-75

oMuroyama Y, Fujihara M, Ikeya M, Kondoh H, & Takada S (2002)

Wnt signaling plays an essential role in neuronal specification of the dorsal spinal cord.
Genes Dev. /6, 548-553

Ohbayashi, N., Shibayama, M., Kurotaki, Y., Imanishi, M., Fujimori, T., Itoh, N., & Takada, S.
(2002)

Fgf18 is required for cell proliferation and differentiation during osteogenesis and

chondrogenesis.
Genes Dev. /6, 870-879

Ueda Y, Hijikata M, Takagi S, Takada R, Takada S, Chiba T, & Shimotohno K. (2002)
Whnt/beta-catenin signaling suppresses apoptosis in low serum medium and induces
morphologic change in rodent fibroblasts.
Int J Cancer. 99, 681-688

Jimbo T, Kawasaki Y, Koyama R, Sato R, Takada S, Haraguchi K, & Akiyama T. (2002)
Identification of a link between the tumour suppressor APC and the kinesin superfamily.
Nat. Cell Biol. 4 323-327

Class2: Invited reviews, book chapters

Nakayama, K., & Takada S. (2010)
Posttranslational modification, intracellular trafficking, & extracellular diffusion of Wnt
proteins. Igakunoayumi 233 943-947 (review in Japanese)

Takada, S., & Takada, R. (2008)
Modification of Wnt proteins and its biological meaning.
Jikkenigaku 26 361-366 (review in Japanese)

Takada, S., & Takada, R. (2007)
Molecular mechanism underlying the secretion and gradient formation of Wnt proteins.
Saibokogaku 26 1153-1156 (review in Japanese)

Takada, S., Kondoh, H., & Muroyama, Y. (2004)
Specification of dorsal interneurons by Wnt signaling.

Jpn. J. Neuropsychopharmacol. 24 177-180 (review in Japanese)
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I) Symposium presentations/Invited seminars (only oral presentations in English)

Shinji Takada “Jagged/Notch regulates epithelial morphogenesis during the development of
pharyngeal pouch” in the 5th Asia —Oceania Zebrafish Meeting, Beijing, August 27, (2011)
Shinji Takada “Jagged/Notch is required for epithelial organization and maintenance of
assembled fibronectin during pharyngeal morphogenesis” in Exiting Biologies: Biology at

the interface, RIKEN CDB, Kobe, September 29, (2011)

Shinji Takada “Post-translational modification of Wnt Proteins” in the 71st Okazaki
Conference on “new perspectives on molecular science of glycoconjugates”, Okazaki,
October 13, (2011)

Shinji Takada “Specific lipidation of secreted Wnt proteins” in ACE Biomedical Science
Symposium, Cheingju (Korea) Nov.6 (2010)

Shinji Takada “Specific lipidation and structure of secreted Wnt proteins” Temasek Institute,
Singapore, March (2009)

Shinji Takada “Ripply3, a negative regulator of Tbx1, is required for development of caudal
pharyngeal arches and their derivatives” in Cold Spring Harbor Meeting on Mouse
Molecular Genetics, Cold Spring Harbor (USA), October (2008)

Shinji Takada “Specific lipidation and structure of secreted Wnt proteins” in OIST symposium
on Gradient and Signaling: from chemotaxis to development, Okinawa, November (2008)

Shinji Takada “Transcriptional repression of mesp gene by a Groucho/TLE associated
modulator Ripply” University of Cologne (Germany), April 21 (2008)

Shinji Takada “Repression of T-box transcriptional factors by Ripply” Hannover (Germany)
April 23 (2008)

Shinji Takada “Identification of a Tbx1l modulator required for development of caudal
pharyngeal arch and their derivatives” Albert Einstein College of Medicine, New York
(USA) November (2008)

Shinji Takada “T brake arranged by the Ripply family-Roles of the Ripply family of
transcription factors in the development of somite and pharyngeal apparatus- ” UTMD
Anderson Cancer Center/Rilen-CDB Joint Symposium; Vertebrate Development and
Organogenesis, Houston (USA) November (2008)

Shinji Takada “T brake arranged by the Ripply family-Roles of the Ripply family of
transcription factors in the development of somite and pharyngeal apparatus-”
San-Francisco-Japan Joint Meeting on Vertebrate Organogenesis, San Fransisco (USA)
November (2008)

Shinji Takada “Molecular Mechanism of Wnt Secretion” in Conference of Molecular Biology
of Life Sciences 2007” Malang, (Indonesia), November 19-21 (2007)

Shinji Takada “Transcriptional repression of mesp gene via Groucho/TLE-associated mediator
Ripply.” in Satellite meeting to the 66" Annual Meeting of the Society for Developmental
Biology ans the First Pan-American Congress in Developmental Biology: Somitogenesis:
from models to Therapeutics, Cancun (Mexico), June 16 (2007)

Shinji Takada “Wnt protein requires an unexpected type of lipid modification for its secretion.”
in Joint Meeting of the Japanese Society of Developmental Biologists &the Japan Society for
Cell Biology, Fukuoka, May 28-30 (2007)

Shinji Takada “Unsaturated Fatty Acid Modification is Required for Wnt Secretion” in the 5"
NIBB-EMBL Symposium on Cell and Developmental Biology, Okazaki, May 24-26 (2007)

Shinji Takada “Wnt protein require lipid modification for its secretion.” in Korea-Japan Joint
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Meeting on Cellular Signaling and Molecular Imaging, Seoul, February 22 (2007)

Shinji Takada “A gene trap screening for identification of Wnt responsive genes “ in the 3rd
NIBB-EMBL Symposium on Mouse Biology, Monterotondo (Italy), April 19-20 (2006).

Shinji Takada, Sumito Koshida, Hiroko Hijikata, Hisato Kondoh, and Akinori Kawamura“The
role of Groucho-assosiated transcriptional repressor Ripplyl during somite development” in
NAIST-CDB International Symposium: Frontiers in Developmental Biology, Nara,
December 1-2 (2005).

Akinori Kawamura, Sumito Koshida, Hiroko Hijikata, Akiko Ohbayashi, Hisato Kondoh, and
Shinji Takada* (* speaker) “Identification of a novel gene, ripplyl, involved in the
presomitic mesoderm to somite transition” in 4th European Zebrafish Genetics and
Development Meeting, Dresden (Germany) July 13-16 (2005)

Shinji Takada “A novel zebrafish gene, ripplyl, is involved in the presomitic mesoderrm to
somite transition.” in 1* EMBL-NIBB symposium on current work in the areas of
developmental and cellular biology, Heiderberg (Germany), July1-2 (2005).

Shinji Takada “The novel gene ripplyl is required for proper transition from the presomitic
mesoderm to somites” in UK-Japan Developmental Biology Meeting, London (UK) June
27-28 (2005).

Akinori Kawamura, Sumito Koshida, Hiroko Hijikata, Hisato Kondoh, and Shinji Takada* (*
speaker) “Identification of the mediator that transmits FGF signaling to the segmentation
clock” in 6th International Conference on Zebrafish Development & Genetics, Madison,
(USA) July 29-August 2 (2004)

Shinji Takada “Identification and characterization of a zebrafish gene required for proper
segmentation of somites “ in Beauty in Embryology: Patterning and shaping of the body.,
Kobe, February 3-4 (2004)

Shinji Takada “Segmentation and specification on the vertebrate somite” in Swiss Japanese
Meeting: Progress in Developmental Biology: Genes, Cells and Body Plan. Ohito, November
24-26 (2003)

Shinji Takada “Roles of Wnt signaling during mouse embryogenesis “ in the 3rd meeting on
Pathology of Genetically Engineered Mice, Kumamoto, October 2-4 (2003)

Shinji Takada “Roles of Wnt signaling in the CNS development” in International Symposium
on “Development and Regeneration of the Nervous System”, Okazaki, March 28-29 (2003)

K) Organization of Symposium

The 5™ year Anniversary Symposium of the Okazaki Institute for Integrative Biosceince
“Integrative Bioscience,” Okazaki, February 6-8 (2006)

NIPS International Conference on “Electro-chemical signaling by membrane proteins:
Biodiversity and principle,” Okazaki, March 14-16 (2006)

The 11" annual meeting of Japanese community of Medaka and Zebrafish researchers, Okazaki,
September 30 — October 1 (2005)

L) Grant awards

Grant-in-Aid for Scientific Research (B), “Molecular mechanism underlying local diffusion of
secreted signal proteins”, Head Investigator, 2011-2014

Grant-in-Aid for Scientific Research on Innovative Areas (Area Leader: Dr. Tamotsu
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Yoshimori (Osaka University), Head Investigator, 2011-2013

Grant-in-Aid for Exploratory Research, “Search of novel bio-clock focusing on the preriodicity
of the pharyngeal pouches”, Head Investigator, 2011-2014

Grant-in-Aid for Scientific Research (B), “Molecular mechanism underlying local diffusion of
secreted signal proteins”, Head Investigator, 2006-2011

Grant-in-Aid for Scientific Research (A) “Molecular mechanism generating variable roles of
signaling molecules during development”, Head Investigator, 2003-2006

Grant-in-Aid for Scientific Research on Priority Areas (Area Leader: Dr. Takashi Nagasawa
(Kyoto University)), Head Investigator, 2005-2010

Grant-in-Aid for Scientific Research on Priority Areas (Area Leader: Dr. Yoshiko Takahashi
(NAIST)), Head Investigator, 2000-2005

Research Grant from the Uehara Memorial Foundation, Head Investigator, 2004-2005

Research Grant from Mitsubishi Foundation, Head Investigator, 2003-2004

M) Professional activities

Member of the organizing committee of Japanese scientists of Developmental Biology
(2009-present)

Member of the organizing committee of the National Bioresourse Project, Zebrafish (2002-present)

Member of the organizing committee of the National Bioresourse Project, Medaka (2007-present)

Member of the organizing committee of the NIBB International Practical Courses (2006, 2007)

Organizer of the 1* NIBB International Practical Course (2007)

N) Teaching experience

1994-2001: Associate Professor in the Faculty of Science, Kyoto University: Supervising two
practical courses of biology for sophomore and junior students.

2001-2002: Professor in the Graduate School of Science, Kyoto University: Teaching a class
on Developmental Biology.

2002-present: Professor. Department of Basic Biology, The Graduate University for Advanced
Studies, Okazaki: Teaching (Developmental Biology I & Introduction to Basic Biology)

0) Other activities

1 Direction of research activities of graduate students

As a professor of The Graduate University of Advanced Studies (2002-present), Shinji
Takada has trained six graduate students. As of now, two of these students have obtained their
Ph. D. degree. During the same period, S.T. also trained four graduate students formally
belonging to the Graduate School of Kyoto University. One student has already obtained a
Ph.D degree, and the other three have received their master’s degrees.

2 Teaching

Shinji Takada has taken charge of several courses every year in The Graduate University
of Advanced Studies. He has also given special lectures in several different graduate schools in
Japan, including The University of Tokyo (2002, 2004), Kyoto University (2003, 2005), Kobe
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University (2006), Nagoya University (2007), and Saitama University (2010), as well as
abroad, Temasek Institute in Singapore (2009).

2. Summary of Previous Ten Years’ Achievements

My research activity over the last ten years can be categorized into in 4 sections; (I) Studies
of the functions of secreted signal proteins in vertebrate development, (II) Studies on the molecular
mechanisms of secretion of Wnt proteins, (III) Identification and characterization of genes required
for somite development, (IV) Studies on Molecular mechanisms regulating the development of

pharyngeal arches.

I. Functions of secreted signal proteins in vertebrate development

The Wnt family of secreted signal proteins plays a key role in numerous aspects of
embryogenesis and tissue homeostasis. As a model system to examine the role of Wnt in pattern
formation, we first examined the patterning of the spinal cord along the dorso-ventral axis
(Muroyama et al. 2002). In the developing dorsal spinal cord, signals from the roof plate are
required for development of several classes of dorsal interneurons. We showed that in the absence
of Wnt-1 and Wnt-3a, normally expressed in the roof plate, generation of the most dorsal types of
the interneurons is diminished with compensatory expansion of the next ventral neuron. These
results indicated that Wnt signaling plays a critical role in the specification of cell types of the
dorsal interneurons.

In parallel to this work, we attempted to identify the target genes regulated by Wnt signaling.
We established an efficient screening system of Wnt target genes using a gene trap strategy
(Yamaguchi et al. 2005). By using this approach, we succeeded in identifying a Wnt target gene
that is required for the establishment of the common functions of exocrine organs and the kidneys
(Yamaguchi et al. 2006).

In addition to Wnt, we found Fgfl8, one of the FGF family members, is expressed in many
tissues where Wnt also plays roles. Thus, we generated Fgf18 knock-out mouse embryos and found
that Fgf18 is essential for osteogenesis and chondrogenesis (Ohbayashi ef al. 2002). In this study,
we showed that Fgf18 plays essential roles in osteogenesis and chondrogenesis of mammals and

regulates cell proliferation and differentiation in these two processes respectively.

II. Molecular mechanism of secretion of Wnt proteins

As in the case of the dorso-ventral patterning of the spinal cord, most Wnt proteins transmit
their signals locally, presumably since their secretion and transport are under tight control. One

important step regulating the extracellular transport of various secreted signal proteins involves
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post-translational modification with lipid moieties. In the case of Wnt, it has been reported that
murine Wnt-3a is S-palmitoylated at a conserved cysteine residue, and proposed that
palmitoylation of this cysteine residue may be required to produce an increased local concentration
of Wnt on the plasma membrane. In contrast, there is strong evidence to suggest that lipid
modification is involved in the processing and intracellular trafficking of Wnt prior to secretion.

To resolve inconsistencies between the previous studies and to better understand the
biological significance and molecular mechanism of lipid modification of Wnt, we carefully
examined its modification (Takada et al. 2006). Unexpectedly, we found that murine Wnt-3a is
modified with a mono-unsaturated fatty acid, palmitoleic acid, at a conserved Ser residue. Wnt-3a
defective in this modification is not secreted from cells in culture or in Xenopus embryos, but is
retained in the endoplasmic reticulum (ER). Furthermore, Porcupine (Porcn), a protein with
structural similarities to membrane-bound O-acyltransferases, is required for this Ser-dependent
modification, as well as for Wnt-3a transport from the ER for secretion. These results strongly
suggest that Wnt proteins require a particular lipid modification for proper intracellular transport
during the secretory process. We expect that the discovery of this unexpected lipid modification
will provide a clue regarding the higher-order structure of secreted Wnt proteins and their gradient
formation.

To understand the role of this lipid modification in the in vivo, we next examined the role of
Porcn during development. Because the roles of Wnt signals have been precisely characterized in
early zebrafish embryos, we used zebrafish as a model system and examined the effects of defects
in Porcn function on Wnt signals in early embryonic stages (Chen et al. 2012).
Morpholino-mediated knockdown of porcn in zebrafish embryos impairs convergence and
extension (CE) during gastrulation without changing embryonic patterning. In contrast,
porcn-deficient embryos do not exhibit phenotypes caused by failure in canonical Wnt signaling,
which is activated by several Wnt ligands, including Wnt3a. While the trafficking and lipidation of
ectopically expressed zebrafish Wnt5b and mouse Wnt5a are impaired in porcn-deficient embryos,
those of ectopically expressed Wnt3a are less, or not, affected. Thus, decrease of Porcn activity
does not equivalently affect trafficking and lipidation of different Wnt proteins in zebrafish
embryos.

These results indicated that the machinery required for Wnt protein secretion is not as simple
as previously predicted. In addition to our studies, evidence from other laboratories also suggested
that Wnt proteins require specific machinery for their secretion. Thus, one interesting question I

would like to address in my next term is why such a specific process is required for Wnt secretion.
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I11. Identification and characterization of genes required for somite development

III- 1 Identification and characterization of genes involved in the regulation of cyclic gene
expression in the periodic segmentation of somites.

The molecular mechanism underlying the periodical formation of somites is coupled to an
internal oscillator, referred to as the “segmentation clock,” which has been evidenced by the cyclic
expression of genes in the presomitic mesoderm (PSM). For instance, hairy/Enhancer of split
(Espl)-related bHLH genes, including herl and her7 in zebrafish, are expressed in a dynamic
pattern of stripes across the PSM in a posterior to anterior direction. The oscillating and anteriorly
propagating wave of gene expression, which is maintained in the posterior PSM, becomes fixed to
cause segmentation in the anterior PSM. An activity gradient of fibroblast growth factor (FGF), is
proposed to regulate the differentiation of PSM cells along the anteroposterior axis from a state
permitting the oscillating gene expression to a state driving the segmentation program. However,
the molecular mechanism by which FGF signaling permits the cyclic gene expression in the
posterior PSM was previously totally unknown.

We showed that a gene identified by in situ hybridization screening, Hes6-related
hairy/Enhancer of split-related gene, heri3.2, links FGF signaling to the “segmentation clock™ in
zebrafish (Kawamura et al. 2005a). Expression of herl3.2 is induced by FGF-soaked beads and
decreased by an FGF signaling inhibitor. ser/3.2 is required for periodic repression of herl and
her7 and for proper somite segmentation. Furthermore, Her13.2 augments auto-repression of her/
in association with the Herl protein. Therefore, we concluded that FGF signaling maintains the
oscillation machinery by supplying a binding partner, Her13.2, for Herl.

In addition, we also identified another gene regulating the oscillatory gene expression by
ENU-mutagenesis screening. We showed that a zebrafish mutant exhibiting a somite segmentation
defect is deficient in rtfl, a member of Pafl complex of transcription factor (Akanuma et al. 2007).
rtfl is required for proper RNA levels of the Notch-regulated genes herl, her7, and deltaC as well
as for Notch-induced her! expression in the presomitic mesoderm. Furthermore, the phenotype
observed in rtfl-deficient mutants is enhanced by an additional deficiency in mind bomb, which
encodes an effector of Notch signaling. These results indicated that the level of the oscillatory gene

expression is controlled by some specific machinery.

III- 2 Groucho-associated transcriptional repressor Ripplyl is required for proper transition
from the presomitic mesoderm to somites
Prior to morphological segmentation, which is a process including inter-somitic boundary

formation and mesenchymal-epithelial transition, a segmental pre-pattern, characterized by
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segmental gene expression, is established in the anterior PSM. The establishment of this segmental
pre-pattern has been revealed to require a number of processes regulated by many transcription
factors and signaling molecules. Concomitant with the transition from the anterior PSM to somites,
the characteristic gene expression in the PSM is translated into the segmental structure. However,
most of the events accompanying the transition from the anterior PSM to somites have remained
obscure.

We showed that another gene identified by our in situ hybridization screening, ripplyl,
encoding a nuclear protein associated with the transcriptional co-repressor Groucho/TLE, is
required for this transition (Kawamura et al. 2005b). Zebrafish ripplyl is expressed in the anterior
PSM and in several newly formed somites. Ripplyl represses specific gene expression in the PSM
through a Groucho-interacting motif. In ripplyI-deficient embryos, somite boundaries do not form,
the characteristic gene expression in the PSM is not properly terminated, and the initially
established rostro-caudal polarity in the segmental unit is not maintained; whereas paraxial
mesoderm cells become differentiated. Thus, ripplyl plays two key roles in the transition from the
PSM to somites: termination of the segmentation program in the PSM and maintenance of the
rostro-caudal polarity.

To better understand the function of the Ripplyl-mediated mechanism of somite
segmentation, we next examined the mechanism of gene expression repression by Ripplyl. In
ripply1-deficient embryos, the expression of mesp-b, is upregulated in a cell-autonomous manner,
whereas, in embryos injected with ripply ImRNA, the expression of mesp-b is highly suppressed in
the anterior PSM. These results suggest that Ripply1 regulates the proper expression of mesp-b in
the anterior PSM. Taking it into account that the expression of mesp-b could be induced by the Tbx
protein, we can speculate that Ripplyl may antagonize the function of Tbx in the transcription of
mesp genes. Therefore, we examined precisely the relationship between Tbx24 and Ripplyl in the
transcription of mesp-b (Kawamura et al. 2008). We showed that Ripplyl is coprecipitated with
Tbx24 and converts it from an activator to a repressor in culture cells. The other members of the
Ripply family, Ripply2 and Ripply3, can also antagonize the transcriptional activation mediated by
Tbx24. On the other hand, Ripply1 also antagonizes the transcriptional activation of another T-box
protein, No tail (Ntl), both in vitro and in vivo. These results reveal a molecular mechanism
underlying dynamic conversion of the regulatory property of Tbx proteins in the transcription of
their targets.

In addition to Ripplyl, Ripply2 is expressed in the anterior PSM in zebrafish and mouse
embryos. To see how the segmentation is disturbed when all of the Ripply activities are eliminated,

we next attempted to eliminate all of the functions of the Ripplys by generating Ripplyl and
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Ripply2 double-null mutant mouse embryos. Prior to this attempt, it had already been shown that
Mesp?2 is required for the rostral property in the mouse embryo whereas Notch signaling and
Ripply2, a Mesp2-induced protein that suppresses Mesp2 transcription, are required for the caudal
property. Thus, we examined the mechanism behind rostro-caudal patterning by comparing the
spatial movement of Notch activity with Mesp2 protein localization in wild-type embryos and
those defective in Ripplyl and 2, both of which are expressed in the PSM. Mesp2 protein appears
first as a thin band in the middle of the traveling Notch active domain in both wild-type and
Ripplyl/2-deficient embryos (Takahashi et al. 2010). In wild-type embryos, the Mesp2 band
expands anteriorly to the expression front of Tbx6, an activator of Mesp2 transcription. Notch
activity becomes localized further anteriorly to this Mesp2 domain, but does not pass over the
anterior Mesp2 domain generated in the previous segmentation cycle. As a result, the Notch active
domain appears to be restricted between these two Mesp2 domains. In Ripplyl/2-deficient embryos,
the Mesp2 band becomes more expanded and the Notch domain is finally diminished. Interestingly,
Ripply1/2-deficient embryos exhibit anterior expansion of the Tbx6 protein domain, suggesting that
Ripply1/2 regulate Mesp2 expression by modulating elimination of Tbx6 proteins. Based on these
results, we proposed a model to explain the molecular mechanism by which the rostro-caudal
patterning and the boundary formation of somites are established. In this model, we proposed that
the rostro-caudal pattern is established by dynamic interaction of Notch activity with two Mesp2

domains, which are defined in successive segmentation cycles by Notch, Tbx6 and Ripply1/2.

III- 3 Integrina5-dependent Fibronectin assembly is required for maintenance of somite
boundaries.

The segmental pre-pattern established in the anterior PSM leads to morphological
segmentation. Boundary formation and epithelialization are crucial processes in the morphological
segmentation of vertebrate somites, but the molecular mechanisms underlying these processes are
not yet clearly understood.

To gain insight into the mechanism underlying somite development, we performed an ENU
mutagenesis screening of zebrafish, in addition to the in situ hybridization screening described
above. We found that integrina5 (itga5) and fibronectin were mutated in embryos showing
defective boundary formation in their anterior somites (Koshida et al. 2005). Fibronectin proteins
assemble at somite boundaries in accordance with epithelialization of the somites. Both the
Fibronectin assembly and epithelialization are dependent on izga5, which is expressed in the most
medial part of the somites. While somite boundaries are initially formed, but not maintained, in the

anterior trunk of mutant embryos deficient in either gene, their maintenance is defective at all axial
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levels of embryos deficient for both of these genes. Therefore, IntegrinaS-directed assembly of
Fibronectin appears to be critical for epithelialization and boundary maintenance of somites.

The results described in above section III-1 to III-3 indicate that our strategies are effective for
identification of genes involved in the somite segmentation process. We are further searching for
other genes involved in this process by both expression screening and mutagenesis screening
methods. This systematic screening should reveal other interesting mechanisms underlying somite

segmentation.

IV. Molecular mechanism regulating the development of pharyngeal arches

In addition to somites, pharyngeal arches are another segmental structure, which is transiently
formed ventrolateral to the hindbrain in vertebrate embryos. The pharyngeal arches give rise to the
thymus and the parathyroid glands, and it contributes to the development of arteries and the cardiac
outflow tract as well. Interestingly, we found that both Ripply3 and Thxl were strongly expressed
in the pharyngeal endoderm and that Ripply3 suppresses transcriptional activation by Tbx!1 in in
vitro luciferase assays (Okubo et al. 2011). Thus, we examined the role of Ripply3 by generating
Ripply3-deficient mice, as well as its relationship with Tbx1 (Okubo et al. 2011). Ripply3-deficient
mice impaired proper segmentation of the 3rd and the 4th arches; and exhibit abnormal
development of pharyngeal derivatives, including ectopic formation of the thymus and the
parathyroid gland, as well as cardiovascular malformation. Corresponding with these defects,
Ripply3-deficient embryos show hypotrophy of the caudal pharyngeal apparatus. Ripply3 represses
Tbx1-induced expression of Pax9 in in vitro luciferase assays, and Ripply3-deficient embryos
exhibit up-regulated Pax9 expression. Together, our results show that Ripply3 plays a role in

pharyngeal development probably by regulating Tbx1 activity.

3. Representative Papers

1. Takada, R., Satomi, Y., Kurata, T., Ueno, N., Norioka, S., Kondoh, H., Takao, T., & Takada,
S. (2006). Monounsaturated fatty acid modification of Wnt proteins: Its role in Wnt
secretion. Developmental Cell 11, 791-801.

Wnts constitute a large family of secreted signal proteins that play roles in
embryogenesis and tissue homeostasis. The secretion and extracellular transport of Wnt protein
are thought to be well regulated processes. Wnt had been known to be acylated with palmitic
acid at a conserved cysteine residue (Cys77 in murine Wnt-3a), and this residue appears to be
required for the control of extracellular transport. In this study, we showed that murine Wnt-3a

is also acylated at a conserved serine residue (Ser209). Of note, we demonstrated that this
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residue is modified with a mono-unsaturated fatty acid, palmitoleic acid. Wnt-3a defective in
acylation at Ser209 is not secreted from cells in culture or in Xenopus embryos, but is retained
in the endoplasmic reticulum (ER). Furthermore, Porcupine, a protein with structural
similarities to membrane-bound O-acyltransferases, is required for Ser209-dependent acylation,
as well as for Wnt-3a transport from the ER for secretion. These results strongly suggest that
Wnt protein requires a particular lipid modification for proper intracellular transport during the
secretory process.

After the publication of this study, we have continuously examined the function of
Porcupine in the in vivo. Our results with zebrafish embryos indicated that decrease of Porcn

activity does not equivalently affect trafficking and lipidation of different Wnt proteins.

2. Muroyama Y, Fujihara M, Ikeya M, Kondoh H, & Takada S (2002) Wnt signaling plays an
essential role in neuronal specification of the dorsal spinal cord. Genes & Development 16,
548-553

During development of the vertebrate central nervous system (CNS), highly proliferative
cells in the ventricular zone of the neural tube serve themselves as progenitors of the various
types of neurons, such as interneurons and motor neurons. In the developing spinal cord,
signals from the roof plate are required for the development of many classes of dorsal
interneuron; D1, D2 and D3, listed from dorsal to ventral. Around the time when dorsal
interneurons are generated, cells at the dorsal end of the neural tube express secretory proteins
belonging to BMP, FGF, and Wnt families. This study demonstrates that mouse embryos
lacking both Wntl and Wnt3a are indeed defective in determination of dorsal interneurons.
Generation of D1 and D2 classes of dorsal interneurons is impaired; this loss of the dorsal
interneurons is compensated by a dorsal expansion of D3 interneuron populations. Most
importantly, expression of BMP family proteins is not significantly affected in these mutant
embryos. Moreover, the induction of D1 and D2 class interneurons by Wnt3a protein in the
isolated medial region of the chick neural plate is demonstrated. Together, these observations
clearly indicate that Wnt signaling has a critical role in the specification of cell types for dorsal

interneurons.

3. Kawamura, A.*, Koshida, S.*, Hijikata, H., Sakaguchi, T., Kondoh, H., & Takada, S.
(2005a) (*These two authors contributed equally to this work.) Zebrafish Hairy/Enhancer
of split protein links FGF signaling to cyclic gene expression in the periodic segmentation
of somites. Genes & Development. 19, 1156-1161
An activity gradient of fibroblast growth factor (FGF) is proposed to regulate the
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differentiation of PSM cells along the anteroposterior axis from a state permitting the
oscillating gene expression to a state driving the segmentation program. However, the
molecular mechanism by which FGF signaling permits the cyclic gene expression in the
posterior PSM was previously totally unknown. In this study, we showed that a gene identified
by in situ hybridization screening, Hes6-related hairy/Enhancer of split-related gene, heri3.2,
links FGF signaling to the “segmentation clock” in zebrafish. Expression of Aeri3.2 is induced
by FGF-soaked beads and decreased by an FGF signaling inhibitor. heri3.2 is required for
periodic repression of herl and her7 and for proper somite segmentation. Furthermore,
Her13.2 augments auto-repression of /er! in association with the Herl protein. Therefore, we
concluded that FGF signaling maintains the oscillation machinery by supplying a binding
partner, Her13.2, for Herl.

4. Koshida, S,, Kishimoto, Y,, Ustumi, H,, Shimizu, T,, Furutani-Seiki, M,, Kondoh, H,, &
Takada, S. (2005) Integrina5S-dependent Fibronectin accumulation for maintenance of
somite boundaries in zebrafish embryos. Developmental Cell 8, 587-598

Epithelial somites are generated repeatedly in an anterior to posterior (A-P) order by
pinching off from the anterior end of the unsegmented mesenchymal precursor tissue, called
the presomitic mesoderm (PSM). Prior to morphological segmentation, a segmental pre-pattern
is established in the PSM. This process is driven by a molecular oscillator, referred to as the
segmentation clock, in which the Notch signaling pathway and various hairy/Enhancer of
split-related (Hes in humans and mice and &er in zebrafish) genes are involved. In contrast, the
molecular mechanisms underlying morphological segmentation, including intersomitic
boundary formation and somite epithelialization, had not been clearly understood. In this study,
we identified 2 genes, integrinal (itga5) and fibronectin (fin), required for these processes by a
genetic screening procedure using zebrafish. Fibronectin proteins accumulate at somite
boundaries in accordance with epithelialization of the somites. Both Fibronectin accumulation
and the epithelialization were dependent on itga5, which is expressed in the most medial part
of somites. While somite boundaries were initially formed, but not maintained, in the anterior
trunk of the mutant embryos deficient in either gene, their maintenance was defective at all
axial levels of embryos deficient for both of these genes. Therefore, IntegrinaS-directed
assembly of Fibronectin appears critical for epithelialization and boundary maintenance of
somites. Furthermore, with an additional deficiency in ephrin-B2a, the segmental defect in
itga5 or fn mutant embryos was expanded posteriorly, indicating that both Integrin-Fibronectin

and Eph-Ephrin systems function cooperatively in maintaining somite boundaries. In summary,
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this study first indicated a molecular basis of the morphological change required for proper

formation of somites.

5. Kawamura, A., Koshida, S., Hijikata, H., Ohbayashi, A., Kondoh, H., and Takada, S.
(2005b) Groucho-associated transcriptional repressor Ripplyl is required for proper
transition from the presomitic mesoderm to somites. Developmental Cell, 9, 735-744

The spatial characteristics of somites—e.g., segmental borders and the rostro-caudal
pattern—are established in the anterior region of the presomitic mesoderm (PSM) at regular
time intervals. The establishment of these segmental patterns in the anterior PSM has been
revealed to require a number of processes regulated by many transcription factors and signaling
molecules. Concomitant with the transition from the anterior PSM to somites, the characteristic
gene expression in the PSM is translated into the segmental structure. However, most of the
events accompanying the transition from the anterior PSM to somites had remained obscure. In
this study, we showed that a gene identified by our in sifu hybridization screening, ripplyl,
encoding a nuclear protein associated with the transcriptional co-repressor Groucho, is required
for this transition. Zebrafish ripplyl is expressed in the anterior PSM and in several newly
formed somites. Ripplyl represses specific gene expression in the PSM through a
Groucho-interacting motif. In ripplyl-deficient embryos, somite boundaries do not form, the
characteristic gene expression in the PSM is not properly terminated, and the initially
established rostro-caudal polarity in the segmental unit is not maintained, whereas paraxial
mesoderm cells become differentiated. Thus, we concluded that ripply1 plays two key roles in
the transition from the PSM to somites: termination of the segmentation program in the PSM
and maintenance of the rostro-caudal polarity.

After the publication of this study, we have continuously examined the function of
Ripply family proteins in the development of somites and pharyngeal pouches. In somite
development, we found that Ripply repress the function of Tbx transcription factors regulating
the segmentation of somites with Mesp. Furthermore, based on precise analysis with
Ripply1/Ripply2 double knock-out mice, we proposed that the rostro-caudal pattern is not
defined by a simple read-out of the segmentation clock, but rather is regulated by coordinated
dynamic interactions between Notch activity and two Mesp2 domains, which are defined by
the interaction among Notch, Tbx6, and Ripplyl/2. We have also showed that Ripply3 is

required for the segmentation and development of the pharyngeal pouches.

6. Okubo, T., Kawamura, A.,Takahashi, J., Yagi, H., Morishima, M., Matsuoka, R., & Takada,

S. (2011) Ripply3, Tbx1 repressor, is required for development of the pharyngeal
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apparatus and its derivatives in mice Development 138, 339-348

The pharyngeal apparatus is a transient structure that gives rise to the thymus and the
parathyroid glands, and it contributes to the development of arteries and the cardiac outflow
tract as well. A typical developmental disorder of the pharyngeal apparatus is known as the
22ql1 deletion syndrome (22q11DS), for which Tbx1 is responsible. We had already shown
that Ripply proteins repress the function of Tbx proteins by recruiting the transcriptional
co-repressor Groucho/TLE. In this study, we found that Ripply3, one member of the Ripply
family, is co-expressed with Tbx1 in the pharyngeal endoderm. Ripply3 suppresses the
transcriptional activation by Tbx1 in in vitro luciferase assays. Ripply3-deficient mice exhibit
abnormal development of pharyngeal derivatives, including ectopic formation of the thymus
and the parathyroid gland, as well as cardiovascular malformation. Corresponding with these
defects, Ripply3-deficient embryos show hypotrophy of the caudal pharyngeal apparatus.
Ripply3 represses Tbxl-induced expression of Pax9 in in vitro luciferase assays, and
Ripply3-deficient embryos exhibit up-regulated Pax9 expression. Together, our results showed

that Ripply3 plays a role in the pharyngeal development probably by regulating Tbx1 activity.

4. Future Research Plans

Overview: Goals of My Research Projects

The body and tissues of the developing embryo are repeatedly divided into sub-regions
specified by characteristic gene expression and morphology. The process that gives rise to these
sub-regions along some defined pattern is called “pattern formation” or “patterning.” The most
popular model to explain the patterning process is the “morphogen gradient and threshold” theory.
Actually, many genetic results indicate that secreted signal proteins such as Wnt, BMP, and
Hedgehog, function as morphogens in many aspects of patterning processes. However, in spite of
the accumulation of genetic evidence, the biochemical characteristics, including modification and
higher order structure, of morphogens remain to be elucidated. Thus, one of our major goals is to
reveal the real image of morphogens and molecular mechanisms underlying the formation of
morphogen gradients, including secretion and extracellular transport of these morphogens.

In contrast, the segmental sub-regions of the paraxial mesoderm, or somites, appear not to be
simply directed by the morphogen gradient and threshold, but by a unique mechanism proceeding
periodically. Somites are sequentially generated in an anterior-to-posterior order by converting
oscillatory gene expression into periodical structures. However, the molecular mechanism
underlying this conversion and morphological segmentation has not yet been fully understood.

Thus, another goal of our current studies is to reveal the molecular mechanism of this other and
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unique mode of patterning that underlies the periodical and sequential sub-division in somite

formation.

1. Molecular basis of the formation of a signaling field in vertebrate development

For establishment and maintenance of the proper structures and functions of tissues in
multicellular organisms, communication among cells is important. Secreted signal molecules play
roles in the cell-to-cell communication in embryogenesis and tissue homeostasis as well. During
the development of vertebrates, a number of secreted signal proteins, including Wnt, Fgf, Tgf, and
Hedgehog, play roles in multiple processes, e.g., cell proliferation, cell differentiation and cell
movement. Given that these processes appear to be highly reproducible between individual bodies,
the number of cells regulated by these signals, or their action range, should be tightly controlled.
These action ranges appear to be mainly defined by the interaction between the signal proteins and
molecules in the extracellular space.

To understand this interaction, the biochemical property and higher order structure of the
signal proteins should be characterized. In the case of Wnt proteins, many researchers have
attempted to reveal their molecular characteristics since the discovery of their founder member,
Wntl. One of the most successful attempts seems to be the characterization of Drosophila Wnt
proteins. In the imaginal disc of Drosophila, Wg proteins are associated with lipophorins, the
Drosophila counterpart of apo-lipoproteins, and form a low-density complex. Thus, at least some
Wnt proteins appear to be transported in the extracellular space by lipoprotein particles. However,
it is still unclear whether most of the Wnt proteins are similarly transported in different tissues.

On the other hand, recent studies have revealed that Wnt proteins require specific molecules
for their secretion. Wntless/Evi/Sprinter, a seven-pass membrane protein, is required for
intracellular transport of Wnt proteins, the retromer complex is required for recycling of
Whtless/Evi/Sprinter from the plasma membrane back to the Golgi apparatus, and Porcupine, a
member of the family of membrane-bound O-acyltransferases, catalyzes modification with a fatty
acid, palmitoleoylate (C16:1), at a conserved serine residue in the ER. Although the reason why
such specific machinery is required for the secretion of Wnt proteins has remained unclear, it seems
possible that some of these specific molecules are required for the investment of characteristics
affecting the extracellular movement of Wnt proteins.

To gain insight and understanding of the extracellular trafficking of Wnt proteins, as well as
of their interaction with extracellular molecules, including its receptors, precise characterization of
secreted Wnt proteins in many different contexts seems to be indispensable. In addition, it seems

interesting to see whether and how Wnt proteins are endowed with their characteristics, which are
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likely to affect their action range, in the process of their secretion. Furthermore, it also seems
important to assess the effect of possible variability in the structure of Wnt proteins and/or that of
molecules affecting them during their secretion process. To address these questions, I am planning
the following projects.

(1)  As a basis to understand the property of Wnt proteins, we will reveal the 3D structure of
secreted Wnt proteins.

(2)  To examine whether Wnt proteins are variable in terms of their structure, function, and
diffusion, we will perform structural and functional analyses of different Wnt proteins produced
by different types of cells.

(3)  To assess the difference of various forms of Wnt proteins in vivo, we will compare these
Whnt proteins in embryos by live imaging. We also plan to investigate the effect of molecules in

Wnt secretion pathway in a similar way.

2. Study of various metameric structures in vertebrates

Metameric structures are known as one of key motifs underlying the body designs of
vertebrates. During the early embryonic stages, in which the basal design of the body is established,
several metameric structures are transiently formed. Interestingly, the development of some of
these structures is unique in term of temporal regulation. The best example of these metameric
structures is the somite. Somites are gradually and repeatedly generated in an anterior to posterior
(A-P) order. Prior to morphological segmentation, a segmental pre-pattern is established in the
PSM. This process is driven by a molecular oscillator, referred to as the segmentation clock, and by
a molecular converter that translates the temporal periodicity into the spatial pre-pattern.

One of our immediate goals is to reveal the molecular basis of this converter. We and other
groups have already proposed several models to explain this process. We proposed that Mesp and
Ripply genes, both of which are periodically regulated by the segmentation clock, define the
segmental border and the rostro-caudal patterning within a somite through repression of Tbx. To
examine whether this model is appropriate, we will test it using mouse and zebrafish embryos
focusing on the interactions among Mesp, Ripply and Tbx.

In addition to somites, I am also focusing on the segmentation of the pharyngeal pouches.
The pharyngeal pouches form gradually in an anterior-to-posterior fashion although the molecular
mechanism of this segmentation has been little understood. Interestingly, we found that Ripply3,
one of the three Ripply genes, is expressed in a segmental fashion in the development of
pharyngeal pouches. Because the other two ripply genes play roles in the segmentation of somites,

this expression pattern of Ripply3 suggests its involvement in the segmentation of pharyngeal
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pouches. Actually, Ripply3-deficient mouse embryos exhibit a lack of segmentation of the posterior
pouches. To gain insight into the Ripply3-mediated mechanism of segmentation, we have examined
the regulation of Ripply3 expression in the pharyngeal pouches. We have already identified a
cis-element of the Ripply3 gene that is required to recapitulate the segmental expression pattern of
this gene. Based on this element, we will find the molecule that regulates Ripply3 expression and

reveal the whole mechanism of pharyngeal pouch segmentation.
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Dr. Kobayashi is a leader in the field of germ line development in Drosophila. He and his team
have made several seminal contributions to the field during the last ten years. In the following I
will summarize some of these recent discoveries:

* Dr. Kobayashi demonstrated an important role for the nanos gene in Drosophila primordial
germ cells, he extended these studies in collaboration to show a more global role of nanos in
other species, such as the mouse (Asaoka-Taguchi et al, Nat. Cell Biol. 1999, Tsuda et al.,
Science 2003, Hayashi et al., PNAS 2004, Sato et al, Dev. Growth and Diff., 2006, Sato et al.,
PNAS 2007).

* Dr. Kobayashi made important contributions to the nature and function of the germplasm and its
role in instructing germ cell fate. Nakamura et al.
(Development 2001) first identified the conserved translation regulator Me31b. In Amikura and
Kobayashi (PNAS 2001), Amikura et al. (Mech. Dev 2001 and 2005), Dr. Kobayashi provided
evidence for a role of mitochondria in the initial formation of germ cell and, more specifically,
suggested a role of mitochondrial ribosomes in the germ plasm in the process. A structural
study on the Vasa protein provided important insight in how the ATP dependent helicase Vasa
may be involved in unwinding RNA (Cell, 2006).

* Dr. Kobayashi has had a long-standing interest in understanding how germ cell expression is
regulated during early development. He used direct promoter analysis as well as microarray
analysis from sorted germ cells to identify the control elements and transacting factors that
regulate germ cell expression (Sano et al Mech. Dev. 2002, Shigenobu et al Dev. Growth Diff
2006, Mukai et al Gene Expr Patterns 2006, Yatsu et al., Int. J. Biol 2008.

* In recent experiments Dr. Kobayashi identified signaling pathways that regulate the
establishment of the germ line stem cells niche (Kitadate Dev. Cell 2007, Kitadate et al. PNAS
2010.)

* Finally in a recent study published in Science (2011), Dr. Kobayashi demonstrated a previously
unanticipated role for the Sex lethal protein, the master regulator of somatic sex determination,
in embryonic germ cells.

As this brief summary outlines, the contributions of Dr. Kobayashi in a number of different
aspects of germ cell development have had high impact in the field of germ line biology. His
thinking has influenced the studies of germ line biology beyond Drosophila. Dr. Kobayashi is
frequently asked to present his research at international meetings. I always find his presentation
interesting and thought-provoking.

In summary, Dr. Kobayashi has been highly productive during the last 10 years and his creative
work has greatly contributed to our understanding of the mechanism that govern germline
development.
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Kobayashi seeks to understand 1) how Drosophila germ cells are specified by pole plasm, 2)
how germ cells undergo sex-specific differentiation, 3) how germline stem cell niches form that
can arrest and control primordial germ cell development, and 4) how particular genes expressed in
germ cells contribute to gamete formation. The first three are highly significant questions with
potential implications for the foundations of biology and with possible applications in stem cell and
reproductive medicine. Consequently, these areas are challenging, competitive, and internationally
visible.

Kobayashi’s group has been consistently productive during the last 10 years. The capstone of
this decade is undoubtedly the work reported recently in Hashiyama et al (2011). Understanding
how male and female germ cells are differentially programmed had been a major roadblock to the
field for many years. Kobayashi and his colleagues discovered that Sx/ lethal (SxI), the master
regulator of Drosophila somatic sex determination, also specifies female germline sex
determination beginning early in embryogenesis. This is a very logical and satisfying outcome, but
one which had been rejected by other workers. Characteristically, Koyabashi re-examined,
extended and corrected some previous work to uncover this pathway, exercising judgment,
experimental skill and daring. While this research breaks a major logjam, it is quite recent. Its full
significance and most of the mechanistic details remain to be worked out. How does SxI act in
early female germ cells, and how does this pathway relate to germline sex determination in other
organisms, including mammals? This will be an area of major focus in the future.

Another important contribution of Kobayashi’s research has been to help elucidate the role
played by Nanos. Earlier, his group helped establish the paradigm that Nanos acts to prevent
premature gene expression in embryonic germ cells, a situation that causes germ cells to
misdifferentiate, fail to migrate to the gonads, and to undergo apoptosis. He went on to show that a
major action of Nanos is to repress expression of apoptotic inducer genes such as hid (and to
characterize other genes in this pathway). He helped document that a requirement for Nanos in
germ cells is widely conserved. Studies of how Nanos, Pumilio, Vasa and other key proteins
regulate translation in germ cells became a focus of most top laboratories during this period. Not
only were patterning determinants such as bicoid, oskar and gurken intensely studied, but it was
also realized that many other mRNAs, perhaps most, are similarly controlled. Kobayashi and his
student Akira Nakamura characterized mRNA-containing RNP particles in oocytes and embryos to
better understand how the decision to initiate translation is regulated through activation of elF-4E.

Kobayashi’s group has long been interested in how the polar granules within germ plasm specify
embryonic nuclei to take on a germ cell fate. Kobayashi’s proposal that mitochondrial ribosomes
play a critical role in germ plasm function in both Drosophila and several other organisms remains
well known. He further developed and supported this idea, by showing at the electron microscope
level that small ribosomes are found on the surface of Drosophila polar granules prior to pole cell
formation (Amikura et al. 2001). Although, Kobayashi’s group has put forward an impressive and
varied body of evidence in support of his proposal, I think it is fair to say that the field as a whole
remains unconvinced. No clear function for mRNA translation on mitochondrial ribosomes outside
the mitochondria has been identified, no specific target mRNAs are known, and there are many
questions regarding how such translation could be accomplished given the differences in the
mitochondrial and cytoplasmic translational systems (including their genetic codes). Further studies
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are not mentioned in Kobayashi’s stated future plans.

A great deal of interest in the germ cell field during the last 10 years has been focused on the
stem cell niches that maintain germline stem cells in both the adult Drosophila ovary and testis.
Kobyashi’s team analyzed how niche size is controlled during embryonic testis development. Hub
differentiation is stimulated in all somatic gonadal cells by Notch signaling, but repressed in
posterior somatic gonadal cells. Repression is mediated by a pathway involving both Egfr-mediated
signaling and in a novel role, the boss/sev receptor tyrosine kinase pathway best known for its role
in photoreceptor development. Ligands for both pathways are expressed in germ cells. In another
important insight, Kobayashi and collaborator H. Nakato, demonstrated important roles of the
heparinsulfate glycoproteins Dally and Dally-like in limiting niche size in both female and male
niches.

Finally, Kobayashi’s group made additional worthwhile contributions to germ cell biology. For
example, they carried EST sequencing of a cDNA library generated from FACs purified embryonic
germ cells to identify candidate genes these cell express. They identified a germline transcription
factor, MAMO, and subsequent functional studies showed that it must be maternally inherited for
germ cells to enter meiosis.

Clearly, Kobayashi has been an important contributor to the field of germ cell biology during the
last ten years, a time when the field has thrived. He is widely respected and would be on any list of
the field’s major architects. Kobayashi’s leadership capability has never been in doubt. His
development of the mitochondrial ribosome hypothesis over a twenty-year period has shown that
he can conceive and develop a novel theory, even though it has yet to bear full fruit. Currently,
there is no single major advance that is associated primarily with his name. However, his recent
work on the role SxI lethal plays in germline sex determination could well prove to be just such a
signature breakthrough. For that to transpire, the initial observations must be followed up with an
action mechanism that clarifies the differences between germ cell and somatic pathways.

In sum, I strongly endorse Dr. Kobayashi’s accomplishments during the last ten years and
express optimism that his productivity will continue at an equal level during the decade to come.

CZEEIZ X %M

Over the past three decades, Prof. Satoru Kobayashi has established himself as a one of the

leaders in the field of germline development, using the fruitfly Drosophila melanogaster as his
main model organism. Starting as a graduate student with Prof. Masukichi Okada, his research was
focused on identifying the active principle of the posterior pole cytoplasm (pole plasm), which is
endowed with the capacity to induce the formation of the Drosophila germ cell precursors, the pole
cells. In this period, Satoru Kobayashi’s technically challenging biochemical fractionation/injection
experiments drew some attention, as they revealed that mitochondrial ribosomal RNAs, encoded by
the mitochondrial genome, were involved. This early, pioneering work was carried out at the time
when large-scale genetic screens aimed at identifying the essential genes and mechanisms
underlying Drosophila development were ongoing and revealing their power. It was therefore
received with moderate enthusiasm, in large part because the findings could not be confirmed
simply by classical genetics. Realizing both the strengths and the weaknesses of his approach,
Satoru Kobayashi began to add genetics to his repertoire. This had two immediate consequences: it
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allowed him to strengthen his findings and gave him a powerful new tool with which to address
germ cell formation and maintenance.

In the past ten years, Prof. Kobayashi has both continued to analyze the role of the mitochondrial
ribosomal RNAs in pole plasm function and take on new questions. The evidence that he and his
colleagues have provided, indicating that mitochondrial-type ribosomes are associated with polar
granules and that drugs that inhibit mitochondrial translation affect pole cell formation points to an
important role played by mitochondrial ribosomes in this process, quite likely by controlling the
translation of key pole plasm mRNAs.

One of the main topics on which Prof. Kobayashi has focused his recent research is the role of
Nanos protein in the germline. His lab was the first to show that Nanos, best known for its function
in abdominal patterning in Drosophila, has a second, arguably more important role, in survival of
the primordial germ cells as they migrate towards and colonize the somatic gonadal tissue. In the
more recent period, he has provided strong evidence that Nanos represses translation of the
proapoptotic ~id mRNA, and that, in the absence of Nanos, under conditions where apoptosis is
blocked, the mutant germline cells become somatic cells, showing that Nanos controls both the
survival and maintenance fate of the germ cells.

Prof. Kobayashi’s research has also expanded to analysis of the germline stem cell niche and the
signalling events that govern its formation and homeostasis. In a high-profile publication, he and
his colleagues have demonstrated that, in the male germline, it is the reception of Boss signal
produced by the germ cells, by the Sev-expressing somatic cells at the posterior of the gonad that
represses the expression of niche markers in these somatic cells and restricts niche formation to the
anterior of the gonad.

In another recent high-profile publication, Prof. Kobayashi’s laboratory has answered a
long-standing question, namely the nature of the cue leading to the differentiation of primordial
germ cells into female gametes in Drosophila. Their identification of SxI as the cue responsible for
the sexual differentiation of migrating pole cells in females has now resolved this issue. The
analysis Kobayashi and colleagues performed to reach their conclusions is an especially elegant
one that additionally will open exciting new avenues of investigation for the Kobayashi lab.

Indeed, in the future, Prof. Kobayashi plans to focus his efforts along three major lines of
investigations, all natural continuations of his ongoing research. These include identification of the
targets of SxI in the germline and analysis of the conservation of the pathway in other species, the
identification and characterization of RNAs regulated by Nanos, and identification of the targets of
the maternal protein, Ovo, a transcriptional regulator that — as Prof. Kobayashi’s lab has recently
shown - has an important role in germline development.

Prof. Satoru Kobayashi’s productivity in the last ten-year period has been excellent and his
research has expanded into new areas to which he has already made several important contributions.
A distinctive feature and great strength of Kobayashi’s scientific research lies in the variety of
approaches he applies, whether in the initial discovery phase or the more detailed dissection of
mechanisms, combining genetics, molecular biological, and high-throughput methodologies. He
has been engaged in several highly productive collaborations, within Japan and abroad, and is a
widely sought collaborator, both for his expertise in germline development and his collegiality.

In summary, the past ten years have been a very productive period for Prof. Kobayashi, in terms
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of the quality of his research, its breadth and the original, important contributions he has made. All
the lines of ongoing and future research he describes are highly pertinent and I believe he is in an
excellent position to continue make breakthroughs on all these fronts.

DZEIZ L %3

Prof. Kobayashi has been working of development of germ cells in Drosophila, and for the last

decade, he has published a number of outstanding findings including the Sx/ functions on germ cell
sex determination and control of size and location of germ line stem cell niche.

Since he started his study concerning Drosophila germ cell development, he always published
manuscripts with high novelty. He first reported in the early 1990s, that the essential functions of
mitochondrial ribosomal RNA (mtrRNA) present outside mitochondria for pole cell formation in
Drosophila embryos. This finding was quite surprising because nobody could suppose functions of
mtrRNA outside mitochondria. In addition, it was a pioneer study concerning molecular
mechanisms of germ cell determination. His group has continued this study, and he has published
the related manuscripts in the last ten years, including the manuscript clearly showing presence of
mitochondrial ribosome in germ plasm.

He has also focused on another key molecule, nanos, for germ cells formation since the late
1990s. He found that nanos was essential for correct transcriptional activation in pole cells and
their subsequent proper differentiation. In the last ten years, his group further demonstrated that
nanos repressed apoptosis of germ cells. In addition, nanos-deficient pole cells underwent somatic
cell differentiation when apoptosis of pole cells was suppressed by the mutation of the proapoptotic
genes, indicating that nanos also prevents pole cells form following somatic cell fates. This finding
is quite interesting, because it indicates that pole cells have a potential to differentiate not only to
germ cells, but also to somatic cells.

In addition to the above-mentioned Prof. Kobayashi’s historical studies, his group started
researches in new directions, and also published beautiful manuscripts for the last decade. He was
interested in a bit later stages of germ cell development in Drosophila embryos, and studied
molecular mechanisms of the establishment of the niche, microenvironment regulating stem cell
maintenance, of the germline stem cells in the embryonic testis. His group found that Boss and
Spitz, the factors produced by pole cells inhibited the niche cell differentiation via binding to heir
receptor, Sev and Egftr, respectively, on somatic gonadal cells in embryonic testis, and that those
signaling pathway controlled anterior-specific location of the niche cells 8hub cells) and their
number. The results indicated the importance of a feedback mechanism between germ cells and the
niche cells to generate and maintain appropriate number of the germline stem cells. Because the
importance of niche for stem cells in various tissues has been widely recognized, their findings
including the involvement of the signal of opposite direction, i.e., from stem cells to the niche cells
in proper maintenance of stem cells, should be generally interesting.

His group also started to work on sex determination of germ cells. Previous studies demonstrated
that Sx/ induced female sexual development of the gonadal somatic cells, but it has been believed
that Sx/ is not involved in germ cell sex determination and that a male gonadal environment induces
male gem cell fate in Drosophila embryos as in mammalian embryos. However, it has been still
obscure how female germ cell fate is autonomously controlled in Drosophila as well as in
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mammalian. His group first found that cell-autonomous function of Sx/ in female primordial germ
cells was necessary for them to differentiate to female germ cells and subsequently to functional
eggs. The results show a novel aspect of molecular mechanisms regulating female sexual
determination of germ cells.

It is likely that more of key genes are involved in germ cell formation in Drosophila, and his
group applied genome wide analysis to identify genes expressed in pole cells or in the gonadal
somatic cells. The results of their transcriptome analysis should be a useful resource for researchers
working on germ cell development. By this analysis, they identified ovo gene encoding a
zinc-finger protein among pole cell-specific genes and have obtained experimental evidence
showing its functions in germ cell development. Prof. Kobayashi supposes that ovo may function as
a transcription factor to induce the expression of genes required for germ cell development, and
plans to identify the downstream genes of ovo.

Dr. Kobayashi is eager not only to his own research, but also to support young students to
understand developmental biology and its research. He gave lectures and provided an opportunity
of experiments of developmental biology to high school students and their teachers. It is quite
impressive that the results of the experiments that his students had done were published in an
international scientific journal.

In summary, his researches in the last ten years were very excellent, published a number of
outstanding manuscripts in the high-impact scientific journals and contributed to construct novel
concepts of the mechanisms of germ cell development.

EZEBIZ L % i

Prof. Satoru Kobayashi has been conducting active research on germ cell development using D.
melanogaster as a model organism. The research of Prof. Kobayashi covers many aspects of
germ cell development in Drosophila, including the analysis of the role of mitochondrial ribosomal
RNAs (mtrRNAs) in pole cell (primordial germ cells in Drosophila) formation, the function of
maternal Nanos (Nos) protein in pole cell fate/survival, comprehensive analysis of genes expressed
in pole cells and gonadal somatic cells, germline stem cell niche formation in the male gonads, and
sex determination of PGCs, among many other focuses. Especially, the research on mtrRNAs,
Nanos and the mechanism of sex determination has a widespread impact on germ cell research in

other model organisms.

The finding by Prof. Kobayashi that the mtrRNAs are involved in the translation of mRNAs
localized in the pole plasm is a fascinating finding and provides a paradigm on the importance of
mitochondria in pole plasm formation/function. Recently, in the mouse, an enzyme localized in
mitochondria was found critical to the function of the pole-plasm counterpart in the mouse. The
research by Prof. Kobayashi on Nanos in Drosophila has led to the identification of the mammalian
homologues of Nanos and exemplifies an evolutionary conservation of a key mechanism regulating
germ cell development. His recent finding that the sex of the female pole cells is determined
cell-autonomously by Sx/ at an early stage is striking and will provide an impact on the mechanism
of sex determination in other organisms.

As a consequence of these outstanding research achievements, Prof. Kobayashi has been
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regarded as one of the leading scientists in germ cell research in Drosophila. This is reflected by
the fact that Prof. Kobayashi has been invited three times during the last ten years to the Cold
Spring Harbor Meeting on “Germ Cells”, which is one of the top meetings in germ cell biology,
held once in every two year.

It is also noticeable that Prof. Kobayashi has been leading a research program of Grant-in-Aid
for Scientific Research on Innovative Areas, “Regulatory Mechanism of Gamete Stem Cells”,
which appears to be a very successful program with many outstanding publications. Furthermore,
Prof. Kobayashi organized the 52™ NIBB Conference on “Strategy of Reproduction” and is
organizing the 60" NIBB Conference on “Germline: Specification, Sex and Stem Cells”.

Additionally, Prof. Kobayashi conducted a teaching activity for high-school students and their
teachers on fundamental concepts in developmental genetics and laboratory experiments.
Remarkably, Prof. Kobayashi prepared a manuscript reporting their finding on left-right asymmetry
in the gut of Drosophila embryos.

Overall, Prof. Kobayashi’s research over the past ten years is productive and leading the germ
cell research of the world. Also, Prof. Kobayashi is very interactive and is influencing other
researchers and has a good contribution to science education for general public.

Prof. Kobayashi is planning to continue his research on Drosophila germ cell development.
His main focuses include how somatic fate is repressed by maternal Nanos protein in pole cells,
how and what germ-line specific genes are induced by maternal Ovo protein, and how the female
sex is induced by Sx/ in pole cells. These are important questions and based on his achievement
over the past ten years, it is expected that Prof. Kobayashi will provide critical answers to these
questions. One concern that may be worth for consideration would be that the Drosophila may
not be the leading model organism for germ cell research in the next ten years as was in the past ten
years. For example, the research on germ cells and stem cells in mammals has advanced
remarkably over the last ten years and further advancement in mammalian germ cells and stem
cells will be expected in the coming years. Obviously, the advantage of the research in mammals
is that it may lead to some practical application to biotechnology/reproductive technology and
medicine, and therefore would attract the interests of younger scientists and medical doctors as well
as of general public in coming years. It is also becoming evident that the Drosophila rather bears
species-specific mechanisms in many aspects in its development, indicating that some
developmental mechanisms apply only to the Drosophila. 1t may therefore be worthwhile, for the
next ten years, for Prof. Kobayashi to consider possibly extending his research into the mechanism
of germ cell development in other model organisms, while keeping research on Drosophila as a
main activity. This might provide an evolutionary perspective and further enhance the importance
and attractiveness of Prof. Kobayashi’s research.
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Summary by the Director-General of NIBB

Prof. Kobayashi is head of the Division of Developmental Genetics at the Okazaki
Institute for Integrative Bioscience and the National Institute for Basic Biology, and has
received widespread praise for his work as a global leader in researching the formation
mechanisms of germ cells. He has produced a large number of excellent research results
through his spirited analyses of control mechanisms in fruit flies that use the maternal factor,
maintenance mechanisms in germ cell systems, and the mechanisms of stem cell niche
formation. In addition, in recent years he has been working towards new research
development through adoption of techniques such as systems biology. From 2010, he has
been dedicating himself to supporting collaborative research and collaborative facility use
through his role as head of the Functional Genomics Facility. He has also contributed to the
education of students through his role as Vice-Department Head of the Basic Biology
program at the Graduate University for Advanced Studies. In addition, he has been active in
holding classes and practice sessions designed to increase the understanding of biology
among high-school students in schools designated as Super Science High Schools, such as
Okazaki High School, and other nearby schools. He showed great spirit and initiative after
the earthquake on March 11, 2011: when Tsukuba University was having difficulty
maintaining their fruit fly genetic lines, Prof. Kobayashi personally drove to the university,
in order to take samples back to NIBB to better preserve them for future researchers. I have
great expectations of him as an international research leader, and as a contributor to NIBB.
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female development in germline progenitors.
Science 333, 885-888.
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Drosophila germline.

Gene Expression Patterns, 9, 50-53.
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Y. Kitadate, S. Shigenobu, K. Arita and S. Kobayashi (2007) Boss/Sev signaling from
germline to soma restricts germline-stem-cell-niche formation in the anterior region of
Drosophila male gonad.
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cells from Drosophila embryos by flow cytometry.
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for RNA Unwinding by the DEAD-Box Protein Drosophila Vasa.
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embryonic gonads by gene expression profiling in Drosophila melanogaster.
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Watanabe (2006) Identification and origin of the germline stem cells as revealed by the
expression of nanos-related gene in planarians.
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R. Amikura, K. Sato and S. Kobayashi (2005) Role of mitochondrial ribosome-dependent
translation in germline formation in Drosophila embryos.
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K. Hanyu-Nakamura, S. Kobayashi and A. Nakamura (2004) Intrinsic and extrinsic lipid
phosphate phosphatase defines cell viability that promotes directional migration of
Drosophila germ cells.
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1. Grant Awards
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2008

2007--2008

2006-2007

2005-2006
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Ministry of Education, Culture, Sports, Science and Technology
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Drosophila embryos
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Total Costs: 14,300,000 yen
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Project title: Mechanism of germline maintenance in Drosophila
embryos

Role: PI

Total Costs: 5,000,000 yen
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2007-2010 Board member of Japanese Society of Developmental Biologists
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2. Summary of Achievements (2001-2011)

Germ cells are specialized cells that can transmit genetic materials from one generation
to the next in sexual reproduction. All of the other cells of the body are somatic cells. This
separation of germ and somatic cells is one of the oldest problems in developmental biology.
In many animal groups, a specialized portion of egg cytoplasm, or germ plasm, is inherited by
the cell lineage which gives rise to germ cells. This cell lineage is called germline. The
germline progenitors eventually migrate into the gonads, where they differentiate as germline
stem cells (GSC) to form eggs and sperm when the organisms are physically matured. Our
laboratory aims to find the molecular mechanisms regulating germline segregation, germline

sex determination and GSC niche formation in Drosophila.

a. Role of Mitochondrial Ribosomal RNAs in Pole Cell Formation

Ultrastructural studies have shown that the germ plasm is basically composed of polar
granules and mitochondria. While the primary roles of the mitochondria are oxidative
phosphorylation and biosynthesis of many metabolites, it has now become evident that they
are also involved in germline formation. In Drosophila, pole cell formation requires the
function of mitochondrial ribosomal RNA in germ plasm. We have previously reported that
mitochondrial large rRNA (mtlrRNA) and small rRNA (mtsrRNA) are both transported from
mitochondria to polar granules (Kobayashi et al., 1993). This transportation occurs during
early embryogenesis, when mitochondria are tightly associated with polar granules in germ
plasm. Reduction of the extra-mitochondrial mtlrRNA amount results in the failure to form
pole cells (Iida and Kobayashi, 1998) and injection of mtlrRNA is able to induce pole cells in
embryos whose ability to form these cells has been abolished by uv-irradiation. These
observations clearly show that the extra-mitochondrial mtirRNA on polar granules has an
essential role in pole cell formation, presumably cooperating with mtsrRNA.

We have found that mitochondrial rRNAs form mitochondrial-type of ribosomes on polar
granules, cooperating with mitochondrial ribosomal proteins (Amikura et al., 2001). This
suggests the possibility that the protein(s) essential for pole cell formation is produced by the
mitochondrial-type of ribosomes. To address this issue, we examined the effect of
Chloramphenicol and Kasugamycin on pole cell formation. Chloramphenicol and
Kasugamycin are known to inhibit mitochondrial (prokaryotic)-type of translation. When
these antibiotics were injected into the posterior pole region of early embryos, pole cell
formation was severely affected (Amikura et al., 2005). These observations strongly suggest
that the mitochondrial-type of translation system must be intact for the embryos to form pole
cells. In addition, we have found that one of the target RNAs translated on the
mitochondrial-type of ribosomes is germ cell-less (gc/) mRNA, which is stored in polar

granules and encodes a protein required for pole cell formation.
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b. The role of maternal Nanos (Nos) protein

In many metazoans, the germline forms early in development and is maintained until the
differentiation of gametes in the adult gonads. Although genetic analyses have identified
several mutations that eliminate pole cells, how pole cells are maintained during development
is unclear. Several components of germ plasm have been identified. One of these components
is maternal nos RNA. Nos protein in the germ plasm is inherited by pole cells at the
blastoderm stage and is detectable in these cells throughout embryogenesis. In the absence of
maternal Nos, pole cells undergo apoptosis during their migration to the embryonic gonads
(Kobayashi et al., 1996; Asaoka et al., 1999; Hayashi et al., 2004; Sato et al., 2007). Although
Nos also plays important roles in repressing mitosis and somatic cell fate in pole cells, the
primary role for Nos appears to be repressing apoptosis in the germline, because Nos is an
evolutionarily conserved protein that is required for germline survival (Tsuda et al., 2003).

Apoptosis is mediated by caspases, a family of cysteine proteases that cleave diverse
substrates to destroy cellular structure and integrity. Critical regulators of apoptosis function
by antagonizing inhibitor of apoptosis protein (IAP) that directly blocks caspase action. In
Drosophila, four proapoptotic genes, reaper (rpr), head involution defective (hid), grim and
sickle (skl), encode members of a family of related proteins that bind to and inactivate the IAP.
They are also referred to as RHG genes. We have demonstrated that maternal Nos represses
apoptosis of pole cells by suppressing translation of #id RNA. In the absence of Nos activity,
translation of 4id mRNA yields a protein product that induces apoptosis (Sato et al., 2007). In
addition, we provide evidence that a maternally-provided protein kinase, Tao-1, is required to
induce apoptosis in nos pole cells by promoting skl expression. Maternal fao-I RNA is
enriched in the germ plasm and inherited by pole cells. Tao-1-dependent skl expression
sensitizes pole cells to induction of apoptosis by hid. We propose that pole cells express the
RHG genes hid and skl, and become competent to undergo apoptosis during normal
development. However, maternal Nos represses hid translation to inhibit apoptosis of pole
cells for their survival. These findings provide the first evidence that the germline is

maintained through the regulated expression of RHG genes.

c. The role of maternal Mamo in meiosis

Meiosis is an obligatory step to produce haploid gametes that can transmit the genetic
materials from one generation to the next. However, little is known about how the germline
progenitors acquire the ability to undergo meiosis. We have found that a novel maternal factor,
Mamo is essential for meiosis (Mukai et al., 2007). Mamo is a member of widely conserved
BTB/POZ-zinc finger proteins, which are known to function as transcriptional regulators by
altering chromatin structures. Maternal Mamo is enriched in pole cells, and a reduction in its

activity prevents meiosis. We propose that Mamo is the maternal molecule that regulates a
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genetic pathway leading to meiosis. Thus, our current findings provide the basis for the
understanding of a novel epigenetic mechanism that regulates the meiotic cell cycle in

Drosophila.

d. Comprehensive analysis of genes expressed in Drosophila gonad

To further explore the regulatory mechanism of germline development, we have
identified genes expressed in pole cells and/or in somatic cells within the gonad by a
comprehensive approach (Shigenobu et al., 2006). From the embryos carrying EGFP-vasa
transgene that express GFP only in pole cells, we isolated the gonads by using
fluorescence-activated cell sorting (FACS), and constructed a gonad cDNA library. Each
cDNA clone was sequenced from both 5’ and 3’ ends, and these Expression Sequence Tags
(ESTs) were computationally condensed into sequence clusters, which were then subjected to
whole-mount in situ hybridization (WISH). Approximately 20,227 of ESTs were generated,
and were clustered into 2900 distinct genes. The WISH analysis identified more than 101
genes that were expressed predominantly in the gonads. Furthermore, we have identified

genes expressed predominantly in pole cells, using DNA microarray technique.

e. Role of maternal Ovo protein in the germline of Drosophila embryos

It has been proposed that germline-specific gene expression is initiated by the function of
maternal factors that are enriched in the germ plasm. However, such factors have remained
elusive. Here, we describe a genome-wide survey of maternal transcripts that encode for
transcription factors and are enriched in the germ plasm. We isolated pole cells (primordial
germ cells; PGCs) from blastodermal embryos by fluorescence-activated cell sorting (FACS)
and then used these isolated cells in a microarray analysis. Among the 835 genes in the Gene
Ontology (GO) category “transcription regulator activity” listed in FlyBase, 68 were found to
be predominantly expressed in PGCs as compared to whole embryos. As the early PGCs are
known to be transcriptionally quiescent, the listed transcripts are predicted to be maternal in
origin. Our in situ hybridization analysis revealed that 27 of the 68 transcripts were enriched
in the germ plasm. Among the 27 transcripts, 6 were found to be required for
germline-specific gene expression of vasa and/or nanos by knockdown experiments using
RNA interference (RNAI) (Yatsu et al., 2008).

Among the 6 transcripts, we focused on ovo. The ovo gene encodes for a DNA-binding,
C2H2 Zn-finger protein that is involved in oogenesis and in epidermal development. The ovo
gene produces at least three alternate isoforms. Ovo-A and Ovo-B function as a negative and
a positive transcriptional regulator in the germline, respectively. Ovo-Svb is expressed in the
epidermal cells and is required for their differentiation (Kondo et al., 2010). We found that
Ovo-B is the major isoform expressed in PGCs during embryogenesis. To know its function,

we over-expressed the Ovo-A repressor only in PGCs, and examined their developmental fate.
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Our data shows that the reduction in maternal Ovo-B activity results in a decrease in the
number of primordial germ cells during post-embryonic stages, which thereby causes sterility
in both female and male adults. Thus, maternal Ovo-B has an essential role in germline

development in both sexes.

f. Germline stem cell niche formation in male gonad

The germline stem cell (GSC) niche in Drosophila testes has emerged as a useful model
system for studying stem cells. In the apical tip of the adult testes, the GSCs lie in intimate
contact with somatic hub cells, known collectively as the niche cells, which causes the stem
cells to retain self-renewing potential. GSCs divide to produce one daughter cell that remains
associated with the hub cells, while the other daughter cell detaches and initiates
spermatogenesis.

Hub cells are derived from a subset of somatic gonadal cells (SGCs) that are located in
the anterior region of male embryonic gonads. However, it remains unclear how the proper
niche size and location are regulated within the developing gonads. We have demonstrated
that a receptor tyrosine kinase, Sevenless (Sev), represses hub development in the anterior
region of male embryonic gonads. Sev is expressed by SGCs within the posterior region of
the gonads, and is activated by a ligand, Bride of sevenless (Boss), which is expressed by pole
cells, to prevent ectopic hub differentiation in the posterior SGCs (Kitadate et al., 2007).

We further found that Notch signaling induces hub differentiation (Kitadate and
Kobayashi, 2010). Notch is activated in almost all of the SGCs within male embryonic
gonads, suggesting that the posterior SGCs, as well as the anterior SGCs, have the capacity to
contribute to hub differentiation. Since hub differentiation is restricted in the anterior SGCs,
the posterior SGCs should be repressed to become hub cells. We showed that epidermal
growth factor receptor (Egfr) is activated in the posterior SGCs to repress hub differentiation.
In the absence of Egfi activity, ectopic niche differentiation is evident in the posterior SGCs.
Moreover, hub differentiation which is normally observed in the anterior SGCs was repressed
by expressing a constitutively active form of Egfr throughout SGCs. These observations show
that Egfr is both required and sufficient to repress hub differentiation (Kitadate and
Kobayashi, 2010).

Egfr is activated in the posterior SGCs by Spitz ligand emanating from pole cells, while a
ligand for Notch, Serrate, is expressed in SGCs. This implies that varying the number of pole
cells alters the niche size. Indeed, a decrease in the number of pole cells causes ectopic hub
differentiation, which consequently increases their chance to recruit pole cells as GSCs. When
ectopic hub differentiation is repressed, the decreased number of pole cells fail to become
GSCs. Thus we propose that SGCs sense PGC number by the signaling from PGCs to SGCs

to modulate niche size, and this serves as a mechanism securing GSCs.
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g. Mechanism regulating sex determination of PGCs

"Sex reversal" leads to infertility, because the soma and germ cells become incompatible;
male gonads are not able to deliver eggs, and vice versa. Various genetic conditions result in
sex change in the soma, but in these cases germ cells retain their original gender, and how sex
is determined in germ cells has remained unclear. It is widely accepted in mammals and
Drosophila that male sexual development is imposed in PGCs by the sex of the gonadal soma,
and that PGCs assume a female fate in the absence of a masculinizing environment. How
PGCs initiate female development, however, is a long-standing question in reproductive and
developmental biology.

In the soma, sex determination is controlled by the Sex lethal (Sx/) gene, which is first
expressed at the blastodermal stage. Sx/ encodes an RNA binding protein involved in
alternative splicing and translation. In the soma of female (XX) embryos, it functions through
transformer (tra) and transformer-2 (tra-2), which in turn regulate alternative splicing of the
doublesex (Dsx) gene to produce a female-specific form of Dsx. In male (XY) embryos, this
pathway is turned off and a male-specific form of Dsx is produced by default. These Dsx
proteins determine the sexual identity of somatic tissues. Previous reports, however,
suggested that Sx/ does not induce female sexual development in the germline, as it does in
the soma. Although Sx/ is autonomously required for female sexual development, constitutive
mutations in Sx/ (SxI*') that cause XY animals to undergo sexual transformation from male to
female does not necessarily interfere with male germline development. Moreover, tra, tra-2,
and dsx are not required for female germline development. Finally, female-specific Sx/
expression has been detected later in gametogenesis, but not in early germline development.

Contrary to the previous observations, we found that Sx/ was expressed in XX, but not
XY PGCs, during their migration to the gonads. Furthermore, we found that the Sx/*’
mutation does not result in Sx/ expression in XY PGCs, as early as in XX PGCs. To determine
whether Sx/ induces female development in XY PGCs, we then induced Sx/ expression in XY
PGCs using nanos-Gal4 and UAS-SxI. We transplanted three types of XY PGCs, each
characterized by a different duration of Sx/ expression: (i) XY PGCs in which Sx/ was
expressed from stage 9 until stage 16/17 using maternal nanos-Gal4 (XY-mSxl), (i) XY
PGCs in which Sx/ was expressed from stage 15/16 onward using zygotic nanos-Gal4
(XY-zSx1), and (ii1) XY PGCs in which Sx/ was expressed from stage 9 onward using both
maternal and zygotic nanos-Gal4 (XY-mzSxl). We found that XY-mzSxl and XY-mSxl PGCs
entered the oogenic pathway and produced mature oocytes in XX females. These oocytes
contributed to progeny production. In contrast, XY-zSxl PGCs did not enter the oogenic
pathway. These observations demonstrate that Sx/ expression in XY PGCs during
embryogenesis induces functional egg differentiation in the female soma.

In contrast, Sx/-specific double-stranded RNA (UAS-Sx/®**) under the control of
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maternal nanos-Gal4 was then used to reduce Sx/ activity in XX PGCs during embryogenesis.
Introducing UAS-Sx/®™* resulted in tumorous and agametic phenotypes in female adults,
indicating that the XX germline lost female characteristics.

Our findings provide powerful evidence for Sx/ as a master gene that directs a female
germline fate. XX PGCs initiate female sexual identity based on their Sx/ expression, while,
lacking Sx/ expression in XY PGCs, male sexual fate occurs primarily by a signal from

gonadal soma.

h. Mechanism regulating left-right asymmetry in Drosophila embryos
(Collaboration with Senior High School, University of Tsukuba)

In 2001 and 2003, I gave lectures to teach high school students and their teachers about
the wonders and outstanding questions addressed in studies of developmental biology. In
2003 and 2004, collaborating with a high school teacher (biology), I have introduced new
laboratory exercises that teach fundamental concepts in developmental genetics. This
includes experiments and discussions in the laboratory. The positive outcomes of these
efforts have been noted in the final reports from these students, where they are clearly much
better at designing and performing experiments and discussing their results. I have prepared
the manuscript reporting their finding on left-right asymmetry in the gut of Drosophila
embryos. Our results demonstrate that inversion of antero-posterior (AP) polarity does not
affect left-right (LR) asymmetry of the gut, and implies that LR asymmetry is specified in
relation to the AP and dorso-ventral polarities. This has been published in the international
journal, Develop. Growth Differ., 47, 457-460 (2005).
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5. Future (On-going) Research Plan

Our final goal is to find the genetic networks regulating germline segregation and
germline sex determination in Drosophila embryos. We would like to address the important

questions, a) how somatic fate is repressed by maternal Nanos protein in the primordial germ

cells, b) how and what germline-specific genes are induced by maternal Ovo protein, and c)

how the sex difference (female fate) is induced by Sx/ gene in the germline. Moreover, we are

trying to clarify the regulatory network of the genes expressed in the primordial germ cells by

using mathematical and statistical methods.

a. Genome-wide search for RNAs of which translation is regulated by Nanos
in the germline of Drosophila embryos

Nos acts as a translational regulator for specific RNAs in the pole cells. Maternal Nos
represses apoptosis and mitosis of pole cells by suppressing translation of cyclin-B and head
involution defective RNA, respectively. Moreover, Nos is required for the repression of
somatic cell fate in the pole cells and for the germline development within the gonads,
presumably via regulating unidentified RNAs. Thus, we started a genome-wide identification
of RNAs of which translation is regulated by Nos in pole cells. Nos is known to function
together with the Pumilio (Pum) protein, which directly binds to distinct sequence in 3'-UTR
of the target mRNAs. Gerber et al. have reported genome-wide identification of 165
Pum-binding RNAs. Based on this data, we started a systematic screen to identify target
mRNAs for Nos/Pum-dependent translational regulation in pole cells. We expressed hybrid
mRNAs containing GFP-coding region and 3'-UTR sequence from the Pum-binding RNAs,
and then examined GFP expression in the pole cells with or without maternal Nos activity.
Among twenty hybrid mRNAs, six were translationally repressed by Nos. In addition, we
found that translation of two mRNAs were up-regulated by Nos. We are now examining the

roles of these mRNAs in pole cell development.

b. Identification of downstream genes of maternal Ovo

Our data shows that the reduction in maternal Ovo activity results in a decrease in the
number of primordial germ cells during post-embryonic stages, which thereby causes sterility
in both female and male adults. Thus, maternal Ovo has an essential role in germline
development. Since ovo gene encodes for a DNA-binding, C2H2 Zn-finger protein, we expect
that maternal Ovo induces the expression of the genes required for germline development.
Thus, we are trying to identify the downstream genes of maternal Ovo by using ChIP-seq and

microarray techniques.
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c. Identification of downstream targets of Sx/ in the germline

Our findings have shown that Sx/ acts as a master gene that directs a female germline fate.
XX PGCs initiate female sexual identity based on their Sx/ expression, while, lacking Sx/
expression in XY PGCs, male sexual fate occurs primarily by a signal from gonadal soma.
One remarkable example of germline-autonomous regulation of sexual dimorphism has been
reported in a primitive animal, cnidarian Hydra. In this animal, the germline sex is not
influenced by the surrounding soma, and the germline determines the phenotypic sex of the
polyp. Thus, germline-autonomous regulation of sex has likely been present throughout the
evolution of animals, and somatic control may have evolved with the emergence of
mesodermal tissues, including gonadal soma. Sx/ does not appear to play a key role in sex
determination in non-drosophilid animals. Nevertheless, future studies should determine
whether Sx/ homologs are expressed in the germline of non-drosophilids. Moreover, it would
be of particular interest to identify downstream targets of Sx/ in the Drosophila germline, and

test whether these genes have a widespread role in germline sex determination.
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