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Expectation from Studies on “Integrated Food and Pharmaceutical Science” to The Establishment of “Health-Longevity Science”

President of the University of Shizuoka
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Naohide KINAE

Japan is the longest lifespan country in the world. This
is very clear from an average lifespan and healthy
longevity. The rapider it becomes an aging society, the
more important the quality of life of various illness
patients including a lifestyle-related disease is regarded.
In our university, the program “Center of Excellence
for Evolutionary Human Health Sciences” was chosen
by the Ministry of Education, Culture, Sports, Science
and Technology in 2002 as 21st Century COE
program, and the program “Global Center of
Excellence for Innovation in Human Health Sciences”
was once again chosen by the Ministry in 2007 as
Global COE program. Researchers in the food and
nutritional sciences which research themes are food
and nutrition, and researchers in the pharmaceutical
sciences which research themes are drug discovery
and disease treatment have co-operated with a
common recognition as Yaku-shoku Dogen “Medicine
and Food, Sharing a Common Origin” and “Integrated
Food and Pharmaceutical Science” in both programs.
As a result, the Global COE program of University of
Shizuoka has achieved many results by researches of
food-drug interaction, development of new functional
foods, detection of new biomarkers to diseases,
individual metabolic profiling, formulating of manual for
the administration of medicine and so on. In addition,
it arranged opportunities for graduate students to
participate in English language programs and
collaborative researches in order to be international
researchers and it supported them positively. A large
number of international conferences were held and
joint researches with other universities and institutions
have been developed more. Furthermore, more
papers have been published. Our researchers have
co-operated strongly and | am sure that the
“Health-Longevity Science” has been established
perfectly through the program, and acquired results
have been sent to the world. The new Graduate
School of Integrated Pharmaceutical and Nutritional
Sciences will start from April, 2012 and Graduate
Program in Pharmaceutical and Nutritional Sciences
will be founded newly. | believe these activities
invigorate the post Global COE program.
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Development of health sciences English communication programs for graduate students
and young researchers
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Evaluation of nutritional disturbance in patients with chronic renal disease
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The combined effect of Type 2 diabetes mellitus susceptibility
genes is an important risk factor for this disease
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#® The Challenges of the Global Center of Excellence
for Innovation in Human Health Sciences

In the face of an aging society, the social pressure for health and longevity has become
stronger and stronger. Cooperation between dietetics and pharmaceutical sciences is
essential for the attainment of health and longevity sciences, in which scientists will learn ideas
and methodology from both sides of the research fields, resulting in the creation and
application of new skills to meet public demands. In addition, approaches from the
perspectives of both food sciences and pharmaceutical sciences are necessary for the
development of new functional foods and discovery of new drug seeds in foods.
Furthermore, research about food-drug interactions and safety issues has been carried out
separately in the past. Systematic and integrated approaches have not been tried on this
subject either.

In our previous 215t Century COE program, which the Ministry of Education, Cutture, Sports,
Science and Technology chose in 2002, we established and developed the new academic
field of "Health-Longevity Science” to facilitate fruitful collaboration between researchers in
the food and nutritional sciences and those in the pharmaceutical sciences, as represented by
these two graduate schools at our university. Our efforts in that program made significant
contributions to the development and improvement of innovative foods and drugs that
maintain and promote human health. We made important discoveries about the influences of
specific foods on drug efficacy, changes in nutritional status due to long-term medication,
food-drug interactions and so on, and these research findings were well received.

In our current Global COE program, which the Ministry once again chose in 2007, we
continued to support global research, education, and services in the field of Health-Longevity
Science. To this end, our program fostered future professionals who exhibited expertise and
leadership in the innovative interdisciplinary field of "Integrated Food and Pharmaceutical
Science." We also trained both food and nutritional experts to be knowledgeable about the
structures and properties of medications, and pharmaceutical scientists to understand
thoroughly that nutritional physiology is the vital base that sustains human life. We invited
researchers from overseas to an international conference “International Conference on
Health and Longevity Sciences (ICHALS)" and established intemational collaborative research
with researchers from Italy and New Zealand on food-drug interactions, as well as on
functional foods.

We also sought to foster young researchers who are able to communicate and collaborate
globally. Through specialized practical programs, our program developed the English abilities
that these researchers require in actual scientific settings such as conferences and
laboratories. We arranged many opportunities, including ICHALS and the Japan-China
International Symposium on Health Sciences, for graduate students to present their findings
in English and receive advice from overseas researchers about their research, presentations,
and how to discuss their research. They gained confidence from these activities and regularly
visit the USA, Europe and Asia to study and to participate in intemational scientific research.
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Training globally-minded young reseachers in the basis of

“the common source of drug and food”
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Development
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Food and Nutritional Pharmaceutical
Sciences Sciences

Applying the result of reseach in “the integrated use of food and
drugs” to the development of safe and healthy long-lived society

™ Program Summary

The aim of this program is to identify, collate and make available
important means of maintaining human health through food and
medication research and educational activities. The combined use of
specialized foods and medications may support the effectiveness of
both and decrease adverse side effects of medications. We plan to
develop safety evaluation methodology for such combinations.
Accordingly, we have established a novel academic field of human
health sciences based on the above research/education aim and have
named this field "borderless food and medication science."

™ Program Needs and Objectives

Thus far, researchers have examined the safety and efficacy of food
and medication in the living body separately. Research on the tertiary
function of foods has recently advanced, and scientific knowledge
about the effectiveness of food components that are beneficial to
health and reduce lifestyle-related diseases has begun to accumulate.
Our program has the following three aims: (1) to elucidate the
mechanisms of food-drug interactions, which may enable anticipation
and attenuation of the adverse side effects of medications; (2) to
establish a safety assessment protocol for combined use of food and
medication; and (3) to develop novel, safe and curative medications
derived from the active components of functional foods. The
formation of our base for academic research and education, with
close cooperation of the graduate schools of nutritional and
environmental sciences and of pharmaceutical sciences, will facilitate
the foundation of the novel academic field of "Evolutionary Human
Health Sciences." The program also intends to inspire outstanding
scientists with the concept of "borderless food and medicine science”
and to enlist the leadership support of advisors to promote this COE
program. Once fully developed, ours will be the only research and
education program of its kind in the world.
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Elucidation of Mechanisms of Food-Drug Interaction and
Database Construction

0 0O 2:Development
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Development of Functional Foods and Effective Use of
Underutilized Food Processing Resources

00 O 3:Biomarkers
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Search for New Biomarkers and Development of Methods
for Evaluating Food and Drug Safety

0 O 4:Intervention study
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Creation and Development of Practical Programs Related
to Health and Longevity
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Development and Delivery of Scientific English Programs
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Research Project |: Elucidation of Mechanisms of Food-Drug Interaction and
Database Construction
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Research Project 2: Development of Functional Foods and Effective Use of
Underutilized Food Processing Resources
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®® Outline of Research Activity

In Japan we conduct clinical trials to test the efficacy and
safety of functional foods and establish optimum dosage
regimens of functional food constituents and their
combination with drugs. We construct a database of
drug-functional food interactions, based on domestic and
other trials. This database contributes to an effective
integration of laboratory research results and clinical demands,
the clarification of the mechanisms of drug-functional food
interactions, a broadening of therapeutic options by utilizing
synergistic effects, and the avoidance of adverse effects of
drugs and functional foods.

™ Plan for Research Activity

To bring this project to fruition, we a) clarify the underlying
molecular mechanisms through which food constituents affect
metabolizing enzymes and transporters of clinical drugs, b)
establish the analytical methodology for the pharmacokinetics
of functional food constituents and for the interaction of
clinical drug and food constituents on the basis of human
genetic background, c) analyze pharmacological effects and
the safety of functional food constituents under long-term
drug therapy, d) identify clinical evidence for interactions
between drug and food constituents, noting food restrictions
in patients and e) construct an integrated database of
drug-food interactions combining the evidence from basic
research and clinical outcomes.

Our Global COE conduct clinical trials to evaluate the efficacy
and safety of functional foods such as medical herbs and to
study their interactions with drugs, in collaboration with the
Translational Research Center at the Hamamatsu University
School of Medicine, and we carry out a large-scale
epidemiological study jointly with major domestic hospitals.
The clinical outcomes in Japan are further analyzed by
comparing these with those in foreign countries — particularly
those of the University of Arizona, College of Pharmacy. On
the basis of these clinical data we optimize the therapeutic
regimens of drugs and functional foods in Japan. We also
analyze genetic polymorphisms of drug-metabolizing enzymes
in Japan for individual optimal dosage of drugs and functional
food components. Furthermore, we clarify the long-term
effects of drugs on nutritional conditions. Based on these
results, we create an integrative database for industrial, clinical,
and public use around the world.
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®® Outline of Research Activity

Our integrated research perspectives spanning
pharmaceutical, food and nutritional sciences focus on the
following issues: a) the search for medicinal seeds from food
materials, b) the development of functional food containing
edible antibodies aiming at oral passive immunization, and c)
the prevention of cancer and allergic diseases through
appropriate food choice. Here, some of Shizuoka’ s local
specialties, tea tree seeds, tangerine peels and zest, and
Wasabi (Wasabia japonica) leaves are utilized as
representative undeveloped resources.

™ Specific Aim

In order to meet the goals of this project we a) conduct
searches for antiviral seeds from food materials, b) develop
diagnostic drugs from food resources in order to carry out
viral surveys, c) generate functional foods containing edible
antibodies, d) create novel functional food ingredients through
the genetic engineering of enzymes involving the biosynthesis
of active ingredients of traditional Chinese medicine and e)
elucidate the effects of food ingredients on the immune
system, allergies, tumorigenesis, and mental state.

®™® Example of Research Plans

We a) establish probes from unused resources derived from
food materials for search and survey of genetic changes to
avian influenza viruses that may lead to human-human
transmissibility in continuing collaboration with Zhejiang
Academy of Medical Sciences (China), and Khon Kaen
University (Thailand), b) develop anti-viral drugs based on
polysaccharides from food materials, as an extension of our
collaboration with Griffith University (Australia), c) establish a
gene expression system for coding pathogen-specific
monoclonal antibodies of IgA class in plants aiming at
production of functional foods containing edible antibodies,
and d) create functional foods, in collaboration with Khon
Kaen University, by means of novel plant gene library created
from natural plant genes modified by recombinant gene
technology.
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Research Project 3: Search for New Biomarkers and Development of Methods
for Evaluating Food and Drug Safety
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Research Project 4: Creation and Development of Practical Programs Related to
Health and Longevity
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®® Outline of Research Activity

We search for new biomarkers for lifestyle-related and other
diseases by employing a high-throughput technology which
enables us to perform comprehensive analyses of whole
intermediate metabolites in the body, a method referred to as
‘metabolic profiling.” Molecular probes such as catechin
derivatives are used for screening biomarkers. We also
establish standardized methods for the quantitative and
qualitative evaluation of both efficacy and safety of functional
food factors both in vitro and in vivo.

™ Plan for Research Activity

To accomplish the aims of this project we carry out the
following: a) the search for possible biomarkers for
lifestyle-related and other diseases by ‘metabolic profiling’ of
healthy and pre-clinical subjects, b) the search for biomarker
candidates using synthesized molecular probes derived from
functional food factors, and c) the production of standard
reference materials useful for measuring biomarkers and
assessing metabolic states.

To discover biomarkers useful for the evaluation of the
outcomes of clinical trials, we collaborate with healthcare
professionals in community-based and clinical settings. Human
blood, urine and saliva specimens are subjected to analyses of
transcriptome, proteome and metabolome. Analyses are
carried out by an expert COE team, using the most advanced
technology, in collaboration with the Scripps Research
Institute (USA). By means of comprehensive analyses of
whole intermediate metabolites (metabolic profiling) we find
novel biomarker candidates. A reference substance for the
biomarkers are produced by the COE chemistry team. To
elucidate pharmacokinetics of the functional food
components, stable isotope-labeled molecular probes are
chemically synthesized, enabling us to sensitively determine
the absorption, distribution and metabolism of the functional
food components.
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®® Outline of Research Activity

The validity of the selected biomarkers signaling risks of
lifestyle-related diseases is investigated in animal models and in
human subjects for application to clinical trials. To evaluate
and monitor the efficacy of individualized food selection in
combination with drug use, ‘individual metabolic profiling’ data
is collected and analyzed. This approach serves as the basis for
personalized dietary and drug dosage regimens, taking into
account the individual’ s metabolic state and genetic
background.

™ Plan for Research Activity

To meet the goals of this project we accomplish the
establishment of the basis for the practice of personalized
health promotion including individualized food selection in
combination with appropriate drug use. This will take into full
account individual metabolic profiles and genetic background
in the promotion of health-longevity science.

After the validity of the biomarkers for lifestyle-related
diseases has been established by using pathologic models,
these markers are used for the evaluation of the efficacy of
various interventions including food selection practice and
nutritional and drug counseling. The methodology of the
outcome research is corroborated by the University of
Medicine and Dentistry of New Jersey. Personalized metabolic
profiling is established for on-demand monitoring of the
efficacy and safety of functional food factors and drugs.
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™ Plan for Research Activity

The exchange of young experts continue and is expanded
between our Global COE and all the overseas institutions
mentioned above. In order to keep the international scientific
community apprised of our research results we continue to
host international symposia and to publish in international
journals. Additionally, we make our new data bases available
for global access. In order to expand international exchanges
and encourage the proactive transmission of information
abroad, instructors of English, working together with
supervising professors, develop methods for improving Ph.D.
students’ academic presentation and writing skills in
communicative English. Some students, after their local
linguistic training, go to The Ohio State University to advance
their academic and linguistic competence, through language
courses, academic exchanges, and course enrollment.

——' Arthur G. James Cancer Hospita| =
— and —
Richard J. Solove Research Institute
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O Zhejiang Academy of
[J Medical Sciences

0 Zhejiang University
0 medicationd

O Khon Kaen University

O Chulalongkorn University

0 drug designd

0 Mahidol University

[ co-medical, biotechnologyll

O Université libre de Bruxelles
[ anticancerd

O University of Milan

[ clinical researchd

O United Nations Industrial
Development Organization

O functional components[]

0 Malaya University
O infectious disease]

O Griffith University
O functional disease[]

New Zealand

O Massey University

0 Plant & Food Research
0 Riddet Institute

[ food function
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[0 The Ohio State University

O scientific English(

[ The University of Kansas

0 food-drug interactiond

O University of Medicine and
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0 outcome research)
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0 food safety[]

[ University of Nebraska, Lincoln

0 foods, biochemistryd

B oooooo /Inter-university and Inter-departmental agreements (2009-2011)  +nter-university agreement

0000000000 0ODOD [/ Faculty of Pharmaceutical Sciences, Chulalongkorn University (Feb. 2009)
J000000D /Plant & Food Research (Oct. 2009)

00000D0O0D /Riddet Institute (Oct. 2009)
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00000000 O0OO / Faculty of Science, Mahidol University (Mar. 2010)
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00000000 O0OoOooOo / National Center for Geriatrics and Gerontology (Mar. 2011)
O0000oooOoooog / Université libre de Bruxelles (Oct. 2011) *
J000000o0o0ooooooo / University of California, Davis (Oct. 2011) *
00O0oooo / Mahidol University (Dec. 2011) *
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Studies on ‘plantibodies’ as refined functional food

00000  Yasuyuki IMAI
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Professor, Laboratory of Microbiology and Immunology, Division of Pharmaceutical Sciences, Graduate School of Pharmaceutical Sciences, University of Shizuoka
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1997  Associate Professor, Graduate School of Pharmaceutical e-mail imai@u.shizuoka.ken,ac,jp
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University of Tokyo

™8 |ntroduction

We aimed to produce “edible antibodies” as refined functional
foods. Although researchers are working on therapeutic
antibodies to treat cancer, chronic inflammatory diseases,
transplantation and infectious diseases, there is still a challenge to
reduce production costs. One solution is “plantibodies” , the
expression of genes of antibodies by plants. As a model of
plantibodies, we made IgA monoclonal antibodies (mAbs) against
Shiga toxin (Stx), which is a virulence factor of enterohemorrhagic
Escherichia coli (e.g. serotype O157:H7). Edible therapeutic
antibodies have the potential for preventing and/or treating
infection by inhibiting entry of infectious agents and toxins
through mucosal surfaces. They would be especially useful for
elderly people and children with weakened immune systems.

MR Results

Secretory immunoglobulin A (S-IgA) protects mucosal surfaces.
S-IgA is composed of dimeric IgA, a product of B-lymphocytes in
the mucosal lamina propria, and extracellular domains of poly-Ig
receptor, which is responsible for transport to the mucosal
surface. The latter is a product of mucosal epithelial cells. We
intranasally immunized mice with the carbohydrate binding
subunit of Shiga toxin (StxIB) to produce IgA and I1gG mAbs
against Stx|B. Because the toxin neutralization activity of the IgG
mAbs was superior, we made hybrid antibodies in which the
variable regions of IgG and the constant region of IgA were
utilized (Fig. 1). We cloned complementary DNAs (cDNAs)
encoding for heavy (H) chain, light (L) chain and joining (J) chain
from hybridomas that produce the IgA or IgG mAbs. We made a
cDNA for a hybrid H chain in which Vi, Cl and hinge regions of
lgG mAb and Cr2 and Ci3 of IgA mAb were joined by means of
a recombinant polymerase chain reaction method. We were able
to express the hybrid H chain, IgG-derived L chain and ] chain
simultaneously in mammalian cells, and show binding of the hybrid
IgA to immobilized Stx|B with either anti-IgA or anti-IgG by
enzyme-linked immunosorbent assay (ELISA) (Fig. 2).

We then moved on to the production of ‘plantibodies’ . cDNAs
encoding hybrid H, L and | chains were subcloned into binary
vectors, and then each construct was introduced into Arabidopsis
thaliana by means of Agrobacterium methods (Fig. 3). After
confirming gene integration, mMRNA transcription and protein
expression, we crossed plants expressing each antibody gene. We
confirmed simultaneous expression of hybrid H, L and | chains,
and demonstrated the binding of ‘plantibodies’ to Stx|B by ELISA.

™ Perspectives

We are now investigating whether ‘plantibodies’ retain toxin
neutralization activity. Immediate goals include the purification of
‘plantibodies’ from extracts, establishment of secretory hybrid IgA
and its separation, and the development of more efficient systems
for expression in plants. We also aim to produce ‘plantibodies’ in
leaf lettuce to provide edible ‘plantibodies’ for humans. One of
the advantages of hybrid IgA is that the antibody binding sites of
established 1gG can be utilized without challenging the production
of IgA mAb, which is a more difficult procedure. As one possible
application, we also succeeded in producing a hybrid IgA against
influenza virus.

Production of hybrid IgA [01]
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[ Antigen Binding Sites |
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[Figure 3]

Expression of antibodies by plants.

We expressed hybrid H chain in Arabidopsis thaliana.
Integration of the hybrid H chain gene into the plant
genome, and expression of the hybrid H chain are shown.

M ooooooooooooo O Major Publications and Achievements

[.Y. Tobisawa, T. Maruyama, T. Tanikawa, K. Nakanishi, K. Kurohane, Y. Imai: Establishment of recombinant hybrid-IgG/IgA immunoglobulin
specific for Shiga toxin. Scand. J. Immunol., 76, 574-584 (201 1)

2.Y. Ohmichi, J. Hirakawa, Y. Imai, M. Fukuda, H. Kawashima: Essential role of peripheral node addressin in lymphocyte homing to nasal-associated
lymphoid tissues and allergic immune responses. J. Exp. Med., 208, 1015—1025 (201 1)

3. J. Hirakawa, K. Tsuboi, K. Sato, M. Kobayashi, S. Watanabe, A. Takakura, Y. Imai, Y. Ito, M. Fukuda, H. Kawashima: Novel anti-carbohydrate
antibodies reveal the cooperative function of sulfated N- and O-glycan in lymphocyte homing. . Biol. Chem., 285, 40864-40878 (2010)

4.Y. Tobisawa, Y. Imai, M. Fukuda, H. Kawashima: Sulfation of colonic mucins by N-acetylglucosamine-6-O-sulfotransferase-2 and its protective
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Studies on cancer prevention by food constituents
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Studies on search for biomarkers of lifestyle-related diseases
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Professor, Laboratory of Biochemistry, Department of Food and Nutritional Sciences, Graduate School of Nutritional and Environmental Sciences, University of Shizuoka
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University of Shizuoka
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Ocean Sciences

1973  Graduated from Tokyo University of Ocean Sciences

™8 |ntroduction

We have performed three major studies with the support of
the GCOE program.

The first concerned chemoprevention of colon carcinogenesis
by foods and their constituents. A second was on
identification of novel cholesterol ozonolysis products as
biomarkers for metabolic syndrome and the third involved
searching for a new biomarker of alcohol-related cancer risk.

MR Results

We found that addition of Sanyaku, a traditional Chinese
medicine (freeze-dried powder of the yam tuber), and its
major steroidal saponin constituent, diosgenin, to the diet was
effective in preventing induction of mouse colon
carcinogenesis by azoxymethane/dextran sodium sulfate
(Miyoshi et al,, Cancer Prev. Res,, 4, 924-934, 201 1).
Cholesterol ozonolysis products are formed by activated
neutrophils through the myeloperoxidase dependent
mechanisms and have been implicated in the pathogenesis of
cardiovascular and neurodegenerative diseases (Tomono et
al, ). Lipid Res., 52, 87-97, 201 ). We have developed a
highly sensitive method for detecting these ozonolysis
products as derivatives of 2-hydrazino- | methylpyridine by
liquid chromatography electrospray ionization tandem mass
spectrometry (LC-ESI-MS/MS) (Fig. 2) (Tomono et al., J.
Chromatogr. B, 879, 2802—2808, 201 I).

Né-ethyl lysine is a major stable adduct formed by the
reaction of acetaldehyde with lysine residues in proteins. We
have developed a sensitive and specific method to quantitate
NéE-ethyl lysine in human plasma proteins in order to correlate
it with human diseases associated with exposure to
acetaldehyde and alcohol (Mabuchi et al., Alcohol. Clin. Ex.
Res., in press, 2012).

™ Perspectives

Intervention studies in humans could determine whether
Sanyaku and diosgenin can prevent the development of colon
and other cancers.

Cholesterol ozonolysis products could be measured in human
biological specimens and serve as biomarkers for human
diseases associated with chronic inflammation, such as
atherosclerosis and Alzheimer’s disease.

The method for quantitating N€-ethyl lysine, a biomarker for
exposure to acetaldehyde and alcohol, in human tissues and
biological specimens could be used in molecular
epidemiological studies to investigate the role of alcohol in
human carcinogenesis.

ADM/TYSS
+ 100 ppm diosgenin

AOMSDS5S
+ 100 ppm Samyaky

(b} Prevention of mouse colan cancinogenesis

by diosgenin and Sanpaky
[O1]
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[Figure 1]
Prevention of mouse colon carcinogenesis by Sanyaku, a traditional Chinese medicine
(freeze-dried powder of the yam tuber) and its major steroidal saponin constituent,
diosgenin.
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[Figure 2]

Formation of cholesterol ozonolysis products by activated neutrophils and a highly

sensitive method for their detection as derivatives of 2-hydrazino- | methylpyridine by
LC-ESI-MS/MS.
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[Figure 3]
Né&-ethyl lysine concentrations in human plasma as a biomarker for exposure to
acetaldehyde and alcohol.
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2. S.Tomono, N. Miyoshi, M. Ito, T. Higashi, H. Ohshima: A highly sensitive LC-ESI-MS/MS method for the quantification of cholesterol ozonolysis
products secosterol-A and secosterol-B after derivatization with 2-hydrazino-|-methylpyridine. J. Chromatogr. B, 879, 2802-2808 (201 1).
3. N. Miyoshi, Y. Wakao, S. Tomono, M. Tatemichi, T. Yano, H. Ohshima: The enhancement of the oral bioavailability of y-tocotorienol in mice by

y-cyclodextrin inclusion. J. Nutr. Biochem., 22, 1 121-1126 (2011).

4. S. Tomono, N. Miyoshi, N., H. Shiokawa, T. Iwabuchi, Y. Aratani, T. Higashi, H. Nukaya, H. Ohshima: Formation of cholesterol ozonolysis
products in vitro and in vivo through a myeloperoxidase-dependent pathway. J. Lipid Res., 52, 87-97 (201 1).
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sulfate-induced mouse colon carcinogenesis by freeze-dried yam sanyaku and its constituent diosgenin. Cancer Prev. Res., 4, 924-934 (201 I).
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Development of novel strategies for cancer treatment that preserve high quality of life
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Professor, Department of Medical Biochemisty, Division of Medicinal Sciences, Graduate School of Pharmaceutical Sciences, University of Shizuoka
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Japan has become a super-aged society. Elderly people often
have various diseases. We propose that “health and
longevity” does not mean free of disease, but rather
maintenance of usual lifestyles with or without appropriate
medications. Because cancer is a leading cause of death in
aged people, overcoming this disease is important. Severe
side effects that reduce the quality of life (QOL) typically
accompany treatment with anticancer drugs. Drug delivery
systems (DDS) utilizing nanocarriers reduce adverse effects;
therefore, therapy that employs DDS should maintain high
QOL. Our current research aims at the development of novel
DDS medicines to support health and longevity.

BM® Results

Angiogenesis is critical to cancer growth. Cancer-associated
neovessels are ideal targets for DDS because nanocarriers
injected into the bloodstream interact directly with them. We
have developed DDS targeted to angiogenic vessels and
applied this strategy to nucleic acid medications.

To develop neovessel-targeted DDS, we first isolated a
peptide probe with strong affinity for angiogenic vessels.
Liposomes encapsulating anticancer drugs and decorated with
the peptide inhibited tumor growth in tumor-bearing animals
by damaging angiogenic endothelial cells. By the way, nucleic
acid medicines by using RNA interference, which suppress
expression of a specific protein, is noticed. Because
conventional nanocarriers are not suitable for the delivery of
small interfering RNA (siRNA), we developed novel
nanocarriers that remain in the circulation for prolonged
periods, enabling efficient delivery of siRNA to target cells.
We designed novel polycation lipids for preparing polycation
liposomes (PCLs) and conjugated cholesterol at the end of
siRNA (siRNA-C) to render it stable in the bloodstream,
confirming that we had achieved this by PET analysis of siRNA
biodynamics using [F-18]siRNA. We then showed that
neovessel-targeted PCLs complexed with siRNA-C cocktails
suppressed angiogenesis and cell growth, efficiently
suppressing tumor growth in vivo.

™ Perspectives

We consider “antineovascular cancer therapy” to be in the
vanguard of modalities that have the potential to overcome
cancer. Moreover, once therapy with siRNA is successful,
cancer will be conquered while preserving a high QOL.
“Health and longevity” will be achieved through overcoming
cancer and maintaining healthy lifestyles while controlling
disease.
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[Figure 1]

Antineovascular therapy.

Conventional nanocarriers accumulate in the interstitial spaces in tumor tissue and
release anticancer drugs that cause tumor cell damage (upper panel). In contrast,
anticancer agents encapsulated in neovessel-targeted liposomes damage angiogenic
endothelial cells, resulting in eradication of cancer cells through depriving them of
oxygen and nutrients.
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[Figure 2]

Development of nanocarriers for systemic and targeting delivery of siRNA.
Cholesterol-conjugated siRNA is complexed with liposomes containing novel
polycationic lipids (PCL, polycation liposome). The complex is modified by polyethylene
glycol (PEG) to endow it with the ability to remain in the circulation for long periods. In
addition, an active-targeting probe is attached to the top of the PEG.
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[Figure 3]

Treatment of metastatic tumor in the lung by sIRNA complexed in novel nanocarriers.
We injected luciferase-expressing BI6F |0 lung metastatic melanoma into mice. We
complexed cholesterol siRNA cocktails for c-Myc, MDM2 and vascular endothelial
growth factor (VEGF), or control siRNA with PCL as shown in Fig. 2, and injected them
into mice on days 12, 15 and 18 after tumor implantation. We monitored tumor
growth by luciferase activity with an in vivo imaging system (IVIS) (left panels). We also
observed metastatic tumor in lungs on day 21 (right panels).
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Validation and application of biomarkers for risks of metabolic diseases
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To design a personalized dietary practice and food choice, it is
essential to develop practical biomarkers to be effective in
detecting and monitoring a change in metabolic state, which
should be closely related with the risk of the onset and
development of metabolic diseases such as diabetes and
obesity. Because inflammation is known to be a key factor for
the progression of many metabolic diseases, we have used
nutrigenomic approach to seek biomarkers in the peripheral
leukocytes for assessment of inflammation related to
metabolic disturbance including postprandial hyperglycemia,
and we examined the validity of the proposed biomarkers.

R Results

Microarray analysis of the genes in peripheral leukocytes
showed a greater expression of genes coding IL-1p and other
putative inflammatory cytokines in hyperglycemic diabetic rats.
Oral sucrose loading in rats with mild glucose intolerance led
to a two-fold increase in IL- 1B gene expression in peripheral
leukocytes within 3h, which was abolished by addition of an
a-glucosidase inhibitor, miglitol to the solution. A clinical trial
in type 2 diabetes patients showed that administration of
miglitol for 3 months caused a significant reduction of the
gene expression of inflammatory cytokines/cytokine-like
factors including IL-1 3, TNF-a and S100 proteins in peripheral
leukocytes. Thus, the mRNA levels of IL-1 and S100 proteins
in peripheral leukocytes are sensitive biomarkers for acute and
chronic hyperglycemic history. Cross-sectional studies of
Japanese men aged 40-69 years, who participated in health
check-up, suggested that plasma level of ALT is the strongest
explanatory variable for increased visceral fat, while the
plasma levels of IL-1B and y-GTP are markers for
inflammation, presumably caused by hyperglycemia and/or
production of reactive oxygen species.

™ Perspectives

The practical biomarkers proposed in this study may be
sensitive enough to apply for clinical trials to monitor and
predict the effects of behavior changes and/or functional food
factors on the risks of diabetes and metabolic diseases in
apparently healthy subjects.
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[Figure 2]

Postprandial hyperglycemia causes increases in inflammatory cytokine gene expression
in peripheral leukocytes following oral sucrose load.

Means+SEM for 5 rats are shown.

[0 P< 0.05 compared with the basal level. 00 a-b: P< 0.05 compared with control.
(Tanaka et al, Br. J. Nutr,, 2009)

[Figure 1]
Metabolic diseases and related risk factors with respect to biomarkers
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[Figure 3]
Insulin resistance Proposed practical biomarkers for inflammation-mediated risks of metabolic diseases.
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Engineering of plants for production of provisions and nutraceuticals
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The world's population has increased about 5-fold since the
late 18th century, resulting in problems of food scarcity and
environmental pollution. Meanwhile, the aged population in
Japan having doubled in the past two decades, it is now the
most aged country in the world, magnifying the problem of
lifestyle-related illnesses. We need to assess plants that are
major sources necessary for foods directly or indirectly
through food chains, nutraceuticals that can protect against
lifestyle-related illnesses, and biofuels. Plants derive these
capacities from photosynthetic activity in chloroplasts in their
intracellular compartments. On the other hand, salt
accumulated on soil surfaces is a serious problem; globally
salt-affected areas are presently collectively the size of the
entire United States and expanding. We focused on the
aspects of applications of regulation of biogenesis of
chloroplasts and adaptation to environmental stresses such as
salt.

MR Results

Genetic engineering is the most powerful methodology for
improving plants if it achieves acceptance by consumers. We
mutagenized the gene for acetolactate synthase (ALS), a key
enzyme in biosynthesis of branched chain amino acids that
animals cannot assimilate, and used it in combination with
herbicides as a selectable marker for nuclear transformation
or a sustainable marker for transformation of plastids including
chloroplasts (Fig. 1). Imbalances in photosynthetic electron
transfer are corrected by light control of the rate of
expression of genes encoding apoproteins of photosystem
(PS) I'and Il. We found that the major sigma factor in plastid
RNA polymerase, SIGI, plays a crucial role in regulation of
expression of those genes in response to the redox state of
plastoquinone (PQ), which is a connecting electron carrier
(Fig. 2). We screened photoautotrophic salt tolerance (pst)
mutants and others, and found greater expression of basic
helix-loop-helix 19 (bHLH19) by DNA microarray analysis in
the pst2 mutant. Over-expression of the alternatively-spliced
MRNA species of bHLH 9 results in transgenic Arabidopsis
that is more tolerant to salt than the wild type (Fig. 3).

™ Perspectives

The US Department of Agriculture has recently announced
that it does not regulate a kind of transgenic grass made with
all plant-derived genes by particle bombardment. This
provides encouragement for all our trials involving such
elements, our trials being directed toward improving plants by
enhancing chloroplast function and salt tolerance, as well as
enrichment with nutraceuticals.
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[Figure 1]

Role of sustainable markers in genetically engineered plastid (transplastomic) lines of
tobacco.

We employed plant-derived mutated ALS (mALS) genes. This strategy is applicable
to vegetables such as lettuce.
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[Figure 2]

Light control of chloroplast gene transcription via phosphorylation of SIG! (¢").

The intensity and wavelength of light changes the redox status of PQ. Expression of
psaA, encoding the apoprotein of the PS | reaction center, is induced by PQH: and
repressed when PQ is oxidized. Expression of psbA, encoding the D1 protein of the
PS Il reaction center, is less affected by the redox status, thus no reactive oxygen
species were generated under irradiant conditions.
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[Figure 3]

Salt-tolerance of Arabidopsis lines transgenic with bHLH 19 gene.

We generated "wild-type” , Col-0; “knockout” , bHLHI9 knocked-out; and
"bHLH 19 completely-spliced” and “bHLH 9 incompletely-spliced” , bHLHI9 cDNA
from alternatively spliced mRNA species. We grew these lines during the indicated
periods after sowing on Murashige-Skoog solid medium containing 75 mM NaCl.
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The binding specificity of influenza A virus (IAV) for
sialyloligosaccharide moieties on the cell surface is a critical
factor determining the ability to infect different host species.
However, the molecular mechanism of H3 hemagglutinin
(HA) specificity for two major molecular species of sialic acid,
5-N-acetylneuraminic acid (Neu5Ac) and
5-N-glycolylneuraminic acid (Neu5Gc) is not clear. Sulfatide,
which binds to IAV, is abundantly expressed in various
mammalian organs, including the intestine and trachea.
However, the function of sulfatide in AV infection remains
unknown.

We determined which amino acids residues contribute to
recognition of molecular species of sialic acid and
demonstrated that sulfatide is critical in enabling host cells to
produce progeny viruses. We also examined the antiviral
effects of glucosyl hesperidin and strictinin on the replication
of IAVs in vitro.

MR Results

We found that single amino acid substitutions of H3 HA at
position 155 from Thrto Tyr and at position 158 from Glu to
Gly play a critical role in recognition of two major molecular
species of sialic acids (Fig. 1).

We also found that sulfatide-enriched COS-7 cells remarkably
promote multiple replications of IAV in comparison with
parent COS-7 cells, in which little replication of IAV occurs
(Fig. 2). Delivering HA to the cell surface in association with
sulfatide induces translocation of newly synthesized 1AV
ribonucleoprotein complexes from the nucleus to cytoplasm.
Treatment of |AV-infected cells with an anti-sulfatide
monoclonal antibody, which blocks the binding of IAV and
sulfatide, resulted in significant reduction in IAV replication
and accumulation of the viral nucleoprotein in the nucleus.
GH prevented AV replication by inhibition of viral sialidase
activity, which is involved in the entry and release stages of
IAV infection.

Strictinin had an antiviral effect on enveloped viruses, including
IAV, which was mediated by inhibition of viral fusion (Table

.

™ Perspectives

Our findings will be helpful in understanding the significance of
molecular species of sialic acid and the role of sulfatide in viral
transmission, host range restriction, and pandemics, and
provides useful information for the development of
anti-influenza virus agents and surveillance of pandemic
potential.
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[Figure 1]

Receptor-binding pocket with sialic acid.

This shows the location of altered residues within and neighboring the
receptor-binding pocket with sialic acid. The arrow indicates the N-acetyl group of
Neu5Ac. We generated the model by using PyMol Molecular Graphics System 1. 1r!
(Delano Scientific LLC.).

Strictinin EGCG Amantadine
Strain ICsa® (WM)  SI®  ICs"(uM)  SI® ICst(uM)  SIP
AMemphisii71 (HIN2) 04740024 30 052+0039 15 348+ 0095 N.D.°
AJAIChUZ/88 (HINZ) 049+ 0042 268 035+ 0033 223 062+ 0107 ND*
AlduchHKI3 1 2ATS (HEN3) 0224+ 0017 232 055+ 0056 142 059+ 0088 ND.*
AShi (Pandemic HINT) 00940021 867 01240019 65 >80 ND.*
APRIBI34 (HIN1) 0.28 + 0.037 182 N.D.* N.D.* N.D* N.D.*
{okkal (H3N2) 024+ 0.022 213 N.D.* N.D.° N.D:* N.D.*
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[Figure 2]

Multiple replications of AV in sulfatide-enriched COS-7 cells.

(A) Fluorescent observation of sulfatide (green) and nucleus (blue) in
sulfatide-enriched cell clones and parent cells. Scale bar is 50 um. (B) Observation of
infected cells (blue) in a well (lower panel) or under an optical microscope at a
magnification of x40 (upper panel) at 24 h postinfection. (C) We measured virus
multiple replication titers in the supernatant from infected cells of (B) by a plaque
assay.
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[Table 1]

Anti-viral activity of strictinin, epigallocatechin gallate, and amantadine against IAV
strains.

Virus-infected cells were determined by a focus-forming assay and the concentration
causing 50% inhibition of antigen-positive cell number (*1Cso) calculated from the
dose-response curve. ICso is presented as mean + S.EM. (n = 3). Selectivity index (°
SI) is presented as the ratio of 50% cytotoxic concentration to ICso. < N.D., not
determined.
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Although approximately half of the drugs currently in clinical use were originally
naturally derived, many pharmaceutical companies are now neglecting the
development of natural products as potential drug candidates in favor of
high-throughput synthesis of large compound libraries. This is probably because the
traditional process of natural product drug discovery was slow, inefficient, and labor
intensive, and it did not guarantee that a lead from screening would be chemically
workable in quantity or even patentable. An alternative approach to drug discovery
lies in combinatorial biosynthesis, which is an application of molecular skeleton
constructing enzymes involved in secondary metabolism to create an array of novel
compounds. This method offers access to a pre-selected range of fairly structurally
complicated molecules based around a common core, which is a biosynthetic
intermediate, enables compound libraries to be generated in a relatively short time.

M Results

Flavonoids, which are a class of plant specific natural products involved in various
health-promoting effects in humans, are biosynthesized through the intermediacy of
chalcone skeleton from phenylpropionyl-CoAs and malonyl-CoA via the action of a
plant type lll PKS or chalcone synthase (CHS). Using the prototype CHS, the enzyme
known to be promiscuous with substrates, novel products were synthesized using
aromatic, aliphatic and fluorinated starter units to create an array of tri- and diketide
by-products as well as the expected fully formed chalcone and stilbene type
structures. The engineering of novel compounds has been developed with both
non-physiological starter and extender units to result novel products.

The three unprecedented type lll PKSs cloned from medicinal plants (Rhubarb and
Aloe) catalyze formation of an aromatic pentaketide (PCS), heptaketide
(Aloesonesynthase) and octaketides (OKS). These three type IIl PKSs had
interchanging functionality with one another by steric modulation of the chemically
inert single to triple residues lining the active-site cavity accompanied by conservation
of the Cys-His-Asn catalytic triad.

On the basis of the crystal structures of wild-type and M207G mutant of PCS,
F80A/Y82A/M207G triple mutant has released an unnatural novel nonaketide
naphthopyrone through the nine molecules of malonyl-CoA condensation. A
homology model predicted that the active-site cavity volume of the triple mutant is
increased to four times of that of the wild-type PCS. On the other hand, large-to-small
Asn22)G substitution at the bottom of the polyketide chain elongation tunnel, let to
decaketide-producing enzyme from octaketide-producing OKS, resulting in the
formation of unnatural decaketide benzophenone, SEKI5 previously reported as a
product of genetically engineered type Il PKSs, and now the longest polyketide
produced by the structurally simple type lll PKS.

™ Rerspectivess

Further, in contrast to wild-type OKS, the OKS N222G mutant efficiently accepts
p-coumaroyl-CoA as a starter, and yields the unnatural hexaketide stilbene and
heptaketide chalcone as major products. Similar profile was also obtained when
n-hexanoyl-CoA was used as a starter, and the heptaketide phloroglucinol was
efficiently provided. Structure-based engineering of type Ill PKSs would thus lead to
further production of chemically and structurally disparate unnatural novel polyketides.
A homology model based on the N222G mutant predicted that the active-site cavity
volume is increased to 748 A3 in the F66L/N222G double mutant to afford the
dodecaktide naphthophenone TW95a, which is known to be a product of the minimal
type Il PKS (whiE from S. coelicolor) and structurally related to the C20 decaketide
benzophenone SEKI5, the product of OKS N222G point mutant. This is the first
demonstration of the production of the C24 dodecaketide by a structurally simple
type Ill PKS.

With the knowledge of the detailed structures and functions of those enzymes, we
can judiciously engineer "artificial" versions of the biosynthetic pathways linking to an
artificial gene or a set of genes.
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0ooDoooooooooomoKsmoooo Active site cavity of OKS N222G mutant
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Popularity of dietary supplements containing health foods and
botanical products is growing, in terms of promotion of
health, prevention and therapy of diseases. Elderly people take
frequently supplements with prescription drugs. The major
concern is adverse event by a large excess intake or
interactions between supplements and drugs. This study
aimed to elucidate efficacy and safety of functional foods.

B® Results

|. Effect of green tea intake on pharmacokinetics of
simvastatin (SIM)
In collaboration with Werba et al and Watanabe et al, we
showed that chronic consumption of catechin-rich green
tea in healthy Japanese volunteers (Fig. |) and rats
increased significantly plasma concentration of SIM after
oral administration. Furthermore, catechins inhibited activity
of cytochrome P-450 in human liver and small intestine.
Thus, chronic consumption of green tea may cause clinically
relevant interaction with simvastatin.

2. Improvement by Saw palmetto extract (SPE) of urinary
dysfunction
In rats with urinary dysfunction, oral administration of SPE
and mixture of SPE-contained free fatty acids attenuated
markedly shortening of micturition interval and reduction in
mean micturition volume (Fig. 2), suggesting significant
increase in bladder capacity. Also, combination of SPE with
al-blockers in BPH patients caused additive beneficial effect
(Fig. 3), indicating pharmacologically usefulness of SPE for
improvement of symptomatic treatment of overactive
bladder.

3. Construction of comprehensive database on interaction
between warfarin and vitamin K (VK)
We constructed database for clinical interaction between
warfarin and VK by using Pubmed database. Intake of VK in
warfarin-administered patients should be appropriately
estimated by considering present VK status in order to
avoid serious risks.

™ Perspectives

Rigorous scientific evaluation of efficacy and safety of
functional food including interactions with drugs is important
for scientific demonstration of their benefits and risks in
human and for discovery of innovative functional foods and
drugs which contribute to health promotion, wellness and
longevity.
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[Figure 1] [Figure 2]

Effect of 2-week intake of catechin-rich green tea on the plasma concentration of Effect of 2-month repeated treatment of saw palmetto extract (SPE) and a mixture of
simvastatin (left: lactone form, right: acid form) in healthy Japanese volunteers free fatty acids (oleic acid and myristic acid) on urodynamic parameters in
(Mean£SD, N=12). *, ** Significant difference from control value, *P<0.05, Goto-Kakizaki (GK) rats (Mean+SD, N=4) . *** Significant difference from control
##p<0.01. (vehicle) value, *P<0.05, **P<0.01.

Wilcoxon signed rank test
(p=0.0488)
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[Figure 3]

Improvement by |-month repeated oral administration of saw palmetto extract (160
mg) on residual urine volume in patients with benign prostatic hyperplasia received
long-term treatment with al-blocker. (N=10, Pre: before treatment, Post: after
treatment). Post-value is significantly different from Pre-value (P<0.05)
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Our aim was to research ways of reducing the brain disorders
and mental illness that can become social problems in daily
life. Theanine is an amino acid that is the nutritionally active
but no scent component of green tea, a beverage that is used
as a home remedy in traditional Chinese medicine and
believed to have significant medicinal effects. We analyzed the
influence of theanine on neuronal death, its protective action
on brain cells, and its participation in neural information
transmission. We thought that senior citizens would readily
consume food containing green tea powder and that
consumption of such food could lead to reduction in brain
disorders and mental illness.

MR Results

Previous research has assessed the effects of theanine in rats,
including its blood pressure-lowering effects in rats with high
blood pressure and its potentiation of the effects of anticancer
agents. We have researched the influence of theanine on the
function of cranial nerves in vitro and in vivo, including in
humans. In our recent project, we elucidated the
pharmacological mechanism of action on cranial nerve
function of theanine consumed daily by drinking tea. We used
the Nobel Object Recognition Test and a variety of other
learning and memory tests to show that long-term
administration of zinc and theanine, the active component of
green tea, improves brain function (memory and learning
capacity). In addition, in human trials theanine and
gamma-aminobutyric acid (GABA) changed brain wave
patterns and had inhibitory effects on the mentally ill. We also
used a BrdU assay for neurogenesis and showed that
administration of theanine promotes doublecortin staining.
We analyzed our results in relation to long-term potentiation
(LTP) and memory and found that, in rats, theanine
suppresses the damage caused by the stress of being
suspended by the tail. We are also analyzing how the
hippocampus is involved in memory formation under various
conditions while studying theanine and memory.

™ Perspectives

Because the GABA and theanine contained in green tea are
effective in suppressing emotional states and increasing mental
functioning, they could be developed as anti-stress foods.
Theanine influences the mechanisms of memory formation
that utilize a pathway mediated by the hippocampus, and it
has a protective effect on neurogenesis. Finally, we believe
that theanine may be helpful for preventing dementia and
schizophrenia.
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[Figure 1]
Theanine intake improves cognitive function in 6-week-old rats.
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Theanine intake facilitates hippocampal neurogenesis.
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Inflammatory bowel diseases (IBDs), such as ulcerative colitis
and Crohn's disease, are characterized by chronic intestinal
inflammation of unknown cause. Lifestyle is reportedly a risk
factor for IBD. Because bowel flora may induce intestinal
inflammation, probiotics have recently been studied to
determine whether they improve the intestinal milieu in
patients with IBD. The aim of this study was to establish an in
vivo imaging method for visualizing IBD progression in real
time. We used this method to explore the effects of lactic
acid bacteria (LAB) in moderately severe IBD.

M Results

Patients with ulcerative colitis are known to be compromised
in their intestines. Bioluminescent enteropathogenic
Escherichia coli Xen-14 do not usually colonize the mouse
intestinal tract. Treating mice with dextran sulfate sodium
(DSS) is a way of creating an animal model of ulcerative
colitis. When we administered Xen-14 orally to DSS-treated
mice, we were able to visualize colonization of Xen-14 in
their intestines by an in vivo imaging method that detects
bacterial emission, suggesting that progression of DSS-induced
ulcerative colitis involves intestinal infection with Xen-14
(Figure I). We next used this imaging system to explore the
role of probiotic LAB in preventing or moderating IBD. We
administered Lactobacillus plantarum No-B6 or L. paracasei
Tm21-1 orally to mice that we kept in isolation in our
laboratory for 2 weeks before and during DSS treatment, and
then challenged them with Xen-14. In vivo imaging analysis
revealed that administration of L. paracasei tends to delay the
onset of ulcerative colitis (Figure 2).

™ Perspectives

LAB are commonly used as probiotics. However, it is
necessary to select a bacterial strain that is appropriate for the
intended application, because the effects on the host of
different strains are different. We successfully established an in
vivo imaging method for visualization of probiotic LAB in
ulcerative colitis. This method will contribute to future
probiotic research.
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[Figure 1]

In vivo imaging of mice with DSS-induced ulcerative colitis using bioluminescent
pathogenic E. coli Xen-14.

We analyzed mice treated with DSS (DSS group) or given saline (control group)
using the infection with bioluminescent pathogenic E. coli Xen-14 and quantified the
emissions by time-lapse images.
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[Figure 2]

Evaluation of probiotic effect of lactic acid bacteria on ulcerative colitis by in vivo
imaging.

A) In vivo bioluminescent images at indicated times after challenge with E. coli Xen-14.
We administered L. plantarum No-Bé (plantarum group) or L. paracasei Tm2 -1
(paracasei group) to mice for 2 weeks before and during DSS treatment, and then
challenged them with Xen-14. B) Quantitative bioluminescence analysis of the
research described in A.
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nobiletin (7).

MR Results
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After incubation of 4 with HUVECs for 3 h, strong
fluorescence was observed in the cells (Scheme 3 left).
Utilizing immunogen 6, two high-affinity antibodies with
EGCG were obtained (Scheme 3 right). These highly specific
antibodies will be useful for immunological detection.
Furthermore, application for enzyme-linked immunosorbent
assays (ELISA) will be useful for quantitating trace amounts of

EGCg in serum.

gmbomoooooobobEeELIsAOO0O0OOOODOOOO

goobooomoooboobobooooboboooo

I Profile

20050
20040
19960
19930
19930
19860

ooooooooooo
ooo0oOoo0ooOo0oO0DOOo0oo0o0oono
ooooooooo
0oo0obOOOooooOoOO0oo0oobOoO00n
oooooooooooOoOoooooon
oobooooooooooo

2005
2004
1996

1993
1993

1986

I Contact

Professor, School of Pharmaceutical Sciences, TEL

University of Shizuoka
Associate Professor, Graduate School of Pharmaceutical

054-264-5746
[181-54-264-5746

Sciences, University of Tokyo e-mail kant@u-shizuoka-ken.ac.jp

Assistant Professor, Graduate School of Pharmaceutical

Sciences, University of Tokyo URL

Researcher, Suntory Institute for Bioorganic Research
Ph.D, Graduate School of Department of Chemistry,
Faculty of Sciences Hokkaido University

Graduate from Department of Chemistry, Faculty of
Sciences, Hokkaido University

http://w3pharm.u-shizuoka-
ken.ac.jp/"yakuzo/english/
english.html

The effective components of functional foods are expected to
constitute lead compounds for drug development.
Furthermore, these natural products are considered safety as
they have long been consumed as dietary food products.
Additionally, the imaging and/or analysis of the dynamics of
these compounds by probe molecules will be essential for
future drug development. Since efficient and flexible synthesis
could provide probe molecules, we carried out synthetic
investigations of (—)-epigallocatechin gallate (I: EGCG) and

(—)-Epigallocatechin gallate (EGCG) (1) is a major constituent
of green tea extract, which has various bioactivities. During
the course of our synthetic investigation of EGCG, we found
that synthetic 5,7-dideoxy-epigallocatechin gallate
(DO-EGCQG) (2) possesses more potent anti-influenza
activities than natural EGCG (I). Inspired by this finding, we
launched an investigation into the synthesis of EGCg probe
precursor 3. Reactive amine possessed an advantage for the
incorporation of a probe unit furmished without protection of
the phenolic hydroxy groups. Thus, synthetic 3 could be
easily and efficiently converted to fluorescein probe 4 and

A practical synthesis of nobiletin (7), a polymethoxylated
citrus flavone, was accomplished by utilizing our novel flavone
synthesis. Synthetic nobiletin was labelled by selective
demethylation and rapid incorporation of a ''C atom to give
9. Positron emission tomography images of 9 successfully
visualized the distribution of nobiletin in the brain. These
results may provide therapeutic benefits in the treatment of
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[Figure 1]
Structure of APDOEGCG (3) and
EGCg probe molecules (4 - 6)
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[Figure 2]
PET imaging of nobiletin based on
practical synthesis
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[Figure 3]
Fluorescence microscopy image and
high affinity antibodies with EGCg
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Protein-energy malnutrition is a prevalent complication in
patients on maintenance hemodialysis. Nutritional screening
tools may be useful for identifying the patients at nutritional
risk among the hundreds of hemodialysis patients in a large
facility. First, we tested several simplified nutritional screening
tools on hemodialysis patients to validate their potential
application. Second, because inflammation is closely associated
with protein-energy malnutrition in hemodialysis patients, we
developed a new nutritional screening tool in which a marker
of inflammation is incorporated.

M Results

We chose five reliable simplified nutritional screening tools
from references published between 1985 and 2005. Among
them, we considered the geriatric nutritional risk index
(GNRI) the most accurate in identifying hemodialysis patients
at nutritional risk, because the area under the receiver
operating characteristic curve was the largest. The GNRI' s
sensitivity and specificity in predicting malnutrition were 0.730
and 0.819, respectively. Furthermore, the 5-year survival of
patients with GNRI = 91 was significantly better of those with
GNRI <91.

We developed a new index for nutritional screening in which
an inflammatory factor is incorporated. We modified the
Glasgow prognostic score (GPS), which is composed of
serum albumin and C-reactive protein (CRP). Our modified
GPS is composed of GNRI and CRP and scores from 0 to 2
points. We found that patients with a low modified GPS
(M-GPS; GNRI = 90 and CRP < 0.1 mg/dL) had significantly
better outcomes than those with a high M-GPS (GNRI < 90
and CRP = 0.Img/dL). The Cox proportional hazard model
showed that the relative risk of death within 5 years was 1.86
in patients with a high M-GPS.

™ Perspectives

Because the GNRI can be calculated from body weight and
serum albumin concentration, it is easily obtainable in patients
undergoing hemodialysis in a large facility. The modified GPS
is an index that covers both nutritional and
inflammation-related factors. This index might be more useful
in patients on hemodialysis because inflammation is one of the
important factors that leads to development of
protein-energy malnutrition in these patients. Furthermore,
we plan to establish a new nutritional assessment method for
malnourished patients on hemodialysis who have been
identified by these nutritional screening tools.
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[Figure 1] [Figure 2]
Formula for calculation of GNRI and the diagnostic criteria for malnutrition. Kaplan-Meier s 5-year survival curve by modified GPS in hemodialysis patients.
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[Figure 3]
Mechanisms of protein-energy malnutrition in hemodialysis patients.
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The combined effect of Type 2 diabetes mellitus susceptibility genes is an important risk factor for this disease
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™8 |ntroduction

Type 2 diabetes mellitus (T2DM) is a complex endocrine and
metabolic disorder. Recently, several genome-wide association
studies (GWAS) have identified many novel susceptibility
genes for T2DM. In addition, clinical and epidemiological
studies have indicated that obesity is a major risk factor for
T2DM; however, many obese people do not develop T2DM,
while many non-obese people do. We aimed to assess the
combined effects of these susceptibility genes and
obesity/overweight for development of T2DM in the
Japanese.

M Results

We analyzed the relationships between the genotypes of |7
susceptibility loci identified by GWAS and T2DM in a
Japanese population-based case-control study. Our findings
indicate that the effect of each risk allele is relatively small, but
that the cumulative number of risk alleles is important in the
development of T2DM (P < 0.0001) (Fig. I). We also
examined the combined effect of the cumulative number of
risk alleles of T2DM and obesity/overweight on the
development of T2DM. We observed a significant association
between increased number of risk alleles and increased risk of
T2DM only in the non-obese group (P < 0.0001 for trend),
and not in the obese/overweight group (P = 0.88 for trend)
(Fig. 2). In addition, we analyzed the association between
obesity/overweight and T2DM according to quartiles of the
risk allele numbers. Obesity/overweight was the most
important risk factor for T2DM in our Japanese subjects (P <
0.0001); however, for the subjects in Q3 and Q4 (=17 risk
allele), obesity/overweight was not a significant risk factor for
T2DM (P > 0.05) (Fig. 3).

™ Perspectives

Most T2DM patients in Japan are characterized by a low BMI.
Counting the number of risk alleles might improve
identification of high-risk subjects in Japanese people. Further
prospective studies are required to translate such knowledge
about genetic risk factors into clinical practice and prediction
and prevention of T2DM in the general population.
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[Figure 1]

Distribution of the cumulative number of risk alleles of the 17 T2DM susceptibility
genes.
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[Figure 2]

Interaction between the number of risk alleles and obesity in T2DM.
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[Figure 3]

Effect of obesity on T2DM according to quartiles of risk allele numbers.
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Daily exposure to social and psychological stress is reportedly associated
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stressed mice. We performed hepatic gene expression analysis to clarify
the mechanisms by which the blood cholesterol concentrations
increased. There was no difference between control and stressed groups
in the degree of expression of Hmgcr, which is associated with
cholesterol synthesis. However, a chronic stressful environment does
cause abnormalities in the systems for cholesterol metabolism, excretion,
and hepatocellular reuptake. We found that fenofibrate, which is a
hypolipidemic agent, and an extract of turmeric (Curcuma Long L.)
reduced visceral fat weights and total plasma cholesterol concentration.
On the other hand, daily stress reportedly promotes development of |7
B-estradiol (E2) related breast cancer. Cytochrome P450 (CYP) |B
catalyzes E2 to predominantly carcinogenic 4-hydroxy-E2 (4-OHE2),
whereas CYPIAI and A2 convert E; to non-carcinogenic 2-hydroxy-Ea.
In E» target tissues, CYPIBI is highly expressed and 4-OHE; is
predominantly formed in cancerous tissues. In this study, we found that
methoxyflavonoids such as chrysoeriol strongly and selectively inhibit
CYPIBI. A molecular docking study suggested that chrysoeriol fits well
into an active site of CYPIBI, but do not fit into the active site of
CYPIAT and A2 owing to collisions between both a methoxy
substituent of chrysoeriol and Ser-122 of CYPIAI and Thr-124 of
CYPIA2 (Fig.2). In human breast cancer MCF-7 cells, chrysoeriol did not
affect the gene expression of CYPIAI and IBI, but significantly inhibited
formation of 4-methoxy-E» without any effects on formation of
2-methoxy-Ea.

™ Perspectives

We found that prolonged exposure to a stressful environment induces
visceral fat accumulation and increase in the blood cholesterol
concentrations, and consequently may result in lifestyle-related illnesses,
particularly obesity and fatty liver. Peroxisome proliferator-activated
receptor alpha ligands such as fenofibrate may be useful for
chemoprevention of stress-induced lipid deposition. On the other hand,
chrysoeriol may be a potent chemoprotectant against human mammary
carcinogenesis by selective inhibition of the enzymatic activity of CYPIBI.
Such selective inhibitor may be useful for chemoprevention of estrogen
dependent cancers.
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[Figure 2]

Comparison between the active site cavity volumes for human CYP|

and the corresponding docked conformation of chrysoeriol in the

human CYPI active site.
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The liver is the major site of clearance for most statins. Hepatic elimination involves
metabolic enzymes and drug transporters. Impaired nutritional status, such as in
starvation, fasting, and high-lipid diets, and pathophysiological factors such as diabetes
reportedly affect liver drug-metabolizing phase | and Il enzymes and transporters, leading
to the altered hepatic metabolism of drugs, carcinogens, steroid hormones, and fatty
acids. However, little is known about the role of nutrition in the adverse effects of
statins. In the present study, we used rats fed a high-lipid and high-sucrose (HF) diet to
investigate whether nutritional status affects statin-induced adverse effects such as severe
hepatotoxicity and myopathy.

In addition, to elucidate whether dietary inulin prevents the development of metabolic
disease, we examined the effects of inulin, enzymatically synthesized from sucrose, on
serum and liver lipid profiles, blood biochemical vaniables and hepatic expression of lipid
metabolism-related enzyme and transcription factor genes in rats fed the HF diet.

Our ultimate aim was to elucidate whether dietary factors can prevent severe adverse
effects of statin therapy and to develop convenient analytical methods for evaluation of
the effects of functional factors and dietary compounds.

B® Results

Rats that consume an HF diet develop hepatic steatosis. Treatment with fluvastatin (8
mgfkg) ameliorates hypertriglycemia and hepatic steatosis in rats on standard (SD) diets,
but causes increases in concentrations of plasma aspartate aminotransferase (AST) and
creatine kinase, leg muscle weakness and myositis in those on HF diets. Fluvastatin at the
concentrations that we found in the plasma of HF diet-fed rats causes release of AST
from Chang liver cells and suppression of cell growth. Thus, we performed this study to
determine whether the increase in systemic exposure resulted from suppression of
uptake or metabolism of fluvastatin in the liver. We found no significant differences
between SD and HF diet-fed groups in baseline concentrations of Oatpl, Oatp2, Mrp2,
Mrp3, Mdrlb, CYPIA, CYP2C, CYP3A, UGTIAS, or UGT2BI proteins. In contrast,
Oatp!, Mrp3, CYPIA, CYP2C, and UGT2BI protein concentrations were moderately
decreased and those of CYP3A and Oatp2 mRNA markedly suppressed by fluvastatin,
whereas Mrp2, Mdrlb, UGTIAI, and UGT | A5 protein concentrations did not change
significantly. The amounts of constitutive androstane receptor, pregnane X receptor, and
hepatocyte nuclear factor 4a proteins were decreased in the liver cell nuclei of
fluvastatin-treated HF diet-fed rats, which correlated with decreases in Oatp2, CYP2C,
and CYP3A. Taken together, these results indicate that nutritional status may influence
the adverse effects of fluvastatin, and inhibition of transporter-mediated hepatic uptake in
HF diet-fed animals may suppress elimination of fluvastatin.

Treatment with inulin for 3 weeks reduced the increase in liver concentrations of
triacylglycerol and total cholesterol in rats fed the HF diet, but not in those fed the SD
diet. Moreover, the concentrations of portal plasma propionate and circulating serum
adiponectin, which are decreased in HF rats, recovered to nearly normal levels after
administration of inulin. In addition, dietary inulin suppressed increases in concentrations
of portal plasma insulin and circulating serum leptin and induction of acetyl-CoA
carboxylase and fatty acid synthase mRNAs in the liver of HF rats, consistent with the
reduction of liver lipids. These observations indicate that dietary inulin may prevent the
development of metabolic disease.

™ Perspectives

This study provides clues to treating statin-induced liver failure associated with lipid
accumulation, since fluvastatin increases serum AST concentrations in HF diet-fed rats
and this precedes increases in serum CK concentrations and muscle damage. In order to
prevent severe adverse effects in patients with hepatic steatosis, we should be alert to
the waming sign of an increase in serum AST concentrations.

In addition, dietary inulin is useful for preventing the development of metabolic diseases,
such as hyperlipidemia and hyperinsulinemia caused by consuming an HF diet, by
suppression of hepatic lipogenesis.
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[Figure 1]

Effects of fluvastatin treatment on serum concentrations of AST, ALT,
a-guanosine-5 -triphosphate (a-GTP), and creatine kinase (CK) in rats fed an SD or
HF diet and administered fluvastatin.

Rats (7 weeks of age) were fed an SD or HF diet for | week and then given
fluvastatin (0, 4, or 8 mg/kg) with the diet daily. We killed the rats 4, 8, or 14 days
after starting fluvastatin. Values are the mean + S.E. (n = 4). * P < 0.05; **P < 0.01;
##% P < 0.001 versus SD diet-fed control rats. #, P <0.05; ##, P <0.01; ###, P
<0.001 versus HF diet-fed control rats. n.d,, not determined.
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[Figure 2]

Fluvastatin causes severe hepatotoxicity and myopathy in rats fed the HF diet and this
is associated with suppression of hepatic organic anion transporting polypeptide 2.
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[Figure 3]

Enzymatically synthesized inulin modulates hepatic and serum lipid accumulation
through suppressing hepatic expression of lipogenic enzymes such as fatty acid
synthase and acetyl-CoA carboxylase in rats fed an HF diet.
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Zinc is essential for cell division and differentiation. Over 300
proteins require zinc for their functions in microorganisms,
plants and animals. The importance of zinc is true of the brain.
Approximately 80 % of the total brain zinc exists as zinc
metalloproteins. The rest mainly exists in the presynaptic
vesicles and is histochemically reactive as revealed by Timm' s
sulfide-silver staining method. Histochemically reactive
(chelatable) zinc is released along with neuronal activity and
serves as a signal factor in the form of Zn?*; there is a large
number of evidence on zincergic neurons that sequester zinc
in the presynaptic vesicles and release it in a calcium- and
impulse-dependent manner. In the present study, the function
of zincergic neurons was analyzed to understand the role of
zinc in brain function.

M Results

Zinc deficiency caused abnormal glucocorticoid secretion and
increased depression-like behavior in young rats. Zinc
deficiency suppressed hippocampal neurogenesis in young
rats. Neuropsychological symptoms such as depressive
behavior were observed prior to the decrease in Zn?* signal
in the hippocampus under zinc deficiency. Zinc deficiency may
be a risk factor to suffer from depression. On the other hand,
Zn?" was released from zincergic neuron terminals in the
brain, immediately taken up into presynaptic and postsynaptic
neurons through calcium cannels such as calcium-permeable
AMPA/kainate receptors, and served as a signal factor in both
the intracellular (cytosol) and extracellular compartments (Fig.
| and 2). Hippocampal Zn?* signaling multi-functionally
participated in synaptic plasticity such as long-term potentiaion
(LTP) in the hippocampus, which is believed to be the cellular
mechanism of memory. Furthermore, Zn?* signaling
participated in hippocampus-dependent memory and fear
memory associated with amygdala function. These results
indicate that Zn?* signaling is required for memory formation.

™ Perspectives

Humans and animals are constantly exposed to environmental
stress. Stressful life events are one of the causes of psychiatric
disorders and are associated with suicidal behavior. The
significance of Zn?* signaling in the brain is poorly understood
in comparison with Ca?+ signaling. Zn?* signaling is important
to maintain healthy brain and its importance is becoming
recognized. The responsiveness of the HPA system to zinc
deficiency as a stressor indicates the importance of zinc as a
nutrient and functional factor. Abnormal glucocorticoid
secretion might be induced by the lack of Zn?* signaling in
peripheral tissues, which is estimated to be responsive to zinc
deficiency. The spatiotemporal analysis on Zn?* signaling is
necessary for better understanding brain functions.
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[Figure 2]

Proposed glucocorticoid-zincergic interactions in the hippocampus
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[Figure 1]

Synaptic neurotransmission in the hippocampus

There are zincergic neuron terminals at three synapses in the hippocampus. Zn2+ is
taken up into presynaptic and postsynaptic neurons through calcium cannels such as
calcium-permeable AMPA/kainate receptors and serves as a signal factor in both the
intracellular (cytosol) and extracellular compartments.

Glucocorticoid (GC)

Glucocorticoid
receptor

Glucocorticoids increase presynaptic release probability of glutamate and zinc from
zincergic neuron terminals and postsynaptic Zn2+ levels in the cytosolic
compartment, followed by the modulation of postsynaptic neuronal function.

Neuronal function
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Hepatic cytochrome P450 (CYP) enzymes play an important role in
metabolism (detoxification and/or activation) of xenobiotics, including
drugs and carcinogens. The CYPs consist of super-families and have
different substrate specificities. The extent to which they are
expressed is influenced not only by physiological factors but also by
exposure to xenobiotics including food additives. Xenobiotic-mediated
changes in expression of CYPs sometimes lead to reduction in the
therapeutic effects of drugs and increases in carcinogenic effects of
carcinogens. Therefore, to ensure food safety and effective drug
therapy, it is necessary to understand the effects of xenobiotics,
including foods and drugs, and their interactions on expression of
CYPs at the level of CYP molecular form.

In this study, we focused on CYPIA subfamily enzymes, which can
catalyze the metabolic activation of carcinogenic polycyclic aromatic
hydrocarbons and aromatic amines and the metabolism of
theophylline, an anti-asthmatic drug. We also established the human
hepatocarcinoma-derived reporter cell line, HepG2-Al10, for the
screening of human CYPIA inducers. Furthermore, we verified the
usefulness of the established HepG2-A10 cell line.

M Results

We established a human AhR-based luciferase reporter cell line,
HepG2-A10, by transfecting a luciferase reporter plasmid XRE-Luc
including the xenobiotic (AhR ligand) responsive element, which is an
important sequence in induction of CYPIA subfamily enzymes, into
the human hepatocarcinoma-derived cell line, HepG2 (Fig.1). In
HepG2-Al0 cells, we observed significant induction of luciferase and
CYPI family enzymes by exposure to 3-methylcholanthrene (MC), a
representative AhR ligand, indicating that this cell line is useful for
screening human AhR activators and CYP| enzyme inducers.

Using HepG2-A 10, we further examined the effects of dihydropyridine
calcium channel antagonists, including nicardipine (NIC), and the
effects of a combination of NIC and MC on induction of luciferase and
CYPIA subfamily enzymes. Atthough NIC can, to some extent, induce
CYPIA subfamily enzymes but not luciferase, treatment with a
combination of NIC and MC led to synergistic inductions of the
CYPIA subfamily enzymes and luciferase (Fig. 2). We believe that this
synergistic effect occurs through NIC-mediated inhibition of defluxion
transporter of MC, because the intracellular concentration of MC in
HepG2 cells was increased in the presence of NIC. In addition, the
amount of MC-DNA adduct in the cells was significantly increased in
the presence of NIC. Other dihydropyridine calcium channel
antagonists besides NIC showed similar combination effects.
Incidentally, we even observed such effects of a combination of NIC
and MC on induction of CYPI family enzymes, including CYPIAI,
CYPIA2, and CYPIBI in vivo. Thus, such combination treatment of
rats leads to synergistic induction of CYPIs in the liver, kidney, and
lung.

™ Perspectives

In this study, we established an AhR-based reporter cell line,
HepG2-A10, which is useful for in vitro screening of human CYP|
family enzyme inducers in our environment. This HepG2-A10 cell line
bioassay could help to predict drug/food-mediated changes in
expression of CYP| enzymes and thus could provide effective drug
therapy.

19820 OOOMOOOOO 132; '\:’r']sg"‘(gT fﬁéiﬁ“ﬁ%ﬁ?@ﬁ;”R’ USA e-mail degalwa@u-shlzuoka-k-en.ac.Jp
19790 ODOOOOOOOO 1979  Assistant Professor, Pharmaceutical Institute, Tohoku University URL http///w3pharm.u-shizuoka-
19750 oooooooooog 1975  Research Associate, Pharmaceutical Institute, Tohoku University ken.ac.jp/eisei/
19740 ooOoOOOOOoOOOooooo 1974  Research Associate, Tokyo Biochemical Research Institute
1974 Graduate School of Ph: tical Scil , T Uni i

19740 O0OOOOOOOOOOOOOOO0 ofrgcilz]ge (i/lzgteor Co:rrgz)aceu ical Sciences, Tokyo University
19720 OOO0OOOOOOOOOOOOO 1972  Faculty of Pharmaceutical Sciences, Tokyo University of Science

Sv40 SVaD
XRE Luciterate Meao'

promoter promaoter

il
U mewe ) (Loncromy
' Co-transfection

[01]
- O0ARRODODOO0O0O0ODOO0O0O00000O0DDODDOHepG2-A10000
G418 selection i [Figure 1]
HEPGl cell and Cloning (AKR :ﬁgfi‘:qlfcfffn line) Establishment of a human AhR-based reporter cell line, HepG2-Al0.
(Human hepatocarcinoma) :
] e e,
I..a'\-;-'ﬁ.,a,i_.l'ﬁ. a:j,ﬁ‘ﬁ'_:_n,_"}:'_an
"-""Q: o MC Nic - o, o o
mc) Nicardipine [WIE]
o ST UL — L — {Calchum channel antagomist)
e B

~—y

Uv W Metabalic activation "T\b\\m
v& X7 cveial 1 vy

- [CYP1B1) Yvv

At tive metobolite ]
af MC

T
\\ [0 2]

MCOOUOAhRO OO CYPIAD OO OODOODNADOODDOODOOOO
I'I'I' ":", NICOOODOooNIcoOooMcoooooooooo

[Figure 2]

Augmented effects of NIC on MC-mediated activation of AhR, induction

of CYPIA subfamily enzymes, and formation of DNA adduct in

HepG2-A10 cells. NIC mediates increase in intracellular accumulation of

MC.
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Because of changes in lifestyle, the number of patients with
geriatric disorders has recently been increasing in Japan. The
causes of diabetes are multifactorial and include
environmental factors and genetic background. In many cases,
because diabetes is asymptomatic for a long time, the patient
is not aware of the disease. Therefore, biomarkers that would
lead to early detection and/or prevention of diabetes mellitus
are very much required. However, the diagnosis of the
pre-diabetic state in humans is very difficult, because lifestyles
vary from person to person. Although the development of a
diagnostic method in humans is the eventual goal of our
research, we performed a metabolite profiling study that
involved extraction and structural identification of biomarker
candidates from several biological specimens (i.e,, plasma, hair,
liver and kidney) from ddY strain mice, in which diabetes
naturally develops with aging.

MR Results

We globally separated low-molecular-mass compounds,
including metabolites, from biological specimens of diabetic
(ddY-H) and normal mice (ddY-L) by ultra-performance liquid
chromatography (UPLC) using different reversed-phase
columns and detected by electrospray ionization time-of-flight
mass spectrometry (ESI-TOF-MS). We extracted candidates
for biomarkers for diabetes mellitus by multivariate statistical
analysis (orthogonal partial least-squares-discriminant analysis)
(Figs. I and 2), followed by database searches using
ChemSpider, the Kyoto Encyclopedia of Genes and Genomes
and the Human Metabolome Database. We detected many
metabolites and unknown compounds in each biological
specimen as candidates for biomarkers for diabetic mellitus.
Among them, we elucidated the chemical structures of
several possible metabolites, including more than two
biological specimens, along with comparison by tandem mass
spectrometry (MS/MS) analyses using authentic compounds.
We clearly identified one metabolite as N-acetyl-L-leucine
based upon the MS/MS spectra and retention time on
chromatograms (Fig. 3).

™ Perspectives

N-acetyl-L-leucine is an endogenous compound that is
present in all biological specimens (plasma, hair, liver and
kidney). Therefore, this metabolite appears to be a potential
biomarker candidate for diabetes. Although the structures of
other biomarker candidates are yet to be determined, the
present approach based upon a metabolite profiling study
using UPLC-ESI-TOF-MS could be helpful for understanding
abnormal metabolism in various diseases.
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[Figure 2]

Orthogonal projections to latent structures discriminant analysis score plot and S-plot
of ddY-H (m ) and ddY-L (m ) in hair at |3 weeks.

(Left), Score plot; (Right), S-plot. Metabolites in the (') were selected as biomarker
candidates.
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A biomarker candidate for diabetes mellitus.
m/z 174.1'1 (N-acetyl-leucine).
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Green tea is well known for its various physiological effects.
Among tea catechins, the galloylated catechins, epicatechin
gallate (ECg) and (—)-epigallocatechin gallate (EGCg),
reportedly have beneficial properties including
chemopreventive, anticarcinogenic and antioxidant actions.
We have focused on chemical studies relating the affinities of
tea catechins for biological substances to the mechanisms of
their biological activities. Based on the amounts of catechins
incorporated into liposomes, we have reported that
galloylated catechins have high affinity for model biological
membranes. In this program, we tried to clarify in detail the
interactions of tea catechins with phospholipids and proteins.

MR Results

The association constants obtained by quartz-crystal
microbalance, and partition coefficients for phospholipids
using high-performance liquid chromatography (HPLC) with
an immobilized artificial membrane column show the
following order of affinity: ECg > EGCg > epicatechin (EC) >
epigallocatechin (EGC) (Fig. I). Thus, their affinity for
phospholipids is linked to their hydrophobicity.

In our solution nuclear magnetic resonance study using
bicelles, we found that catechins interact with the surface
of phospholipid membranes, and the B ring and galloy!|
moiety of ECg and EGCg are closely located near the
trimethylammonium group of phosphatidylcholine.
Furthermore, we used liposomes and solid-state 2H NMR
analysis to obtain direct evidence of the molecular interaction
between catechins and phospholipid bilayers. By solid-state
13C NMR analysis and '*C-3'P rotational echo double
resonance (REDOR) measurements, we accurately
determined the intermolecular-interatomic distance between
the labeled carbonyl carbon of [*CJ-ECg and the phosphorus
of the phospholipid to be 5.3 + 0.1 A (Fig2). Based on these
studies, we propose that ECg and EGCg interact with the
surface of lipid membranes via the choline moiety of
phosphatidylcholine (Fig. 3).

By HPLC analysis with a human serum albumin (HSA)
column, we showed that galloylated catechins have higher
binding affinities for HSA than do non-galloylated catechins
such as EC and EGC.

™ Perspectives

Because galloylated catechins are reportedly more bitter and
astringent than non-galloylated catechins, it is possible that
tastes and biological activities of tea catechins are closely
linked. We are investigating the mechanisms of astringency of
tea catechins by the new methods that we have developed
and are searching for food substances that inhibit astringency.
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[Figure 1]
Chemical structures of tea catechins.
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Intermolecular-interatomic distance between the labeled carbonyl carbon of
[*C]-ECg and the phosphorus of the phospholipid measured by *C—*'P REDOR.

Ball-and-stick model of the interaction of ECg with phospholipid-bilayer consisting of
dimyristoyl phosphatidylcholine
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There are nine thermosensitive transient receptor potential
(TRP) ion channels including capsaicin receptor, TRPV . Food
components activating TRPV | inhibit body fat deposition
through sympathetic nerve stimulation. Because TRPAI is
mainly coexpressed with TRPV in sensory nerve endings,
TRPAI activation is expected to have an anti-obesity effect.
Further, TRPMS8, which is activated by cool temperatures, is
also thought to affect body temperature or body fat
deposition. We have searched for agonists toTRPV [, TRPAI
and TRPM8 in vitro and performed food component addition
tests to high-fat and high-sucrose diets in mice.

B® Results

Using TRPV | -expressing cells, we found |-monoacylglycerols
from wheat, myoga and onion to be agonists. We also
identified several black pepper components as weak agonists.
Further, we clarified that pungent compounds in myoga and
galangal and sulfur compounds in garlic activate TRPAI and
that some of them are stronger than the most well-known
TRPAT agonist, allyl isothiocyanate. Moreover, we established
an experimental system of cells that transiently expresses
TRPMS.

We also performed in vivo experiments in which we fed mice
high-fat and high-sucrose diets to induce obesity. TRPVI:
Addition of [-oleolylglycerol increases the uncoupling protein
| (UCPI) content of interscapular brown adipose tissue
(IBAT). Piperine, a pungent compound in black pepper,
diminished visceral fats and increased UCP1 in IBAT, black
pepper extract showing stronger effects than piperine.
TRPAI: Cinnamaldehyde, a pungent component of cinnamon,
inhibited fat deposition and increased UCPI. TRPM8: We
found that menthol decreases visceral fat. Further, we
established a measuring system for the surface temperature of
mice that utilized thermography equipment.

™ Perspectives

We found that several agonists of TRPVI and TRPAI and
some agonists of TRPVI, TRPAI and TRPM8 inhibit visceral
fat deposition. The effects of such compounds on humans
remain to be clarified, but we expect that they will be helpful
in the prevention of obesity.
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[Figure 1]
Activation of TRPAI by pungent components in myoga and cinnamaldehyde.
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[Figure 2]

Effect on visceral fat deposition of cinnamaldehyde (CNA) addition to the diets of
high-fat and high-sucrose diet-fed mice.
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[Figure 3]

Effects on visceral fat deposition of menthol (MT) addition to the diets of high-fat and
high-sucrose diet-fed mice.
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1998  Visiting Scholar, Department of Linguistics,
University of Southern California
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The goal of our research project is to build a comprehensive
educational program for University of Shizuoka doctoral students
in the health sciences who need training and practice in order to
participate meaningfully in global conferences conducted in
English and to make effective conference presentations in English.
The Shizuoka Health Sciences English Program (SHEP) is a six
week study abroad program provided by the American Language
Program and the Institute for Japanese Studies at The Ohio State
University for the Global COE students. This program includes
classroom activities (listening, speaking, reading, and discussion),
poster and oral presentations, and tutorials, as well as the
opportunity of visiting research labs and interacting with
academic counterparts.

M Results

All language skills were taught and practiced within the six-week
SHEP program, but with primary emphasis on listening, speaking,
presentation, and discussion skills. To the extent possible,
instruction took place within a broad health sciences context.
The students’ own research was used as the source of
presentation topics.

The following is a summary report of the SHEP from 2007 to
2011 based on 33 participants’ TOEFL-IPT, Institutional Michigan
Test, and Speaking Proficiency Assessment Kit (SPEAK) scores.
(Note that 36 participated in the program during the period.)
The participants took the TOEFL-ITP in Shizuoka as a pre- and
post-program requirement. In addition, they took the Michigan
Test of English Language Proficiency (MTELP), the Listening
Comprehension Test (LCT), the Test of Written English (TWE),
and the SPEAK Test in the pre- and post-program sessions at
The Ohio State University.

Table | is an overall summary of the 33 participants’ mean scores
in the three components of TOEFL-ITP Test. As can be seen, the
participants improved in the listening and reading components,
not in the structure and expression component. Table 2 further
illustrates that the group of TOEFL-ITP 450-499 score range
benefited most from the SHEP in terms of the improvement in
English proficiency. The average Michigan test scores summarized
in Table 3 reveal the participants’ improvements in grammar,
listening, and writing, and more importantly for our discussion,
their essay writing skill rose from level 3 (some difficulty in
writing) to level 4 (basic writing) on average.

These results led us to the conclusion that the SHEP could
provide very effective instruction for Shizuoka graduate students
seeking to acquire scientific English proficiency for improving their
research presentation skills in the target language.

™ Perspectives

Two issues remain concerning how to help Shizuoka doctoral
students become meaningful participants in global conferences
and competitive presenters in English: First, they need to achieve
competence in oral Q & A skills in English, and second, they must
learn how to take the floor in discussion, not simply waiting for
their tum to come.

Ph.D., Departmgnt of Linguistics, University ken.ac.jp
19770 000000000000 000O000O0000 of Southern Cfall_l_lforrtylaLSL._lSC_)t ¢ Southenn Calfor
1984  MA, Department of Linguistics, University of Southern California
pbomoboobomo 1977 EdM, Fpaculty of Edugation, Universit};/ of British Columbia
19710 0O0O0O0O0O0OO0OO0OOOOOOOO 1971  B.A, Department of English, Meiji Gakuin University
[01] [Table I]
SHEP TOEFL-TP OO O SHEP TOEFL-ITP Mean Scores
ooooood ooao ooo component pre-program post-program
ooo 454.58 462.09 Total 454.58 462.09
ooo ooooo 44.24 4573 Participants Listening 4424 4573
03300 ooooo 46.12 4552 (n=33) Str. & Exp 46.12 45.52
ooooog 46 47.27 Reading 46 47.27
[02] [Table 2]
0000SHEP TOEFLAITPO O OODOOO SHEP TOEFL-ITP Mean Scores by Proficiency Group
ooogoog ooo ooo 0 Component Pre-program Post-program
oo 387.75 395.75 8 Total 387.75 39575 8
350 - 399 ooooo 37.25 39.25 2 350 - 399 Listening 3725 39.25 2
0400 ooooo 41.75 39.75 -2 (n=4) Str. & Exp 41.75 3975 -2
0o0oooo 37.25 39.25 25 Reading 3725 39.25 25
oo 4242 432.7 85 Total 424.2 4327 8.5
400 - 449 ooooao 425 432 0.7 400 — 449 Listening 42.5 43.2 0.7
01000 ooooo 421 419 -0.2 (n=10) Str. & Exp 42.1 41.9 -0.2
0ooooo 42.7 443 16 Reading 42.7 44.3 1.6
oo 469.54 480.46 10.92 Total 469.54 480.46 10.92
450 - 499 ooooog 45.08 432 1.46 450 — 499 Listening 45.08 432 1.46
01300 ooooo 4.69 48.15 0.46 (n=13) Str. & Exp 47.69 48.15 046
000000 48 49.38 1.38 Reading 48 49.38 1.38
oo 517.33 5155 -1.83 Total 51733 5155 -1.83
500 - 550 ooooo 49.83 52.33 25 500 - 550 Listening 49.83 52.33 25
oenn ooooo 52.33 49.67 -2.67 (n=6) Str. & Exp 5233 49.67 -2.67
0o0oooo 53 52.67 -0.33 Reading 53 5267 -0.33
[O3] [Table 3]

OO0OsSHEPO OOOODOOODOODO

0 0000010000 000010000 000060000 0000030000
0 00000 00000 000 000 000 000 000 o000

SHEP Michigan Test Scores by Component and Year
MTELP(100 max) LCT(100 max) TWE (Essay 6 max) SPEAK (300 max)
Year Beginning End Beginning End Beginning End Beginning End

2010600 68 74 70 738 3 3.7 108.3 110 2011 (6) 68 74 70 738 3 37 108.3 110
20101700 61.1 63.3 62.6 733 3.2 45 81.4 100 2010 (7) 6l.1 633 626 733 32 4.5 814 100
2009160 0 61.8 64.5 62.3 62.3 3.4 3.8 80 98.3 2009 (6) 618 64.5 623 62.3 34 38 80 83
2008 80 0 64.1 65.5 729 729 29 41 825 1113 2008 (8) 64.1 65.5 729 729 29 4.1 825 1113
OO0 6375 66825 6695 70575 312 4025 8805 1049 Mean 6375 66825 6695 70575 3125 4025 8805 1049

M ooopoooooDooo000 O Major Publications and Achievements

I. N. Yoshimura and M. Nakayama: Expletives in L2 English and narrow syntax. Ars Linguistica, 17. 161-175. (2010)

2000000000 .000000000000000001380,00000 .(2010)

3. N. Yoshimura and M. Nakayama: Nominative case marking and verb inflection in L2 grammar: Evidence from Japanese college students’
composition. In Y. Otsu (ed.)The Proceedings of the Tenth Tokyo Conference on Psycholinguistics, 359-383. Tokyo: Hituzi Syobo. (2009)

4. N. Yoshimura and Mineharu Nakayama: Acquisition of two types of -s by Japanese EFL Learners: The role of LI transfer. In Y-S. Yang, S-W.
Tang, C. Kim, J-Y. Yoon, Y-S. Kang, K-A. Kim, H. Yoo, Y. Jang, and H-K. Kang (Eds.), Current Issues in Linguistic Interfaces 2. 253-263. Seoul, Korea:
Hankook Munhwasa. (2009)

5. M. Nakayama and N. Yoshimura: Japanese EFL Learners' Skills Improvement and the Length of Study Abroad Programs, Ars Linguistica, Vol.15.
54-64. (2008)

6. M. Nakayama and N. Yoshimura: Skill development in a short-term English study abroad program. C. Wong (ed.), Selected papers from the 2006
Annual Research Forum of the Linguistic Society of Hong Kong. Hong Kong: pp. 55-66. Linguistic Society of Hong Kong. (2008)
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Studies on health-promoting effects of green tea based on its modulation of gene expression

OO0O0O0OO Mamoru ISEMURA 0O0O0O0O0OO0O0O0O000000000000
Visiting Professor, Division of Food and Nutritional Sciences, Graduate School of Nutritional and Environmental Sciences, University of Shizuoka
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Green tea has been regarded to possess biological activities
including anti-cancer and anti-obesity effects, but many of its
action mechanism remain to be determined. We have
demonstrated that green tea and (—)-epigallocatechin gallate
(EGCG), a major component of green tea catechins, repress
the gene expression of gluconeogenic enzymes,
glucose-6-phosphatase (GéPase) and phosphoenolpyruvate
carboxykinase (PEPCK), suggesting a beneficial effect of green
tea on type 2 diabetes, since the disease is associated with
enhanced glucose production in the post-absorptive state.

M® Results

In the present study, we found that inclusion of green tea,
EGCG or an EGCG-free fraction of green tea in the culture
medium of rat hepatoma H4IIE cells resulted in inhibition of
the gene expression of G6Pase and PEPCK together with the
decreased gene expression of HNF4aq, a key transcription
factor for the gene expression of gluconeogenic enzymes (Fig.
[). The mice given oral administration of the EGCG-free
fraction showed the significant decrease in the hepatic gene
expression of G6Pase and PEPCK; insignificant decrease in the
plasma glucose level and significant decrease in the plasma
triglyceride and cholesterol levels (Table I). The hepatic gene
expression of lipogenic enzymes such as fatty acid synthase
and 4-hydroxymethylglutaryl CoA reductase was found to be
decreased together with the decreased mRNA levels of
SREBFs, key transcription factors for the gene expression of
lipogenic enzymes (Fig. 2).

™ Perspectives

The present findings suggest that green tea is beneficial for the
prevention of diabetes, obesity and hypercholesterolemia by
inhibiting the hepatic expression of gluconeogenic and
lipogenic enzymes through repressing the gene expression of
respective transcription factors playing central roles in their
gene expression. The identification of an active compound in
the EGCG-free fraction may open the way to developing a
new drug for these diseases.

19680 OO0OOOOOOOO 1968 Research Associate, Faculty of Science, ac.jp/nissin/index.html
Osaka University
196800 UO0DOODOODOODOODOOmMOOOOD | 1968 Ph. D, Osaka University
19630 O0O0O0OO0ODODOOOOOOOO 1963 Graduated from Faculty of Science, Osaka
University
0% 0.2% 0.5%
Glucose (mg/dl) 165.2+9.1 152513 144.6£6.9
Triglycerides (mg/dl) 164.7£20.1 128.94£10.4 [01.13£10.2%
Cholesterol (mg/dl) 107.84£37 94.244+2.4* 92.184+2.7*

*Significantly different from the 0% group at p<0.05
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[Figure 1]

Effects of green tea on the gene expression of G6Pase, PEPCK and HNF4a. H4lIE
cells were incubated for 4 h in the presence of green tea (0.1, 0.3 and 0.5mI/20ml
culture medium). The results were normalized using the level of B-actin, and are
expressed as the mean * SE relative to that for control (0, 100%).

[Table 1]
Plasma glucose, triglycerides and cholesterol levels in mice given a diet containing an
EGCG-free green tea fraction (0.29% or 0.5%) for 4 weeks
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On=5[1J0.2% 0 M0005% 0DMEGCG-0 0000000040 00000
mRNAOO OO -00000000M 0N O00000MmMOO0oo0o01000000
000+x000000000OFasn, 00000000 HmMger, 4-00000000000
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00D000000p<0.050#p<0.00 00000000

[Figure 2]

Effects of the EGCG-free fraction (GT-W) on the hepatic gene expression of
lipogenic enzymes and related transcription factors. The mice (n=5) were given a diet
containing 0.2% (green bar) or 0.5% (red bar) GT-W and hepatic gene expression
was determined by Q-PCR. The results were normalized using the level of B-actin,
and are expressed as the mean + SE relative to that for control mice given a normal
diet (100%, blue bar). Fasn, fatty acid synthase; Hmgcr, 4-hydroxymethylglutary CoA
reductase; Acaca, acetyl CoA carboxylase a; Srebf, sterol response-element binding
factor. O Significantly different from the control at p<0.05. #Significantly different from
the control at p<0.01.

M ooooooooooooo O Major Publications and Achievements

[.Y. Suzuki, N. Miyoshi, M. Isemura: Health-promoting effects of green tea. Proc. Japan Acad, Ser B. in press (2012)

2. K. Yasui, N. Paeng, N. Miyoshi, T. Suzuki, K. Taguchi, Y. Ishigami, R. Fukutomi, S. Imai, M. Isemura, T. Nakayama: Effects of a catechin-free fraction
derived from green tea on gene expression of enzymes related to lipid metabolism in the mouse liver. Biomed. Res., in press (2012)

3. K. Yasui, H. Tanabe, N. Miyoshi, T. Suzuki, S. Goto, K. Taguchi, Y.Ishigami, N. Paeng, R. Fukutomi, S. Imai, M. Isemura: Effects of
(-)-epigallocatechin-3-O-gallate on expression of gluconeogenesis-related genes in the mouse duodenum. Biomed. Res., 32, 313-320 (2011)

4. K. Yasui, N. Miyoshi, H. Tababe, Y. Ishigami, R. Fukutomi, S. Imai, M. Isemura: Effects of Oolong tea on gene expression of gluconeogenic
enzymes in the mouse liver and in rat hepatoma HA4IIE cells. |. Med. Food, 14, 930-938 (201 1)

5. K. Yasui, N. Miyoshi, H. Tanabe, Y. Ishigami, R. Fukutomi, S. Imai, M. Isemura: Effects of a catechin-free fraction derived from green tea on gene

expression of gluconeogenic enzymes in rat hepatoma H4IIE cells and in the mouse liver. Biomed. Res., 32, | 19-125 (2011)

6. K. Yasui, H. Tanabe, N. Okada, R. Fukutomi, Y. Ishigami, M. Isemura: Effects of catechin-rich green tea on gene expression of gluconeogenic

enzymes in rat hepatoma H4IIE cells. Biomed. Res,, 31, 183-189 (2010)
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Prevention of infectious disease by sugar chains and functional foods and their components
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Emerging and re-emerging infectious diseases are important in
the 21st century. Biological recognition systems involving
carbohydrate interactions may have contributed significantly
to the evolution of interaction processes between
viruses/microbes and host animals. Our first aim in this project
was to elucidate the mechanism of interaction between sugar
chains and influenza virus infection. The second aim of our
study was to contribute to a new field of science, “Disease
control and prevention by functional foods and their
components’.

MR Results

Highly pathogenic avian influenza viruses (HSN ), having
become entrenched in poultry in Asia, Europe and Africa,
continue to pose a pandemic threat. In this project, we
determined the molecular mechanism for the switching from
avian type receptor (Siaa2-3Gal) to human type receptor (Sia
a2-6Gal), specificity being a critical step in the adaptation of
avian viruses to human hosts. First, we analyzed N-glycan
structure in the intestines of chickens and quails, and identified
both avian and human type receptors. We also found that the
major influenza virus receptor sugar chains in swine
respiratory organs (trachea and lung) were human type
receptors. These facts strongly indicate the possibility that a
novel H5NI virus with human-type receptor-binding
specificity will emerge from chicken, quail and swine in the
future. In fact, we found that highly pathogenic HSN I, which
has human type receptor binding specificity, has already
emerged from chickens (Fig. |) in Egypt and swine (Fig. 2) in
Indonesia (Fig. 3).

We also isolated several new molecules from food materials
that inhibit infection by influenza viruses. The mumefural (Fig.
4) from Japanese apricot fruit juice concentrate has multiple
inhibitory effects on 2009 pandemic influenza A (HIN) virus.
We found and determined at least 39 structures of N-linked
sialo-sugar chains that bind to influenza virus hemagglutinin
(open Glycoscience, in press).

™ Perspectives

H5NI naturally mutates in two ways. First, this project has
confirmed that H5N| can undergo a genetic point mutation
involving an amino acid substitution in the hemagglutinin
molecules, through which it acquires transmissibility to
humans. Second, H5N | can mutate to form a genetic
reassortant with the seasonal influenza virus or pandemic
HINI virus of 2009. We will continue to explore the second
possibility in order to establish a system for controlling the
next pandemic. This project enabled us to develop a sensitive
and easily used kit to assess for acquisition of human-type
receptor binding specificity of HSN .

We also developed new techniques for discovering
anti-influenza drugs and are now investigating their
relationship to various new food materials.
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[Figure 1]

Identification of new H5NI strains that bind human-type receptor and were isolated
from chickens (B, C) in Egypt and pigs (D, E) in Indonesia. Seasonal human influenza virus
preferentially binds to human type receptors (A). Normal H5N | isolated from chicken
and pig binds avian type receptors (a2-3) (B, D), but new strains (C, E) also bind to
human-type receptors (a2-6) (PLos Pathogens, 201 |; Emerging Infect. Dis,, 2010).
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[Figure 2]
Process of mutation that enables avian influenza virus transmission between humans
(. Disaster Res., 201 1).
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[Figure 3]

Structure of mumefural isolated from traditional Japanese apricot fruit juice

concentrate. It inhibits infectivity and the function of hemagglutinin and neuraminidase
in the 2009 pandemic influenza virus (HIN1) (Food Chem., 2011).

M ooooooooooooo O Major Publications and Achievements
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Primary (TO) plants, obtained by our homologous
recombination-promoted modification of the rice genome,
usually carry only one anticipated knock-out or knock-in allele
in the heterozygous condition. We showed that the
reproducible, dosage-dependent, and spatiotemporal
expression of the GUS reporter gene fuses with the
endogenous MET|a promoter in the selfed progenies of
independently isolated knock-in-modified TO plants. We also
reproducibly obtained and characterized TO plants bearing a
knock-in modified null allele of ROSIa for DNA
demethylation of 5-methylcytosine. For nonhomologous
recombination, we characterized endogenous DNA
transposons nDart/ in rice and Tip 100 in the common
morning glory (Ipbomoea purpurea).

M® Results

Figure | shows our strategy for the knock-in modification of
ROS I a with positive-negative selection; all the knock-in lines
obtained displayed the same GUS staining patterns. The
knock-in null allele, ros/a, is non-transmittable; the maternal
allele causes failure of early endosperm development resulting
in incomplete embryo development (Figure 2), whereas the
paternal allele cannot be transmitted to progeny.

The nDartl elements are predominantly integrated into
single-copy genic regions, particularly the promoter proximal
regions.

The mutable allele, caused by Tip 100 insertion into CHS-D for
flower pigmentation, confers incomplete dominance (Figure
3). Amounts of CHS-D transcripts, CHS-D protein, and
anthocyanin pigment in heterozygous flowers were about half
those in homozygous flowers, indicating that
dosage-dependent expression of CHS-D is the primary cause
of the observed incomplete dominance.

™ Perspectives

Without our knock-in modification procedure, the
non-transmittable ros/a allele would be difficult to isolate by
conventional mutagenesis techniques that isolate mutants as
segregants in the progeny population. It would also be difficult
to characterize its transmission by tracking of spatiotemporal
ROSIa expression.

Our findings provide an explanation for the observation that
nDartl-insertion mutants often confer gain-of-function
phenotypes.

Our findings on gene-dosage effects imply that expression of
a single copy of many genes following Mendelian Laws
appears to be sufficient to confer wild-type phenotypes.
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DODO00000ROSIanOnOO0. (a) A normal-shaped seed, obtained as selfed progeny of the knock-in plant, displaying
[Figure 1] no beta-glucuronidase (GUS) staining. (b) A deformed seed containing severely
Strategy for knock-in modification of ROS/a in rice. underdeveloped endosperm and displaying GUS staining. We obtained the seed by
(a) Genomic structure of ROS/a. (b) T-DNA region of the targeting vector used. crossing emasculated flowers of the knock-in plant with wild-type pollen. Note that
(c) Genomic structure of the ROS/a locus targeted for knock-in. the designation of the knock-in allele is ros | a:GUS .
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[Figure 3]

Incomplete dominance in flower pigmentation of I. purpurea and the structures of the
wild-type and mutant CHS genes.

The large horizontal arrows and the triangles indicate CHS and Tip 1 00, respectively.
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The Global COE Scientific English Program based at the
University of Shizuoka has offered English courses to graduate
science students throughout the academic year, training
students in practical scientific communication skills. The
number of courses and workshops has expanded from 3 in
2007 to 7 in 2010. Almost all course materials have been
created specifically for the program, including those based on
original research in scientific communication carried out at
international conferences and in journal collections.

M Results

From October 2007 to September 2011, 247 course credits
were given, and |23 students attended non-credit workshops
and tutorials. In 2010 course evaluations, the courses were
rated “very worthwhile” by 87% of students (Fig. |). Oral
Communication | & 2 cover basic conference and laboratory
communication, and in Student-led Scientific Discussion | & 2
students choose the topics and lead the discussion.
Independent Listening for Scientists pioneered new types of
listening materials and course delivery methods based on
science podcasts available on the internet; details were
published in Hawke (2010). Academic Writing covers
fundamentals of scientific articles, e-mails, and CVs, followed
by the non-credit Manuscript Editing Tutorial, which has
individual editing sessions with the instructor; 5 student papers
edited in the tutorial have been published in academic
journals, with several more still under review. Academic
Presentations covers conference presentation skills in detall; its
course materials were published as Hawke & Whittier (201 1)
(Fig. 2). In addition, 39 non-credit Preparation Workshops for
Presentations at International Conferences were held for | |1
students presenting in English at international meetings

(Fig. 3).

™ Perspectives

Scientific English Program courses and workshops were well
received by students and faculty, and will continue to be
offered by the new Graduate School of Integrated
Pharmaceutical and Nutritional Sciences.

Course / Tutorial PRl B ot P e
Oral Communication 1&2 2007.10 140 90 %
Academic Writing 2007.10 36 89
Academic Presentations 2008.04 39 89
Independent Listening for Scientists | 2009.04 17 75
Student-led Scientific Discussion 1&2 | 2009.04 19 91
Total / Average - 247 87 %

Manuscript Editing Tutorial 2009.10 (12) 100 %

[01]

J0ooobooooooooooooooboom 20070 100020110900

[Figure 1]

Details of Scientific English Program courses and tutorials (October 2007 to September 201 ).

Conference Number of Oral Poster
location workshops | presentations | presentations
Overseas 17 9 16
In Japan 9 17 9
University GCOE 13 59 1
85 26
Total 39
111
Thillip Hawka 03]
= ME.L_'\I,‘!.HH” g00o0o0ooooooOooo0Oooo0oo0OoOoOoO0@ @ ooooOOooOOo0o0D0OO0boOoOooooooo
= | HE gooooooDoo
o b i [Figure 3]
T e P s Details of Preparation Workshops for Presentations at International Conferences by conference location and type of
:..f"-l.-‘-.'" i presentation.
[02]
J000000000000000000DOO0D00O00O20110MO0O)
[Figure 2]

Cover of Hawke & Whittier 201 )"0 000000000000 00ODO
0000000000 [Presentation Skills for Japanese Scientists]” , published
by Japanese science publisher Yodosha.
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2. P. Hawke: Using podcasts in independent listening courses: Legal and pedagogical implications. JALT CALL Journal, 6, 219-234 (2010)
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Dengue virus infection is caused by cross-species infection
between natural hosts, such as mosquitoes and other
arthropods, and animals, including humans. Host factors
involved in infection by this virus, their function in viral
infection, mechanisms of infection, and even the molecular
mechanisms of pathogenesis are not fully understood. So far,
no antiviral agents that act on host factors are clinically
available. Identification of substances in established medicinal
herbs and edible mushrooms that could be developed into
antiviral drugs that can control viral replication by acting on
host factors would create new types of antiviral compounds.

M® Results

This study on utilizing resources derived from medicinal herbs
and mushrooms in Southeast Asia involved partnership and
cooperative research by the Faculty of Pharmacy, University of
Chulalongkorn, and the Mushroom Research Institute,
University of Malaya.

One project investigated anti-dengue agents derived from
medicinal plants in Thailand: Using a proliferation assay, we
evaluated inhibitory effects on dengue virus infection of
substances isolated from indigenous Thai medicinal plant
extracts that are used as herbal medicine in Thailand. By
assessing extracts (10 pg/mL) from 36 different medicinal
plants for anti-dengue virus activity, we identified seven
extracts with very high inhibitory activity (Figure 1).

In the second study, we used a proliferation assay to evaluate
the ability of potential anti-dengue agents derived from edible
mushrooms in Malaysia to inhibit viral replication. The
mushrooms are owned by the Mushroom Research Institute
of Malaysia, University of Malaya. We identified three
mushroom extracts that strongly inhibit anti-dengue virus at a
concentration of | mg/mL (Figure 2).

™ Perspectives

It is becoming clear that the anti-dengue agents derived from
medicinal plants in Thailand and edible mushrooms in Malaysia
contain a polysaccharide polymer and low-molecular
compounds with differing biochemical and physicochemical
properties. Further characterization will be required before
they can be used for the control of dengue virus infection.
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[Figure 1]

Inhibitory activity of Thai medicinal herbs on dengue virus propagation.

We infected Vero cells with dengue virus, and then cultured them for 48 hours in the
presence of a final concentration of 10 pg/mL of the substances under investigation. &
We used a focus-forming assay to determine virus titers. Samples with red numbers
are active substances.
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M, microwave; B, boiled water; A, autoclave; F, fresh water.

[Figure 2]

Inhibitory activity of Malaysian mushroom extracts on dengue virus propagation.

We infected Vero cells with dengue virus, and then cultured them for 48 hours in the
presence of a final concentration | mg/mL of the substances under investigation. We
used a focus-forming assay to determine virus titers. Samples with red numbers are
active substances without cytotoxicity. A, autoclave; B, boiled water; F, fresh water; M,
microwave.
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™8 |ntroduction

Using recombinant yeast in extracellular production of
industrially useful proteins, including diagnostic antibodies or
enzymes, simplifies the downstream purification process,
because certain steps, including cell lysis and subsequent
clarification of the extract, are not necessary. Moreover,
purification of secreted protein from yeast culture medium is
much simpler than that from clarified cell lysate, because the
former contains fewer endogenous proteins. However,
depending on the protein to be expressed, the host cells
show impaired growth upon induction, resulting in poor
production of the target protein.

M® Results

We established a novel yeast extracellular expression system
that is capable of synthesizing a certain range of so-called
"difficult-to-express" proteins. In this expression system,
recombinant yeast cells resting in stationary phase (ODsgso =
3—4) are suspended in a small aliquot of inducing medium to
form a high cell-density culture (e.g., ODsco = 15). When
applied to yeast strains harboring Lentinula edodes laccase
(Lecl or Lec4)-expressing plasmids, this high cell-density
system allowed the host cells to synthesize increased amounts
of laccase, which resulted in a > 1000- to 6000-fold higher
yield than those obtained in a classical growth-associated
manner. The resting cells required vigorous aerobic agitation
for the maximum production.

™ Perspectives

The performance of the novel expression system varies
depending on the proteins to be expressed. The production
system works for laccases and other foreign enzymes, but not
for beta-galactosidase from Aspergillus oryzae or Escherichia
coli, or antibodies including a single chain Fv fragment. This
and some other data suggest involvement of stationary
phase-specific endoplasmic reticulum (ER) chaperons that act
on a certain range of secretory proteins. The identification of
the ER chaperons that facilitate efficient expression of
antibodies and elucidation of the molecular mechanisms
behind induction-dependent plasmid loss and cellular toxicity
will be our future works.
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[Figure 1]

Summary of this study

Extracellular production of certain kinds of proteins causes serious growth retardation
of host cells, which is occasionally accompanied with significant loss of the expression
plasmid, probably due to ER stress upon induction (left panel). The right panel shows
the high cell-density expression system that we established in this study. The
recombinant yeast cells no longer proliferate in the dense suspension. Instead, the
expression plasmids in the cells are stabilized, which results in increased production of
the target protein. Some stationary phase-specific chaperons, and hence ER capacity,
are also involved in efficient production.
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[Figure 2]

Upper panel: Experimental outline of the high cell-density expression system. Lower
panels: Lccl-expressing strain (FGY217(pBGlccl), panel A) and Lcc4-expressing strain
(FGY217(pBGlcc4), panel B) were suspended in the inducing medium to give the
depicted cell concentrations. The turbidity increase (represented as End OD660) of
the culture and liberated laccase activity (bars in black) were measured. The bars in
white represent laccase production per cell, which is obtained by dividing laccase
activity (mUL") by the end ODsso value.
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