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Toward New Frontiers of Pharmacy and
Pharmaceutical Sciences

Keli Manabe, Ph.D.
Dean, Graduate Division of Pharmaceutical Sciences

The Graduate Division of Pharmaceutical Sciences provides three graduate programs: the
Graduate Programs in Pharmaceutical Sciences (master’s and doctoral courses), in Pharmaceutical
and Nutritional Sciences (3-year doctoral course), and in Pharmacy (4-year doctoral course). Each
program aims to foster scientists in the fields of life and pharmaceutical sciences. Education in
these programs focuses on the elucidation of biological functions, on the establishment of the basis
of drug action and therapy, and on the development of novel methods for the synthesis and
analysis of therapeutic drugs, on pathophysiological analysis, and on drug discovery based on
“omics”, including genomics, proteomics, and metabolomics. The programs also concentrate on
the creation of drug delivery systems, on pharmaceutical formulation and pharmacokinetic analysis
for effective pharmacotherapy, and on the evaluation of drug metabolism and toxicity. The more
clinically-oriented aspects of the programs include research on therapeutic drug monitoring for
appropriate use, as well as on individualized drug therapy. Depending on their graduate
specialization, students become experts in the development of new drugs, in the development of
new analytical methods to determine the purity and quality of therapeutics, in the creation of
effective drug formulation, or in the regulatory sciences that assess the activity, stability, and safety
of drugs. The Graduate Division has two research centers: The Center for Drug Discovery and the
Center for Pharma-Food Research.

Tradition, achievement, and innovation

The University of Shizuoka originated from the Shizuoka Women's School of Pharmacy,
established in 1916, and the Graduate Division traces its origin to the Shizuoka Prefectural College
of Pharmacy, founded in 1953. Up to the present, over 2,000 M.Sc. and Ph.D. degrees have been
granted by the Division. Their recipients work actively in universities, pharmaceutical companies,
and governmental offices as researchers in drug development and as specialists in public health and
food and drug administration. They also contribute to medical services as pharmacists in hospitals
and pharmacies. Many are active in the U.S., the E.U., and Asian countries.

Pioneering the future of pharmaceutical science

The pharmaceutical sciences contribute to human health care and the improvement of public
welfare. Our present super-aging society brings many challenges in the prevention and treatment
of chronic diseases such as metabolic syndrome, cancer, and Alzheimer's disease. In this regard,
our society has increasing hopes for the pharmaceutical sciences. Our graduate program responds
to these expectations through the innovation of drugs with high efficacy and safety, the
development of methods for the appropriate use of such drugs, and the elucidation of genetic and
environmental factors that affect drug efficacy and safety. Another important mission of our
program is the education of professional pharmacist-scientists as compassionate, flexible leaders in
the pharmaceutical care of individual patients, and as experts in the safe and optimally effective use
of therapeutics for these patients. Toward this end, four of our departments, Clinical
Pharmaceutics & Pharmacy Practice, Clinical Pharmacology & Genetics, Molecular Medicine, and
Drug Evaluation & Informatics, also have laboratories at Shizuoka General Hospital. These hospital
laboratories allow us to carry out our clinical curriculum as a combination of academic studies, resi-
dency in hospital pharmacy, and research.

Cutting—edge research in a rich environment

The University of Shizuoka is located on the Nihondaira Plateau in Shizuoka City, which commands
a magnificent view of Mt. Fuji. The University is a member of Shizuoka Prefecture’s Fuji Pharma
Valley Initiatives research group. The Graduate Division of Pharmaceutical Sciences has been at
the forefront of education and research in Shizuoka Prefecture.
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Molecular Medicine

1.

2.
3.
4

Study on cardiac nuclear signaling pathway in heart failure
Translational research for heart failure therapy with curcumin and functional foods
Epigenetic analysis in fibrotic diseases

Pathogenesis and drug discovery research in brain tumors
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Bio-informational Pharmacology
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Research on ion channels and transporters as therapeutic targets in the gender specific medicine (GSM)
Cardiac pharmacology and toxicology using iPS cells and in silico modeling
Molecular mechanisms on sex differences in inflammatory muscle diseases

Molecular mechanisms to maintain adipogenic stem cells in undifferentiated state
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Pharmacy Practice & Science

1.

2.
3.

4.

Development and clinical evaluation of confectionary shaped dosage forms, orally disintegrating tablets, and
hospital formulations

PK/PD analyses of drugs for optimal and personalized pharmaceutical therapies

Clinical impacts of drug interactions and genetic polymorphisms of drug-metabolizing enzymes, transporters
and receptors

Evaluations of clinical impact of pharmacists on pharmacotherapy, and development of new pharmacist work

B R R A RA

1. EYWORNENERLEHIRR R ICHE L LT ER O

2. TT7—RVA—TAHNNVT T EEKRT L ECULELIER - BWER T — & O & o
3. BEISOBF A OB X O BF FAERE E G L 7o H I EH o B S

4. JRREDFIERCHEITICHE T 5 ZHOBER

Clinical Pharmaceutics

Ll S .

Study on factors affecting distribution or clinical efficacy of drugs
Analysis and application of necessary data of drug reactions for pharmaceutical care
Pharmaceutical evaluation of drugs and development of new formulations based on pharmaceutical characteristics

Study on factors affecting development or clinical state of diabetes or rheumatism
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Clinical Pharmacology & Genetics

L S

Analysis of genetic polymorphisms affecting the drug response for optimization of medication
Analysis of the diseases-related biomarker for prevention and therapy of the diseases
Development of human recombinant antibodies useful for diagnosis and therapy of cancer, and so on

Development of molecular targeting drugs based on the antibody epitope analysis
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Drug Evaluation & Informatics

1.

w

Methodology on the analysis and evaluation of clinical researches on the basis of biostatistics and
evidence-based medicine

Analysis and evaluation of the effectiveness and safety of pharmaceutical drugs and health foods
Verification of usefulness of the investigated candidate compounds in new drugs

Study for improving the infrastructure of clinical trials conducted in study sites
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Investigate the progressive mechanisms in heart failure
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Decompensatory
remodeling

The goal of our research is to analyze the precise molecular mechanisms of heart
failure, and to establish new therapeutive strategies.

Signals activated by increased hemodynamic overload to the heart finally reach .
nuclei of cardiomyocytes and fibroblasts, change patterns of gene expression and B R HEAER
cause their maladaptive hypertrophy and fibrosis. To prevent cardiac hypertrophy Tatsuya Morimoto
and fibrosis may be attractive therapeutic target for heart failure. % JREE

An intrinsic histone acetyltransferase (HAT), p300, is a critical role during these =
process. Cardiac p300 activity is increased in heart failure which pathological
cardiomyocyte overgrowth occur in response to hemodynamic overload. A natural A R RIIIEE—
compound, curcumin, possesses p300-specific HAT inhibitory activity. We have
demonstrated that curcumin prevents the deterioration of systolic function in two
different rat models of heart failure. Recently, we have performed the translational
research to apply curcumin therapy in clinical setting. Moreover, we have identified
the compounds to prevent p300-HAT activity, cardiomyocyte hypertrophy, or cardi-
ac fibrosis from natural library and chemical library.

The achievement of these projects should lead to a better understanding of the
pathogenesis of heart failure and development of novel diagnostic and therapeutic
compounds in clinical setting.
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From Molecular Pharmacology to Individualized Pharmacotherapy
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Our main goal in research is to unravel novel molecular mechanisms for individ-
ual differences in pharmacological action and to transfer the scientific break-
throughs into developing individualized medicine.

It has been known that gender is an important variable that influences the physi-
ology of every organ in the body. Our laboratory now addresses critical clinical-
ly-relevant problems from the point of view of understanding fundamental and
novel molecular mechanisms and interactions for biological sex differences in
circulatory diseases. To this end, we aim to understand fundamental and novel
By # FKEE molecular mechanisms and interactions for individual differences of drug respons-
es not only in cardiovascular system but also in other organs. The followings are
our current topics.

1) Research on ion channels and transporters as therapeutic targets in the gender
specific medicine (GSM)

2) Cardiac pharmacology and toxicology using iPS cells and i silico modeling

3) Molecular mechanisms on sex differences in cardiovascular and muscle inflam-
matory diseases

4) Molecular mechanisms to maintain adipogenic stem cells in undifferentiated state
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Providing optimum dosage forms and pharmacotherapy for our patients
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It is important to provide an optimum drug dosage forms and personalized phar-
maceutical therapy to enhance their benefits for patients. With those in mind, we
are developing confectionary shaped dosage forms, orally disintegrating tablets and
pre-mixed injections, and subjecting them clinical evaluations. In order to provide
optimal pharmacotherapy for our patients, it is essential to understand the charac- Shinya Uchida
teristics of both the pharmacokinetics (PK) and pharmacodynamics (PD) of drugs, £ B MERES
along with factors related to inter-individual variations. We are also investigating
the relationship between PK and PD in basic and clinical studies, as well as the _ N
clinical impact of the drug interactions, and genetic polymorphisms of drug-meta A B =EEIR
bolizing enzymes, transporters and receptors. Following are our main areas of Motoyasu Miura
investigative focuses: . A
1) Development and clinical evaluation of confectionary shaped dosage forms, orally B B AXIEE

disintegrating tablets, and hospital formulations.

2) PK/PD analyses of drugs for optimal and personalized pharmaceutical therapies.

3) Clinical impacts of drug interactions and genetic polymorphisms of drug-
metabolizing enzymes, transporters and receptors.

4) Evaluation of clinical impacts of pharmacists on pharmacotherapy, and develop-
ment of new pharmacist work.
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Understand interindividual differences and design dosage regimen accordingly
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Benefit to patients all over the world  —==71

Most drugs have individual differences in clinical responses. When patients
receive a standard adult dose of the same medicine, some patients react to drugs
while some do not. With regular treatment, most patients experience no unexpected
reactions while some patients suffer from adverse reactions. These differences are
explained by interindividual differences in pharmacokinetic behaviors among
patients or by differences in pharmacological response among patients. Factors that
cause differences in pharmacokinetic behaviors are both amounts and activity of
metabolic enzymes and efflux transporters. Either genetically low activity of meta-
bolic enzymes or reduction in enzymatic activity is considered to be the cause of
adverse drug reactions. It is also known that differences in drug formulations, even
if containing the same active ingredients in them, may affect their clinical effects or
development of adverse drug reactions. Since there are interpatient differences in
pharmacokinetic behaviors and pharmacological responses, we should understand
those differences and design the way to maximize the pharmacological effect and
minimize adverse drug reactions. To achieve the most effective, harmless and cost-
benefit therapy, we perform advanced studies on clinical pharmacokinetics, clinical
pharmacology, clinical pharmaceutics and pharmacoeconomics.
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Establishment of personalized medicine based on the genetic information Science on drug informatics
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Appropriate analysis and evaluation of drug information is essential for medical

It is known that the efficiency of drugs is often varied from person to person. We e s e o =
R PR R B AT S S = Je IR SR A AT o7 5B providers to use medicine appropriately with maintaining its optimal effectiveness and

consider one of the possible reasons to be the genetic defects of drug-metabolizing

enzymes, receptors, and transporters. Analysis of the presence of genetic defects, safety. In the department, we collect drug infomation from enormous database, give a
that is to say the genetic polymorphisms, affecting the drug response in patients in B B’ FERE FERWR WWHE & critical appraisal, and offer the effective informaion back to the clinical practice.
advance will help the physicians select the suitable drugs with optimal dose and Kunihiko Itoh Hiroshi Yamada Methodology on the analysis and evaluation of clinecal researches is also studied on the
route of administration for patients to be going on medication. This may serve the HEEIS H A= basis of biostatistics and evidence-based medicine, in such fields as scientific and
avoidance of administration of drugs to non-responsive patients followed by the . ethical validity of the research design and protocol, and reliability of data manegement.
saving of drug expenses. Kazuyuki Inoue To promote the high-quality achievement of clinical researches, our main studying
We aim at the clinical application of personal genetic information for optimiza- i OE O KB focuses are as folows;
tion of medication, for prevention and therapy of the diseases, and for development Daiki Tsuji 1) Methodology on the analysis and evaluation of clinical researches on the basis of

biostatistics and evidence-based medicine.
2) Analysis and evaluation of the effectiveness and safety of pharmaceutical drugs

of antibody-based medicines. The following projects are now on going to achieve
this goal. 1) Analysis and clinical application of genetic polymorphisms affecting
the drug response for optimization of medication. 2) Analysis of the diseases-relat- and health foods.

ed biomarker for prevention and therapy of the diseases. 3) Development and clini- 3) Verification of usefulness of the investigated candidate compounds in new drugs.
cafl application of human recombinant antibodies useful for diagnosis and therapy of SSRGS F EZMEGF - 4) Study for improving the infrastructure of clinical trials conducted in study sites.
infectious diseases, autoimmune diseases, and cancer. 4) Development of molecular v
targeting drugs based on the antibody epitope analysis. B R IR B Hﬁﬂl;w“l'ﬁ'ﬁérm
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Organic Chemistry
1. Development of high-performance catalysts for efficient molecular transformation
2. Development of environmentally friendly molecular transformation
3. Creation of new functional materials and biologically active compounds
4. Studies on mechanisms of chemical reactions
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Analytical and Bioanalytical Chemistry

1. Development of new analytical methods for next-generation biopharmaceuticals
2. Development of the analytical methods for high-selective molecular imaging

3. Development of the highly sensitive separation methods for chiral molecules

4. Single-cell metabolomics
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Molecular Toxicology

1. Understanding of molecular mechanisms for the expression of drug-metabolizing enzymes

2. Investigation on the physiological/toxicological roles of xenobiotic-responsive nuclear receptors
3. Studies on the mechanisms, prevention and treatment of cancers

4. Development of chemical safety evaluation systems and alternatives to animal experiments
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Physical Biochemistry

1. X-ray structural analysis and functional study of disease-related proteins

2. Structural biology to unravel molecular mechanism underlying DNA damage response

3. Studies on structure and function of proteins involved in control of chromosome architecture
4. Structural and functional studies of proteins involved in regulation of cancer cell proliferation
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Integrative Physiology
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1. BAEE I IC CTHERE S D IR A 4 > F v R OVEEIZBE S % 9t 1. The role of membrane proteins activated by physical force in muscle stem cells

2. AHBIINAFuaT—FIAhE U, BN B GRG0 fE s 2. The development of “mechanomedicine” for neuromuscular diseases

3. JRECEEMIZBT L IR AR & T o EFEWEICE S 5 g 3. The role of phospholipid translocases in physiological systems

4. MWEEEICHEIC K D AT ET R O i RH 4. The role of trace elements in regulation of physiological processes

E%nﬁé S BEE Synthetic Organic & Medicinal Chemistry

JLE%&EEEE(E? 4 2 3 5 RIRERILEW D461 1. Total synthesis of biological active natural products

2 AARBRR ﬁﬂ‘ﬁ% Hig L7270 — 745F0kst & &% 2. Synthesis of probe for elucidation of biological function

3 %ﬁﬁ/\ﬂiﬁdi DFEAFE 3. Development of novel synthetic method

4. iﬁnﬂ%%ﬁun@ﬁ@j)ﬂiﬁ@é\ﬁk 4. Synthesis of active constituent of Shizuoka speciality foods

Bl T8 Pharmaceutical Engineering

1. Fr¥ikest & dlsdE o ua b X oMEr 1. Design of particles and examination of manufacturing process

2. R O AR ET 2. Development of novel physical evaluation methods

3. BHIE ST 3. Structural analyses of pharmaceutics

4. FIDDS (Drug Delivery System) DB 4. Development of novel DDS (Drug Delivery System) technologies TGN
HEmEIRLFBEE Synthetic Organic Chemistry

o EINAERIE T A NS & AT AR A hFgE 1. Development of novel catalytic reactions and asymmetric synthesis
2. FHHE7 v FALEW O Gk & FERRIC B3 50198 2. Chemical studies on organofluorine compounds
3. AN F— 2 ERE) ) & T LS TR DR S 3. Development of light-driven novel molecular transformations

4. Synthesis of bio-functional molecules and their applications
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Pharmacology

1. Signal transduction involved in functional regulation of the intracellular dynamics of insulin secretory granules
2. Development of therapeutic approach for diabetes in insulin secretion, cell proliferation, and apoptosis in pancreatic p cells
3. Signal transduction involved in functional regulation of hepatic stellate cell activation and constriction

4. Signaling mechanisms underlying the development of diabetes and liver fibrosis and application to disease prevention
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Scientific English

B DR OB RET) & WEFEIZ X SRR ERBE I O LD 720D H ) F 2T L DRSS 1. Curriculum development to improve students’ basic scientific English and advanced discussion skills

2. EIBHFE TS 21T O FENOLIFEICEI 9 505 2. Preparing students to present their research at international scientific conferences

3. EEEIC X DA ERSC DO EE S AL D 72 60 0 H B EAF DB S 3. Training students to effectively write and edit their own academic papers

4. FBIEHICEBHEFEII a2 =7 — 2 g VIZBET 5 FREEN R 4. Carrying out linguistic analysis of the specialized language used by the scientific community
BIEREREF— Center for Drug Discovery

1. P FIAEREIEGRIEICEH LA A7) — = 73 A5 LA DBISE 1. Development of new drug screening system focused on signal transduction and immuno-oncology

2. FrHPLOAFIOBIEL A HAg & U721 — IR & &R biise 2. Lead discovery and optimization for developing new anticancer agents

3. BEEFEBERIE OVEFMEFRAT & /N A F ~ — 7 — 4R 3. Research on mode of action and biomarker for drug candidates

4. AEFEEALEW E VAN A v b T — 2 OENT & filE 4. Analysis and regulation of intracellular molecular network with bioactive small molecules
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Center for Pharama-Food Research

1. Basic and clinical research for the development and better use of novel pharmaceuticals and functional foods
2. Basic and clinical research of combination effects of pharmaceuticals and functional foods
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Development of efficient chemical synthesis
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Synthetic chemistry is an important and fundamental science to create valu-
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Development of innovative analytical methods for life science and medical care
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To understand the biological phenomena in detail, it is indispensable to

able materials including pharmaceuticals. However, the present stage of chemi-
cal synthesis is still miles away from being its ideal stage. If molecular trans-
formations can be controlled at will, we can greatly improve the present chemi-
cal synthesis toward its ideal stage. In order to realize this truly efficient chem-
ical synthesis, we are investigating new synthetic methods of various organic
compounds including functional molecules and biologically active compounds.
Development of new catalysts that accelerate valuable molecular transforma-
tions constitutes one of the main projects in our laboratory.
The following subjects are currently underway:
1. Development of high-performance catalysts for truly efficient chemical
synthesis.
2. Development of environmentally friendly molecular transformation.
3. Creation of new functional materials and biologically active compounds.
4. Studies on mechanisms of chemical reactions.
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“measure”. By investigating what, where, how much, and what state it exists,
various information on health and illness can be obtained. By using unique ideas
and state-of-art analytical instruments, we are developing new analytical methods
(1) to make measurable what could not be measured so far, (2) to measure what
have been measured more easily and conveniently. We believe that our analytical
methods would contribute to early diagnosis of various diseases, relapse
prevention, drug evaluation and drug development.

Current research projects are as follows: 1. Development of high accuracy and
ultrasensitive analytical methods, 2. Development of new analytical methods for
next-generation biopharmaceuticals, 3. Development of the analytical methods
for high-selective molecular imaging, 4. Development of the highly sensitive
separation methods for chiral molecules, 5. Development of single-cell metabolo-
mics, 6. Metabolomics approach for screening new biomarker.
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Chemical safety science for national health and drug development
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For our healthy life, we have been developing and using functional chemicals such
as drugs, cosmetics, pesticides, food additives and supplements. Meanwhile, ad-
verse effects of drugs and environmental pollutants are becoming major health
concerns in modern society. Therefore, it is very important to investigate and
understand the detoxification system and biological effects of chemicals for our
health and drug development. Drug-metabolizing enzymes, expressed abundantly in
the liver, play central roles in the protection against xenobiotics/chemicals. Mem-
bers of the nuclear receptor gene superfamily are xenobiotic-responsive transcrip-
tion factors and regulate the expression of drug-metabolizing enzymes. Nuclear
receptors are also known to be involved in various biological and physiological
processes including hormone actions, energy metabolism, cell cycle and inflamma-
tion. Thus, nuclear receptors may be associated with adverse effects of xenobiotics.
Based on these facts, we are currently working on the following topics:
> Molecular mechanisms for the expression of drug-metabolizing enzymes.
> Physiological/toxicological roles of xenobiotic-responsive nuclear receptors.
> Mechanisms, prevention and treatment of cancers.
> Chemical safety evaluation systems and alternatives to animal experiments.
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Structural biology and biophysics to unravel molecular mechanisms of life

EAEEIOHEWTETH % 4 VIS HIL,
Kbbt, ZUINVED (-6 & [13-56 %]

WU ST ARSEAZ L B3 Z L CIELSBREL X4, ¢
IXEREBRE D D, & VS BOKRER

HwmBiRE, 1O [7zb] » 0BS5S REAEY ¥ T, 19534, Watson & Crick

51%. DNAOXHMIIT G E A SDNAL “HLBAMELZ LD, 7 OME

IZHT X DNADFAR

FEBZFRIBL £ L7z, [RICARICPerutzid, & 780 B O ARKEE % RE 3 5 Xris db ki
iz i . LE Lz, ZhoDZ EPFEEMZORMAT THEEbhTVWET., ZTD
Ry MIRA & VX EOAPERAN, MO BEXETH S o b a VRGHE. FHRRESC i

V7 by 7 OMHRIC
[/ % 3 % 728

& o THEE A IR
RSN T T —F AR ETHIEELIONTOET,

L. BETIE, E@PAickii52<0

A7 B OWFRETIE. EW2EICE L 4 VIS 2B O RRESE & . X ERRE SRS AT 12 X
ST IHRFUVNLOMGE | THREL, EMBROD T A =X L5 BHT 2% 427> C

WE T, A bBREERITONRE LA T & V82 /EiZ. DNASHEIRBE
WM F = v 7 KR4 v b, BBV S FIUEE!
. A REEMEEEIC
A2V IS BEOBEEEME, CHRT S ZEI2k 5
T, Tho6D & VIS EOWEE % R 5 Lo
RIBLATBEIZ 2 D . AIBRD T2 D B E 6N 5 &

fFEhEd,

F 7. XfhSa s maTIicmA <. 2 94 X E 1
VARG, XEEREGELIR AT, 7o I 21—
3 Y EDORHERIE, BEaih & o kR4 ks
E%?%?%%E&Abﬁt#A

IZ& > T, HMRAEMREROAREIZHED 720 &5

TWET,

S B FEE
g B BF 1B

Hiroshi Hashimoto
EHEERE FE OE=X
Kodai Hara

i B EARRME
Asami Hishiki

NS ERIN
h%béﬁ/nﬁﬁféb\%®§<
5L T\wWEd, Thoo

/\ p =3 AN A%

) M E B E pa 2B bH S 3 DD % >/~ (REV1, REV3, REV7)
DESHHEDL S, WEKOHRICIIEELHY .
FNHEICBETH B T EHbh o Tz,

Protein adopts a particular three-dimensional structure and protein function is
directly correlated with its three-dimensional structure. Structural biology reveals
protein function based on its three-dimensional structure, and provides structural
basis to regulate the function. We analyze protein structures by X-ray crystallogra-
phy that is a powerful method to determine protein structure at atomic resolution.
We mainly focus on proteins involved in DNA replication, repair, chromosome
architecture, cell-cycle checkpoint, transcription and signal transduction. Those
proteins are closely associated with human diseases such as cancers or genetic
disorders. We aim to determine three-dimensional structures at atomic resolution
and to unravel molecular mechanisms underlying protein functions.

In combination with X-ray crystallography, we will employ multiple methods
including cryo-electron microscopy (Cryo-EM), small angle X-ray scattering
(SAXS), computational science including molecular dynamics simulation (MD simu-
lation), and mass spectroscopy (MS) to clarify molecular mechanisms underlying
more complex biological events.
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Skeletal muscle regeneration based on mechanobiology
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Unexplored reactivity and molecular function
based on the characteristics of elements, bonds, and reaction fields
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Skeletal muscle is involved not only in movement but also in homeostatic mainte-
nance of the human body. Once myofibers are injured after repeated contraction and
relaxation of skeletal muscle, myofiber regeneration occurs as a function of
muscle-resident stem cells called muscle satellite cells. The goal of our research is
to elucidate the mechanisms underlying myofiber regeneration that are dependent on
muscle stem cells. To gain insights into the molecular mechanisms, we focus on the
functional interplay between (1) the mechanosensitive membrane proteins that are
activated by physical force and (2) the fluctuations in the transfer of phospholipids
between the inner and outer leaflets of the plasma membrane. Moreover, to establish
therapeutic strategies for neuromuscular diseases, we work on the development of
small compounds that regulate mechanosensitive ion channels. Our main research
projects are as follows:

1. The role of membrane proteins activated by physical force in muscle stem cells
2. The development of “mechanomedicine” for neuromuscular diseases

3. The role of phospholipid translocases in physiological systems

4. The role of trace elements in regulation of physiological processes

These research projects will enhance treatments not only for muscular dystrophy
but also for muscular atrophy associated with aging.
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The most crucial aspect of chemistry in the realm of science is the ability to
manufacture something that does not currently exist in the world. Our goal is to
create a platform of molecular design for drug discovery and life science with a
particular emphasis on characteristics of elements, bonds, and reaction fields. We
pursue unexplored reactivity, properties, and functions through a combination of
experimental science and theoretical calculation, with a focus on precise design and
a thorough understanding of molecules. We also actively engage in collaborative
research with various fields to expand the scope of molecular science. Some of the
major themes we are exploring include: 1) the development of guidelines for catalyst
design and methods for functional groups introduction that utilize the characteris-
tics of various elements, bonds, and reaction fields; 2) the elucidation of molecular
mechanisms that lead to high activity and selectivity; 3) the creation and application
of molecular probes for lipids and fatty acids in life science; 4) the total synthesis
of biologically active natural products with the potential to be used as pharmaceuti-
cals; and 5) the application of bioactive compounds derived from mushrooms,
so-called, “fairy chemicals.”
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Innovation of pharmaceutical technologies for value creation to drug theapy
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Innovative molecular transformations for environmentally benign chemical synthesis
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Synthetic organic chemistry plays an important role not only in drug discovery
but also in material sciences. Since pharmaceutical drugs are essential for the
welfare of humankind, their chemical synthesis should be environmentally friendly
and not produce any toxic wastes. We believe that we can find some hints in nature
for the improvement of our synthetic technology. Through appreciation and reorga-
nization of nature’s principles, we aim at developing molecular catalysts to achieve
efficient chemical syntheses. Another important feature of organic chemistry is
creating valuable functional molecules by designing novel molecular frameworks.
For the development of biologically-relevant molecules, we have a great interest in
utilizing as key probes particular elements and atomic groups that are not found in
the human body.

As a part of our study of synthetic methodologies, we have been engaged in asym-
metric catalysis using transition metal complexes, and have achieved efficient total
syntheses of a variety of bioactive compounds. We have also developed various
efficient methods of incorporating fluorine atoms that are useful for designing new
functional molecules. With these research projects as our main focus, we are
currently investigating the following areas in our laboratory:

1. Development of novel catalytic reactions and asymmetric synthesis

2. Chemical studies on organofluorine compounds
3. Development of light-driven novel molecular transformations
4. Synthesis of bio-functional molecules and their applications

Pharmaceutics focuses on new technology research and deals with development of
drug products which mean dosage forms and can be administered to patients. Even
though chemical compounds with high potency would be discovered, drug therapy
could not be achieved without drug products. Recently, paradigm shift on drug H OB OEE X B B OEEHE
discovery enhances research activities on not only small molecules but also new
modalities such as antibody, medium molecules, gene, cell, and so on. Diversification
of modality will expand the drug therapy options for patients and therefore prog-
ress of formulation and DDS (Drug Delivery System) researches are strongly
required to maximize mode of action of the modalities. Drug products must be
designed to include fixed amount of drug, to keep stability for a fixed period, and to
be manufactured reproducibly with a fixed quality. A lot of technologies and infor- B ¥ BWMEHEZ
mation should be incorporated into drug products. In order to explore optimized
solutions to the problems, our group works the following research programs:

1) Design of particles and examination of manufacturing process
2) Development of novel physical evaluation methods

3) Structural analyses of pharmaceutics

4) Development of novel DDS technologies

Application of functional materials and technologies on manufacturing and analy-
sis progress remarkably, which must drive DDS research. Delivery of valuable drug
products to patients will be realized by innovation of pharmaceutical technologies.
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Drug discovery through investigation of physiological function
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What is pharmacology? Pharmacology is “the study of the logic of a drug
action” . Pharmacology in the field of pharmaceutical sciences has following aims:
1) Creation of a new drug with a novel mode of action; and 2) Elucidation of the
mechanism of pathophysiological functions using drugs as a tool. #H & AIE

Our main research field is pharmacology of diabetes and diabetic
complications, being targeted to pancreatic endocrine cells and hepatic stellate cells. .
Our research interest is on effects of nitric oxide and flavonoides on hormone secre- HHR AHRFE
tion, transformation, apoptosis, contraction, and influence by glucotoxicity and Toshihide Kimura
lipotoxycity on them, especially investigating their intracellular signal transduction. = g AFEF
We make use of not only pharmacological analysis but also electrophysiological, " =
biochemical, molecular biological, and genetic engineering analyses, taking “From
Molecular to Whole-body Levels” as a motto. Especially, we emphasize experi-
ments in living cells, e.g., by using optical technique. In addition, we perform an
exploration of novel biologically active substances having unique pharmacological
activity, using various natural products.

The slogan of our laboratory is “Publish and finish” ; we always aim to publish
our research papers in the international top journals. We also enjoy sports, taking

“Study hard and play hard” as a motto. Join us, and let’ s study pharmacology!
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Practical English skills for mternational scientific communication
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Join us and see how quickly your English can improve!
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English is now the international language of science. Working scientists must be
able to communicate their research clearly in English in scientific papers and in
conference presentations. The Scientific English Program prepares students for
HEHIR these demands by training them for the specific situations they will experience in the

—arrlryi working world of science. The program's six regular courses cover all aspects of

- oral communication, academic writing, and academic presentations. Short-term
Philip Hawke “Preparation Workshops for Presentations at International Conferences” are also
held for students presenting in English at international meetings. The materials used
in the program are developed based on original linguistic research into the special-
ized language of the scientific community, and are designed to be as practical as
possible. Join us and see how quickly your English can improve!

Shown in the photos above, clockwise from top left:

1. Discussing research in Oral Communication

2. Using free time in the lab for Independent Listening

3. Presenting research results in Academic Presentations
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Practical drug discovery science for hope and help
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Since Center for Drug Discovery was established in 2004, we have been conduct-
ing research on the discovery of new anti-cancer drug seeds in collaboration with
several research institutes and pharmaceutical companies. So far, we have succeeded

AIEREE 7

S =z
in designing and synthesizing a new anticancer drug candidate targeting transcrip- B B OARHIER

tion factors using in silico molecular design methods. The patent has already been
registered in countries such as Europe, the United States and Asia, and Japanese
pharmaceutical company are proceeding with evaluations for clinical trials. Further-
more, we are developing drugs that utilize immune cells that are inherent in living
organisms, rather than attacking the cancer cells themselves as with conventional
anticancer drugs. We have discovered several unique small molecules targeting
enzymes involved in tryptophan metabolism, which are highly expressed in cancer,
and are currently proceeding with structural optimization using in silico models and
detailed analysis using animal models. Based on chemistry, our laboratory is working
on research and development of new drug seeds targeting the Achilles heel of cancer
and infectious diseases by learning and understanding with students on oncology and
immunology. We aim to become "HOPE & HELP" for people suffering from diseases
for which no effective treatment has been established.
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Health Sciences by Integrated Research of Pharma and Food
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With the recent trends toward an aging society and healthcare cost escalation, it is
important to promote the spread of self-medication and increase our healthy life expectancy
through better use of pharmaceuticals and also by the development of new functional foods.
The popularity of functional foods is impacting health promotion, as well as disease
prevention and therapy. Despite their popularity, the efficacy and safety of functional foods
have only recently begun to be investigated using the rigorous methods of the life sciences.
The importance of pharma-food relationship is now widely recognized by the medical and life
sciences community, and has become a pivotal topic for the future of health promotion and
disease management. The Research topics are as follows: 1) Basic research of development of
new pharmaceuticals and functional foods, and of their better use, 2) Clinical research of
pharmaceuticals and functional foods in collaboration to the medical doctors in the clinic and
hospital, 3) Basic and clinical research of combination therapy of pharmaceuticals and

functional foods.

https://w3pharm.u-shizuoka-ken.ac.jp/CPFR/

30

*o



Il 31

HEE4HREFTEEY gmc[uate ?rogmm in Pharmaceutical and Nutritional Sciences

E{bFEE
1. BESHIZ X % Notch ¥ 7 F VT X 71 = X 2 D] & 2 D FFr)6 A
2. AR @%iﬁéﬁlﬁbiﬁ VT S EEREE ORRBEMI & PTY A LV AFKIDOFASE
3. INIC BT B FESH OB BRI
4. FESHIZHERIZ X %fﬂiﬁ’ﬂ?ﬁ'JﬁUﬁSé%@ﬁiﬁﬂ & ARG

Biochemistry

1. Exploring how glycans regulate Notch signaling and pharmaceutical application

2. Function of glycoconjugates in virus replication and development of antiviral agents
3. Role of sugar chains in synaptic development and function of the brain

4. Elucidation of the regulatory mechanism of stem cells by glycosylation
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Medical Biochemistry

The development of nucleic acid delivery systems

DDS research applied to cancer diagnosis and treatment

DDS research on renal disease treatment

The development of plastic antibodies that adsorb target molecules in vivo
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Pharmacognosy

h
1. Plant biotechnology

2. Chemical biology through biosyntheses

3. Screening of physiologically active natural products
4. Methodology for genome mining and biosynthesis
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Biopharmacy

1. Pharmacokinetic and pharmacodynamic studies to de-risk drug candidates

2. DDS development and pharmacokinetic studies on therapeutic peptides/proteins

3. Safety evaluation of drug candidates based on pharmacokinetic and physicochemical properties
4. Biopharmaceutical studies on nutraceuticals for improved pharmacokinetics and efficacy
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Microbiology & Immunology

Physiological roles of innate immune cell populations in the mucosal tissues
2. Analysis of bioactive metabolites and their receptors in the immune system
3. Molecular mechanism of host defense against pathogenic bacteria
4. Roles of TRP channels in chemical allergy induction on the skin
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Microbiology

1. Application of probiotics for the development of new functional foods
2.  Functional analysis of foods and their components through the population change of gut microbiota
3. Epidemiologic analysis of tick-borne and emerging infectious bacteria

Human Genetics

1. Interaction of genetic and environmental factors for development of lifestyle-related diseases
2. Functional analyses of genes related to lifestyle-related diseases using Drosophila melanogaster
3. Regulatory mechanism of steroidogenesis during Drosophila development
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Longevity Biochemistry

1. Metabolisms, dynamics, and molecular mechanisms of functional food factors
2. Identification of gut microbial metabolites associated with lifestyle related diseases
3. Development of biomarkers for cancer chemoprevention
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Nutritional Physiology

1. Mechanism for the development of metabolic diseases due to adipose tissue dysfunction

2. Regulation of brown adipocyte function and systemic metabolism

3. Identification of novel adipokines involved in the pathogenesis of non-alcoholic steatohepatitis
4. Mechanism for improvement of metabolic diseases by gut microbiota-derived metabolites
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Food Bioinformatics

1. Development of new technology to create artificial proteins
2.  Synthesis of fine chemicals by enzymatic reactions
3. Structural and functional analysis of industrial enzymes
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Investigate the role of glycoconjugates in biological events
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Many forms of creature ranging from animal cells to bacteria or viruses possess
glycoconjugates on their surfaces. An integrated understanding of life cannot be
achieved without an understanding of the glycans that every cell is clothed with.
Glycans are characterized by their diversity in structure and function, and by the
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fact that their expression levels are regulated independently of the genome. There- Hideyuki Takeuchi
fore, glycoscience (the biological science on glycoconjugates) has become one of the HEHE SiERHEH

most important fields in the post-genome era.

We are interested in all phenomena involving glycans. In particular, we investi-
gate the role of glycoconjugates in important biological processes including Notch = T I~
signaling, which regulates development and stem cell function, diseases in dire need Akira Minami
of overcoming, such as viral infections and cancer, and neural transmission related

to memory. The results obtained are then applied to the development of new chemi- Bl #H AIMEE

cal biology tools and original innovative drug discovery for creating a healthy and
long-lived society. Curiosity and passion are keys to success. Come explore the world of
glycoscience with us!
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Drug development based on DDS research
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Our laboratory conducts research on drug delivery systems (DDS) to treat
diseases such as cancer, stroke, and kidney disease. We have developed original
lipid nanoparticles (LNPs), liposomes, and synthetic polymer nanoparticles as drug
delivery vehicles and showed their delivery potential in various disease models.
The development of DDS technology is crucial for the clinical application of drug
candidates including nucleic acid drugs and mRNA vaccines. We have designed and
developed various pH-responsive lipid derivatives for LNP-mediated delivery of
nucleic acids such as small interfering RNA, microRNA, and mRNA. Our LNP
technology has been shown to be efficacious and safe in the delivery of therapeutic
nucleic acids to target cells. Our research goal is to establish cutting-edge DDS
technologies to address unmet medical needs. Our research themes include 1) the
development of nucleic acid delivery systems, 2) DDS research applied to cancer
diagnosis and treatment, 3) DDS research on renal disease treatment, 4) the devel-
opment of plastic antibodies that adsorb target molecules in vivo, and 5) basic
research on cell-mediated DDS for stroke treatment. Our laboratory actively
promotes interdisciplinary collaboration and industry-government-academia part-
nerships. We aim to contribute to medical care by bringing our DDS technologies
from the University of Shizuoka to the world.
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Pharmacognosy meets combinatorial biosynthesis
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Drug delivery system to de-risk pharmaceuticals and nutraceuticals
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The strategic elucidation of relationship between pharmacokinetics (PK) and
pharmacodynamics (PD) and/or toxicokinetics (TK) and toxicodynamics (TD) of
pharmaceuticals and nutraceuticals can be pivotal not only for the discovery of
novel drugs but also for their optimum uses in clinical. Herein, the PK/PD and/or
TK/TD information would be of great help for industrial development of new phar-
maceuticals and nutraceuticals with high safety and efficacy. To de-risk new drug
candidates and functional food ingredients, we carried out several “codiscovery”
researches under collaboration with pharmaceutical companies, food companies, and
domestic/oversea research institutes, that include (1) DDS design 1o avoid systemic
side-effects, (2) Nanodrugs to improve PK and PD of pharmaceuticals, (3) Characterization of
PK/TK alteration of drugs under specific pathological condition and its avoidance by DDS strategy,
(4) PK and formulation studies on nutraceuticals for improved efficacy, (5) Strategic prediction of
side-effect on the basis of physicochemical and PKITK properties. The outcomes from these
strategic researches would eventually lead to successful development of new drug

In order to fight with diseases and deaths, men have strived for natural resources, H ks
such as plants, animals, microbials and minerals for medicinal substances. Pharma- ¥
cognosy organizes knowledge and technology for that end. Not a few of pharmaceu- NE=
tical substances currently in use are derived from, or modeled after narutal B R OED
substances. In our laboratory, we introduced and examined some perspectives of
engineering biosynthesis for heterologous production of useful natural products and
their analogs paying special attention to E. coli. Heterologous production of
complex compounds is superior to chemical synthesis in terms of carbon-carbon
bond formation and dictating a molecule’s stereochemistry. Isolating and completing
gene sequences for biosynthetic pathways of interest should be considerably easier
in the years to come. Advancement of biosynthetic engineering for production of
useful natural products and their analogs by heterologous production will afford
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more desirable yield in production of countless compounds. This novel platform will By # EEBIFIE By # EEHEME

facilitate future drug discovery by allowing researchers to generate limitless
libraries of potential pharmacophores and inevitably impact industrial participation
in therapeutic research and development. We have been seeking; for example, anti-

Shogo Watanabe Keisuke Watanabe
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allergy or anti virus substances from tea plants, alternative plants for worn out
medicinal ones, hormonally active chemicals from natural resources with varietal
bioassay methods as reporter gene assay. We also investigate the influence of
genetically alteration in transformed plants, which could be worked as new
resources and preserve our nature.
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candidates and DDS systems of marketed drugs and nutraceuticals with potent
efficacy and wide safety margin, that might be promising alternatives to the current
medication systems.
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Interactions between immune cells and biological environmental factors
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The surface of our body is covered with skin and mucosa, which serves as a
defensive barrier against pathogens. The gut is particularly exposed to tremendous
environmental factors including microorganisms and dietary antigens, and the gut
immune system develops the unique mechanism to avoid excessive immune responses
to indigenous bacteria. The gut microbiota form a symbiotic relationship with the
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host and deeply contribute to our health maintenance. We are investigating physio- % Op BEPFELA

logical roles of mucosal immune cell populations and bacterial metabolites influenc-

ing the host cell functions. For example, we reported that bacterial metabolites Kohta Kurohane

lactate/pyruvate bind to G protein coupled receptor GPR31, which is expressed on B % rhEEps

intestinal macrophages, thereby enhancing immune responses to enteric pathogens.

We are also analyzing the molecular mechanism of host defense during the infec-
tion of intracellular pathogens such as Listeria monocytogenesis and Helicobacter cinaedi,
and the role of Transient Receptor Potential ion channels (TRPs) in chemical aller-
gy induction on the skin.

Briefly, our main subjects are as follows; 1) physiological roles of innate immune
cell populations in the mucosal tissues. 2) bioactive metabolites and their receptors
in the immune system. 3) influence of gut microbiota and foods on the immune cells.
4) molecular mechanism of host defense against pathogenic bacteria. 5) roles of
TRP channels in chemical allergy induction on the skin.
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Research into health-promoting probiotics and infectious diseases of foodborne- and tickborne-origin
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Microbes are found in tremendous numbers everywhere in nature. We focus on
health-promoting probiotics and gut microbiota, and tickborne-bacterial pathogens. In
particularly, (1) application of probiotics for the development of new functional foods,
(2) functional analysis of foods and their components through the population change of
gut microbiota, and (3) molecular epidemiology of emerging infections diseases, espe-
cially tick-borne and obligate intracellular pathogens such as anaplasma and ehrlichia.
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New approach for establishment of preventive method for life style-related disease
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It will be important to gather scientific evidence of any interactions between genetic
and environmental factors to establish preventive methods for life style-related diseas-
es. Furthermore, a combination of genetic and environmental factors affects many other
biological phenomena, such as organismal growth and maturation. To identify the
environmental factors and downstream genes which act on these biological events, we
are using Drosophila melanogaster as a powerful tool for molecular genetic analysis.

http://dfns.u-shizuoka-ken.ac.jp/labs/cellphys/index.html
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Challenges to health and longevity through the life sciences
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biomarkers for life-style related diseases and their applications to molecular epidemio-
logical studies, and (3) Evaluation of health food and dietary supplements using
biochemical parameters.
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Development of new technology to create next generation material of artificial proteins

tered in database with informatics technique, like machine learning. Structural and function-
al analysis of the designed proteins would be performed to prove usefulness of the created
BOREFIEIEI3 F technology. Through the creation, we aim to develop human resources who can fuse wet and
dry science to perform interdisciplinary research of food and pharmaceutical science.
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Challenge metabolic diseases through the science of adipocytes
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In addition to white adipocytes, which store energy and secrete adipokines, adipo-
cytes include brown and beige adipocytes, the former consume energy through heat
production and the latter are induced by stimuli such as cold. Metabolic diseases such
as diabetes, dyslipidemia, and non-alcoholic fatty liver disease are thought to be closely
associated with dysfunction of these adipocytes. Our laboratory is aiming to elucidate
the mechanism of adipocyte dysfunction using a wide range of analytical methods
including adipocyte-specific gene knockout mice and omics analysis and develop new
prevention or treatment for metabolic diseases from a nutritional perspective.
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