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Preface to the third issue of The Annual Report

The Faculty of Pharmaceutical Sciences at the Kagawa Campus was founded in April, 2004. Our purpose is to
educate students to become professional pharmacists and basic scientists with sufficient knowledge of
chemistry, biology, and pharmaceutical thought to practice with humanity and a high sense of ethics and
social responsibility. In April, 2005, the Kagawa School of Pharmaceutical Sciences was established with
masters and doctoral programs. The undergraduate course of the Kagawa School of Pharmaceutical Sciences
was reorganized in April, 2006, into two departments, the Department of Pharmacy (with a six-year training
program) and Pharmaceutical Sciences (with a four-year training program). The mission of the Department of
Pharmacy (the six-year program) is to train highly qualified pharmacists who are knowledgeable about
advanced medical treatment, and who also can contribute to the prevention and treatment of diseases.
Society’s view of pharmacy education has changed, not only in medical fields but also in other fields, to the
fostering of a healthy and safe society. In order to fulfill this mandate, the Department of Pharmaceutical
Sciences (the four-year program) educates students to become key members of society who can play an active
part in all social fields with their broad background in pharmacy, and who can become outstanding life
scientists by making signal contributions to basic science.

Guided by these principles, we laid the foundation for the Kagawa School of Pharmaceutical Sciences and
dedicated ourselves to this effort. Our vision of the Kagawa School of Pharmaceutical Sciences was
accomplished in March, 2006, with the construction of 18 planned laboratories and one research institute. In
addition, the SENKA Endowed Chair for "Practical Drug Discovery and Development" was established by
SENKA Pharmacy Co. Ltd., in October, 2006 and can be regarded as evidence that the research and
technological development of the Kagawa School of Pharmaceutical Sciences is highly valued. The research
institute (Institute of Neuroscience) was reorganized in April, 2007 and has now been expanded into four
divisions in April, 2007. We published the first issue of The Annual Report of the Kagawa School of
Pharmaceutical Sciences, highlighting our educational, research, management, and philanthropic
achievements, by looking back upon the past three years of our activities, in 2006. We are now publishing the
third issue of the Annual Report by looking back upon the past five years of our activities. I would like all of
the staff to utilize these issues to perform a self-assessment and to look forward to the future development of
their activities. In addition, I expect that this issue will assist our staff in expanding both intramural and
extramural interdisciplinary exchanges.

The Kagawa School of Pharmaceutical Sciences is always making progress on the road toward realizing
our goals. I would be very grateful if all the people who read this annual report would kindly give me their
opinions and/or comments with a view toward continuing to improve the Kagawa School of Pharmaceutical
Sciences.

Takashi Harayama, Ph.D., Dean
Kagawa School of Pharmaceutical Sciences

Tokushima Bunri University
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A Short History of The Kagawa School of Pharmaceutical Sciences

Sai Murasaki founds a private vocational school in the city of Tokushima.

Tokushima Women’s University is founded.

Faculty of Home Economics admits its first students.

Faculty of Music admits its first students.

Tokushima Women’s University is renamed Tokushima Bunri University.

Faculty of Pharmaceutical Sciences admits its first students.

The Kagawa Campus of Tokushima Bunri University opens.

Faculty of Literature admits its first students on the Kagawa campus.

Faculty of Engineering admits its first students on the Kagawa campus.

The 100" anniversary of the founding of the Murasaki Gakuen.

Faculty of Policy Studies admits its first students.

Faculty of Pharmaceutical Sciences at Kagawa Campus admits its first students on the Kagawa
campus; the Department of Pharmaceutical Technology opens 10 laboratories.

The rooms for teaching staff open on the fourth floor of the Research and Media Library.

The office of the Faculty of Pharmaceutical Sciences at Kagawa Campus opens on the first floor
of the Lecture Building.

The Kagawa School of Pharmaceutical Sciences is established on the Kagawa campus.

Masters and doctoral programs begin at the Kagawa School of Pharmaceutical Sciences.
Pharmaceutical Sciences Research and Laboratory Buildings are completed.

The Center for Instrumental Analysis opens in the Pharmaceutical Sciences Research Building.

The Center for Radioisotope and Laboratory Animals opens in the Pharmaceutical Sciences
Laboratory Building.

The Medicinal Plant Garden is established.

The 110" anniversary of the founding of the Murasaki Gakuen.

The six-year undergraduate program in the Department of Pharmacy, Kagawa School of
Pharmaceutical Sciences accepts its first students.

The four-year undergraduate program in the Department of Pharmaceutical Sciences, Kagawa School
of Pharmaceutical Sciences accepts its first students.

A mock pharmacy opens in the Lecture Building for student training.

The construction of eighteen laboratories and one research institute for the Kagawa School of
Pharmaceutical Sciences is completed.

SENKA Endowed Chair for "Practical Drug Discovery and Development" was established.

The research institute (Institute of Neuroscience) was reorganized and expanded into four divisions.
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Research associate since 2005
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Research

1. Modulation of multi-drug resistance related protein
transport by interaction with dietary supplements

(Nakatsuma A.)

An which

administration of a drug or substance induces changes in the

interaction is taken to be the situation in
pharmacokinetics of another simultaneously administered drug —
by increasing either the plasma or intracellular concentration of the
latter, and thus giving rise to the possibility of an adverse reaction.
The ABC-transporter superfamily, which functions as a drug
efflux pump, is known to limit the absorption of a variety of drugs.
We investigated the effects of food extracts on anticancer drug
transport by the multi-drug resistance related proteins (MRPs).
MRPs are efflux transporters expressed in human glioblastoma cell
line T98G. The effects on MRP mediated transport were also
evaluated using calcein, which is the substrate of MRP. Acute
exposure to kaempferol caused a concentration-dependent decrease
in the extracellular efflux of calcein compared with the control As
for the simultaneous exposure to kaempferol and cisplatin, the
cytotoxicity of cisplatin was expected to be potent because MRP
and glutathione S-transferases (GST) are both inhibited by
kaempferol. However, the cytotoxicity of cisplatin decreased
Western blot analysis and reverse transcription—polymerase
chain reaction (RT-PCR) showed that treatment with 10 and 20
puM kaempferol for up to 72 hr was able to significantly lower
MRP2

concentration-dependent on GST mRNA and protein levels.

expression, whereas increased expression in a
Furhermore, GST was strongly activated in T98G cell treated with
kaempferol.

The results of the study also point to possible kaempferol-drug
interaction, especially when the cytotoxicity of anticancer drugs are
and MRP-mediated

transport processes. Hereafter, these possible efficacies need to be

dependent on glutathione S-transferases

examined under in vivo conditions in detail.
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2. Individual perceptions of medication therapy and the
patient-healthcare professional relationship (Iihara N.)

Patients may accept or refuse their medication therapy based on
their personal beliefs, circumstances, and information available to
them. In turn, patient perspectives on medication therapies can
influence the effectiveness and safety of their treatment. We
the

medication therapy and their adherence to medication regimens.

addressed relationship between patient’s perceptions of
We also investigated the correlation between the individual
perceptions and preferences for medication therapies and their side
effects spanning a range of severities.

We found that adherence to medication regimens among
Japanese patients with chronic diseases was associated with their
beliefs,

demographic factors, the same as reported for Western patients. We

with internal factors being more important than

also noted that intentional non-adherence and unintentional,
forgetful non-adherence may be related to different factors. Our
studies that aim to forge good patient-healthcare professional
relationships are useful for producing more desirable patient
outcomes.

3. Development of a regional healthcare network system
working alongside electronic prescriptions (Iihara N.)

We are developing a regional healthcare network system that
works alongside the transmission of electronic prescriptions that
sends, in one direction, a patient’s healthcare record such as
diagnosis and clinical laboratory information along with the
electronic prescription from hospitals and/or clinics to the
community pharmacy. In the return direction, supporting
information for the prescription, including generic equivalents and
pharmacists’ advice such as potential adverse events is sent to the
prescriber. This system enables healthcare professionals to more
effectively share patients’ medical information for increased
medication efficacy and safety.

4. Development of an educational program to enhance
pharmacist recognition and reporting of adverse reactions
(Iihara N.)

We are developing an e-learning educational program for
pharmacists to enhance their recognition and reporting of adverse
reactions in patients. Usually, healthcare professionals need to
elucidate the occurrence of adverse reactions from patients’ words
and clinical laboratory information and interview them to confirm
the possibility. Our educational program will help healthcare
professionals to more accurately detect adverse reactions earlier in

the course of communication with patients.
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Publications
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1. lihara N., Kurosaki Y., Miyoshi C., Takabatake K., and Morita
S. (2008). Changes in attitudes among Japanese patients
after Pharmacist Law revision. Pharmacy World & Science
30, 258-264.

2. Iihara N.. Kurosaki Y., Miyoshi C.. Takabatake K., Morita S.,
and Hori K. (2008). Comparison of individual perceptions of
medication costs and benefits between intentional and
unintentional medication non-adherence among Japanese
patients. Patient Educ Couns 70, 292-299.

3. Ilihara N., Kurosaki Y., Takada M., and Morita S. (2008). Risk
of hypoglycemia associated with thyroid agents is increased
in patients with liver impairment. Int J Clin Pharmacol Ther
46, 1-13.

2007

1. Doi, C., lihara. N., Kawazoe, H., Fukuoka, N.. Houchi, H.,
Kurosaki, Y., and Morita, S. (2007). Monitoring sheet
covering long-term chemotherapy to predict individual
adverse reaction patterns for patients with gynecologic
chemotherapy. YAKUGAKU ZASSHI 127, 1027-1033.

2006

1. Kawazoe, H., Kubo, T., lihara, N., Doi, C., Okujyoh, M.,
Fukuoka, N., Fujimoto, S., Kanaji, N., Bandoh, S., Ishida, T.,
Takiguchi, Y., and Houchi, H. (2006). Monitoring the side
effects of cancer chemotherapy with patients—The
participation of patients in cancer therapy and sharing patient
information—. YAKUGAKU ZASSHI 126, 629-642.

2. Hidaka S., Okamoto Y., Uchiyama S., Nakatsuma A.,
Hashimoto K., Ohnishi T. S., Yamaguchi M. (2006). Royal
jelly prevents osteoporosis in rats: beneficial effects in
ovariectomy model and in bone tissue culture model.
Evidence-based Compl Alt Med, 24 April.

2005

1. Kawazoe, H., lihara. N., Doi, C., and Morita, S. (2005). Impact
of prescription—term deregulation with revised medical
service fees on drug therapy management. YAKUGAKU
ZASSHI 125, 959-969.

2. Imai H., Era S., Hayashi T., Negawa T., Matsuyama Y., Okihara
K., Nakatsuma A., Yamada H. (2005). Effect of propolis
supplementation on redox state of human serum albumin
during high-intensity Kendo training. Adv Exerc Sporta
physiol 11, 109-113.

2004

1. lihara N., Tsukamoto T., Morita S., Miyoshi C., Takabatake K.,

Kurosaki Y. (2004). Beliefs of chronically-ill Japanese patients
that lead to intentional non-adherence to medications. J Clin
Pharm Ther 29, 417-424

2. Kanno T, Matsuura Y, Nakatsuma A, Hashimoto K

(2004). Safety tests and drug-induced lymphocyte
stimulatuon test of royal jelly and propolis in human.
J Nutritional Food, 7(2): 83-95.

[Review articles]

[Books]

1. Konoo T, Tomizawa T, Inoue K, Okagima C, Sasaki K,
Murakami M, lihara N (2008). "A development process of
the scenario in the medical communication education
utilized  simulated patients”™ Trends in  Medical
Education—2008 Winter, Sankeisha, pp. 71-74

2. Nakatsuma A. (2008). “Farumashia Topics : Can flavonoid
prevent the diabetic?” FARUMASHIA 44(11), pp.
1104-1105
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Research

We conduct chemical and biological research on the components of
medicinal plants and crude drugs in order to advance the
development of therapeutic pharmaceuticals. The lab focuses on
determining the structure of potential compounds, the relationship
between that structure and their biological activity, and the role of
genes in the biosynthesis of compounds and their function in
human physiology. In addition, new avenues in systems biology
and metabolomics are being explored and there is ongoing research
on the prevention of illegal drug circulation and use, and on the
evaluation of drug quality.

L. The behavior study of alkaloids in medicinal plants

For the use in the field of life science and the field of materials,
mass production development of "N is started. As the part, we
perform a use study to the medical herb cultivation and elucidation
of alkaloids biosynthesis.

II. The search of the Alzheimer therapeutic drug from natural
resources

Donepezil hydrochroloride of the choline esterase inhibitor is used
as Dementia and Alzheimer therapeutic drag. Galantamine, the
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metabolite of the Amaryllidaceae plant acts in similar mechanism,
and approval in the country is examined. In addition, Kampo
medicine nominates an effect for condition improvement. We
perform construction pro-screening to search for the therapeutic
drug from a crude drug and a medical plant.

IIL. The study of anti-Leishmaniasis therapeutics

Leishmaniasis is a parasitic disease caused by species of the genus
Leishmania. Over 20 of which are known to be pathogenic to
humans, and the disease is endemic in some tropical and
subtropical regions of the world. Leishmaniasis is transmitted by
small biting sandflies (Phlebotomus spp.), causing a disease which
currently aftlicts twelve million people in 88 countries. Leishmania
major, the causative agent of cutaneous leishmaniasis, is a
digenetic parasite that exists as an extracellular promastigote within
the insect vector (sandfly), and as a nonmotile intracellular
amastigote within the phagolysosome of macrophages and other
cells of the reticuloendothelial system of the mammalian host.
Treatment for leishmaniases include pentavalent
B

pentamidine as second-line drugs. However, these drugs are

options

antimonials as first-line drugs, and amphotericin and
extremely toxic and usually too expensive for general use, and
more economical and less toxic drugs are thus being sought.
We have been searching for plant compounds that are active
against L. major, L. panamensis, L. guyanensis, and L. peruviana,
exhibited significant activity against the pathogenic protozoan, and
newly assay method. Recently, we isolated leishmanicidal
benzoquinones and hydroquinones from Diospyros burmanica.

IV. Research on medicinal plants based on biotechnology and
metabolomics

Plants produce various chemical compounds, which have been
estimated to exceed 200,000 metabolites. The secondary
metabolites isolated from medicinal plants have been used for the
treatment of disease and the maintenance and improvement of
health in man and animals. In the Far East, medicinal plants and
their mixtures are known as “traditional Chinese medicine”, or
“Kampo medicines” in Japan. They have been used as drugs
because they have pharmacological effects due to the various
biologically active metabolites they contain.

The Ephedra plant, or ‘Ma Huang’ of traditional Chinese medicine,
is one of the oldest medicinal plants known to mankind. More than
45 species of Ephedra plants exist and are indigenous to regions of
Asia, North, Central and South America and Europe. Several
Ephedra species (e.g. E. sinica, E. intermedia and E. equisetina)
contain ephedrine alkaloids as their principal metabolites. It is well
known that (-)-ephedrine, which is a major isomer in ephedrine

alkaloids, is pharmacologically a sympathomimetic agonist at both
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a and f-adrenergic receptors, resulting in an enhanced cardiac rate
and contractility, peripheral vasoconstriction, bronchodilation and
central nervous system (CNS) stimulation. ‘Ma Huang’ itself has
also long been used as traditional medicines because it has
pharmacological effects caused by the ephedrine alkaloids and
other metabolites contained in the Ephedra plant.

1. Molecular cloning and characterization of the gene involved in
ephedrine alkaloid biosynthesis

Our research aim is to clarify ephedrine alkaloid biosynthesis, both
molecularly, genetically and biochemically. Ephedrine alkaloids
are biosynthesized from L-phenylalanine. In the primary step, L-Phe
is converted into tfrans-cinnamic  acid.  Subsequently,
trans-cinnamic acid is converted into benzoic acid or benzoyl-CoA.
These C,~C, units or their alternatives react to pyruvic acid, which
is a donor of the C, unit; through this condensation, the basic
skeleton of ephedrine alkaloid is biosynthesized. We are focusing
on molecular cloning and characterization of the genes involved in
this biosynthesis. By utilizing the results obtained from these
studies, we expect to create more useful medicinal plants via
molecular engineering.

2.

fingerprinting and identification

metabolite
by

Metabolome analysis of medicinal plants:
of marker compounds
comprehensive metabolite analysis with multivariate analysis
Metabolomics are post-genomic research that focuses on the
comprehensive and global analysis of the metabolites produced in
cells and organisms, Using metabolomic approach, it is our purpose
to understand and explain the diversity of metabolites contained in
a medicinal plant primarily by applying multivariate analysis to the
chemical analysis data. The methodology typically employs
analytical chemistry for high-throughput and accurate metabolite
analysis. The use of bioinformatics to statistically process the
massive amount of analytical chemistry data has greatly expanded
metabolite profiling and fingerprinting. In our current research, the
comprehensive metabolite analysis has been performed on several
Ephedra species which contain different amounts of ephedrine
alkaloids. LC-MS system was mainly used for metabolite analysis
and the analyzed data were then hierarchically processed using
multivariate analysis such as principal component analysis (PCA)
and self-organizing map (SOM) analysis. By utilizing such
comparative metabolome analysis, we hope that the correlation
between the chemically diverse metabolites and the
pharmacological effects and biological activities characteristic of a
medicinal plant was comprehensively elucidated.

V. Research on the chemical components of illegal drugs of plant
origin

I. Khat is a fresh leaf of evergreen shrub Catha edulis
(Celastaceae) that grows naturally or is grown in Ethiopia, East and
Southern Africa, and Yemen, etc., and a lot of people in Africa and
Arabia nations use this leaf traditionally as a stimulant biting, and,

as a result, it is assumed to obtain the feeling of well-being at the
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same time as hungry and tiredness’ softening. The stimulating
component of Khat was believed to be d-norpseudoephedrine until
cathinone was identified as a main active constituent at the end of
1970's. This cathinone is regulated as narcotics and psychotropic
drug, and there is an action similar to (+)-amphetamine that is the
synthetic central nervous system stimulation medicine and the
strength is assumed to be this level. I synthesized cathinone and
ephedrine as an authentic sample to use for the analysis of the drug.

VL. Research on development of preparative separation method of
biologically active natural products by centrifugal partition
chromatography

The roots of Codonopsis sp. (Campanulaceae) have been used in
folk medicine in China, Korea, and Japan for the treatment of
bronchitis, cough, spasm, and inflammation. Recently, it was
demonstrated that a hot water extract of C. lanceolata roots
promoted spermatogenesis and improved sexual motion. Moreover,
three phenylpropanoids were identified as the active compounds
that promoted spermatogenesis, while several saponins, including
lancemaside A, were isolated, and lancemaside A was identified as
the active compound that improves sexual motion. Although it is
assumed that C. lanceolata roots are highly safe since they have
been used for a long time, general and specific toxicity tests for
safety assurance of the active integrants are required. In general, a
large amount of purified compounds is required to assess the
effectiveness and to perform safety tests. Therefore we attempted to
develop a simple and efficient method for the preparative isolation
of lancemaside A from the hot water extract of C. lanceoclata roots,
and resulted in the successful preparative separation of lancemaside

A along with two other saponins from the saponin fraction of C.

lanceolata by CPC.
Publications
# 2004-2008
[Original papers]
2008
1. Mori, K., Kawano, M., Fuchino, H., Agatuma, Y., Satake, M.,
Kusumi, T., and Sekita, S. (2008). Antileishmanial

compounds from a Myanmar Plant Cordia fragrantissima. J
Nat Prod 71 (1), 18-21.

2. Ushijima, M., Mizuno, I., Ohota, S., Sumihiro, M., Mouri, Y.,
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Research

Laboratory of Analytical chemistry has designated that
it contributes to pharmaceutical technology with analyzing
molecular structures, physical properties, chemical
reactivity, and functions. The connection between
dynamic behavior of biomolecules and its
reactivity-function relationship as well as the detection of
unstable reaction intermediate in solution are our major
subjects. We have been engaged in the study to produce
new analysis method, which reveals the generating
mechanism of the outstanding functionalities and the
physical properties of the materials in solution based on
microanalysis in the atomic resolution. We also develop
the analytical and chemical technique in solution that is
based on quantum mechanics and statistical mechanics.
These results might be applied to pharmaceutical organic
synthesis.

Development in the field of mass spectrometry:

In the laboratory, we have succeeded in the development
of the 'Cold-Spray Ionization (CSI)' method. CSIis
designed for mass spectrometric detection of labile organic
species. It may be an appropriate method to analyze in
solution the structures of biomolecular complexes, labile
organic species including Grignard reagents, asymmetric

catalysis, and supermolecules. The method, a variant of
Electrospray ionization (ESD-MS, operates at low
temperature, allow simple and precise characterization of
labile non-covalent complexes that are difficult or
impossible to observe by conventional MS techniques,
including fast atom bombarment (FAB), and matrix
assisted laser desorption ionization (MALDI), as well as
ESI.

Biopolymer analysis:

The behavior of important in vivo molecule such as
protein, nucleic acid, and lipid, will be made clear by using
our newly developed method CSI mass spectrometry. The
structure of multistranded DNA of duplex, triplex and
quadruplex DNA have been examined by electrospray
ionization (ESI) MS. However, non-covalent complexes of
multiply stranded DNA are difficult to observe by
conventional methods, because of their low melting
temperature (Tm). The characterization of triple- and
quadruple-stranded oligodeoxynucleotides was carried out
by means of CSI-MS. In consequence, it is proved that
DNA has been made clear to take hyper-stranded
structures combining various multiply stranded helical
components.

Analysis of organic reaction mechanism:

A new CSI mass spectrometric procedure RTS (reaction
tracking system), which can trace the time-dependent
simultaneous change of the raw materials, products and
inter mediates in an organic reaction under CSI condition
has been developed. It would be expected that behavior of
each component becomes clear and that the appropriate
design become possible to make the reaction more
efficiently.
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Spontaneous Resolution of Optical Activity

The spontaneous resolution of an achiral compound (total
asymmetric transformation) has been of great interest in connection
with the origin of life. This phenomenon also holds potential in that
the spontaneously resolved chiral crystals could find application as
chiral sources in asymmetric synthesis to produce compounds with
fixed chirality. During the course of our study on the
stereochemistry of aromatic amides or sulfonamides, we found that
several groups of compounds with a common skeleton showed
spontaneous resolution more frequently than other achiral
compounds. We also have developed an effective screening method
for spontaneous resolution of aromatic sulfonamides. which relies
on parallel syntheses and solid-state CD measurements. We are
now exploring a photoreaction in the chiral crystalline state of
achiral compounds which will produce high enantioselectivities.
Furthermore, conformational chirality, which is retained when
chiral crystals are dissolved at low temperature, will be utilized in
diastereoselective syntheses. Another approach is to utilize the
spontaneously resolved chiral crystals as catalytic ligands to

produce chiral compounds with fixed chirality.

Functionalized Cyclic Compounds with Molecular Recognition
Ability

Macrocyclic structures with a cavity are often seen in compounds
that have molecular recognition abilities. In the course of our
studies on the stereochemistry of aromatic amides, we found that a
cyclic structure could easily be constructed using conformational

alternation by N-alkylation of aromatic amides from trans to cis.

157

Using this structural property, functionalized
3-(methylamino)benzoic acids are coupled with itself by a one-step
reaction using dichlorotriphenylphosphorane to give a mixture
consisting mainly of cyclized trimer of the monomer. The trimer
has a bowl-shape with a small cavity, which may be suitable to
construct a molecular recognition site. These cyclic aromatic
amides would be classified as "calixamide" and are a suitable
skeleton for producing a new class of cyclic oligomers toward

molecular recognition.

Construction of Nano-scale Structures Using Macrocylic
Framework as Molecular Block

The construction of nano-scale structures has recently drawn much
attention. Nano-scale coordination networks based on organic
ligands and metal cations are being actively investigated as a
subclass of molecular networks. To construct a coordination
network, the ligand requires a multiple bonding site, appropriate
symmetry, and a rigid backbone. The cyclic aromatic amides are
suitable for this purpose because the carbonyl oxygen atoms of cis
amides form an exo-mulitopic coordination with metal cations. We
are studying on the construction and structural analysis of
coordination network of a macrocyclic aromatic amide with various
metal cations. We expect that the difference in the coordination
number of each metal can control the form of the coordination

network in the crystals.
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Effects of nucleosides on HCV and tube formation of HUBEC.
(Maruyama)

Hepatitis C virus (HCV), a member of the family Flaviviridae, is
an enveloped positive-sense single-strand RNA virus. The virus is
a major causative agent of non-A, non-B hepatitis and infects an
estimated 170 million people worldwide. In most case, acute phase
infection with HCV is asymptomatic; however, the virus frequently
establishes chronic hepatitis in up to 80% of infected individuals
and persists for decades with substantial high risk of developing
liver cirrhosis and hepatocellular carcinoma. There is currently
little prospect of an effective vaccine for HCV, and at present,
chronic HCV is treated with the combinations of pegylated
interferon «-2a (IFNa-2a) and ribavirin. However, a sustained
virological response is still poor (41-55%), and in some cases,
significant side effects can be caused. Therefore, more efficacious
therapies are urgently needed for public health. Synthesis and
evaluation of the antiviral activity against HCV is in progress.

Tumor angiogenesis is the proliferation of a network of blood
vessels that penetrates into cancerous growths, supplying nutrients
and oxygen and removing waste products. Its process is
complicated and in not completely understood yet, but it is clear
that the physiological property of the endothelial cells is one of the
most important factors. From the joint study with Dr. Tsukamoto
(Kagawa Univ.), synthesis and evaluation of the effects on tube

formation of human umbilical vein endothelial cells (HUBEC) of
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rare-sugar nucleosides is in progress to obtain a new type of

anticancer drugs.

Functional regulation of proteins by post-translational
modifications
(Ohshima)

Post-translational modifications such as ubiquitination,
phosphorylation, and acetylation regulate the function
of many proteins. Recently, a number of ubiquitin-like
proteins (Ubl) have been identified that are covalently
linked to lysine residues in target proteins. One Ubl,
SUMO-1, also known as PIC1, UBLI, sentrin, GMP1,
and SMT3, is an 11-kDa protein that is structurally
homologous to ubiquitin. SUMO-1 modification plays
an important role in altering the function of modified
proteins, including transcriptional activation, nuclear
SUMO-1
conjugated to proteins through a series of enzymatic
steps. Initially, the ATP-dependent formation of a
thioester bond between SUMO-1 and the El enzyme
complex (SAE1/Uba2) is formed, and SUMO-1 is then
transferred to the E2-conjugating enzyme Ubc9. Finally,
SUMO-1 is conjugated from Ubc9 directly to a lysine
residue of target proteins. The E3 ligase that conjugates

localization, and decreased turnover. is

SUMO-1 to target molecules in vitro and in vivo has
only recently been identified. One group of such E3
ligases, protein inhibitor of activated STAT (PIAS)
family proteins homologous to the yeast Siz family
protein, has a conserved RING-finger domain, which
regulates transactivation of many transcription factors
by conjugating SUMO-1. In order to understand the
by which
regulation through SUMO-1 modification, we focus the
transcription (co)factors involving in cell growth,
differentiation, immortalization and attempt to define
the biological of
carcinogenesis.

Human T-cell leukemia virus type-1 (HTLV-1) causes
adult T-cell leukemia (ATL) in 2-5% of carriers after a
long latent period. Disruption of transcriptional control

molecular mechanisms transcriptional

significance sumoylation in

of cellular genes by HTLV-1 is thought to be associated
with the development of ATL. Recently, a novel viral
protein HTLV-1 basic leucine-zipper factor (HBZ),
which is encoded in the complementary strand of the
HTLV-1 genome, has been identified. HBZ is a nuclear
protein that contains a transactivation domain and a
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basic leucine-zipper (bZIP) domain in its N- and
C-termini, respectively. HBZ interacts with cellular
bZIP proteins, in particular with the AP-1 family of
transcription factors, and regulates their transcriptional
resulting in the control of viral gene
transcription from the HTLV-1 promoter. We assume
that

activities,

in the future accumulating reports to
ubiquitin-independent degradation show the
physiological  significance of this alternative

degradation pathway in various cellular events

as

Studies on in vitro anti-hepatitis B virus activities of guanosine
derivatives
(Sakakibara)

Hepatitis B virus (HBV) is one of the most clinically important
infections affecting humans and is the common cause of viral
hepatitis. Presently there is no universally effective treatment for
this infection, and the only drugs available for treatment of chronic
hepatitis B are several forms of ribonucleoside derivatives such as
lamivudine and adefovir, in combination with alpha interferon.
However, the therapeutic value of these treatments has been
compromised largely due to adverse effects.

Therefore, we embarked upon systematic investigation of
nucleosides from our chemical library of guanosine derivatives in
the hope that HBV hits may provide clues for the development of

effective anti-HBV drugs, and these studies are still in progress.
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Research

1) Synthesis of heterocycles using a Pd-mediated aryl-aryl
coupling reaction involving regioselective C-H activation

Palladium-mediated biaryl coupling reactions have been used to
synthesize many polycyclic aromatic compounds. Our recent
reports showed that the intramolecular biaryl coupling reaction of
2-halo-N-arylbenzamides to (benzo[c])phenanthridones using
palladium reagents was a convenient and versatile method of
synthesizing condensed aromatic lactams, some of which could be
alkaloids

(benzo[c])phenanthridines. Moreover, benzonaphthazepine, which

transformed into polycyclic aromatic such as

is a new skeletal compound, and pyrrolophenanthridine
(Amaryllidaceae) alkaloids were successfully synthesized utilizing
a Pd-mediated biaryl coupling reaction with regioselective C-H
activation via the intramolecular coordination of an amine to Pd.

Subsequently, preliminary synthetic studies of toddaquinoline, a
alkaloid,

benzene-pyridine coupling reactions using a Pd reagent and Cu

benzo[h]quinoline was examined. Intramolecular

gave the desired product. Steganone and alternariol were
synthesized by the biaryl coupling reaction using Pd.
2) Design and synthesis of the novel vitamin D receptor ligands
We have been interested in functions of the nuclear receptors
modulated by small molecules, which can be critical to certain
disease states. In particular, novel analogues targeted to vitamin D
receptor (VDR) were designed and synthesized to understand how
the subtype-free, singular VDR can deliver the diverse biological
activities vitamin D, as well as to allow the development of
potential therapeutic agents with selective activity profiles for the

treatment of cancer or osteoporosis. Syntheses of the analogues

were carried out by a convergent method using a palladium catalyst.

Separate preparation of the requisite A-ring enyne precursors has
developed from the 3-buten-1-ol derivatives. Modification in the
A-ring, as well as in the side chain of vitamin D, resulted in
exceptionally potent compounds with unique activity profiles.
3) Development of C-H bond functionalization and its

application to the synthesis of biologically active compounds

165

Recently, the organic reactions utilizing C-H bond
functionalization have attracted much attention in terms of atom
economy. Among these, we are interested in the concise and
readily scalable reactions as well as the reactions that can be
applied to the synthesis of natural products or biologically active

compounds.
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Research

To clarify the mechanisms of immune cell differentiation and
immune system development is our main theme. Especially, we
study roles of nuclear receptor ligands including various hormones
and vitamin A & D in regulating immune functions. By pursuing
these biologically fundamental questions, we set a goal to establish
a solid basis of new remedies and drug discovery for various
diseases.

Lymphocytes patrol the whole body along with the blood
vessels and lymphatic vessels. However, they cannot migrate into
non-lymphoid tissues before they are activated with antigen in the
secondary lymphoid organs. Once they are activated and become to
be effector or memory cells, however, they can migrate into
non-lymphoid tissues. They tend to migrate into the tissue that is
associated with the secondary lymphoid organ where they are
activated. For example, T cells that are activated with antigen in the
small intestine-associated secondary lymphoid organs, Peyer’'s
patches and mesenteric lymph nodes, tend to migrate into small
intestinal tissues. The molecular mechanism of the imprinting of
homing specificity on lymphocytes has been a puzzle. We found
that vitamin A-derived retinoic acid is a regulator or “imprinter” of
the gut-homing specificity on T cells. Dendritic cells in Peyer’s
patches and mesenteric lymph nodes were capable of producing
retinoic acid from vitamin A (retinol). The retinoic acid-producing
capacity was dependent on the expression of retinal dehydrogenase
(RALDH). Thus, these dendritic cells imprint T cells with the
gut-homing specificity by delivering retinoic acid to T cells during
antigen presentation. The homing of IgA-producing cells into gut

tissues appeared to be dependent on a similar mechanism. Retinoic
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acid produced by dendritic cells was essential for IgA antibody
production itself.

Several groups have reported that retinoic acid produced by
gut dendritic cells is a critical factor to enhance the differentiation
of naive T cells to regulatory T cells and to suppress that to
pro-inflammatory Th17 cells, suggesting that the retinoic acid
production by these dendritic cells is critical not only for
lymphocyte trafficking but also for the regulation of immune
responses and oral tolerance. Therefore, it is quite important to
determine how gut dendritic cells acquire the capacity to produce
retinoic acid. Thus, we first established a method to estimate the
retinoic acid-producing capacity by assessing RALDH activity
using an aldehyde dehydrogenase-dependent fluorochrome and
flow cytometry. We found 10 - 30% of dendritic cells in Peyer’s
patches and mesenteric lymph nodes exhibited the activity, and that
the activity was exclusively dependent on the expression of
RALDH2 isoform in specific pathogen-free mice. Then we
searched for the microenvironmental factors in the small intestinal
tissues, which induce the expression of RALDH?2 in dendritic cells.
We found that GM-CSF and retinoic acid itself are important
factors for the induction of RALDH2 expression in dendritic cells.
IL-4 that can be induced in the gut especially during immune
response, also induced RALDH2 expression. [L-4 and GM-CSF
synergistically enhanced the expression. However, analyses with
IL-4 receptor-deficient mice indicated that IL-4-dependent signals
were dispensable for the expression in vivo. Toll-like receptor
ligands that can be brought by intestinal bacteria also enhanced the
RALDH?2 expression.

We have been also analyzing the molecular mechanism of
retinoic acid-dependent imprinting of gut-homing specificity on T
cells and that of retinoic acid-catabolizing mechanism in T cells.
Furthermore, we have been analyzing some environmental
chemicals that might affect the retinoic acid effects described

above.
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Research

[Research aims]

Brain makes possible to conduct higher-order functions
such as leaning and memory forming a complicated network
which is composed of hundred billion neuronal and glial
cells. Our lab aims to clear the molecular mechanism for
the development of epileptogenesis during the abnormal
neuronal activity. To achieve this goal, we are working
on the cranial nerve functions involved in the neuronal
the

proteomics, the cell biology, and the study of behavior.

activity by basic studies included the genetics,

[Research Scopes]
1. Study on the relation between the mechanism of
generalized epilepsy and nitric oxide.
We previously clarified that excessive NO generated
by the continuous highly expressing neuronal NO (nNOS)
is invelved in the development of pentylenetetrazol-
kindling as an animal model of primary generalized

epilepsy. We are examining the mechanism which is
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invoelved in NO-nNOS pathway during abnormal neuronal
activity using pharmacological and molecular biological

techniques.

2:

epileptogenesis.

Search for the «critical factor related to

The excessive amount of NO induction is involved in the
generalized epileptogenesis, suggesting the abnormal
function of proteins changed by NO.
the

We are focusing on

posttranslational nitrotyrosination and
S-nitrosylation modified by NO and searching for the

critical factor in the development of epileptogenesis.

3. Study on the function of cell adhesion molecule (CAM)
in the development of temporal lobe epilepsy (TLE)

In the temporal lobe epilepsy, an abnormal branching of
a moss fiber (mossy fiber sprouting) is thought to be one
Since the CAM

play an important role in the organization of neuronal

of main causes of the development of TLE.

circuits and the functional expression, we are working on
the molecular mechanism of mossy fiber sprouting,

focusing on the CAM.

4. Application of MRI for small sized animal to drug
development

The magnetic resonance imaging (MRI) is a powerful tool
in terms of performing spatiotemporal anatomical and
functional observation without invading. MRI is able to
obtain the body information without using the radiation
etc. such as CT and PET by imaging the localization and
movement of proton. We are developing the contrast medium
to detect the relations between the neuronal activity,
molecular change in the inside of the body (especially

brain) and pharmacokinetics under no anesthetizing.

5.

D-Allose, one of rare sugar, has an antioxidative effect.

The effect of rare sugar on the central nervous system

Since active oxvgen is involved in the epileptogenesis,
we are examining the effect of D-Allose on the epilepsy.
A part of this study is performed in collaboration with
professor Tokuda who is principal investigator at the

Kagawa Rare Sugar Cluster at Kagawa University.
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Research

1. The role of reactive oxygen species in biological systems.
Reactive oxygen species are known to be involved in many
physiological and pathophysiological processes. However, the
mechanism(s) of these processes is(are) largely unknown. Our goal
is to verify the role of reactive oxygen species in these processes
and ultimately to develop new classes of pharmaceuticals that will

provide protection against their deleterious effects.

1. The elucidation of mechanisms of hepatocyte apoptosis under
oxidative stress.

Reactive oxygen species induce cell injury, leading to cell death.
It is generally accepted that the two modes of cell death, apoptosis
and necrosis, are determined by the kind of reactive oxygen species
that is involved, the level of oxidative stress, or both. We found that
sustained and endogenous oxidative stress was induced in rat
primary hepatocytes by inhibiting the antioxidative enzymes
catalase and glutathione peroxidase (Shiba and Shimamoto, Free
Radic. Biol. Med., 1999). This
caspase-independent hepatocyte apoptosis (Ishihara et al., Free
Radical Res.,2005). In addition, Endonuclease G, which is a DNase

localized in mitochondria, was translocated to nuclei during the

oxidative stress caused

apoptotic process and executed nucleosomal DNA fragmentation
(Ishihara and Shimamoto, J. Biol. Chem., 2006). We are now

conducting experiments to analyze the entire process of this
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apoptosis.

2. The

hepatotoxicity.

verification of mechanisms of quinone-induced

Quinone-based drugs are known to be effective in the treatment
of cancer and malaria. However, their therapeutic use is limited in
some cases because of their cytotoxicity. The toxicity of
redox-cycling quinones was thought to be induced by increased
oxidative stress due to excess production of reactive oxygen
species. More importantly, hepatocyte toxicity by redox cycling
quinone was further enhanced under cytochrome P450 inhibition
and this enhancement resulted from the potentiation of oxidative
stress (Ishihara et al., Toxicol. Applied Pharmacol., 2006). Since a
wide variety of drugs and foods have the potential to inhibit
P450, this
about the

redox-cycling abilities. However, this result also provides us with

cytochrome finding aroused concern among

toxicologists use of quinone-based drugs with
an important clue for the development of new quinone-based drugs
which may not have adverse effects. We are now doing
experiments to confirm the above in vitro findings in in vive animal

models.

I1. The molecular mechanism of neurotransmitter release.

We are interested in the function of the synaptic contact site
(synapse) between nerve cells. Synaptic communication between
neurons is fundamental to brain function; information transfer
occurs at synapses and is mediated by neurotransmitters that are
packed inside synaptic vesicles. When an impulse reaches the
presynaptic nerve terminal, calcium channels open and the influx of
calcium triggers an exocytotic discharge of the contents of the
the Although

neurotransmitter release is very rapid (submilliseconds), the fusion

synaptic  vesicle into extracellular  space.
of synaptic vesicles and plasma membranes requires a reaction
cascade that involves many proteins.

We are interested in the molecular mechanisms of membrane
fusion; our goal is to understand the role of presynaptic proteins in
this process. We are primarily focusing on the functions of SNARE
proteins and their accessory proteins, including synaphins (also

called complexins).
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1. Ishihara Y. and Shimamoto N. (2007). A role of cytochrome
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P287-P298.John Wiley & Sons.

[Others]

1. Registration of rat endonuclease G gene
Ishihara.Y. and Shimamoto,N. July 13, 2005
The DDBJ/EMBL/GenBank Accession Number; AB221075
Rattus norvegicus endog mRNA for endonuclease G,
complete cds.
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Research

To develop novel drug delivery products, co-operations with other
companies or universities are actively being done. Major activities
include:

1. Development of “KENZAN" type vaccine delivery systems
(2007 METI project :

Co’ltd. : Makino, Kurita)

with Kagawa Univ. and Medrex

2. Design of novel drug delivery systems composed of newly
synthesized depsipeptide  copolymers—PEG  conjugates
(2006-2008 JST project : with Gunma Univ. and Tokyo CRO
Co’ltd. : Makino, Kurita)

3. Development of new enhancement methods for transdermal

absorption (Makino, Kurita with Dr. Yamanaka of Medrex
Co’ltd )
An education program, “21th century GENNAI MONOZUKURI
JYUKU” has started this year with Kagawa Univ and Kagawa
prefecture (2008-2012 JST project). For educations of young
researchers and technical staffs in the prefecture, Dr. Sui and Ms.

Ishihara of the university joined our laboratory. (Makino, Kurita)

Publications

% 2004-2008
[Original papers]

2008

1. Kamiya, S., Yamada, M., Kurita, T., Miyagishima, A., Arakawa
M. and Sonobe T. (2008). Preparation and stabilization of
nifedipine lipid nanoparticles, International Journal of
Pharmaceutics. 354, 242-247.

2006

1. Shirahata, T., Tsunoda, M., Santa, T., Kirino, Y., Watanabe, S.
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(2006). Depletion of serotonin selectively impairs short-term
memory without affecting long-term memory in odor
learning in the terrestrial slug Limax valentianus. Learn
Mem. 13(3):267-70

2. Kamiya, S., Nozawa, Y., Miyagishima, A., Kurita, T., Sadzuka,
Y. and Sonobe, T. (2006). Physical Characteristics of
Freeze-Dried Griseofulvin-Lipids Nanoparticles. Chem.
Pharm. Bull., 54(2),181-184.

2008

1. Shirahata. T., Watanabe, S., Kirino, Y. (2004). Distribution of
serotonin-like immunoreactive neurons in the slug Limax
valentianus. Cell Tissue Res. 315(2):285-90

2. Kurita, T., Miyagishima, A., Nozawa, Y., Sadzuka, Y., and
Sonobe, T. (2004). A dosage design of mitomycin C tablets
containing finely powdered green tea. Int. J. Pharmaceut.,
275, 279-283.
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Theme 1. Quantification of small amount of protein (Etsuro Ito,
Mika Morikawa, Yuki Sakamoto)

We are developing the method to detect and quantify very tiny
amount of a given protein in a small volume, such as in a single

cell. We aim at establishing an enterprise to commercialize protein
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quantification reagents and kits based on this technique. Using our
“enzyme cycling method”, it is now possible to detect protein with
ten thousands as high sensitivity as ever. The improved method
with more sensitivity and easier to handle will be available in the
near future.

Grant Support: Grants from Ministry of Education, Culture, Sports,
Science and Technology, Ministry of Economy, Trade and Industry,
Japan Society for the Promotion of Science, Japan Science and
Technology Agency, and some foundations.

Collaborations: With private companies and other universities.

Theme 2. Computer simulation of ligand-receptor binding (Etsuro
Ito)

We are trying to clarify how receptors recognize their specific
ligands, and the difference in the mechanism of receptor activation
between agonists and antagonists by means of computer simulation.
This might enables us to pave the way for the new drug
development. We succeeded in the determination of important
physical parameters in the ligand recognition and the receptor
activation. The dynamics of ligand-receptor binding will be
investigated more precisely in the near future.

Grant Support: Grants from Ministry of Education, Culture, Sports,
Science and Technology and Japan Society for the Promotion of
Science.

Collaborations: With private companies and other universities.

Theme 3. Analysis of genomic structure of nitric oxide synthase of
the slug (Ryota Matsuo)

Nitric oxide plays important roles in odor information processing in
the slug. In order to clarify the evolution of nitric oxide synthase
(NOS) of the slug, we analyzed the genomic structure of NOS of
the land slug Limax. The number of exons was 33, which is
comparable to that of human nNOS, and the insertional positions of
introns were almost identical to those of human nNOS. Moreover,
NOS of Limax has PDZ domain in its N-terminus. This is a very
interesting feature because all NOS genes of other invertebrates
thus far identified lack PDZ domain. The above results have been
published in Gene (2008). We recently identified two different
NOS mRNAs expressed in Limax brain. We are now investigating
the expression profiles and enzymatic activities of these two NOS
mRNAs.

Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 4. Spontaneous recovery of the procerebrum from injury in

the terrestrial slug (Ryota Matsuo)
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The procerebrum (PC) of the slug is indispensable for odor
aversion learning, It is also known that there are progenitor neurons
capable of dividing and creating new neurons continuously in the
PC even in adult. During the course of the experiments to
investigate the role of the PC in the odor-aversion learning (Kasai
et al., 2006), we happened to observe that slugs could learn
normally after 1 month recovery period from the PC ablation
(Matsuo and lto, 2008). We reasoned that this functional recovery
owes to the progenitor neurons in the PC and analyzed the
recovering PC histologically. After 1 month recovery period, the
size of the PC became significantly larger in comparison with that
of the PC with 1 week recovery. We also found that this recovery
was based on the cell division by BrdU-labeling experiments. We
are now investigating whether the newly generated cells are
neurons or glias.

Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 5. Role of the superior and inferior tentacles in odor
aversion learning of slugs (Miki Yamagishi, Ryota Matsuo)

The terrestrial slug has two pairs of tentacles, superior and inferior
tentacles, which serve as olfactory organs. To investigate the role
of each pair of tentacles in odor-aversion learning, we investigated
the memory performance of the slugs by surgical amputation. The
learning ability of the slugs was not affected by the amputation of
an either pair of tentacles before or after the odor-aversion learning.
But it was completely damaged by the amputation of both pairs of
tentacles. These findings suggested that an either pair of tentacles is
sufficient for aversive olfactory learning and demonstrated the
functional redundancy of two pairs of tentacles in olfactory
learning. The above results have been published in J Exp Biol
(2008).

Grant Support: Japan Society for the Promotion of Science,
Grant-in-Aid for Scientific Research.

Theme 6. Role of glutamatergic neurotransmittion in the
procerebrum of slugs (Ryota Matsuo)

Glutamate is known to be involved in the neurotransmission in the
procerebrum (PC) of Limax. However, neither the histological
distribution nor the functional role of glutamate is understood. We
investigated the role of glutamate in the brain of Limax by
immunohistological and physiological techniques. Most of the
neurons in the PC were immunoreactive to the antibody against
glutamate, and were stained by an antisense cRNA probe against
vesicular glutamate transporter (vGluT) mRNA. In the dissected
PC, we observed oscillatory activity (~0.6 Hz) in the amount of the
released glutamate using a glutamate probe EOS2 (glutamate
optical sensor 2). The oscillatory frequency was synchronous with
the local field potential (LFP) oscillation in the PC, and the both
shared the same pharmacological characteristics. These results

suggest that the LFP oscillation is driven by the synchronous
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release of glutamate within the PC.
Grant Support: Japan Society for the Promotion of Science,
Grant-in-Aid for Scientific Research.

Collaborations: With other universities.

Theme 7. Modulation of oscillatory neuronal synchronization by
neurotransmitter and neuropeptide in odor information processing
(Suguru Kobayashi)

We study GABAergic and FMRFamidergic neurotransmission in
odor information processing in the land slug Limax valentianus.
GABA neurons are capable of controlling network oscillations and
their patterns in the widely divergent species. Oscillatory activity
of the PC in Limax is considered to encode the odor information,
and we found that GABA and FMRFamide are present in the PC
and these synaptic transmissions are involved in the oscillatory
neural network of the PC. We use electrical and optical recording
methods to understand the role of oscillatory dynamics in odor
recognition and memory storage.

Grant Support: Japan Society for the Promotion of Science,
Grant-in-Aid for Scientific Research.

Collaborations: With other universities.

Theme 8. Analysis of molecular mechanism for learning and
memory formation in Lymnaea stagnalis (Hisayo Sadamoto)

In the pond snail Lymnaea stagnalis, we have been working on the
analysis of mechanism for learning and memory formation.
Especially, we are focusing on the molecular events in particular
neurons that are hypothesized to be the sites of long-term memory
formation and storage. Lymnaea can acquire conditioned taste
aversion (CTA) learning and they can keep the memory longer than
one month (long-term memory). Now we confirmed that the
expression levels of several genes, including cAMP-responsive
element binding proteins (CREBs) and serotonin transporter
(SERT), were changed after learning. The transcription factor
CREBs are known to be the regulator of the gene expression for
memory formation, and SERT plays a key element in the regulation
the synaptic serotonin transmission in the key neuron for CTA
learning.

Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 9. Mechanism of communication between honeybees
(Ryuichi Okada)

The honeybee is one of the well-known social insects. We are
interested in the mechanism how honeybees communicate each
other by biological approaches and computer simulations. We
found that a follower bee attended multiple dancing bee before her
flight. Most bees in the hive did not walk but stayed at same place,
and the walking distance during one second of a honeybee was up
to 2 cm. We are now constructing a mathematical model for bee

foraging behavior with biological data obtained from our



Kagawa School of Pharmaceutical Sciences
Tokushima Bunri University

experiments.

Grant Support: Ministry of Education, Culture, Sports, Science
Japan, Grant-in-Aid for Scientific Research. Yamada Bee Farm
Grant for Honeybee Research.

Collaborations: With other universities.

Theme 10. The role of the molluscan insulin related peptide 11
(MIP II) in the conditioned taste aversion of Lymnaea stagnalis
{(Jun Murakami)

It has been known that quantity of mRNA of the MIP II in the
Lymnaea central nervous system (CNS) changes during the
performance of the conditioned taste aversion (CTA). Good
performers express higher MIP 11 than poor performers. But it is
not clear whether MIP Il is directly involved in the performance of
the CTA learning. The aim of my study is to clarify this point. For
this purpose, we first examined which cells express the MIP II or
MIP receptor by in situ hybridization for the CNS and real-time
PCR to determine the quantity of mRNA at ganglion level. We
found that MIP 1II is expressed only in neurosecretory cells, which
are called light green cells. On the other hand, MIP receptor is
expressed in the same quantity in all ganglia.

Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 11. Seasonal alternation of the methylation status on the
genomic DNA of honeybees (Dai Hatakeyama)

The aim of this study is to characterize DNA methylation in
honeybees. Honeybees are recently focused as suitable model
animals for understanding mechanisms of DNA methylation
because of complete knowledge of the genomic sequences. We
compared the sequence of the promoter regions of MAPK between
summer and winter bees by bisulfite sequence technique. Although
4 methylated cytosines were constantly found in the promoter
regions of MAPK of summer bees, these cytosines were not
methylated in that of winter bees. This is a first indication showing
that DNA methylation might play important roles in the transition
from summer bees to winter bees which differ in behavioral and
physiological aspects.

Grant support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

12. of

coactivaters containing the functional domains for binding onto

Theme Molecular characterization transcriptional

methylated cytosines and for histone acetylation in honeybees (Dai
Hatakeyama)

Methylated cytosines generally inhibit transcriptional activity in
mammals. However, our previous work suggested that methylated
cytosines enhance transcription in  honeybees via new
transcriptional coactivaters; such as toutatis and CG2247. These

factors are suggested to have both domains for binding with
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methylated cytosines and for histone acetylation. Although we tried
to isolate these genes from the cDNAs constructed from adult bees,
pupa and larva by RT-PCR technique, all PCR products of these
genes contained introns. We will try to clone genes without introns
by other procedures.

Grant support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 13. Glutamate uptake in the central nervous system of
Lymnaea stagnalis (Dai Hatakeyama)

Glutamate is known to be used as a neurotransmitter for the
generation of feeding rhythm and the perception in the pond snail
Lymnaea stagnalis. However, there is no report demonstrating the
glutamate uptake system in this species. We could clone 2 types of
glutamate transporters, the excitatory amino acid transporter
(EAAT) and the vesicle glutamate transporters (VGIuT), from
Lymnaea brains. Functional domains were well conserved in both
EAAT and VGIuT. Biochemical experiments showed that the level
of accumulated *H-labeled glutamate was highest in the cerebral
ganglia. The accumulation of *H-labeled glutamate could be
significantly blocked by the specific inhibitors for glutamate uptake.
Stimulation by high K" concentration resulted in a significant
increase of ‘H-labeled glutamate release, and this high K'-
dependent release of “H-labeled glutamate could be inhibited in
Ca*'-free physiological solution. We will characterize cells which
express these types of transporters by in situ hybridization in
Lymnaea CNS,

Grant support: Japan Society for the Promotion of Science,
Grant-in-Aid for Scientific Research.

Collaborations: With the other research institute in Hungary.

Themel4. Post-synaptic receptors of serotonergic transmission in
the feeding system of Lymnaea stagnalis (Ryo Kawai)

The serotonin receptor types are still unclear at synaptic
transmission between the cerebral giant cell (CGC) and the B1 cell
in Lymnaea feeding system. We examined the CGC-B1 synaptic
transmission by pharmacological manipulations combined with
intracellular recording. High concentration (>100 uM) of the
antagonist for ionotropic receptor elicited the delay in latency of
excitatory post-synaptic potentials (EPSPs) at the Bl cell.
Antagonist for metabotoropic receptors decreased the amplitude of
EPSPs in a dose-dependent manner. These results suggest that 2
different types of receptors are working for the CGC-BI
transmission at least, and they contribute for generation of
postsynaptic responses with different roles, respectively.

Grant Support: Japan Society for the Promotion of Science,

Grant-in-Aid for Scientific Research.

Theme 15. Characterization of gravity sensing genes of ascidians
(Motoyuki Tsuda)
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Approximately 50 genes in human, have been known to be
responsible for genetic hearing disorders. We have identified seven
genes that are homologues of human hearing disorder genes as
candidates of genes involved in the gravity sensing of larvae of a
simple model chordate, the ascidian Ciona intestinalis. These genes
include ryrosinase, prestin, cadherin-23, TRPA, TRPN, TyrpA, and
TirpB. Gene expression patterns, protein localization, and functions
situ  hybridization,

of these genes were analyzed by in

immunohistochemistry, targeting knockdown with antisense
morphilino oligonucleotides, intracellular calcium imaging,and
fluorescent X-ray imaging. We have shown that these genes are
specifically expressed in the otolith, the gravity sense organ of the
larva. Functions of gravity sensing genes were analyzed by
combination of behavior analysis and targeting knockdown using
antisense morphilino oligonucleotides. So far, we have knocked
down tyrosinase, tyrpA, tvrpB, prestin, and CDH23. Function of
tyrosinase was shown to be required for gravity sensing behavior of
the larva.

Grant Support: Grants from the 21st Century COE Program
(University of Hyogo) from Ministry of Education, Culture, Sports,
Science and Technology and Japan Society for the Promotion of
Science.

Collaborations: With other universities.
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Research

We have been mainly investigating the molecular mechanisms of
immortalization of human normal cells, cancerization of human
immortal cells, and differentiation of germ cells. The present
research areas of interest, are as follows,

1. Mechanisms of immortalization of human normal cells

1-1

It is widely accepted that telomerase, which compensates for

Control of life span in human fibroblasts and endothelial cells

telomere shortening, govern cellular life span. Telomerase is
activated in most of human malignant neoplasms. And ectopic
expression of telomerase may endow some kinds of human somatic
cells with indefinite proliferation capacity, i.e., immortality. On the
basis of this strategy, we have transfected hTERT gene into human
normal skin fibroblasts and vascular endothelial cells, and finally
established several immortal cell lines.

To clarify the changes in gene expression required for
immortality, we investigated intrinsic responses required in
acquiring immortality. Thus, we compared by real-time RT-PCR
the changes in the expression levels of the cell cycle and
apoptosis-related genes in human normal fibroblasts and
endothelial cells versus hTERT-transfected cell lines. We found

that immortal fibroblast cell lines upregulated cell-cycle promoting
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genes and down-regulated apoptosis-inducing genes at early phase
after transfection, whereas the endothelial cell did not. In addition,
the microarray analysis of the fibroblast cell lines revealed that the
dysregulated genes during cellular immortalization were different
from those found in endothelial cells, which probably have
acquired telomere maintenance ability by expressing exogenous
hTERT. These findings indicate that cell-type specific gene
expression after telomerase expression may be important to acquire
telomere-maintenance capacity and immortality in some
non-cancerous human cells. A future investigation of the cell-type
specific molecules investigated in these process may elucidate the
differences in the capacity of acquiring immortality in cancer and
normal somatic cells.
1-2  EBV-transformed B-lymphoblastoid cells

It is well known that Epstein-Barr virus (EBV) -infected B
lymphoid cells are maintained in culture for long period, however
only few of which becomes immortal during cell culture passages.
We studied phenotypic characteristics of pre-, post-immortal and
tumorigenic human B-lymphoblastoid cell lines (LCLs) established
B cells with the

Pre-immortal LCLs showed low telomerase activity and a normal

from normal same genetic background.
diploid karyotype, while post-immortal LCLs showed much higher
telomerase activity and maintained a clonal aneuploidic state.
Among five post-immortal LCLs tested, LCLs NO0OO5 and N6803
formed colonies in agar medium and showed a marked aneuploidy.
And N6803 was transplantable into nude mice indicating that it
gained a complete malignant property, but all pre-immortal LCLs
LCLs

suppresser

and the remaining three post-immortal lacked these
characteristics. The of
pl6(INK4A) and pRb were downregulated in NODO5 and N6803

LCLs, and the p53 gene was mutated in NOOO5 LCL. These results

products tumor genes,

indicated that some pre-immortal EBV-transformed LCLs can
become immortal and then, tumorigenic in vitro culture, and that
these LCLs will provide an in vitro model of tumorigenesis
induced by EBV.

For further screening of genes involved in immortality and
malignancy in EBV-transformed LCLs, we performed microarray
analysis between pre- and post-immortal LCL and obtained a list of
up- or down-regulated genes during cell immortalization. Cloning
of each genes and elucidation of their role in immortalization is
now under investigation.

1-3  Aim for application to clinical disorders (cell therapy)

The immortal endothelial cell lines obtained in our lab can be
applied for clinical use of aging-related disorders, such as
atherosclerosis lesions. One of these immortal endothelial cell (EC)

lines, IMEC-1, retained a normal morphological feature of young
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endothelial cells and proliferated in response to specific angiogenic
factors, such as bFGF. Thereafter, we assessed the carotid balloon
catheter injury model, in which neointima formation have
developed by denudation of the left common carotid artery, and
examined the effect of implantation of immortal ECs into the
denuded area of mouse carotid artery. Two weeks after the
implantation of IMEC-1, neointima formation was significantly
thiner, compared with that in control carotid injected with saline.
These results suggest that implantation of immortal ECs may be of
potential therapeutic value in vascular injury, and a possible
treatment strategy for the prevention of the progression of
atherosclerosis and restenosis after angioplasty. In this way, our
long-term goal is to improve age-related disorders by replacing
aged, disfunctional cells to immortal, functional cells (that is cell
therapy).

2. Differentiation of germ cells.

We have cloned a novel cDNA encoding a testis-specific
metallothionein-like protein, tesmin, by randomized RT-PCR on
RNA from mouse tissues. Two tesmin-related transcripts (2.2 and
1.8 kb) in mouse and one (2.1 kb) in human were detected and
sequenced. These encode a cysteine-rich 60 kDa protein (475
amino acid residues) that contained a metallothionein-like motif. A
search of databases indicated that tesmin is a member of the
CXC-hinge-CXC family, which is highly conserved through plants,
tetrahimena, C. elegans, mouse and human.

In situ hybridization analysis in adult mouse testis showed that
tesmin is specifically expressed in spermatocytes. Quantitative
RT-PCR at different stages of mouse postnatal development (days
4,8, 12, 18, and 42) revealed that tesmin is expressed as early as
day 8 and coincides with the entry of germ cells into meiosis.
Furthermore, adult W/Wv sterile mice that harbor the c-kit
mutation was found to lack tesmin expression. The gene is assigned
to mouse chromosome 19B, which translocated (11;19) in male
sterile mice.

An immunohistochemical study indicated that tesmin exhibits
dynamic  changes in  subcellular  localization  during
spermatogenesis. Before meiosis, it was localized in the cytoplasm
of early to late spermatocytes and then translocated into the nucleus
just before meiotic division. After meiosis, it appeared in
spermatids, starting from the acrosomal vesicles, moving to the
nuclear membrane and then to the caudal end as the spermatids
elongated, and finally relocating into the cytoplasm. Oxidative
stress by cobalt chloride, as well as by diethylmaleate, induced
premature translocation of tesmin from the cytoplasm to the
nucleus and apoptotic morphologyin spermatocytes. A study on the
mechanism of shuttling of tesmin between nucleus and cytoplasm
is now intensively under way in this lab.

We recently observed tesmin is phosphorylated in testis of
mouse and rat. Furthermore, in a cultured germ cell line (GC2
cells) transfected with mouse tesmin ¢DNA, tesmin was also

phosphorylated. A treatment of the cells with TPA, PKC (protein
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kinase C) activator was found to stimulate phosphorylation of
tesmin. Thus, tesmin is considered to play an important role in

signal transduction pathways involved in the process of

spermatogenesis and spermiogenesis, possibly multiple stages of

sperm maturation and/or morphogenesis.
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I. Regulation of DNA replication machinery (Hiroshi Miyazawa)
DNA contains the genetic information which can be viewed as
the organism’s vital plan. Maintenance and replication of DNA,
and the expression of the genetic information in DNA are the bases
for life. In addition, information units of more than 10° are
packaged and condensed in the nucleus of living cells. The
condensation/decondensation of DNA molecules is dynamically
repeated in growing cells during development and differentiation,
necessitating strict control of the expression of genetic information.
Our purpose is to elucidate the functions of DNA replication
factors and the proteins interacting with replication factors, and to
ask how these factors act in various reactions occurring in DNA,
such as DNA repair or transcription. We are investigating the
behavior of these factors in nuclear structure, and studying how the

DNA replication machinery is regulated during the cell cycle and
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cell differentiation.

So far, we have found that the second largest subunit of DNA
polymerase & (DPE2) interacts with SAPI8, a polypeptide
associated with the co-repressor protein Sin3. DNA polymerase € is
involved in chromosomal DNA replication, DNA repair and
cell-cycle checkpoint control in eukaryotic cells. The Sin3 complex
consists of several peptides containing the histone deacetylases,
HDAC! and HDAC2. the
chromosome, HDAC condenses chromatin structure, resulting in
The interaction of HDAC

activity with replication factors predicts that DNA polymerase € is

By deacetylating histones in

the repression of gene expression.

involved in the maintenance of chromatin structure and
transcriptional silencing during DNA replication. Thus DNA
polymerase € appears to be involved in epigenetic regulation. We
are investigating how the interaction of DNA polymerase € and the
replication complex with proteins involved in epigenetic regulation
(i.e. DNA methyltransferases, histone acetylases and deacetylases,
and so on) change in the process of DNA replication and cell

differentiation.

1. Gene expression analysis of mouse embryonic carcinoma P19
cells induced to form neural cells. (Rie Komori and Hiroshi
Miyazawa)

Mouse embryonic carcinoma P19 cells are pluripotent cells that
can be induced to differentiate into multiple cell types by cellular
aggregation in the presence of differentiating agents. When
aggregated in the presence of retinoic acid, P19 cells differentiate
into neural cells (including neurons and glia cells), whereas the
same cells aggregated in the presence of DMSO differentiate into
cardiomyocytes. These cells can simulate the molecular and
morphological events occurring during early embryonic
development, and have been used extensively as a model to study
the molecular mechanisms controlling the process of differentiation
into cardiomyocytes or neural cells.

To identify the genes associated with induction of neural
differentiation, we carried out a transcriptome analysis of P19 cells
induced to form neural cells by retinoic acid. We used Serial
Analysis of Gene Expression (Long SAGE) and microarrays to
explore large-scale gene expression and confirmed the sequential
expression patterns of some genes over the course of differentiation.
These findings will provide useful clues to a more comprehensive
understanding of the complex processes involved in the induction
of mneural differentiation. We are undertaking additional
investigations to better understand the role played by these genes

during the induction of neural differentiation.
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1I1. DNA Oxidation, Point Mutation and DNA repair. (Katsuhito
Kino)

The genome is constantly assaulted by oxidation reactions that
are likely to be associated with oxygen metabolism, and oxidative
Such

genotoxin-induced alterations in the genomic message have been

lesions are generated by many of these oxidants.

implicated in aging and in several pathophysiological processes,
particularly those associated with cancer.
1. Guanine Oxidation via Hole Transfer.

Photosensitized various

oxidation of guanine provides

oxidation products, including 8-oxoguanine (8-oxoG) and

imidazolone. Riboflavin (vitamin B2) is known to be an effective

photosensitizer for the oxidation of guanine. We have
demonstrated: the user-friendly synthesis and photoreaction of a
flavin-linked  oligonucleotide; the practical synthesis of

hydroxyethyl-flavin from commercially available riboflavin; and
the preparation of a flavin-linked oligonucleotide using a
phosphoramidite of hydroxyethyl-flavin. To demonstrate the

usefulness of this method, the flavin-linked oligomer was
synthesized. The flavin-linked oligomer and its complementary
oligomer containing 8-oxoG were then irradiated under UV light
(366 nm) at neutral pH. Enzymatic digestion of the irradiated
mixture indicated that the 8-oxoG residue was oxidized to
imidazolone. These results demonstrated that 8-oxoG is effectively
oxidized to imidazolone by photosensitization of the terminal
flavin via a hole-transfer mechanism, and imidazolone is formed by
one-electron oxidation of 8-0x0G at neutral pH.

2. Point Mutation by Guanine Oxidation.

The guanine base (G) in genomic DNA is highly susceptible to
oxidative stress because it has the lowest oxidation potential.
Therefore, G-C-->T-A and G-C-->C-G transversion mutations
frequently occur under oxidative conditions. One typical lesion of
G is B-oxoguanine (8-0ox0G), which can pair with A, and this
pairing may cause G-C-->T-A transversion mutations. Although the
number of G-C-->C-G transversions is rather high under specific
oxidation conditions such as riboflavin photosensitization, the
molecular basis of G-C-->C-G transversions is not known.

We have shown that Iz is a key oxidation product of G when
8-0x0G in DNA photosensitized with riboflavin or anthraquinone.
Primer extension experiments have demonstrated that Iz can
specifically pair with G in vitro. Thus, specific 1z-G base pair
formation can explain the G-C-->C-G transversion mutations that
appear under oxidative conditions.

3. Chemistry of flavins

Photoirradiation in the presence of riboflavin led to guanine
oxidation and the formation of imidazolone. Meanwhile, riboflavin
itself was degraded by ultraviolet light A (UV-A) and visible light
(VIS) radiation, and the end product was lumichrome. VIS
radiation in the presence of riboflavin oxidized guanine similarly to

UV-A radiation. Although UV-A radiation with lumichrome
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oxidized guanine, VIS radiation with lumichrome did not. Thus,
UV-A radiation with riboflavin can oxidize guanine even if
riboflavin is degraded to lumichrome. In contrast, following VIS
radiation degradation of riboflavin to lumichrome, VIS radiation
with riboflavin is hardly capable of oxidizing guanine. The
consequences of riboflavin degradation and guanine photooxidation

can be extended to flavin mononucleotide and flavin adenine

dinucleotide. In addition, we report advanced synthesis;
carboxymethylflavin ~ was  obtained by  oxidation  of
formylmethylflavin  with chlorite and hydrogen peroxide;

lumichrome was obtained by heating of formylmethylflavin in 50%
AcOH; by
formylmethylflavin in 2 M NaOH, followed by isolation by

lumiflavin  was  obtained incubation  of

step-by-step concentration.

1V, Identification of novel low molecular compounds that inhibit
binding of NF-xB to DNA (Takanobu Kobayashi)

The nuclear transcription factor-kB (NF-kB) is one of the
central regulators of an organism’s response to various stress
signals. In response to an extracellular signal, NF-kB translocates
into the nucleus, binds to DNA, and activates the transcription of
specific genes. NF-kB regulates the transcription of a number of
genes involved in immune and inflammatory pathways and in
apoptosis. Dysregulation of NF-kB contributes to a variety of
pathological conditions. Therefore, the down-modulators of NF-xB
could have important therapeutic implications. One of the strategies
for the down-regulation of NF-kB transcriptional activity is the
specific inhibition of the DNA binding of NF-xB.

We have screened a virtual library using our structure-based
computational screening method, thus enabling us to identify
several compounds that inhibit DNA-NF-kB interactions. In our
most recent studies, the inhibitory effects of the hit compounds
selected from the virtual library were measured using fluorescence
correlation spectroscopy (Olympus MF20) and an Electrophoresis
Mobility Shift Assay.
compounds that inhibit the DNA-NF-kB interaction. We expect

Using these methods, we found some

that these compounds may down-modulate the transcriptional
function of NF-xB.

V. The improvement in safety of oysters harvested in Shido Bay
Oysters cultured in Shido Bay are noted products in Sanuki city,
and they are only for cooking. Oysters harvested in bad growing
environment cause gastroenteritis if you eat them without cooking.
The gastroenteritis is due to noroviruses or some kinds of bacteria
contaminated in oyster gastrointestinal organs. To improve safety
of oysters harvested in Shido Bay, we will research the growing
environment of the oysters and investigate whether the oysters have
pathogenic microorganism such as norovirus. Next, we will
construct the new methods for removing pathogenic microorganism

from oysters.
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I of the

lysophospholipids regulate inflammatory responses in RA

Analysis molecular mechanism by which
synovial cells.
Investigators: Hiromi Nochi and Koichi Tamoto

In this study, we assessed the role of lysophosphatidic acid
(LPA) in COX-2 induction using synovial fluid of RA patients in
fibroblast-like RA synovial cells. We found that synovial fluid
from RA patients stimulated COX-2 induction, which was
associated with prostaglandin E, production, in RA synovial cells.
The synovial fluid-induced responses were inhibited by pertussis
toxin, G, protein inhibitor, and by Kil6425, antagonist for LPA
receptors (LPA, and LPA;). Indeed, LPA effectively induced
COX-2 The
LPA-induced actions were markedly inhibited by pertussis toxin
and Kil6425. LPA
IL-1-induced COX-2 expression and prostaglandin E, production in

expression and prostaglandin  E, production.

Furthermore, synergistically enhanced
a manner sensitive to pertussis toxin and Kil6425. RA synovial
cells abundantly expressed LPA, receptor compared with other
LPA receptor subtypes. The LPA content in RA synovial fluid was
just the threshold to induced the action. However, RA synovial
fluid contained an LPA-producing enzyme, autotaxin, and its
substrate, lysophosphatidylcholine. Indeed, the LPA level in the
synovial fluid increased several fold during the incubation of
synovial fluid under the similar condition used for analysis of
COX-2 induction. These results demonstrated that LPA existing in
the RA synovial fluid plays a critical role in COX-2 induction in
collaboration with inflammatory cytokine, IL-1, in RA synovial
cells. To examine details of the intracellular signaling mechanism
by which COX-2 induction are regulated by LPA and IL-1, further
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studies are now under way.

II. Analysis of the mechanism by which anti-allergic agents
regulate leukocyte functions through giant granule formation.
Investigators: Yoshimitsu Kiriyama, Hiromi Nochi and Koichi
Tamoto.

Membrane traffic, such as degranulation, endocytosis,
exocytosis and vesicle fusion, plays an important role in leukocyte
functions during inflammation and allergic responses.. However,
mechanisms of membrane traffic in leukocytes have not been fully
clarified yet. During a course of studies on the action mechanisms
of anti-allergic agents, we found that certain agents induced giant
granule formation in leukocyte. The formation of giant granule was
correlated with inhibition of inflammatory stimuli-induced [Ca™]i
increase and degranulation. Moreover, we found that high
concentration of these agents induced autophagy as well. These
results suggested that the observed inhibitory effect of anti-allergic
agents in the inflammatory stimuli-induced [Ca®™]i increase and
degranulation may be resulted from the fromation of giant granule.
Further studies on the mechanism of giant granule formation and

autophagy induction are currently under way.

IIL. Isolation and identification of active components in royal
jelly which regulate cell growth of human osteosarcoma MG-63
cells.

Investigators: Hiromi Nochi and Koichi Tamoto.

Royal jelly contains a variety of molecules biologically
active towards various types of cells. We recently found that an
water-soluble extract of royal jelly inhibited COX-2 expression and
cellular proliferation in osteosarcoma MG-63 cells. To identify
active components in royal jelly that regulate cellular proliferation
of MG-63 cells, an water-soluble extract of royal jelly was
separated by HPLC using 0.1% trifluoroacetic acid containing a
decreasing concentration of acetonitril as eluate. The molecular
structure of substances thus isolated was analysed by Q-Tof
Micromass and 'H-NMR. The structures of 10 substances were
determined. One substance identified were found to be a noble
active component in royal jelly that inhibits cellular proliferation
by inducing G,/G, cell cycle arrest in MG-63 cells. These results
suggest that the noble compound existing in royal jelly might be a
useful therapeutic agent for treatment of bone cancer. Further
studies on the action mechanism of the compound are now under
way. (Collaborations with Dr. Osamu Shirota and Dr. Setsuko
Sekita, Laboratory of Pharmacognosy and Natural Products
School

Tokushima Bunri University)
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Molecular and neural mechanisms of eyeblink classical
conditioning
Introduction: Associative learning is a fundamental form of

cognition in humans and animals. Eyeblink classical
conditioning (EBCC) is the form of associative learning that
has been most extensively studied at the neurological and
behavioral level. Its basic neural circuitry and neural
mechanisms have been demonstrated to be similar in all

mammals. Since the same paradigm is applicable to humans
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as well as non-human mammals, there is growing interest in
EBCC for the study of human diseases of motor and memory
impairment, in parallel with detailed studies of the molecular
and neural mechanisms in animal models.

Typical EBCC experiments use a tone as the conditioned
stimulus (CS), and a periorbital shock or corneal air puff as
the unconditioned stimulus (US). By repeated presentations of
the CS paired with the US, the CS comes to elicit an eyeblink,
which is called the conditioned response (CR). Previous
studies have indicated that the cerebellum and brainstem are
sufficient for delay conditioning in which the US is delayed
and co-terminates with the CS. On the other hand, frace
conditioning, in which a stimulus-free trace interval intervenes
between the CS and US, requires other brain regions,
including the hippocampus and the medial prefrontal cortex
(mPFC).

Basic Functions of the Cerebellum and Brainstem: To

investigate the basic properties of the essential neural circuits
in the cerebellum and brainstem, we have developed a
decerebrate guinea pig preparation, in which a section is made
between the thalamus and the superior colliculus and all of the
brain tissue above the section is aspirated. Decerebrate
animals readily acquire the CR in delay conditioning. When a
longer tone CS is used, the learning becomes slower. These
CRs are adaptive and appropriately timed relative to the US.
Subsequent CS-alone trials cause extinction of the CR. These
characteristics of eyeblink conditioning are similar to those
reported previously in intact animals of various species,
suggesting that the cerebellum and brainstem are sufficient for
this type of learning.

We also study trace eyeblink conditioning in decercbrate
guinea pigs. A 350-ms tone CS is paired with a 100-ms
periorbital shock US with a trace interval of either 0, 100, 250,
or 500 ms. Decerebrate animals readily acquire the CR with a
trace interval of 0 or 100 ms. Even in the paradigm with a
500-ms trace interval, which is known to depend critically on
the hippocampus in all animal species examined, the
decerebrate guinea pigs acquire the CR, with the adaptive
timing seen in the other paradigms with a shorter trace interval.
However, it takes many more trials to learn when we employ
the 500-ms

trace-interval paradigms. and the CR expression is unstable

trace paradigm rather than the shorter
from trial to trial. When decerebrate animals are conditioned
step by step with a trace interval of 100, 250, and 500 ms (in
that order), they easily acquire the adaptive CR with the
500-ms trace interval. However, the CR% decreases after the

trace interval is shifted from 250 ms to 500 ms, a decrease that
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is not observed with the shift from 100 ms to 250 ms. These
results suggest that the cerebellum and brainstem can maintain
the “trace” of the CS and associate it with the US even in the
500-ms trace paradigm, but that the forebrain might be
required to facilitate the association and stabilization of the

memory.

Cerebellar Cortical Mechanism of EBCC: Long-term depression

(LTD) at parallel fiber-Purkinje cell synapses in the cerebellar
cortex has been proposed as the neural substrate for EBCC.
Since the glutamate receptor subunit 82 (GIuRd2) is
selectively expressed at the dendritic spines of the Purkinje
Cell (PC) and is essential for the induction of cerebellar LTD.
GluRd2-null mice (in which cerebellar LTD is specifically
impaired) provide a useful means to test the cerebellar LTD
hypothesis. Mutant mice lacking GIuRd2 show severe
learning impairment in delay conditioning, but learn normally
in frace conditioning. This surprising finding has now been
confirmed in experiments with another line of mutant mice
lacking phospholipase Cf4 and with wild-type mice subjected
to intracerebellar injection of the NO synthase inhibitor
L-NAME, both of which lack cerebellar LTD. Therefore,
there may be variations in the cerebellar neural substrates for
eyeblink conditioning, depending on the CS-US temporal
overlap.

We have recently found that the muscarinic acetylcholine
receptor antagonist scopolamine and the NMDA receptor
antagonist MK-801 impair learning in trace conditioning
experiments with a zero trace-interval (trace (0 paradigm
experiments) in GluR82"" mice, and that the metabotropic
glutamate receptor subtype | outside the cerebellum is
essential for trace conditioning but not for delay conditioning.
These findings suggest a contribution of the hippocampus to
the LTD-independent learning mechanism. To examine this
possibility further, we have looked at the effects of
hippocampal lesions on learning in GluR82" mice. GluR&2™
mice whose dorsal hippocampi were aspirated exhibit severe
learning impairment in the trace 0 paradigm experiments,
while control GluRd2"™ mice that received a lesion in the
cortex overlying the hippocampus are able to learn promptly.

Wild-type mice do not show such hippocampal dependency in

Reorganization

underlies learning and memory is both flexible and robust.
of Brain Circuitry during Memory
Consolidation: Previous studies, including those described
above, have confirmed the time-limited involvement of the
hippocampus in mnemonic processes and have suggested that
there is reorganization of the responsible brain circuitry
during memory consolidation. For temporal characterization
of such reorganization, we carried out EBCC experiments
with a trace interval of 500 ms in rats with ablation of one of
three brain regions: the hippocampus, the mPFC, or the
cerebellum. At various time intervals after establishing the
trace conditioned response (CR), rats receive an aspiration of
one of these regions. After recovery, the animals are tested for
their retention of the CR. When ablated one day after the
learning, both the hippocampal lesion and the cerebellar
lesion groups exhibit severe impairment in their retention of
the CR, whereas the mPFC lesion group show only a small
decline. As we increase the interval between the lesion and
the learning, the effect of the hippocampal lesion decreases
and that of the mPFC lesion increases. When ablated 4 weeks
after the learning, the hippocampal lesion group exhibits CRs
that are as robust as those of the corresponding control group.
In contrast, the mPFC lesion and cerebellar lesion groups fail
to retain the CRs. These results indicate that the hippocampus
and the cerebellum, but only marginally the mPFC, constitute
a brain circuitry that mediates recently acquired memory. As
time elapses, the circuitry is reorganized to use mainly the
mPFC and the cerebellum, but not the hippocampus, for

remotely acquired memory.

Application of EBCC to Studies of Human Memory Loss: In

addition to its great advantage as a model system for learning
and memory, EBCC is expected to have wide potential
application to clinical studies, including motor impairment
disease),

(e.g. Parkinson’s dementia (e.g. Alzheimer’s

disease), and other psychopathologies. Such studies using
mouse models of human memory loss (experiments using
aged animals, senescence- accelerated SAMP8 mice, obese
mice and animals injected with P-amyloid peptide) are

currently under way.

the trace 0 paradigm. We therefore concluded that the Publications in 2004-2008
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clearly argue that the hippocampus is essential for memory

formation in cerebellar motor learning when cerebellar LTD is

disrupted. These studies suggest that the neural network which
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Research

Since the opening of the Institute of Neuroscience,
Tokushima Bunri University April, 2007, we have set out a
collaborative research project aiming at etiology and early
diagnosis of Alzheimer disease. Since October 2008, our
application to the Grant for the Promotion of the
Advancement of Education and Research in Graduate
Schools has been approved by MEXT as a 5 year-project on
Alzheimer disease research. We had a kick-off meeting of
this project December 2008 in Shodo-shima for discussing
the direction of our research.

In the Neurophisiology lab, we focused on four topics in
(n
underlying plasticity at inhibitory GABAergic synapses in the

neuroscience: the cellular and molecular mechanisms
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central nervous system (CNS); (2) optical imaging of excitatory

and inhibitory synaptic activities in the brain using
voltage-sensitive dyes; (3) the molecular mechanisms for GABA
receptor trafficking into inhibitory synaptic sites; and (4) the search
for lead compounds that have therapeutic potential in the mental
disorders associated with GABAergic synapses.

Numerous brain functions depend on the balance between
excitatory and inhibitory synaptic activity in the CNS. Any changes
in synaptic transmission therefore seriously affect brain function,
often leading to neurological and mental disorders. In particular,
GABAergic inhibitory synapses play a pivotal role in a number of
mental disorders, which is reflected in the fact that one group of
GABA receptor enhancers, benzodiazepines, includes the most
frequently prescribed CNS drugs worldwide. Thus, elucidation of
the mechanisms underlying regulation of the strength of inhibitory
neurotransmission at GABAergic synapses provides not only basic
information about brain mechanisms, but also may suggest critical
strategies in the search for drug targets in mental disorders such as
severe anxiety, depression and cognitive dysfunction.

Recently, we have been interested in the mechanisms
underlying control of inhibitory neurotransmission at GABAergic
synapses and have found three novel and distinct modes of synaptic
First, the monoamines

modulation in the cerebellar cortex.

noradrenaline and serotonin, released from afferent inputs
originating from the brainstem, elicit short-term and long-term
enhancement of GABA release at inhibitory synapses between
cerebellar interneurons and Purkinje cells, the sole output neuron
from the cerebellar cortex. In short-term enhancement, activation of
p,-adrenergic receptors in the nerve terminal of interneurons by
noradrenaline leads to an acceleration of hyperpolarization- and
cyclic nucleotide-gated cation (HCN) channels and depolarizes
interneurons, which in turn causes repetitive action potentials and
an increase in the frequency of spontaneous GABA release from
the nerve terminals of interneurons. In long-term enhancement, the
{} ,-adrenergic receptor activation couples to stimulation of cyclic
AMP-dependent protein phosphorylation and thereby enhances
action potential-induced GABA

release via protein kinase

e

A-dependent increases in Ca™ sensitivity of the release machinery,
as well as the size of the readily releasable pool of GABA in the
interneuron nerve terminal (Saitow et al., 2000, 2005). In addition
this of GABAergic

neurotransmission, ATP has been shown to enhance GABAergic

to presynaptic regulation inhibitory
transmission through a postsynaptic mechanism in which activation
of P2Y-type purinergic receptors by ATP and its metabolites
increases the sensitivity of GABA, receptors in Purkinje cells

(Saitow et al., 2004; Ono et al., 2006).
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Second, the cerebellar GABAergic

interneurons and Purkinje cells is under the control of presynaptic

synapse between

inhibition induced by the excitatory neurotransmitter, possibly
glutamate, released from the climbing fiber input (Satake et al.,
2000). The climbing fiber transmitter not only excites Purkinje
cells but also acts on AMAP-type glutamate receptors in the
presynaptic nerve terminal of interneurons to inhibit GABA release
(Satake et al., 2004, 2006). The climbing fiber transmitter-mediated
inhibition of GABA release is caused by inhibition of voltage-gated
Ca® channels in the presynaptic terminal following activation of
AMPA receptors (Rusakov et al., 2005).

fiber transmitter glutamate spills out of the synaptic cleft and

Therefore, the climbing

reaches the presynaptic terminal of interneurons, thereby inhibiting
GABA release through activation of AMPA receptors coupling to
inhibition of Ca** channels in the nerve terminals.

A third form of novel synaptic mechanism that we found
around cerebellar GABAergic synapses is cross-talk between
GABA, receptors and Group [ type metabotropic glutamate
receptors (mGluR1); GABA released from interneurons acts on
GABAj receptors expressed in the periphery of nearby excitatory
synapses (peri-synaptic regions) between parallel fibers and
Purkinje cells and enhances mGluR1-mediated slow synaptic
excitation in Purkinje cells (Hirono et al., 2001). Therefore, under
certain circumstances, GABA appears to elicit an excitatory action
following cross-talk between its own receptors and metabotropic
glutamate receptors. Furthermore, because mGluR1 is critically
involved in synaptic plasticity, it is highly likely that a combination
of GABA, receptors and its selective ligands is a promising
therapeutic target for cognitive dysfunction.

As the

neurotransmission at GABAergic synapses

of
the

exemplified above, strength inhibitory

CNS
modulated by multiple regulatory mechanisms, which will likely

in is
yield clues for developing therapeutics for the treatment of CNS
diseases. Based on these findings and considerations, our aims
include: (1) to further elucidate the cellular and molecular
mechanisms that underlie synaptic modulation of inhibitory
GABAergic transmission, and (2) to devise a drug screening
system to search for potential lead compounds that fit the profile of
GABA synapse enhancers. We are utilizing three approaches: (1)
thin brain slices from rats mice combined with electrophysiological
techniques using patch-clamp recordings, allow us to study the
properties of GABAergic inhibitory synapses, both physiologically
and pharmacologically; (2) optical recording of neuronal activity in
the brain using VSDs (voltage-sensitive dyes), provides not only
spatial information about brain activity but also a powerful means
for screening neuron/synapse-acting compounds; and (3) primary
cultures of neurons dissociated from the brain combined with
confocal imaging and electrophysiology, which allow us to study
the molecular mechanisms of GABA, receptor delivery into
inhibitory synaptic sites.

Combining these three different experimental approaches, we
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are now characterizing the synaptic mechanisms associated with
the control at GABAergic inhibitory synapses as well as the neural
mechanisms of learning and memory formation in the brain. We
are pursuing the four research projects described above in order to
gain further understanding of the brain mechanisms, which may
lead to drug therapies for neurological and mental disorders caused

by dysfunction of central GAB Aergic inhibitory synapses.
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Research

In the laboratory of radiochemistry, there are three main research
projects; two by Taniguchi and one by Ueki. The outline of each

research project will be described in the following section.

Radiation chemical study of aqueous solutions of biomolecular

and related compounds (by Taniguchi)

Spin trapping-ESR studies of unstable radicals (by Taniguchi)
Main research fields of Taniguchi belong to radiation chemistry

of aqueous solutions of biomolecular and related compounds and

physical chemistry of structure and reaction of short-lived radicals.

In his

biomolecular solutions by irradiation of electron beam and gamma

early stage, unstable radicals formed in aqueous
ray are detected and identified using ESR(electron spin resonance)
absorption spectroscopy. The aim of these studies were to clarify
the mechanism of radiation damage to a human body.

Hydroxyl radicals + OH are considered to play much more
important role in the radiation damage than hydrated electron e,
To pursue the reaction of + OH, the following methods of + OH
formation are utilized: chemical reagent systems (Ti* ", Fe*" + H>0,
— + OH + OH + Ti*, Fe*"), UV irradiation system (H,05 + hv—
2 + OH), and gamma- or electron- irradiation systems (€74 + N2O +
H>O — + OH + N, + OH in N,O-saturated aqueous solutions).

More recently, he is engaging in the collaborative research with
Notre Dame Radiation Laboratory, U.S. using their in situ
radiolysis- steady state and time-resolved ESR method.

In this method, direct information can be obtained about the

short-lived radicals produced in electron irradiated aqueous
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solutions.

Spin trapping method is also introduced to irradiated aqueous
systems to detect unstable radicals rather indirectly. Kinetic
information is indispensable to the strict application of spin
trapping technique to the irradiated systems and some necessary

information is added using time-resolved ESR.

The Study of the structure and the dynamics of proteins by
means of site-directed spin-labeling ESR  (by Ueki)

The spin label reagent attached to cysteine residue tells us its
environment and the structural information of the protein through
the ESR spectrum. In other words, the spin label acts as a reporter.
In the case of two spin labels introduced into a protein, we can get
the distance between two labels by the spectrum. The merit of
this method is that we can monitor only the spin label whatever the
sample condition is. So we can measure the membrane protein in
lipid for example, that is difficult to measure by other spectroscopic
method.

Now we study the structure and the function of a protein called
troponin on muscle thin filament, which controls the calcium
induced muscle contraction. Cardiac troponin is a important protein
in connection with heart failure. We especially investigate the
relationship between the structure and the phosphorylation of
cardiac troponin. The phosphorylation of cardiac troponin is a key
mechanism of beta-adrenergic regulation in heart function.
Recentry, we focus on the study of the PKA phosphorylation of
N-terminal domain of troponin 1, and the consequential change of

the interaction and the structure in troponin complex.
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Research

1. Integrated study on pharmacokinetics and pharmacodynamics
for efficient drug discovery and on the optimum drug therapy

. Basic and clinical analysis of drug-metabolizing enzyme and
transporters influencing pharmacokinetics and pharmaco-
dynamics

. Basic research on the toxicity mechanism of drugs, xenobiotics

and their active metabolites

The elucidation of relationship between pharmacokinetics (PK)
and pharmacodynamics (PD) of drugs is critical not only for the
discovery of novel drugs but also for their optimum uses in clinical
settings. The effects of clinically used drugs are influenced by
drug-metabolizing enzymes and drug-transporters. Therefore, one
of our major research projects is to push an integrated analysis of
PK and PD for investigational drugs by characterizing in vivo
drug-metabolizing enzymes and drug-transporters  under
physiological and pathological conditions.

We are also conducting the research of mechanism(s) for the
decrease in levels of serum thyroid hormones by xenobiotics and
their active metabolites, and the species difference and
extrapolation to human in these compounds-induced alteration of
the hormone levels.

In addition to these projects, we have also focused on
simultaneous determination of polybrominated diphenyl ethers
(PBDEs), hydroxylated (OH-) and methoxylated (MeO-) PBDEs
found in marine sponge by atmosphere pressure chemical
ionization tandem mass spectrometry (APCI-LC/MS/MS), and
immunotargeting of liposome to tumor and endothelial cell
type-1 matrix

expressed  membrane

(MT1-MMP).

metalloproteinase
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Research

Observation of the giant molecules by means of mass

spectrometry:

Mass Spectrometry (MS) has been developed and adopted to wide
variety of analytical chemistry in recent years.

Although MS was basically developed for high molecular weight
substances in the field of biochemistry, the measurement of huge
molecules over 10k Da is still very difficult. This is caused by the
ionizing problems, stability of the compounds and the existence of
various impurities.

We develop some new techniques to overcome these problems by

using newly equipped FT-ICR mass spectrometer.
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History

Joint research with Senka Pharmacy Co., Ltd was
started for development of new drug in April, 2004.
Structure determination of some micro bioactive
substances, which Senka had continued searching for
The

laboratory of analytical chemistry, which was engaged in

many years came to the final stage in those days.

the precise structure determination of the bio-micro active
materials taken out from natural product, accomplished
this study made full use of a analytical instrumentation
installed in this faculty. Furthermore, the synthesis of
this compound was completed by a team of the laboratory,
and biological activity of this lead compound was finally
confirmed. The study was forward in the project by
Yamaguchi, Danjyo and Sei in the laboratory of analytical
chemistry. Later, Kanagawa and Yoshida were joined
from Senka Pharmacy as the new members for the project,
and finally established the new laboratory in the
pharmaceutical science at Kagawa Campus, which

superior facilities and researchers for new drug discovery.

Purpose

Although remarkable development of the drug discovery has
been made, an all around anti cancer drug with a few side effects is
not yet obtained. In this project, we perform the research to find
curatives which are effective for treatment and the prevention ill
such as cancer therapeutic drugs based on organic chemistry.
Project
@ Search of bioactive substances came from natural

products and synthesis of candidate compounds.
@ Development of high throughput screening.
@ Development of new analytical methods and

mechanistic study of the candidate compounds.

To achieve this, we establish a new assey system for the
candidate compounds and accomplish high throughput screening.
Furthermore, we make full use of the latest analytical
instrumentation in this faculty to promote swift and acurate
structure determination. We also expect carrying out systematic
structure investigation of highly active candidate compounds in
detail.
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Research

Recent progress in life science markedly affected medical
researches with respect to the identification of responsible genes
and the understanding of molecular pathophysiology of various
human diseases, which were described as unknown etiology in a
textbook published only ten years ago. There is no doubt that the
future direction of the life science is “the development of
therapeutic method of human diseases based on the understanding
of pathophysiology at molecular level”. Our final goal is the
integrative understanding of the pathogenesis of human diseases
from molecular to individual level. To pursue this task, progress
in molecular biological techniques have enabled us to use quite
highly beneficial experimental tools such as gene-targeted mice and
transgenic mice. From the analyses of these gene-manipulated
animals, we have a chance to combine analyses of molecular and
cellular level with clinical changes at individual level. Further,
these animals are valuable, because we can obtain most early
changes in the pathogenesis of diseases, which are hardly examined
in human patients. Thus one of the main method of our division
is histopathological analysis of these gene-manipulated animals as
well as traditional experimental animal models. These analyses
require systemic approaches

from macroscopic anatomy,

conventional histological methods, immuno- and in situ
hybridization histochemical methods using light microscopy and
electron microscopy. We also pursue cooperative research
projects with medical institutions outside our university for
analyses using human materials that fulfill ethical criteria,
depending on the progress in each research project. These trials
using good animal models for human disease are expected to
contribute to the better understanding of the pathophysiology of
human disease. Following are the detailed information of each

research project.
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1. Histopathological analyses of mdx/Pax7 double knockout
mice that show postnatal progressive atrophy of systemic
skeletal muscles.

We have analyzed mdx/Pax7 that double knockout mice that were
generated by Dr. Hashimoto (Department of Regenerative
Medicine, National Institute for Longevity Sciences, National
Center for Geriatrics and Gerontology) et al and found that these
mice are better animal model of Duchenne muscular dystrophy
(DMD) than mdx mice that bear naturally occurring mutation of
dystrophin gene that encodes a key sarcolemmal protein and have
been considered to be a good animal model of DMD. Skeletal
muscles of mdx mice are noticed to degenerate immediately after
birth, but they also extensively regenerate and muscle atrophy is
not marked. This is in contrast to progressive and fatal muscle
atrophy in DMD, suggesting insufficient potential of muscle
regeneration as a critical pathogenic factor of DMD. mdx/Pax7
double knockout mice were generated by mating mdx mice and
Pax7 knockout mice. Satellite cells, muscle stem cells involved in
muscle regeneration, are lost in this double knockout mice. We
compared histopathological findings of skeletal muscles between
mdx mice and mdx/Pax7 double knockout mice. Both animals
were bone alive and grew, but growth retardation of double KO
mice was apparent at birth and progressed thereafter. At autopsy,
atrophy of systemic skeletal muscles was noted in double KO mice,
especially in the lower leg and the diaphragm. Macroscopic fatty
change was noted in the lower leg muscle around postnatal 6
months. Histologically, mdx mice showed focal muscle necrosis
and extensive muscle regeneration associated with myoblast
infiltration, fusion and central nuclei. In contrast, double KO
mice showed severe atrophy with poor cellular reaction of muscle
regeneration: only focal necrosis, scanty cellular infiltration and
accidental central nuclei. Marked dilation of the esophagus filled
with food residual was noted for all double KO mice including
cases of sudden death. Histologically, marked keratinization of
the epithelium was noted and striated muscles of the esophagus
degenerated and were atrophic without extensive regeneration
similarly as skeletal muscles. Electron microscopic analysis
revealed degeneraiton of esophageal striated muscle associated
with a loss of striation and invasion of smooth muscle cells.
Esophageal lesion is reported for human myotonic dystrophy.
These findings indicate mdx/Pax7 double KO mouse is a good
model of muscular dystrophy, suggesting that a loss of muscle
regeneration assumed by satellite cells is involved in fatal muscle

atrophy of DMD.
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2. Functional significance of thick type IV collagen around
regenerating muscles in myotube formation.
Immunohistochemical analysis of biopsy materials from patients
of Duchenne muscular dystrophy revealed dense accumulation of
type IV collagen immunoreactivity (IR) surrounding histologically
identified regenerating muscles. This is in contrast with thin type
IV collagen IR around histologically normal muscle fiber. In rat
with  0.5%

hydrochloride, severe myonecrosis was observed at 24 hours after

gastrocunemius  muscles  treated bupivacaine

the treatment. Type IV collagen IR was still detected around
necrotic myofibers, with comparable thickness to that around
normal myofibers. Thick and irregular shaped type IV collagen
IR was identified around regenerating muscles at 48 — 72 hours
after the bupivacaine treatment, when accumulating mononuclear
myoblasts started to fuse to form myotube. At 7days after the
treatment, the thickness and shape of type IV collagen IR around
regenerating muscles with centrally located nuclei were
comparable to those around histologically normal muscle fibers.
Thus, it was noted that type IV collagen IR was enhanced around
regenerating muscles during the stage of myotube formation.
Then we examined the effect of type IV collagen on myotube in
vitro. Primary cultured mouse myoblasts proliferate in a growing
medium and fuse to form myotube in a differentiating medium.
Myoblasts cultured on type IV collagen gel slow in their growth
rate and fuse to form string-shaped structures, which shows
spontaneous contraction, even in a growing medium at 48hours
after plating. Myoblasts cultured on type I collagen gel or in a
dish coated with type IV collagen never showed such findings.
Then we examined the effects of 2, 2'-dipyridyl (DPY), an inhibitor
of collagen triple helix formation and synthesis, on regeneration of
rat gastrocunemius muscle after bupivacaine treatment. Processes
of muscle regeneration were severely retarded in animals treated
with bupivacaine and DPY compared with those treated with
bupivacaine only. Type IV collagen IR surrounding regenerating
muscles was attenuated in animals treated with DPY. These data
suggest that type IV collagen as a component of the 3D-structure of
the

myoblasts during muscle regeneration.

basement membrane facilitates myotube formation of
Electron microscopic
analysis revealed enriched actin microfilaments in cellular
processes of myoblasts maintained on type IV collagen gel,
indicating the formation of muscle contraction structure under the
condition of growing medium. However, we did not find
sarcoplasmic reticulum, muscle striation or finding of cell fusion,
suggesting that myoblasts under the in vitro condition using type

IV collagen stay in the incomplete differentiation stage.

3. Senescent changes of the striated muscles in aged mice.
By the histological analyses of mouse gastrocunemius, triceps
brachii muscle, pelvic floor muscle and the diaphragm, we have

found increasing number of rimmed vacuole, sarcoplasmic mass,
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small necrotic foci of muscle fibers around the local mass of
uneven-sized muscle fibers, muscle fibers at early stage of
muscle regeneration and muscle fibers with central nuclei, along
with aging. Especially, rimmed vacuole was prominent in the
gastrocunemius muscle and was constantly found in the animals at
2 years old. We also found accumulating muscle fibers with small
vacuoles and scattered fatty degeneration. Cellular responses in
the area with those findings described above was scarce, which is
in contrast with the findings of muscle regeneration associated with
dense infiltration of myoblasts detected in mdx mice, suggesting
decreased ability of muscle regeneration along with aging. These
findings were prominent in the gastrocunemius muscle, slight in
the triceps brachii muscle and very slight in the diaphragm.
Rimmed vacuole was moderate (detected in 20-40% muscle fibers
in the section), slight (detected in < 20% muscle fibers) and none in
two, one and two animals, respectively, among 5 control mice at
16 months old, while that was moderate and slight in three and
three animals, respectively, among 6 lipidosin KO mice. Thus we
confirmed that increase in the number of rimmed vacuole along
with aging tends to be found earlier in mice with targeted
disruption of the lipidosin gene encoding a novel acyl CoA

synthetase than in the control C57BL/6 mice.

4. Functional analysis of R-Ras GAP as a regulator of Ras
signaling.

In the nervous system, glial cells are involved in various functions
such as support of neural activity, maintenance of blood brain
barrier and myelin formation. Additionally, glial cells have
important roles during development, such as guidance of migrating
neurons in an early stage, and production of molecules that modify
the growth of axons and dendrites. Recent research revealed that
glial cells actively participate in the regulation of neural activity,
but it awaits further studies to reveal the complete picture of glial
function. Bent gene is ubiquitously conserved beyond species from
yeast to mammals including rat, mouse and human. Previously, we
reported that Bent was strongly expressed in astrocytes of rat brain,
and their amounts increased along with postnatal development.
These results suggest that Bent protein is engaged in the formation
and maturation of the neuronal circuit. On the other hand, a
ruminant specific gene ben””’, which is considered to be produced
by the duplication of benr gene, was expressed in the nuclei of
nerve cells. Bent”™ gene is interesting in that it seems to gain new
functions by an insertion of a part of Retrotransposable element-1
(RTE-1), which belongs to long interspersed nuclear element
(LINE), into the coding region. While ruminants have both bent
and bent””” gene, human and mice have only bent gene. Thus,
functions of bent and bent™ genes are very interesting from a point
of view of gene evolution. However, the function of Bent and
Bent™? proteins and their correlation are not clear to date. Here, we

report that localization of overexpressed Bent protein was distinct
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from that of the endogenous Bent protein in cultured primary
astrocytes. We constructed vectors for overexpression of Bent that
fused with EGFP (Enhanced Green Fluorescence) as a reporter
gene, using the pCAG vector (Gene 180: 193-200, 1991) including
cytomegaro virus enhancer, chicken [-actin promoter, rabbit
[p-globin UTR (Un-Translated Region) and SV40 poly-A signal. In
contrast to the localization of endogenous Bent, Bent fused with
EGFP were strongly expressed in the nuclei. However, fusion
protein of Bent N-terminal region and EGFP was expressed in the
nuclei and the cytoplasm of cultured primary astrocyte. These
results suggest that original Bent protein have unknown NLS
(Nuclear Localization Signal)(s), or it interacts with other

protein(s) that can be transferred to the nuclei.

5. Changes in the gene expression during the processes of
experimental demyelination and regeneration.

Oral administration of 0.45% cuprizone to ICR mice for 4-6
weeks induces demyelination in the white matter. The cingulum
and dorsal hippocampal commissure are preferential sites of
cuprizone-induced demyelination, and subtotal demyelination can
occur in severe cases. Cuprizone-induced demyelination is
reversible, and remyelination can be induced by changing the feed
to normal chow. Strongly lipidosin-immunopositive cells were
observed in a relatively restricted area including the cingulum and
dorsal  hippocampal commissure, while much increased
GFAP-immunoreactivity was ubiquitously distributed in the white
matter compared with control mice without cuprizone treatment.

At higher magnification, these strongly lipidosin-immunopositive

cells in the remyelinating region are also immunopositive for GFAP,

confirming that they are astrocytes. Proliferation of astrocytes
was suggested by more intense GFAP immunoreactivity in
cuprizone-treated mice than in control mice. This was confirmed
by comparing S100 protein-immunoreactivity, which is more
convenient to identify cell bodies of astrocytes, in the cingulum
between control and cuprizone-treated mice. Lipidosin-
immunopositive cells were swollen and extended thick processes
among remyelinating myelin sheaths. These cells exhibited much
intense lipidosin immunoreactivity compared with the normal
control. These data indicated up-regulation of lipidosin in each
astrocyte during the recovery phase from cuprizone-induced
demyelination as well as the increase in the number of astrocytes.
Brain samples were collected chronologically after beginning to
feed cuprizone to animals. These samples will be used for the
comprehensive analyses of other genes than lipidosin, which are
involved in demyelination and remyelination. We need to analyze
quite localized area of the cerebral white matter where histological
changes occur. We are now doing systemic technical evaluation
for cutting out the local area with demyelination and remyelination
using a laser capture microdissection microscopy, comprehensive

analyses of the gene expression using microarray, more correct
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analyses of the gene expression by using quantitative PCR and

protein analyses of the dissected tissue.
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