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[ ]
2020
1. Saito, Y.; Satake, M.; Mori, R.; Okayasu, M.; Masu, H.; 

Tominaga, M; Katagiri, K.; Yamaguchi, K.; Kikkawa, S.; 
Hikawa, H.; and *Azumaya, I.(2020) Synthesis and 
chiroptical properties of cylindrical macrocycles comprising 
two calix[3]aramide moieties
Org. Biomol. Chem., 2020, 18, 230-236

2. Tanaka, N.; Inagaki, Y.; Yamaguchi, K.; and *Setaka, W.(2020)
Gear Alignments Due to Hydrogen-Bonded Networks in a 
Crystal Structure of Resorcyltriptycene Hydrate and Its 
Transformation to a Nongearing Anhydrate Crystal by 

Heating
Cryst.Growth Des., 2020, 20, 1097-1102

3. *Danjo, H.; Masuda, Y.; Kidena, Y.; Kawahata, M.; Ohara, K.; 
and Yamaguchi, K.(2020) Preparation of cage-shaped 
hexakis(spiroborarate)s
Org. Biomol. Chem., 2020, 00 1-7

4. *Tominaga, M.; Hyodo, T.; Maekawa, Y.; Kawahata, M.;
and *Yamaguchi, K.(2020) One-Step Synthesis of 
Cyclophanes as Crystalline Sponge and Their [2]Catenanes 
through SnAr Reactions
Chem. Eur. J., 2020, 26, 5157-5161

5. Tominaga, M.; *Mizuno, K. Yamamoto, H.; Hyodo, T.;
and Yamaguchi, K.(2020) Co-Inclusion of cyclic ethers and 
chloroform by a macrocycle with 
enzophenone- -tetracarboxylic diimide units
Cryst. Eng. Comm. 2020, 22, 2964-2969

6. Matsumura, M.; Takahashi, T.; Yamauchi, H.; Sakuma, S.; 
Hayashi, Y.; Hyodo, T.; Obata, T.; Yamaguchi, K.;
*Fujiwara, Y.; and *Yasuike, S.(2020) Synthesis and 
anticancer activity of bis(2-arylimidazo[1,2-a]pyridin-3-yl) 
selenides and diselenides: the copper-catalyzed tandem C
H selenation of 2-arylimidazo[1,2-a]pyridine with selenium
Beilstein J. Org. Chem. 2020, 16, 1075 1083.

7. Mattsson, J.; Zava, O.; Renfrew, A.; Sei, Y.; Yamaguchi, K.;
Dyson, P.; and *Therrien, B.(2010) Drug delivery of 
lipophilic pyrenyl derivatives by encapsulation in a water 
soluble metalla-cage
Dalton Trans., 2010, 39, 8248 8255.

8. *Ohara, K.; Hayashi, Y.; and *Yamaguchi, K.(2020) Laser 
Desorption Ionization-Mass Spectrometry of Linear 
Diphenylenes Encapsulated in Crystalline Spong
Bull.Chem.Soc.Jpn. 2020, 93, 963-968.

9. Kawahata, M.; Tominaga, M.; Komatsu, A.; Hyodo, T.; 
Yamaguchi K.(2020) Structual elucidation of liquid 
cyclooctatetraene and cyclooctadienes in inclusion crystals
Journal of Molecular Structure, 2020, 1221, 128775

10. Murata, Y.; Kakusawa, N.; Arakawa, Y.; Hayashi, Y.; Morinaga, 
S.; Ueda, M.; Hyodo, T.; Matsumura, M.; Yamaguchi, K.; 
Kurita, J.; Yasuike, S.(2020) PD-catalyzed oxidative 
Heck-type arylation of vinly ketones, alkenes, and 
acrylates with Sb-aryl tetrahydrodibenz [c,f][1,5] 
azastibocines
Journal of Organometallic Chemistry, 2020, 928, 121545.

11. *Kawahata, M.; Tominaga, M.; Komatsu, R.; Hyodo, T.; and
*Yamaguchi, K.(2020) Inclusion crystals of V-shaped 
host molecules having trialkoxybenzene moieties with a 
carborane or benzoquinone derivative
CrystEngComm, 2020, 22, 7648 7653.
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12. Ohara, K.; and *Yamaguchi, K.(2020) Combined Aanalysis 
Based on a Crystalline Sponge Method
Analytical Sciences, 2021, 37, 167-175

13. Matsumura, M.; Matsuhashi, Y.; Kawakubo, M.; Hyodo, T.; 
Murata, Y.; Kawahata, M.; Yamaguchi, K.; and Yasuike, 
S.(2021) Synthesis, Structual Characterization, and Opticl 
Properties of Benzene-Fused Tetracyclic and Pentacyclic 
Stiboles
Molecules, 2021, 26, 222.

14. Giang, P.M.; Tu, L.A.; Trang, V.M.; Binh, N.Q.; Hyodo, T.; 
Yamaguchi, K.; Kawakami, S.; and Otsuka, H.(2019) 
Absolute Configutration of a New henethylcyclohexanetriol 
and a New Natural Bibenzyl From Amomum celsum 
Natural Product Communications, 2019, 1-6.

15. *Setaka, W.; Yamaguchi, K.; and Kira, M.(2021)Solid-State 2H 
NMR Study for Deuterated Phenylene Dynamics in a 
Crystalline Gyroscope-Like Molecule
Chemistry, 2021,3,39-44.

16. *Tominaga, M.; Hyodo, T.; Hikami, Y.; and *Yamaguchi, 
K.(2021) Solvent-dependent alignments and alogen-related 
interactions in inclusion crystals of adamantane-based 
macrocycle with pyridazine moieties
CrystEngComm, 2021, 23,436-442.

2019
1. *Tominaga,M.; Kunitomi, N.; Ohara, K.; Kawahata, M.; Itoh, 

T.; Katagiri, K.; and *Yamaguchi, K. (2019) Hollow and 
Solid Spheres Assembled from Functionalized
Macrocycles Containing Adamantane
J. Org. Chem., 2019, 84, 5109-5117.

2. Ishizuka, T.; Kogawa, T.; Makino, M.; Shiota, Y.; Ohara, K.; 
Kotani, H.; Nozawa, S.; Adachi, S.; Yamaguchi, K.;
Yoshizawa, K.; and *Kojima, T. (2019) Formation of a 

Substrate Oxidation in Water through the Nitrogen 
Non-Rebound Mechanism
Inorg. Chem., 2019, 58, 12815-12824.

3. *Kawahata, M.; Tominaga, M.; Fujimaru, K.; Hyodo, T.; 
Yamaguchi, K. (2019) Inclusion abilities towards hexyne 
isomers by co-crystallization with extended V-shaped host 
molecule
Tetrahedron, 2019, 75, 130576.

4. Wang, S.; Otani, Y.; Zhai, L.; Su, A.; Nara, M.; Kawahata, M.; 
Yamaguchi, K.; Sada, A.; Ohki, R.; and *Ohwada, T.
(2019) Overall Shape Constraint of Alternating -Hybrid 
Peptides Containing Bicyclic Proline 
Org. Lett., 2019, 21, 7813-7817.

5. Matsumura, M.; Kitamura, Y.; Yamauchi, A.; Kanazawa, Y.; 
Murata, Y.; Hyodo, T.; Yamaguchi, K.; and *Yasuike, S. 

(2019) Synthesis of 
benzo[d]imidazo[2,1-b]benzoselenoazoles:

Cs2CO3-mediated cyclization of 
1-(2-bromoaryl)benzimidazoles with selenium 

Beilstein J. Org. Chem. 2019, 15, 2029 2035.
6. Matsumura, M.; Kawahata, M.; *Muranaka, A.; Hiraiwa, M.; 

Yamaguchi, K.;* Uchiyama, M.; and *Yasuike, S. 
(2019)Efficient Synthesis, Structural Characterization, and 
Optical Properties of 6H-Dibenzo[b,h]carbazole and Its 
Derivatives
Eur. J. Org. Chem. 2019, 3788-3793.

7. Kikkawa, S.; Masu, H.; Katagiri, K.; Okayasu, M.; Yamaguchi, 
K,; Danjo, H.; Kawahata, M.; Tominaga, M.; Sei, Y.; 
Hikawa, H.; *Azumaya, I. (2019) Characteristic Hydrogen 
Bonding Observed in the Crystals of Aromatic 
Sulfonamides: 1D Chain Assembly of Molecules and Chiral 
Discrimination on Crystallization
Cryst. Growth&Des., 2019, 19,2936-2946.

8. Hayashi, Y.; *Ohara, K.; Taki, R.; Saeki, T.; Yamaguchi, K. 
( 2019). Crystalline sponge-laser desorption ionization 
(CS-LDI) of unsaturated cyclic organic compounds 
encapsulated in different electronic environments in pores
Analytica Chimica Acta, 2019, 1064, 80-86.

9. Yamada, M.; Matsumura, M.; Sakaki, E.; Yen, S-Y.; Hyodo, T.; 
Kawahata, M.; Yamaguchi, K.; Murata, Y.; *Yasuike, S. 
(2019). Copper-Catalyzed Three-Component Reaction of 
Ethynylstibanes, Organic Azides, and Selenium: A Simple 
and Efficient Synthesis of Novel Selenides and Diselenides 
Having 1,2,3-Triazole Rings
Tetrahedron, 2019, 75, 1406-1414.

10. *Tominaga, M.; Kawahata, M.; Itoh, T.; *Yamaguchi, K.
(2019). Self-Assembly Behavior Shifting to Crystal 
Formation of Chiral Macrocyclic Tetraimines
Cryst. Growth Des., 2019, 19, 1118-1124.

11. Otani, Y.; Liu, X.; Ohno, H.; Wang, S.; Zhai, L.; Su, A.; 
Kawahata, M.; Yamaguchi, K.; Ohwada, T. (2019). Amide 
nitrogen pyramidalization changes lactam amide spinning
Nat. Commun., 2019, 10, 461.

12. Hyodo, T.; Kawahata, M.; Hikami, Y.; Komatsu, A.; Tominaga, 
M.; *Yamaguchi, K. (2019). Cycloalkanes and cycloalkenes 
in dispersive force oriented inclusion crystals by a 
functionalized acyclic host molecule
CrystEngComm, 2019, in press

13. Nakagawa, T.; Danjo, H.; Kawahata, M.; Yamaguchi, K.
(2019). Construction and structural analysis of mono- and 
heterobimetallic bis(titanate) molecular cages
Tetrahedron, 2019, 75, 315-323.



14. *Kawahata, M.; Tominaga, M.; Kawanishi, Y.; *Yamaguchi, K.
(2019). Co-crystal screening of disubstituted adamantane 
molecules with N-heterocyclic moieties for 
hydrogen-bonded arrays
J. Mol. Struct., 2019, 1177, 511-518.

15. *Fujishima, T.; Tsutomu, S.; Kawahata, M.; Yamaguchi, K.
(2019). Synthesis and characterization of 
20-hydroxyvitamin D3 with the A-ring modification
J. Steroid Biochem. Mol. Biol., 2019, 187, 27-33.

2018
1. Kawakami, S.; Nishida, S.; Nobe, A.; Inagaki, M.; Nishimura, 

M.; Matsunami, K.; *Otsuka, H.; Aramoto, M.; Hyodo, T.; 
Yamaguchi, K. (2018). Eight ent-Kaurane Diterpenoid 
Glycosides Named Diosmariosides A H from the Leaves of 
Diospyros maritima and Their Cytotoxic Activity
Chem. Pharm. Bull., 2018, 66, 1057-1064.

2. Tsurunaga, M.; Inagaki, Y.; Momma, H.; Kwon, E.; Yamaguchi, 
K.; Yoza, K.; *Setaka, W. (2018). Dielectric Relaxation of 
Powdered Molecular Gyrotops Having a Thiophene 
Dioxide-diyl as a Dipolar Rotor
Org. Lett., 2018, 20(21), 6934-6937.

3. *Kawahata, M.; Matsui, K.; Hyodo, T.; Tominaga, M.;
*Yamaguchi, K. (2018). Inclusion and selectivity of amides 
by p-terphenyl derivative bearing adamantanecarboxylic 
acid
Tetrahedron, 2018, 74, 7089-7094.

4. *Tominaga, M.; Iekushi, A.; Ohara, K.; Kawahata, M.; Itoh, T.; 
*Yamaguchi, K.; *Azumaya, I. (2018). Crystallization
Processes through Self-assembled Materials Dependent on 
the Substituents of Tetrapodal Adamantanes
Chem. Lett., 2018, 47, 1279-1281.

5. *Kawahata, M.; Hyodo, T.; Tominaga, M.; *Yamaguchi, K.
(2018). Separation of p-xylene from aromatic compounds 
through specific inclusion by acyclic host molecule
CrystEngComm, 2018, 20, 5667-5671.

6. *Tominaga, M.; Kawahata, M.; Itoh, T.; *Yamaguchi, K. (2018). 
Spherical Aggregates and Crystal Structure of 
Naphthalenediimide-Based Macrocycle and Complexation 
with Perylene
Cryst. Growth Des., 2018, 18, 37-41.

7. *Wakamatsu, H.; Sasaki, Y.; Kawahata, M.; Yamaguchi, K.;
*Yoshimura, Y. (2018). Synthesis of Various Heterocycles 
Having a Dienamide Moiety by Ring-Closing Metathesis of 
Ene-ynamides
Synthesis, 2018, 50, 3467-3486.

8. Takashima, H.; Inagaki, Y.; Momma, H.; Kwon, E.; Yamaguchi, 
K.; *Setaka, W. (2018). Ferrocene-diyl Bridged 

Macrocages: Steric Effects of the Cage on the Redox 
Properties of Ferrocene Moiety
Organometallics, 2018, 37, 1501-1506.

9. Hayashi, Y.; Ohara, K.; Taki, R.; Saeki, T.; *Yamaguchi, K.
(2018). Combined analysis of 1,3-benzodioxoles by 
crystalline sponge X-ray rystallography and laser desorption 
ionization mass spectrometry.
Analyst, 2018, 143, 1475-1481.

10. Yamada, M.; Matsumura, M.; Takino, F.; Murata, Y., Kurata, 
Y.; Kawahata, M.; Yamaguchi, K.; Kakusawa, N.; 
*Yasuike, S. (2018). Synthesis of Fully Functionalized 
5-Selanyl-1,2,3-triazoles: Copper-Catalysed 
Three-Component Reaction of Ethynylstibanes, Organic 
Azides, and Diaryl Diselenides.
Eur. J. Org. Chem., 2018, 2, 170-177.

11. Hirao, T.; Kim, D-S.; Chi, X.; Lynch, V-M., Ohara, K.; *Park, 
J-S.; *Yamaguchi, K.; *Sessler, J-L. (2018). Control over 
multiple molecular states with directional changes driven by 
molecular recognition.   Nat. Commun., 2018, 9, 823.

12. Ning, Y.; Kawahata, M.; Yamaguchi, K.; Otani, Y.; *Ohwada, 
T. (2018). Synthesis, Structure and N-N Bonding Character 
of 1,1-Disubstituted Indazolium Hexafluorophosphate.
Chem. Commun., 2018, 54, 1881-1884.

13. *Tominaga, M.; Ando, H.; Ohara, K.; Itho, T.; Yamaguchi, K.
(2018). Crystal Formation of a Coordination Cage through 
Spherical Particles Derived from a Tripodal Ligand 
Containing Adamantane Moiety and Silver(I) Salt.
Chem. Lett., 2018, 47, 315-317.

2017
1. Suzuki, N.; Kawahata, M.; Yamaguchi, K.; Suzuki, T.; Tomono, 

K.; Fukami, T. (2017). Comparison of the relative stability 
of pharmaceutical cocrystals consisting of paracetamol and 
dicarboxylic acids.
Drug Dev. Ind. Pharm., 2017, 44, 582-589.

2. *Kawahata, M.; Tominaga, M.; Maekawa, Y.; *Yamaguchi, K.
(2017). Preparation and crystal structures of chargetransfer 
complexes of acyclic host molecules bearing pyrogallol 
derivatives with paraquat.
CrystEngComm, 2017, 19, 7229-7235.

3. *Katagiri, K.; Matsuo, N.; Kawahata, M.; Masu, H.; Yamaguchi, 
K. (2017). Aqua coordination to attenuate the luminescence 
properties of europium(III) phosphine oxide porous 
coordination polymers.
New J. Chem., 2017, 41, 8305-8311.

4. *Danjo, H.; Hamaguchi, M.; Asai, K.; Nakatani, M.; Kawanishi, 
H.; Kawahata, M.; Yamaguchi, K. (2017). Proton-Induced 
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Assembly Disassembly Modulation of Spiroborate 
Twin-Bowl Polymers Bearing Pyridyl Groups.
Macromolecules, 2017, 50, 8028-8032.

5. Terazawa, S.; Uemura, Y.; Koyama, Y.; Kawakami, S.; 
Sugimoto, S.; Matsunami, K.; *Otsuka, H.; Shinzato, T.; 
Kawahata, M.; Yamaguchi, K. (2017). Microtropins Q W, 
ent-Labdane Glucosides: Microtropiosides G I, 
Ursane-Type Triterpene Diglucoside and Flavonol 
Glycoside from the Leaves of Microtropis japonica.
Chem. Pharm. Bull., 2017, 65, 930-939.

6. *Tominaga, M.; Takahashi, E.; Ukai, H.; Ohara, K.; Itho, T.; 
Yamaguchi, K. (2017). Solvent-Dependent Self-Assembly 
and Crystal Structures of a Salen-Based Macrocycle.
Org. Lett., 2017, 19(7), 1508-1511.

7. Ning, Y.; Fukuda, T.; Ikeda, H.; Otani, Y.; Kawahata, M.;
Yamaguchi, K.; *Ohwada, T. (2017). Revisiting secondary 
interactions in neighboring group participation, exemplified 
by reactivity changes of iminylium intermediates.
Org. Biomol. Chem., 2017, 15, 1381-1392.

2016
1. *Tominaga, M.; Kawaguchi, T.; Ohara, K.; Yamaguchi, K.;

Katagiri, K.; Itoh, T.; *Azumaya, I. (2016). Vesicle 
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Preface to the tenth 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. 

edical 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. But Kagawa School of Pharmaceutical Sciences has 

turned into only the program of the Department of Pharmacy in April, 2012, in order to match the needs of the 

region. Our faculty, which has cutting-edge equipment, succeeds the principles at the foundation and has 

trained professionals with a research mind who can respond the social demands, and a variety of human 

resources who can contribute to the promotion of health of the people. 

Guided by these principles, we laid the foundation for the Kagawa School of Pharmaceutical Sciences 

and dedicated ourselves to this effort. We established Institute of Neuroscience in the Kagawa School of 

Pharmaceutical Sciences, and the Institute of Neuroscience was reorganized 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 

eleventh 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. 

Hiroshi Miyazawa, Ph.D., Dean

Kagawa School of Pharmaceutical Sciences

Tokushima Bunri University
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Staff

Toshie Fujishima, Ph.D.
Professor since 2016
Associate Professor since 2004

Masayuki Morikawa, Ph.D.
Assistant Professor since 2016

Research

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.

Publications (2016.4~2021.3)

2019
Fujishima, T.; Komatsu, T.; Takao, Y.; Yonamine, W.; Suenaga, 1.

T.; Isono, H.; Morikawa, M.; Takaguchi, K. Design and 
concise synthesis of novel vitamin D analogues bearing a 
functionalized aromatic ring on the side chain, Tetrahedron,
2019, 75, 1098-1106.

Fujishima, T.; Suenaga, T.; Kawahata, M.; Yamaguchi, K.2.
Synthesis and characterization of 20-hydroxyvitamin D3
with the A-ring modification, J Steroid Biochem Mol Biol,
2019, 27, 27-33.

2018
Suenaga, T.; Fujishima, T. The C4-functionalized 3.

9,10-seco-5,7,10(19)-cholestatriene derivatives: Concise 
synthesis and characterization of novel vitamin D analogues 
with a four-membered heterocyclic ether, Tetrahedron, 2018,
74,1461-1467.

[Review]
Katsuhito Kino, Taishu Kawada, Masayo Hirao-Suzuki, 4.

Masayuki Morikawa, Hiroshi Miyazawa. Products of 
Oxidative Guanine Damage Form Base Pairs with Guanine,

Int. J. Mol. Sci. 2020, 21, 7645.
Fujishima, T. Synthesis of novel vitamin D3 analogues having a 5.

spiro-oxetane structure, Kagaku to Seibutsu, 2018, 56,
589-590.

Kino K., Hirao-Suzuki M., Morikawa M., Sakaga A., Miyazawa 6.
H. Generation, repair and replication of guanine oxidation 
products, Genes Environ., 2017, 39, 21-27.

Suenaga, T.; Nozaki, T.; Fujishima, T. Synthesis of novel 7.
vitamin D3 analogues having a spiro-oxetane structure,
Vitamin, 2016, 90, 109-114.
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Staff

Yasushi Kishimoto, Ph.D., Professor
2001 Ph.D. in Biophysics from The University of Tokyo
2001-2003 Postdoctoral Fellow from Mitsubishi Kagaku Institute 

of Life Sciences to Kanazawa University
2003 Visiting Fellow, NIH/NIHM
2003-2005 JSPS Fellow, Kanazawa University and Osaka 

University
2006 Assistant Professor, Tokushima Bunri University
2013 Associate Professor, Tokushima Bunri University
2020 Transfer to Teikyo University

Takashi Kubota, Ph.D., Assistant Professor

Kentaro Nakashima., Research Assistant
Master of Engineering of Yokohama National University, 2005
Research assistant since Nov. 1, 2006
Ph.D. in Pharmacy by dissertation from Tokushima Bunri 
University, 2020

Research

Molecular and neural mechanisms of placebo response
The placebo response is a favorable physiological response to the 
administration of a pharmacologically inactive "sham" drug. This 
phenomenon is thought to result from some kind of learned 
expectation. Clarifying the molecular mechanisms of the placebo 
response in the brain could contribute to maximizing drug efficacy, 
reducing medical costs, and refining clinical trials. However, at 
present, the detailed molecular mechanisms in the brain have not 
been clarified because the research targets are almost exclusively 
human and the methods are mainly limited to functional brain 
imaging methods such as fMRI. In this study, we aimed to 1) 
evaluate the usefulness of the placebo conditioning system in mice, 
and 2) use this system to clarify the effects of antagonists and 
agonists of dopamine receptors involved in the reward system. On 
the morning of the 5th day, the condition was changed to "saline 
injection + chamber". In the morning of the fifth day, we changed 
the condition to "saline injection + chamber" and evaluated the 
latency until the onset of the escape response (evaluation trial). In 
addition, we looked at the effects of naltrexone, -opioid receptor 
antagonist, Amisulpride, a dopamine receptor D2 and D3 
antagonist, and Pramipexole, a dopamine receptor agonist, in the 
evaluation trial. In addition, we compared the pain latency between 
the untreated group and the drug-treated group to see if the drugs 

affected the pain threshold itself. A significant placebo response 
was observed in the evaluation trials. In addition, this effect was 
almost completely blocked by naltrexone. This result is consistent 

-opioid receptor 
antagonists in clinical studies, thus demonstrating the usefulness of 
the mouse conditioning system in placebo studies. Furthermore, 
administration of Amisulpride significantly attenuated the placebo 
response, demonstrating the importance of dopamine receptors in 
the placebo response and suggesting the involvement of the reward 
system in the placebo response. When we checked whether the 
drugs affected the pain threshold itself, no significant difference in 
latency was observed among all the drugs. This suggested that 
Amisulpride did not affect the threshold for pain, but acted on the 
placebo response. .

A bibliometric study of research paper productivity in 
pharmacy schools.
Since the early 2000s, it has been frequently discussed in recent 
years that Japan is the only country among about 20 major 
countries where the number of published papers has been 
stagnant. During this period, there have been major changes 
especially in the pharmacy school, such as the shift to a 
six-year system and the rapid increase in the number of private 
pharmacy schools. However, few studies have focused on the 
academic productivity specifically for the pharmacy schools. 
Therefore, in this study, we analyzed the productivity of papers 
in the field of medical or biological sciences in pharmacy 
schools nationwide in 2017, the last year when the increase in 
the number of pharmacy schools had once settled down. 
Professors, associate professors, and lecturers were considered 
as faculty members; the average number of papers published 
per faculty member was 2.75 for public universities and 0.87 
for private universities, with a significant difference between
them. When private universities were divided into schools of 
pharmacy established after 2003 and established schools before 
that, the production coefficient of the former was 0.62 and that 
of the latter was 1.18. Thus, newly established schools of 
pharmacy were found to be significantly less productive in 
terms of papers than traditional schools. The increase in the 
number of private schools that have adopted a six-year system 
since their establishment has contributed to some extent to the 
discharge of clinically competent pharmacists, but it has also 
brought to light problems related to the decline in basic 
research capabilities.
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Effect of microRNA-132 on object recognition memory in an 
tauopathy mouse model 

MicroRNA-132 (miR-132) plays an important role in neuronal 
plasticity and memory performance. Previous studies have 
shown a marked downregulation of miR-
disease (AD) patients and low memory performance in triple 
transgenic-AD mice lacking the miR-132 gene. In this study, 
we investigated the effect of intracerebroventricular (i.c.v) 
administration of locked nucleic acid (LNA)-modified miR-132 
on object recognition memory (ORM) and subsequent gene 
expression in rTg4510 mice. Ten-month-old rTg4510 mice 
failed to discriminate novel and familiar objects in the retention 
trial carried out 2 h (short-term) and 24 h (long-term) after 
sample presentation. Treatment with miR-132 improved the 
short-term retention of ORM. However, miR-132 did not 
improve the long-term retention of ORM. The amount of 
acetylcholinesterase (AChE) mRNA in the prefrontal cortex 
(PFC) decreased 24 h after exposure to miR-132 in rTg4510
mice (the same time as the sample trial of object recognition 
test), which was subsequently restored to normal by 48 h 
(timed 24 h after the trial of object recognition test). The 
amount of silent information regulator 1 (SIRT1) mRNA in 
both the PFC and hippocampus decreased 48 h after treatment 
with miR-132, whereas no difference was observed at 24 h. The 
expression of CREB mRNA decreased in rTg4510 mouse brain. 
Treatment with miR-132 restored CREB expression to normal 
levels at 24 h, while it decreased at 48 h. These results showed 
that the expression level of CREB mRNA is determined by the 
balance between the silencing level of AChE and SIRT1. 
Furthermore, time dependent effect of miR-132 on ORM is 
because of temporal regulation of these distinct target gene 
expressions.

-demethylase 
(LDM) in remyelination following cuprizone-induced 
demyelination using transgenic mice that highly express LDM.

Lanosterol 14 alpha-demethylase (LDM, CYP51) is the only 
cytochrome P450 enzyme that is involved in cholesterol 
biosynthesis in eukaryotes. It is expressed abundantly in the 
liver and moderately in the brain. Cholesterol is not only a 
major component of plasma or endoplasmic reticulum 
membrane but also an essential component of myelin sheath in 
the nervous system. Cholesterol required for myelination is 
newly synthesized in oligodendrocyte, because cholesterol 
synthetized in the peripheral organs cannot cross the blood 
brain barrier. Our previous study revealed that LDM was 
predominantly expressed in oligodendrocytes and Schwann 
cells in the central and peripheral nervous system, respectively, 
and that its expression increased in the process of 

remyelination following cuprizone-induced demyelination. In 
order to examine the role of LDM in detail, we generated a 
transgenic mouse in which LDM-transgene is driven by 
oligodendrocyte-specific myelin proteolipid protein (PLP) 
promoter, (LDM-Tg mouse). Demyelination in the corpus 
callosum was moderate in LDM-Tg mice treated with 
cuprizone for 6 weeks, while it was severe in wild-type mice. 
Moreover, remyelination following cuprizone-induced 
demyelination was promoted in LDM-Tg mice as compared 
with wild-type mice. On the other hand, high expression of 
LDM did not induce hypermyelination during normal 
development. These results suggest that LDM is one of critical 
enzymes for remyelination and that augmentation of LDM 
expression in oligodendrocytes may have therapeutic 
significance in demyelinating disease such as multiple 
sclerosis.

Studies on preventive effects by dietary intake of green algae on 
cuprizone-induced neuroinflammation 

Long-term exposure to cuprizone (CPZ), a copper chelator, 
has been employed to build a mouse model of demyelinating 
disease such as multiple sclerosis. It has been reported 
recently that short-term exposure to CPZ induces 
neuroinflammation without demyelination in the brain, which 
was associated with cognitive dysfunction and 
schizophrenia-like symptoms. We examined mice fed with 
normal chow or chow containing 0.3% (w/w) CPZ for 7 days 
by immunohistochemical analysis using an anti-Iba1 antibody, 
a marker of microglia, an anti-GFAP antibody, a marker of 
astrocytes and an anti-proteolipid protein (PLP) antibody, a 
marker of myelin. Iba1- and GFAP-immunoreactivities were 
increased in whole brain of CPZ-treated mice, while 
PLP-immunoreactivity and FluoroMyelin Green staining 
showed no changes as compared with mice fed with normal 
diet. These data confirmed neuroinflammation without 
demyelination induced by short-term exposure to CPZ. 
Previously, it was reported that some species of green algae 
rich in nutrients have preventive effects against several 
diseases. Extracts from Ulva conglobata, for example, show 
anti-inflammatory or neuroprotective effects in cultured 
neuronal cells. Increase in Iba1- and GFAP-
immunoreactivities by the CPZ treatment was less in mice 
with preceding dietary intake of chow containing 1% 
Monostroma nitidum (MSN), a species of green algae, for 7 
weeks as compared with mice fed with normal chow, 
suggesting anti-inflammatory effects of MSN. Since 
schizophrenia and Alzheimer's disease show 
neuroinflammation correlated with their progression of 
symptoms, preventive effects of MSN on neuroinflammation 
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is expected as a prophylaxis against these disorders.
Studies on a common epitope between two non-homologous 
proteins, Bcnt/Cfdp1 and glutamine synthetase. 

We had reported that an antibody against a peptide, 
EELAIHNRGKEGYIERKA, of the evolutionarily conserved 
C-terminal domain of Bcnt/Cfdp1 (anti-BCNT-C Ab) 
specifically cross-reacts with glutamine synthetase (GS, 
glutamate-ammonia ligase) by Western blotting of brain 
extracts, while other anti-Bcnt/Cfdp1 antibodies do not. No 
significant homology of amino acid sequences was found 
between Bcnt/Cfdp1 and GS. However, we identified a key 
amino acid sequence, KKGYFE, localized in a limited region 
of the C-terminal of GS, by a combination of Ab binding 
analyses using deletion mutants, amino acid-substituted 
mutants of GS and binding competition using peptide 
fragments of GS. We considered KEGYIEA of the antigen 
peptide as its counterpart. Furthermore, substitution of 
Phe-337 of GS with several amino acids suggests that Phe-337 
is not directly engaged in the epitope-paratope interface 
responsible for the cross-reactivity with the anti-BCNT-C Ab, 
but its steric bulk is important to maintain the stereochemical 
environment of the interface. These findings show that the 
anti-BCNT-C Ab recognizes two distinct molecules, 
Bcnt/Cfdp1 protein and GS through a common spatial linear 
epitope and that such a cross-reactivity is mainly due to the 
physicochemical environment formed by amino acid residues 
of the epitope rather than the primary sequence of the epitope, 
giving a novel insight into the specificity of antigen-antibody 
reaction and protein-protein interaction.

Publications (2016.4~ 2021.3)

2020 
1. Hossain MD, Jamal M, Tanoue Y, Ojima D, Takahashi H, 

Kubota T, Ansary TM, Ito A, Tanaka N, Kinoshita H, 
Kishimoto Y, Yamamoto T. (2020) MDGA1-deficiency 
attenuates prepulse inhibition with alterations of dopamine 
and serotonin metabolism: An ex vivo HPLC-ECD analysis. 
Neurosci. Lett. 16, 134677.

2. Iwashita S, Suzuki T, Kiriyama Y, Dohmae N, Ohoka Y, Song 
S-Y, Nakashima K. (2020) Overcoming off-targets: assessing 
Western blot signals for Bcnt/Cfdp1, a tentative component of 
the chromatin remodeling complex. Biosci. Rep. 40: 
BSR20194012.

3. Kakizawa S, Kishimoto Y, Yamamoto S, Onga K, Yasuga K, 
Miyamoto Y, Watanabe M, Sakai R, Mori N. (2020) 
Functional maintenance of calcium store by ShcB adaptor 
protein in cerebellar Purkinje cells. Sci. Rep. 10:14475.

4. Kishimoto Y, Hirono M, Atarashi R, Sakaguchi S, Yoshioka T, 
Katamine S, Kirino Y. (2020) Impairment of cerebellar 
long-term depression and GABAergic transmission in prion 
protein deficient mice ectopically expressing PrPLP/Dpl. Sci. 
Rep. 28:15900.

5. Kuboyama K, Kawada K, Fujii N, Ojima D, Kishimoto Y,
Yamamoto T, Yamada M.K. (2020) Visually cued fear 

conditioning test for cortical function. Neuropsychopharmacol. 
Rep. 40:371-375.

2019
1. Tanigami H, Yoneda M, Tabata Y, Echigo R, Kikuchi Y, 

Yamazaki M, Kishimoto Y, Sakimura K, Kano M, 
Ohno-Shosaku T (2019) Endocannabinoid signaling from 
2-arachidonoylglycerol to CB1 cannabinoid receptor 
facilitates reward-based learning of motor sequence. 
Neuroscience. 421, 1-16.

2. Nakao H*, Kishimoto Y*, Hashimoto K, Kitamura K, Yamasaki 
M, Nakao K, Watanabe M, Kano M, Kirino Y, Aiba A. (2019) 
mGluR1 in cerebellar Purkinje cells is essential for the 
formation but not expression of associative eyeblink memory.
(* equal 1st author). Scientific reports 9:7353.

4. Shishido H, Ueno M, Sato K, Matsumura M, Toyota Y, Kirino Y, 
Tamiya T, Kawai N, Kishimoto Y. (2019). Traumatic brain 
injury by weight drop method causes transient amyloid-
deposition and acute cognitive deficits in mice. Behav. Neurol.
2019:3248519.

5. Nakshima K, Iwashita S, Suzuki T, Kato C, KohnoT, Kamei Y, 
Sasaki M, Urayama O, Ohno-Iwashita Y, Dohmae N and Song 
SY. (2019). A spatial similarity of stereochemical 
environments formed by amino acid residues defines a 
common epitope of two non-homologous proteins. Sci. Rep. 9,
14818

2018
1. Kishimoto Y, Tsukamoto I, Nishigawa A, Nishimoto A, Kirino 

Y, Kato Y, Konishi R, Maruyama T, Sakakibara N. (2018)
Data on COA-Cl administration to the APP/PS2 
double-transgenic mouse model of Alzheimer's disease: 
improved hippocampus-dependent learning and unchanged 
spontaneous physical activity. Data in Brief 20, 1877 1883.

2017
1. Steven A. Connor, Ina Ammendrup-Johnsen, Yasushi Kishimoto,

Parisa Karimi Tari, Vedrana Cvetkovska, Takashi Harada, 
Daiki Ojima, Tohru Yamamoto, Yu Tian Wang, Ann Marie 
Craig (2017) Altered cortical dynamics and cognitive function 
upon haploinsufficiency of the autism-linked excitatory 
synaptic suppressor MDGA2. Cell Rep. 26, 3637 3645.

2. Yasushi Kishimoto, Kai Fukumoto, Mika Nagai, Ayaka 
Mizuguchi, Yuiko Kobayashi. (2017) Early contextual fear 
memory deficits in a double-transgenic amyloid-
protein/presenilin 2 mouse model of Alzheim
J. Alzheimers. Dis. 2017:8584205.

2016
1. Steven A. Connor*, Ina Ammendrup-Johnsen*, Allen W. Chan*, 

Yasushi Kishimoto*, Chiaki Murayama, Naokazu Kurihara, 
Atsushi Tada, Yuan Ge, Hong Lu, Ryan Yan, Jeffrey M. 
LeDue, Hirotaka Matsumoto, Hiroshi Kiyonari, Yutaka Kirino, 
Fumio Matsuzaki, Toshiharu Suzuki, Timothy H. Murphy, Yu 
Tian Wang, Tohru Yamamoto, Ann Marie Craig. (2016) 
Altered Cortical Dynamics and Cognitive Function upon 
Haploinsufficiency of the Autism-Linked Excitatory Synaptic 
Suppressor MDGA2. Neuron, 91, 1052 1068, (2016) (* equal 
1st author).

2. Hajime Shishido*, Yasushi Kishimoto*, Nobuyuki Kawai, 
Yasunori Toyota, Masaki Ueno, Takashi Kubota, Yutaka 
Kirino, Takashi Tamiya. (2016) Traumatic brain injury 
accelerates amyloid- deposition and impairs spatial learning 
in the triple-transgenic mouse model of Alzheimer s disease. 
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Neurosci. Lett. 629, 62-67, (* equal 1st author). 
3. Yasushi Kishimoto, Hajime Shishido, Mayumi Sawanishi, 

Yasunori Toyota, Masaki Ueno, Takashi Kubota, Yutaka 
Kirino, Takashi Tamiya, Nobuyuki Kawai. (2016) Data on 
amyloid precursor protein accumulation, spontaneous physical 
activity, and motor learning after traumatic brain injury in the 
triple-transgenic mouse model of Alzheimer's disease. Data in 
Brief 9, 62-67.

4. Takashi Kubota, Hiroshi Matsumoto, Yutaka Kirino. (2016)
Ameliorative effect of membrane-associated estrogen receptor 
G protein coupled receptor 30 activation on object recognition 

131, 219-222.
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Staff

Osamu Shirota, Ph D
Professor since 2013
Associate Professor since 2004
Former career: Senior Research Scientist, National Institute of 
Health Sciences
Ph.D., Graduate School of Pharmaceutical Sciences, Tokyo College 
of Pharmacy, 1994

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.
I. Research on the biological active chemical constituents of 
health foods
We found that royal jelly acted at the early stages of the G1 phase 
and the S phase of a cell cycle and controlled multiplication of 
human osteosarcoma cell line, MG-63 cell. Separation of the active 
water extract by a dialysis membrane and a solid phase extraction 
suggested that active substances were high polar low molecular 
compounds. Furthermore, the existence of nitrogen-containing 
compounds having acidic groups was suggested by LC/MS (ESI-)
analyses. Further isolation procedure identified that the main active 
component was AMP N1-oxide. Continuous examination revealed 
also the existence of adenosine N1-oxide, ADP N1-oxide, ATP 
N1-oxide, and NAD N1-oxide as active ingredients. AMP N1-oxide 
and adenosine N1-oxide inhibited multiplication of MG-63 cell 
strongly, and their control of the G1 to S phase comparing with
AMP as 1/100 low concentration was found. From these facts, 
AMP N1-oxide, adenosine N1-oxide, and other N1-oxide are 
considered to be the main ingredients that contribute at MG-63
cell-growth control of royal jelly.
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 

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.
III. 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 afflicts 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 options for leishmaniases include pentavalent 
antimonials as first-line drugs, and amphotericin B and 
pentamidine as second-line drugs. However, these drugs are 
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 
Leishmania major, L. panamensis, L. guyanensis, and L. peruviana,
exhibited significant activity against the pathogenic protozoan, and 
newly assay method.
IV Research on the chemical components of illegal drugs of plant 
origin
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 same 
time as hungry and tiredness's 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.
2. Salvia divinorum which belongs to Labiatae family is used in 

traditional spiritual and curative practices by the indigenous 

Mazatec people of southern Mexico. Salvinorin A (Sal A), which is 

the neoclerodane ditrepene and is an extremely potent and highly 
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selective kappa opioid receptor agonist, is the main active 

constituent isolated from the leaves of S. divinorum. The sale of S. 

divinorum has become prohibited due to its psychoactive effect in 

Japan in recent years. The main objectives of this research are to

develop immunoassays using anti-Sal A monoclonal antibody 

(MAb). The icELISA, which has a measuring range from 0.156 

g/ml to 1.25 g/ml for Sal A, was developed to distinguish S.

divinorum among various Labiatae plants. In addition, we are 

preparing the immunochromatographic strip to realize much more 

rapid analysis. These immunoassays using anti-Sal A must be a 

convenient authentification method for S. divinorum samples.

V. Research on Development of Preparative Separation Method 
of Biologically Active Natural Products by Centrifugal Partition 
Chromatography : Preparative separation of lancemaside A from 
Codonopsis lanceolata by CPC
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. lanceolata 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.
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Research

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.
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I. Gene expression analysis of mouse embryonic carcinoma P19 
cells induced to form neural cells. (Takanobu Kobayashi 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 all-trans retinoic acid (ATRA), 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 ATRA. We employed the DNA 

microarray method, which can produce an accurate and derailed 
profile of gene expression. Numerous genes were activated in P19 
cells in response to ATRA treatment. We compared the expression 
profiles from control (undifferentiated) and ATRA-treated P19 
cells, which provided an abundance of information about the gene 
products involved in neural differentiation. We confirmed the 
sequential expression patterns of some genes over the course of 
differentiation. We are investigating the relationship between 
ATRA treatment and expression patterns of these genes, 
interactions with other factors, and functions in neural 
differentiation. These findings will provide useful clues to a more 
comprehensive understanding of the complex processes involved in 
the induction of neural differentiation. We are undertaking 
additional investigations to better understand the role played by 
these genes during the induction of neural differentiation.

Recently, we identified a candidate gene associated with induction 
of neural differentiation. We found that the expression of Csn3 was 
induced by all-trans retinoic acid (ATRA) during neural 
differentiation in P19 cells from our study using DNA microarray. 
We describe the induction mechanism of Csn3 transcription 
activation in this process. In conclusion, the Csn3 expression is 
upregulated via ATRA-
the RARE in the Csn3 promoter region. This will certainly serve as 
a first step forward unraveling the mysteries of induction of Csn3 
in the process of neural differentiation.

II. 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 
lesions are generated by many of these oxidants. Such 
genotoxin-induced alterations in the genomic message have been 
implicated in aging and in several pathophysiological processes, 
particularly those associated with cancer.
1. Guanine Oxidation

Photosensitized oxidation of guanine provides various 
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 
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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-oxoG at neutral pH.
    In addition, 8-OxoG was specifically oxidized by iodine with 
aqueous KI. Under acidic conditions, the major product was 
dehydro-guanidinohydantoin. Under basic conditions, two 
diastereoisomers of spirohydantoin were chiefly obtained. In 
addition, unstable diimine was detected for the first time.
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 8-oxoguanine (8-oxoG), 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-oxoG in DNA photosensitized with riboflavin or anthraquinone. 
Primer extension experiments have demonstrated that Iz can 
specifically pair with G in vitro. Thus, specific Iz-G base pair 
formation can explain the G-C-->C-G transversion mutations that 
appear under oxidative conditions.
    Moreover, we found that guanine is preferentially 
incorporated opposite 2,2,4-triamino-5(2H)-oxazolone (Oz) by 
eukaryotic DNA polymerases alpha, beta and epsilon, and we first 
propose the chemical structure of an Oz:G base pair having 
hydrogen bonds. Especially, since DNA polymerases alpha and 
epsilon play an important role in eukaryotic DNA replication, our 
results indicate that Oz is the premutagenic lesion that causes 
G:C-C:G transversions. Our results first clarify the mechanism of 
G:C-C:G transversions in eukaryote, and we mention the chemical 
consideration in guanine insertion opposite Oz. Thus we believe 
that our present study has novel insights into the molecular 
mechanism of point mutations underlying the first trigger which 
causes several diseases.
    In addition to Oz, guanidinohydantoin (Gh)/iminoallantoin 
(Ia) and spiro-imino-dihydantoin (Sp) are known products of 
oxidative guanine damage. These damaged bases can base pair with 
guanine and cause G:C-C:G transversions. In this study, the 
stabilization energies of these bases paired with guanine were 
calculated in vacuo and in water. The calculated stabilization 
energies of the Ia:G base pairs were similar to that of the native 

C:G base pair, and both bases pairs have three hydrogen bonds. By 
contrast, the calculated stabilization energies of Gh:G, which form 
two hydrogen bonds, were lower than the Ia:G base pairs, 
suggesting that the stabilization energy depends on the number of 
hydrogen bonds. In addition, the Sp:G base pairs were less stable 
than the Ia:G base pairs. Furthermore, calculations showed that the 
Oz:G base pairs were less stable than the Ia:G, Gh:G and Sp:G base 
pairs, even though experimental results showed that incorporation 
of guanine opposite Oz is more efficient than that opposite Gh/Ia 
and Sp.
    Next, we demonstrated that hNEIL1 and hNTH1 cleave Oz 
sites as efficiently as 5-hydroxyuracil sites. Thus, hNEIL1 and 
hNTH1 can repair Oz lesions. Furthermore, the nicking activities of 
these enzymes are largely independent of nucleobases opposite Oz; 
this finding indicates that removing Oz from Oz:G and Oz:A base 
pairs might cause an increase in the rate of point mutations in 
human cells.
3. Product analysis of photooxidation in isolated quadruplex DNA
(1)   The formation of quadruplex structure changed the site 
reactivity and the kinds of guanine photooxidation products of 
d(TGGGGT). In quadruplex DNA, 8-oxo-7,8-dihydroguanine 
(8oxoG) and dehydroguanidinohydantoin (Ghox) were mainly 
formed, although 2,5-diamino-4H-imidazol-4-one (Iz) was mainly 
formed in single- -guanine was 
specifically oxidized in quadruplex DNA compared with 
single-stranded DNA, which depended on the localization of the 
HOMO.
(2)   Guanine is the most easily oxidized among the four DNA 
bases, and some guanine-rich sequences can form quadruplex 
structures. In a previous study using 6-mer DNA d(TGGGGT), 
which is the shortest oligomer capable of forming quadruplex 
structures, we demonstrated that guanine oxidation products of 
quadruplex DNA differ from those of single-stranded DNA. 
Therefore, the photooxidation products of double-stranded DNA 
(dsDNA) may also differ from that of quadruplex or 
single-stranded DNA, with the difference likely explaining the 
influence of DNA structures on guanine oxidation pathways. In this 
study, the guanine oxidation products of the dsDNA 
d(TGGGGT)/d(ACCCCA) were analyzed using HPLC and 
electrospray ionization-mass spectrometry (ESI-MS). As a result, 
the oxidation products in this dsDNA were identified as 
2,5-diamino-4H-imidazol-4-one (Iz), 8-oxo-7,8-dihydroguanine 
(8oxoG), dehydroguanidinohydantoin (Ghox), and 
guanidinohydantoin (Gh). The major oxidation products in dsDNA 
were consistent with a combination of each major oxidation 
product observed in single-stranded and quadruplex DNA. We 
previously reported that the kinds of the oxidation products in 
single-stranded or quadruplex DNA depend on the ease of 
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Similarly, this mechanism was also involved in dsDNA. 
Deprotonation in dsDNA is easier than in quadruplex DNA and 
more difficult in single-stranded DNA, which can explain the
formation of the four oxidation products in dsDNA.
4. 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 
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; lumiflavin was obtained by incubation of 
formylmethylflavin in 2 M NaOH, followed by isolation by 
step-by-step concentration.
5. eory

It has yet to be determined whether or not the probability of 
developing cancer due to radiation exposure levels of low doses is 
proportional to the dose. Herein, for radiation hormesis occurring at 
low doses, mathematical models using functions that take a 
mountain-like shape having two inflection points are considered. 
The following perspectives were obtained: (i) When the probability 
of developing cancer decreases at radiation levels above the natural 
background dose, the radiation hormesis effect occurs up to ~ 12.4 

radiation hormesis effect occurs up to ~ 225 mSv. Thus, by 
performing studies at the molecular and cellular levels for radiation 

sible to investigate 
carcinogenesis resulting from low radiation doses.
6. Implications for SARS-CoV-2

We describe base pairs that target the RNA-dependent RNA 
polymerase (RdRp) of RNA viruses and describe implications for 
the 2019 novel coronavirus (SARS-CoV-2): When products of 
oxidative guanine damage are adapted for the ribonucleoside 
analogs, mimics of oxidative guanine damages, which can form 
base pairs, may become antiviral agents for SARS-CoV-2. In 
addition, we described a strategy for finding new medicines against 
the novel coronavirus disease (COVID-19) derived from base 
pairing with DNA damages.

III. Identification of novel low molecular compounds that inhibit 
binding of NF- B to DNA (Takanobu Kobayashi)

The nuclear transcription factor- -

signals. In response to an extracellular signal, NF-
into the nucleus, binds to DNA, and activates the transcription of 
specific genes. NF-
genes involved in immune and inflammatory pathways and in 
apoptosis.  Dysregulation of NF-
pathological conditions. Therefore, the down-modulators of NF-
could have important therapeutic implications. One of the strategies 
for the down-regulation of NF-
specific inhibition of the DNA binding of NF-

We have screened a virtual library using our structure-based 
computational screening method, thus enabling us to identify 
several compounds that inhibit DNA-NF-
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.  Using these methods, we found some 
compounds that inhibit the DNA-NF-
these compounds may down-modulate the transcriptional function 
of NF-

IV. Regulation of DNA replication machinery (Hiroshi 
Miyazawa)

DNA contains the genetic information which can be viewed as 

and the expression of the genetic information in DNA are the bases 
for life.  In addition, information units of more than 109 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 
cell differentiation.

So far, we have found that the second largest subunit of DNA 
polymerase (DPE2) interacts with SAP18, 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, 
HDAC1 and HDAC2. By deacetylating histones in the 
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chromosome, HDAC condenses chromatin structure, resulting in 
the repression of gene expression.  The interaction of HDAC 
activity with replication factors predicts that DNA polymerase is 
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.  
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Toxicology, 2017, 382, 16-23

2 Kobayashi, T., "Expression and Regulation of Tal2 during 
Neuronal Differentiation in P19 Cells" Yakugaku Zasshi, 
2017, 137(1), 61-71

3 Kino K.*, Hirao-Suzuki M., Morikawa M., Sakaga A., 
Miyazawa H. "Generation, repair and replication of guanine 
oxidation products." Genes Environ., 2017, 39, 21

2016
1 Kobayashi, T., Tanuma, S., Kino, K., Miyazawa, H., "New 

scaffolds of inhibitors targeting the DNA binding of NF-
Integr. Mol. Med., 2016, 3(5), 769-773

2 Suzuki, M., Kino, K.*, Kawada, T., Oyoshi, T., Morikawa, M., 
Kobayashi, T., Miyazawa, H. "Contiguous 

2,2,4-triamino-5(2H)-oxazolone obstructs DNA synthesis by 

exo-
159(3), 323-329.

3 Kino, K.*, Sugasawa, K., Miyazawa, H., Hanaoka, F.*  
"2,2,4-Triamino-5(2H)-oxazolone is a Weak Substrate for 
Nucleotide Excision Repair." J. Pharm. Negat. Results, 
2016, 7(1), 42-45

[Book/Review articles]
1 Morikawa M., Kino K.*, Kawada T., Miyazawa H.

Localizations of the highest occupied molecular orbital and 
guanine oxidation by UV-light and other oxidizers.
Photomed. Photobiol. 2021, in press

2 Kino K*, Kawada T, Hirao-Suzuki M, Morikawa M, Miyazawa 
H. Products of oxidative guanine damage form base pairs 
with guanine. 7645.

3 Ohyoshi T, Kino K*. "Epigenetics regulated by DNA damage 
repair protein TLS/FUS." Hoshasen seibutsu kenkyu [Radiat. 
Biol. Res. Common], 2017, 52(3), 227-238.
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Research Themes:
The mechanisms of immune cell trafficking and the regulation of 

immune responses are our main themes to clarify. Especially, we 
study roles of nuclear receptor ligands including vitamin A & D 
and various hormones in regulating immune functions especially in 
mucosal systems including the gut. By pursuing these biologically 
fundamental questions, we set a goal to establish a solid basis of 
new remedies and drug discovery for various diseases. 

Recent Study:
For efficient immune responses, immune cells with proper 

functions need to migrate into right sites in the body. T cells, 
known as the control tower of the immune system, 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 effector or memory T cells, however, 
they can migrate into non-lymphoid tissues. They tend to migrate 
into the tissue that is associated with the secondary lymphoid organ 

For example, T cells that are activated with antigen in the small 
intestine-
and mesenteric lymph nodes (MLN), tend to migrate into small 
intestinal tissues including the lamina propria. In 2004, we found 
that vitamin A-derived retinoic acid is the physiological factor that 
imprints gut-homing specificity on T cells. We also found that 
subpopulations of dendritic cells (DC) in PP and MLN express the 
key enzyme of retinoic acid synthesis, RALDH (retinaldehyde 
dehydrogenase), and are capable of producing retinoic acid from 
vitamin A (retinol). They imprint T cells with the gut-homing 
specificity by delivering retinoic acid to T cells during antigen 
presentation. In 2006, we also found that a similar mechanism is 
involved in the imprinting of B cells with gut-homing specificity 
by a collaboration mainly with Dr. von Andrian s group and Dr. 

   In 2009, we established a method for estimating the enzyme 
activity of RALDH in each DC, and identified the retinoic 
acid-producing subpopulation in MLN-DC and PP-DC. The 
RALDH2 isoform was mostly responsible for the activity. 
Depending on these results, we searched for the physiological 
factors that induce RALDH2 expression in DC in the gut or in 
MLN. We found that GM-CSF (granulocyte-macrophage 
colony-stimulating factor) plays a major role in the induction, and 
that retinoic acid itself plays a role as an essential cofactor. IL-4
and IL-13 exhibited effects similar to those of GM-CSF on 
RALDH2 expression, but are found to be dispensable by the 
analysis of their receptor-deficient mice. The stimulation through 
Toll-like receptors enhanced the RALDH2 expression in DC as 
well as DC maturation.
    In 2007, several groups reported that the retinoic 
acid-producing DC also enhance the differentiation of Foxp3+

inducible regulatory T cells (iTreg) and suppress that of 
pro-inflammatory Th17 cells. Accordingly, we found that 
GM-CSF-treated DC that expressed RALDH2 could enhance the 
differentiation of Foxp3+ iTreg and suppress that of Th17. These 
results suggest that retinoic acid contributes to oral tolerance and 
regulation of immune responses to specific antigens. We have 
recently found that vitamin A deficiency affects not only the nature 
of T cells but also that of DC, and that MLN-DC in vitamin A 
deficient mice can induce oral antigen-specific CD4+ T cells that 
produce high levels of IL-13 and tumor necrosis factor- -
Under vitamin A-deficient conditions, although it has been 
generally known that antibody responses are reduced, we found 
that markedly high levels of IgG1 antibody responses and IgE 
antibody responses against oral antigens can be induced. It is likely 
that these antibody responses involve the above-mentioned new 
IL-13-producing inflammatory helper T (Th) cells. Currently, we 
are investigating the molecular mechanism of differentiation of 
these Th cells and their role in allergic and inflammatory diseases.
     We have been also analyzing some other aspects of retinoic 
acid effects on immune functions and regulation, including 1) The 
molecular mechanism of retinoic acid effects on the expression of 
gut-homing receptors on immune cells, 2) The role of a retinoic 
acid-metabolizing system in the regulation of T cell functions, 3) 
Amplification and disruption of retinoic acid signals by RXR 
ligands and environmental chemicals, 4) The molecular mechanism 
of RALDH isoform 2 (RALDH2, encoded by Aldh1a2) expression 
in DC and the roles of a retinoic acid-bound RAR/RXR 
heterodimer and a retinoic acid response element (RARE) half-site
at the proximal promoter of the Aldh1a2 gene. The RARE half-site
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in this gene promoter was commonly found in many animal 
species.
     We found that, in vitamin A-deficient mice, dextran sulfate 
sodium (DSS) induced more severe colitis, and a higher rate of 
development of colorectal carcinoma with colitis following 
treatment with azoxymethane, compared with vitamin 
A-supplemented mice. Therefore, vitamin A is likely to inhibit the 
development of chronic inflammation and cancer. These vitamin A 
effects may also be dependent on retinoic acid production. As we 
mentioned above, GM-CSF and retinoic acid itself play important 
roles in the development of retinoic acid-producing DC, and 
Toll-like receptor-mediated stimulation enhances their maturation 
and retinoic acid-producing capacity. However, we recently found 
that Toll-like receptor stimulation also induced production of
inflammatory cytokines. As retinoic acid-producing RALDH2high

MLN-DC in steady-state mice do not produce inflammatory 
cytokines, we searched for a stimulation condition that can induce 
maturation in GM-CSF/retinoic acid-treated semi-mature DC and 
can enhance their RALDH2 expression without inducing 
inflammatory cytokines. We found that stimulation with 
immobilized proteins such as E-cadherin/IgG-Fc chimeric protein 
fulfilled the requirement. These proteins induced signals through 

in DC. E-cadherin expressed on epithelial cells in gut 
tissues might contribute to the development of the RALDH2high DC. 
These DC induced in vitro could efficiently induced gut-homing 
iTreg, and could significantly suppress DSS-induced colitis.

Publications (2016.4~2021.3)

2020
1. Iwashita S, Suzuki T, Kiriyama Y, Dohmae N, Ohoka Y, Song 

SY, Nakashima K. : Overcoming off-targets: assessing Western 
blot signals for Bcnt/Cfdp1, a tentative component of the 
chromatin remodeling complex. Biosci Rep. 26; 40 (6): 
BSR20194012 (2020).

2016
1. Yokota-Nakatsuma, A., Ohoka, Y., Takeuchi, H., Song, 

S.-Y., and Iwata, M.: Beta 1-integrin ligation and TLR ligation 
enhance GM-CSF-induced ALDH1A2 expression in dendritic 
cells, but differentially regulate their anti-inflammatory 
properties. Sci Rep. 6:37914 (2016).

2. Okayasu, I., Hana, K., Nemoto, N., Yoshida, T., Saegusa, M., 
Yokota-Nakatsuma, A., Song, S.-Y., and Iwata, M.: Vitamin A 
inhibits development of dextran sulfate sodium-induced colitis 
and colon cancer in a mouse model. BioMed Res Int: Article ID 
4874809 (2016).

[Review articles in Japanese]
2017

1. Yokota-Nakatsuma, A. Retinoic acid prevents dendritic cells 
from inducing novel inflammatory T cells that produce abundant 
interleukin-13. Yakugaku Zasshi 137(12):1491-1496(2017).
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Research project: Analysis of the molecular mechanism by which 
extracellular acidification induces inflammatory responses in 
rheumatoid arthritis synovial cells. (Nochi )

The local acidification of extracellular pH is caused by 
augmentation of cell proliferation as observed in the cancer tissue 
and the inflammatory site. In RA, the proliferation of synovial cell 
is abnormally augmented and the pH of synovial fluid from RA 
patient is lower than that of normal synovial fluid. Therefore, we 
examined the possibility that the intraarticular acidification may 
affect the inflammatory responses and contributes to exacerbation 
of pathological condition in RA. 

Research project: characterization of retinoid X receptor signaling 
on T cell differentiation. (Takeuchi)
Retinoic acid (RA) is an immune-modulating molecule, and its 
signaling is known to affect T cell differentiation. It can enhance 
differentiation toward regulatory T cell (Treg), and suppress that 
toward Th17. RA receptor is consist of two components, RAR and 
RXR. Although RXR has a ligand-binding domain, it does not bind 
RA at physiological condition. It is not well-studied whether 
RXR-specific signaling can affect T cell differentiation. 

We found that RXR signaling actually played some roles on T 
cell differentiation. RXR signaling dramatically enhanced 
RA-mediated Treg differentiation. On the other hand, it suppressed 

that of Th17 in cooperation with some nuclear receptor signaling. 
The effect of RXR signal was observed in vivo as well as in vitro. 
Thus, this finding can apply to develop new methods to regulate 
immune-response and inflammatory diseases.

Research project: Analysis of the molecular mechanism of Bile 
acids in the brain. (Kiriyama, Nochi)

Bile acids (BA) are amphipathic steroid acids synthesized from 
cholesterol in the liver. They act as detergents to expedite the 
digestion and absorption of dietary lipids and lipophilic vitamins. 
BA are also considered to be signaling molecules, being ligands of 
nuclear and cell-surface receptors, including farnesoid X receptor 
and Takeda G-protein receptor 5. Moreover, BA also activate ion 
channels, including the bile acid-sensitive ion channel and 
epithelial Na+ channel. BA regulate glucose and lipid metabolism 
by activating these receptors in peripheral tissues, such as the liver 
and brown and white adipose tissue. Recently, 20 different BA have 
been identified in the central nervous system. Furthermore, BA 
affect the function of neurotransmitter receptors, such as the 

-aminobutyric acid receptor. 
BA are also known to be protective against neurodegeneration.

We found that Chenodeoxycholic acid (CDCA), which is one of 
bile acids in the brain, increased the expression of 
Monocarboxylate transporter 1 (MCT1) and vascular cell adhesion 
molecule-1 (VCAM1). MCT1 is related to the regulation of 
Long-term potentiation (LTP) and VCAM1 is related to the 
differentiation of neural stem cell. Further studies on the 
mechanism of the expression of MCT1 and VCAM1 by CDCA are 
under way.

Publications (2016.4~2021.3)

[Original papers]
2020
1. Kiriyama Y. and Nochi H. Induction of PD-L1 by Nitric 

Oxide via JNK Activation in A172 Glioblastoma Cells. Biol
Pharm Bull. 43(6):1020-1022, (2020)

2. Iwashita S, Suzuki T, Kiriyama Y, Dohmae N, Ohoka Y, Song 
SY, Nakashima K. Overcoming off-targets: assessing Western 
blot signals for Bcnt/Cfdp1, a tentative component of the 
chromatin remodeling complex. Biosci Rep. 40 (6): 
BSR20194012, (2020)

2019
1. Kiriyama Y. and Nochi H. The Biosynthesis, Signaling, and 

Neurological Functions of Bile Acids. Biomoleculess.9:6, 
(2019)
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2018
1. Kiriyama Y. and Nochi H. Intra- and Intercellular Quality 

Control Mechanisms of Mitochondria. Cells.7:1, (2018)
2. Kiriyama Y. and Nochi H. IRole and Cytotoxicity of Amylin 

-Cells from Amylin 
Cytotoxicity. Cells.7:95, (2018)

2016
1. Yokota-Nakatsuma, A, Ohoka, Y., Takeuchi, H., Song. S.-Y. 

and Iwata, M. Beta1-integrin ligation and TLR ligation enhance 
GM-CSF-induced ALDH1A2 expression in dendritic cells, but 
differentially regulate their anti-inflammatory properties. Sci. 
Rep. 6, 37914 (2016).

2.Kiriyama, Y., Kasai, K., Kino, K. & Nochi, H. Induction of the 
expression of GABARAPL1 by hydrogen peroxide in C6 glioma 
cells. Integr Mol Med 3, 675-679 (2016). 

3.Kiriyama, Y. & Nochi, H. D-Amino Acids in the Nervous and 
Endocrine Systems. Scientifica (Cairo), 6494621 (2016).
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Main Project (Maki K. Yamada
Seeing through the brain mechanism for memory using 
transgenic mice
Background
We showed that an F-actin stabilizing protein CapZ accumulated 
and stayed around synapses (spines) that underwent long-term 
potentiation (LTP) (Genes to Cells 2010), thus the place for 
memory-related change in neuronal synapses is expected to be 
labeled by EGFP-CapZ even in-vivo. On the other hand, we
published another paper (Cerebral cortex 2009) suggesting that 
memory-coding neurons are included in a part of Arc-expressing 
neurons, thus, Yamada made the transgenic mouse of EGFP-CapZ 
driven by the Arc-promotor, Arc::EGFP-CapZ, to mark the 
memory coding synapses and neurons. In the resulting mouse 
having blight fluorescence and normal learning ability, the 
EGFP-fluorescence is mainly found in some of synaptic structure, 
spines, and the cell body.
Till now,
1. In-vitro confirmation; It was confirmed that the LTP-inducing 
stimuli increased the level of the green fluorescence in a part of the 
synaptic structure (spines) and the neuronal cell body in the 
hippocampus sections from the TG having Arc::EGFP-CapZ 
(AiCE-TG) as expected.
2. In-vivo observation; we observed that a small number of 
strongly green neurons emerged after the visually-cued learning in 
the primary visual cortex of the AICE-TG.
3. Ex-vivo analyses; we analyzed the changes of the green neurons 
and spines in the primary visual cortex and sensory cortex by 
making fixed sections from AICE-TG, 15-20min after unilateral
visual or sensory inputs and then found the differences between 
right and left cortices of the brain. (SciRep 2020)

References from Yamada's group in Tokyo Univ.
1.Cereb.Cortex 
Experience-dependent, rapid structural changes in hippocampal 
pyramidal cell spines.
Kitanishi T, Ikegaya Y, Matsuki N, Yamada MK*

Cerebral cortex (New York, N.Y.)   19(11) 2572-2578 (2009)
http://cercor.oxfordjournals.org/content/19/11/2572.short
2.Genes Cells
Activity-dependent localization in spines of the F-actin capping 
protein CapZ screened in a rat model of dementia.
Kitanishi T, Sakai J, Kojima S, Saitoh Y, Inokuchi K, Fukaya M, 
Watanabe M, Matsuki N, Yamada MK* Genes to cells : devoted 
to molecular & cellular mechanisms   15(7) 737-747 2010
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2443.2010.0141
1.x/pdf

Publications (2016.4~2021.3)

[Preprint]
2019
Kuboyama K, Inoue T, Hashimotodani Y, Itoh T, Suzuki T, 

Tetsuzawa A, Kinoshita R, Ohtsuka Y, Takara R, 
Miyazawa T, Gusain P, Kano M, Yamada MK. (2019) 
Fluorescent Marker of a Plasticity-Related Change in 
Dendritic Spines.
Sneak Peek (Preprint) doi: 10.2139/ssrn.3419080

[Original papers]
2020
1. Kuboyama K, Inoue T, Hashimotodani Y, Itoh T, Suzuki T, 

Tetsuzawa A, Ohtsuka Y, Kinoshita R., Takara R, 
Miyazawa T, Gusain P, Kano M, Yamada MK (2020) 
Traceable stimulus-dependent rapid molecular changes in 
dendritic spines in the brain
Scientific Reports, 10 15266 
DOI :10.1038/s41598-020-72248-4
https://www.nature.com/articles/s41598-020-72248-4

2. Kuboyama, K., Shirakawa, Y., Kawada, K., Fujii, N., 
Ojima, D., Kisimoto, Y., Yamamoto, T., and Yamada, M. K.  
(2020) Visually cued fear conditioning test for memory 
impairment related to cortical function
Neuropsychopharmacology Reports 40(4):371-375
https://onlinelibrary.wiley.com/doi/full/10.1002/npr2.12146

2019
Tanga N, Kuboyama K, Kishimoto A, Kiyonari H, Shiraishi A, 3.

Suzuki R, Watanabe T, Fujikawa A, Noda M. (2019) The 
PTN-PTPRZ signal activates the AFAP1L2-dependent 
PI3K-AKT pathway for oligodendrocyte differentiation: 
Targeted inactivation of PTPRZ activity in mice. Glia 67. 
967-984 

2018
Suzuki R, Fujikawa A, Komatsu Y, Kuboyama K, Tanga N,4.

Noda M. (2018) Enhanced extinction of aversive memories 
in mice lacking SPARC-related protein containing 
immunoglobulin domains 1 (SPIG1/FSTL4). Neurobiol 
learning mem 152: 61-70.

2017
Kuboyama K, Tanga N, Suzuki R, Fujikawa A, Noda M. (2017) 5.

Protamine neutralizes chondroitin sulfate 
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proteoglycan-mediated inhibition of oligodendrocyte 
differentiation. PloS one 12: e0189164.

Fujikawa A, Chow JPH, Matsumoto M, Suzuki R, Kuboyama K,6.
Yamamoto N, Noda M. (2017) Identification of novel 
splicing variants of protein tyrosine phosphatase receptor 
type Z. J biochem 162: 381-390.

Fujikawa A, Sugawara H, Tanaka T, Matsumoto M, Kuboyama 7.
K, Suzuki R, Tanga N, Ogata A, Masumura M, Noda M. 
(2017) Targeting PTPRZ inhibits stem cell-like properties 
and tumorigenicity in glioblastoma cells. Sci rep 7: 5609.

Kohnomi S, Ebihara K, Kobayashi M. (2017) Suppressive 8.
regulation of lateral inhibition between medium spiny 
neurons via dopamine D1 receptors in the rat nucleus 
accumbens shell. Neurosci Lett 636: 58-63.

Nakahata Y, Eto K., Murakoshi H, Watanabe M, Kuriu T,9.
Hirata H, Moorhouse AJ, Ishibashi H, Nabekura J. (2017) 
Activation-dependent rapid postsynaptic clustering of 
glycine receptors in mature spinal cord neurons. eNeuro 4: 
e0194-16.2017.

2016
Kuboyama K, Fujikawa A, Suzuki R, Tanga N, Noda M. (2016) 10.

Role of Chondroitin Sulfate (CS) Modification in the 
Regulation of Protein-tyrosine Phosphatase Receptor Type Z 
(PTPRZ) Activity. PLEIOTROPHIN-PTPRZ-A
SIGNALING IS INVOLVED IN OLIGODENDROCYTE 
DIFFERENTIATION. J biol chem 291: 18117-18128.

Fujikawa A, Nagahira A, Sugawara H, Ishii K, Imajo S, 11.
Matsumoto M, Kuboyama K, Suzuki R, Tanga N, Noda M, 
Uchiyama S, Tomoo T, Ogata A, Masumura M, Noda M. 
(2016) Small-molecule inhibition of PTPRZ reduces tumor 
growth in a rat model of glioblastoma. Sci rep 6: 20473.

Ono Y, Saitow F & Konishi S. (2016) Differential modulation of 12.
GABAA receptors underlies postsynaptic depolarization- and 
purinoceptor-mediated enhancement of cerebellar inhibitory 
transmission: a nonstationary fluctuation analysis study. 
PloS one 11: e0150636.

[Review articles]
Yamada MK. (2016) Angiogenesis in refractory depression: A 1.

possible phenotypic target to avoid the blood brain barrier. 
Drug discov ther 10: 79-81.

Yamada, MK. (2016) A link between vascular damage and 2.
cognitive deficits after whole-brain radiation therapy for 
cancer: A clue to other types of dementia? Drug discov ther
10: 74-78.

[Book]
Maki K. Yamada,3.

Journal of Kagawa Pharmaceutical Association
162 p39-41 July 2016

[Press Release] 2020.10.13 for the paper in Scientific Report. 

Scientific Meetings 2020. 4 2021. 3

Masakiyo Tawata, Kazuya Kuboyama, Miku Yoshioka, 1.
Toshie Fujishima, Maki K. Yamada, 

mpairment of spine molecular plasticity induced by a 
hallucinogenic 59th Annual Meeting of the 
Chugoku-Shikoku Branch of the Pharmaceutical Society of 
Japan, the Japanese Pharmacists Association, and the 
Japanese Society of Hospital Pharmacists Dec2020

Presentation on the Web

Maki K. Yamada, Masakiyo Tawata, Miku Yoshioka, Toshie 2.
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Theme 1. The molecular mechanism of complexin (Hiroshi 
Tokumaru, Hisayo Sadamoto)
Action potential-evoked neurotransmitter release is triggered by 
Ca2+ influx through voltage-gated calcium channels located next to 
the active zone. The increase in Ca2+ concentration initiates rapid 
signaling cascades that lead to the exocytosis of synaptic vesicles 
containing high concentrations of neurotransmitter. Two soluble 
N-ethylmaleimide-sensitive factor attachment protein receptor 
(SNARE) proteins from the presynaptic membrane, syntaxin 1 and 
SNAP-25, and one SNARE protein from the synaptic vesicle 
membrane, synaptobrevin-2 (also known as VAMP-2), form a 
four-helix bundle (called the trans-SNARE complex or 
SNAREpin) that catalyzes membrane fusion. The synaptic vesicle 
protein synaptotagmin 1 (Syt1) serves as a major Ca2+ sensor for 
fast action potential-evoked synaptic vesicle exocytosis. The rapid 
interactions between Syt1, the SNARE complex and membrane 
phospholipids induced by Ca2+ are critical for membrane fusion.
The precise control of evoked neurotransmitter release requires 
several cytosolic proteins including complexin (also known as
synaphin). Complexin and its binding to the SNARE complex are 
critical for fast neurotransmitter release, as demonstrated by studies 
in knockout mice and in Drosophila mutants. In addition, 
intra-presynaptic terminal injection of a SNARE-binding domain 
peptide that blocks complexin binding to the SNARE complex also 

inhibits rapid neurotransmitter release. Despite this evidence, 
complexin function remains controversial. Furthermore, recent 
studies suggest that complexin contains several functional domains 
that either stimulate or inhibit neurotransmitter release. Thus, the 
function of complexin is likely more complex than expected from 
its small size (134 aa for mammalian complexin 1 and 2).

Like Syt1-deficient mice, complexin 1/2 double-knockouts exhibit 
an impairment of action potential-evoked synchronous (but not 
asynchronous) neurotransmitter release. However, an important 
difference exists between the two types of knockout mice: elevated 
external Ca2+ can rescue synchronous release in complexin 1/2 
double-knockouts but not in Syt1 knockouts. Thus, the functions of 
complexin and Syt1 in action potential-evoked fast 
neurotransmitter release are intimately related to each other yet 
distinct.

Biochemically investigating the relationship between the two 
proteins, we previously demonstrated that complexin directly binds 
to Syt1 even in the absence of Ca2+. Because Syt1 binds to SNARE 
complexes weakly in the absence of Ca2+, we proposed that 
complexin recruits Syt1 to the SNARE complex prior to Ca2+

influx. Recently, we examined the interaction between complexin,
Syt1 and the SNARE complex using recombinant proteins. Our 
results indicate that Syt1 recruitment to the SNARE-driven fusion 
machinery by complexin is essential for vesicle exocytosis.

Syt1 bound weakly to complexin alone, but the addition of three 
SNARE proteins (syntaxin 1, SNAP-25 and 
VAMP/synaptobrevin-2) in combination, but not individually, 
markedly enhanced binding. Unlike full-length complexin (amino 
acid [aa] 1 134) and an NH2 (N)-terminally truncated complexin
(aa 46 134), carboxy (C)-terminally truncated complexin s (aa 1
104 and 1 124) could not support Syt1 binding even in the 
presence of the SNARE complex. These results indicate that the 
binding of Syt1 to the C-terminal region of complexin promotes its 
recruitment to the SNARE-driven fusion machinery, and that this 
process is crucial for Ca2+-dependent vesicle exocytosis.

Theme 2. Differential localizations of GKAP/SAPAP1 isoforms 
in developing hippocampal neurons (Hisayo Sadamoto) 
Guanylate kinase-associated protein (GKAP) and 
SAP90/PSD-95-associated protein 1 (SAPAP1) proteins form 
complexes with PSD-95 and Shank at excitatory postsynaptic sites, 
and are implicated in synapse formation and synaptic plasticity.  
GKAP/SAPAP1 proteins, which displayed different N termini, 
have appeared as multiple alternatively spliced isoforms.  
However, specific functional roles of individual isoforms still 
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remain unclear.  To understand particular functions of 
GKAP/SAPAP1 isoforms in formation and maintenance of 
synaptic connections, we here investigated expression and 
subcellular distributions of these isoforms in hippocampal neurons 
during synaptic development.  First, we identified two isoforms of 
SAPAP1 (named as SAPAP1b and 1c) in mice hippocampus, 
which exhibited an alternative usage of two exons in the middle 
part of SAPAP1 transcript.  Using primary culture of mouse 
hippocampal neurons and confocal microscope, we sought to 
examine localizations of each EGFP-tagged GKAP/SAPAP1 
isoform (GKAP, SAPAP1, SAPAP1b or SAPAP1c).   During 
synaptic maturation, GKAP/SAPAP1 isoforms were found to 
display differences in cluster formation at the dendritic spines.  
EGFP-SAPAP1 formed clusters at dendritic shafts on an early 
stage of synapse formation and did not change the rate of 
accumulation (clustering index) in mature dendritic spines at later 
stages.  Clusters of EGFP-SAPAP1b and EGFP-SAPAP1c were 
also found to occur at an early stage, but tended to disappear during 
synaptic maturation.  In contrast, GKAP clearly accumulated in 
dendritic spines at a later stage of synaptic maturation.  These 
results suggest the possibility that each spliced isoform of 
GKAP/SAPAP1 has a specific function in synapse formation.

Theme 3. Synaptic modulation and synchronous oscillatory 
network modulation in odor information processing (Suguru 
Kobayashi)
Synchronous oscillatory activity is common in multiple cognitive 
and neural functions of both vertebrates and invertebrates. In the 
olfactory center of terrestrial animals, changes in the oscillatory 
frequency of the local field potential (LFP) are thought to be 
involved in olfaction-based behavior and olfactory memory. We 
study GABAergic and FMRFamidergic neuromodulation of 
oscillatory activity in odor information processing of the 
procerebrum (PC) in the land slug Limax valentianus. We found 
that GABA and FMRFamide are present in the PC and these 
modulatory roles are involved in the oscillatory neural network of 
the PC. A part of results for excitatory GABAergic and 
FMRFamidaergic neuromodulation are published in J.
Neurophysiol. (2012) and Eur. J. Neurosci. (2010). Other 
physiological study with fine histological analysis showed the 
presence of cholinergic excitatory modulation for PC neurons via 
nicotinic ACh receptors activation (J Comp Neurol, 2014) and
feedforward inhibition in the cholinergic afferents from the 
tentacles to the PC. In comprehensive analysis with in vitro
cultured PC preparation, the role of biogenic amines and 
cholinergic activation in synchronous oscillatory networks were
discussed (Matsuo et al., 2016a, b; 2020; Kobayashi 2017; 2019). 
We use electrophysiology and optical recording methods to 
understand the role of oscillatory dynamics in odor recognition and 
memory storage.
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Research aims
Our research goal is the novel molecular target for new 

antiepileptic drugs. To achieve this goal, we are working on 
molecular mechanism for the epileptogenesis of partial and 
generalize epilepsy through the several approaches such as 
pharmacological, behavioral, cell biological, biochemical and in 
vivo imaging techniques.

Research Scopes
1. Prevention of status epilepticus-induced brain edema and 
neuronal cell loss by new antiepileptic drugs.
Status epilepticus (SE) refers to neurologic emergencies that 

may lead to death or permanent neurologic injury.  To avoid life 
threating injury, patients must be properly and quickly treated.  
Furthermore, SE causes 3~5% of symptomatic epilepsy (~35% of 
epileptic syndromes), thus SE patients are at a high risk of 
developing acquired epilepsy (Hesdorffer, 1998; Temkin, 2003; 
Jacobs et al., 2009).  The management of SE is important to 
prevent mortality and the development of post-SE symptomatic 

epilepsy.  Seizures must be treated as soon as possible and 
benzodiazepines (lorazepam or diazepam) are typically 
administered as first-line antiepileptic drugs (AEDs).  However, 
when these drugs fail, second-line AEDs (phenytoin; PHT, 
fosphenytoin; fosPHT, valproate; VPA, and midazolam) are 
administered in refractory SE prior to giving phenobarbital; PB 
(Manno, 2011).  Various clinical trials have indicated that 
conventional AEDs (e.g., DZP, PB, VPA, or PHT) suppressed 
acute seizures, but thus far there has been no success at preventing 
the development of post-SE acquired epilepsy under various 
conditions (Temkin, 2001; 2003; 2009).  Although the 
mechanisms underlying the development of acquired epilepsy as 
part of the epileptogenic process are not well understood, the lack 
of efficacy of the AEDs suggests that the biological mechanisms of 
the acquired epilepsy process may be quite different from that of 
the established epileptic brain (Pitkanen et al., 2009).  

Levetiracetam ([(S)- -ethyl-2-oxo-1-pyrrolidine acetamide]) 
with broad-spectrum antiepileptic effects is an established 
second-generation AED that is widely used in patients with either 
generalized or partial epilepsy (Lyseng-Williamson, 2011).  In 
addition, levetiracetam is one of currently available candidates as 
second-line AED for SE (Manno, 2011) and as an 
anti-epileptogenic drug (Pearl et al., 2013; Klein, et al., 2012).  
Animal studies have shown that levetiracetam possesses 
anticonvulsant activity and results in neuroprotective effects 
(Mazarati et al., 2004; Zheng et al., 2010).  In addition, 
levetiracetam has been considered for the treatment of pilocarpine 
(PILO)-SE due to its anti-epileptogenic effects in basic and clinical 
studies.  Two phase II clinical trials for levetiracetam indicated 
the possibility that it may decrease the risk of acquired epilepsy or 
prevent the development of acquired epilepsy (Pearl et al., 2013; 
Klein, et al., 2012).  However, the previous evidence in SE animal 
models has been conflicting and whether levetiracetam can prevent 
or modify epileptogenesis remains controversial (Löscher et al., 
1998; Glien 2002; Klitgaard, Pitkanen, 2003; Stratton et al., 2003; 
Gibbs et al., 2006; Brandt, et al., 2007).

Temporal lobe epilepsy (TLE) is the most frequent type (75%) 
of symptomatic partial epilepsies that originate from the limbic 
regions (e.g., hippocampus and amygdala) after an initial brain 
insult, such as SE, stroke, and traumatic brain injury (TBI).
Additionally, it is also one of the most refractory forms of epilepsy 
with approximately 30% of patients being unresponsive to AEDs 
(Engel, 1996; Kwan and Brodie, 2000). In this present study, we 
used PILO-induced SE mice as a model of TLE to determine the 
effects of repeated administration of high-dose levetiracetam after
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the termination of SE by DZP. We observed that repeated 
high-dose levetiracetam prevented the development of brain edema 
in the limbic regions at the initial period of post-SE, and the 
incidence of spontaneous recurrent seizures. In the present study, 
we determined the possible molecular and cellular mechanisms of 
LEV treatment after termination of SE. To assess the effect of LEV 
against the brain alterations after SE, we focused on blood-brain 
barrier (BBB) dysfunction associated with angiogenesis and brain
inflammation. The consecutive treatment of LEV inhibited the 
temporarily increased BBB leakage in the hippocampus two days 
after SE. At the same time point, the LEV treatment significantly 
inhibited the increase in the number of CD31-positive endothelial 
immature cells and in the expression of angiogenic factors. These
findings suggested that the increase in neovascularization led to an 
increase in BBB permeability by SE-induced BBB failure, and 
these brain alterations were prevented by LEV treatment.
Furthermore, in the acute phase of the latent period, 
pro-inflammatory responses for epileptogenic targets in microglia 
and astrocytes of the hippocampus activated, and these 
upregulations of pro-inflammatory-related molecules were 
inhibited by LEV treatment. These findings suggest that LEV is 
likely involved in neuroprotection via anti-angiogenesis and 
anti-inflammatory activities against BBB dysfunction in the acute 
phase of epileptogenesis after SE.

2. Study on the relationship between blood brain barrier (BBB) 
disruption and epilepsy.
In recent years, it has been well recognized that the therapies for 
epilepsy by the AEDs, which is represented by valproate, have 
been definitely effective. On the other hand, no less than 30% of 
epileptic patients were intractable, so there are difficulties in 
achievement of high level of QOL for them. In order to dissolve 
this problem, the development of new AEDs with novel 
mechanisms is an important for drug-resistant patients. We aim to 
find out the novel molecular target for new drugs. Recently, we 
have focused the relationship between BBB disruption and 
generalized epilepsy. Although conventional evaluation methods of 
BBB disruption are to measure the diffusion of low molecular 
weight dye (ex. Evans blue) to brain parenchyma, they are not 
available in animals alive.  In our laboratory, the spatial and 
sequential changes of the BBB disruption in PTZ-induced 
convulsive alive mice were elucidated by the technique of 
gadolinium-enhanced magnetic resonance imaging using the MRI 
for rodent (MRminiSR, 1.5T). In addition, we have investigated the 
involvement of NO in the BBB disruption in generalized epilepsy.
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Research

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

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

3. Basic research on the toxicity mechanism of drugs, xenobiotics 
and their active metabolites

4. Curcumin and doxorubicin co-encapsulation liposome effects on 
cell growth, apoptosis, and angiogenesis

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 
expressed membrane type-1 matrix metalloproteinase 

(MT1-MMP).
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Research

We have the research philosophy for Laboratory of 
Pharmaceutics, Kagawa School of Pharmaceutical Sciences, 
Tokushima Bunri University.  Research projects were chosen 
based on the philosophy. The selected projects and those results 
were as follows:
(1) Preparation and evaluation of liposomes with fluticasone 

propionate for inflammatory of the kidneys
Glucocorticosteroids were administered orally to patients with 

inflammatory of the kidneys, but due to adverse events, their use 
was limited.  However, new formulations of glucocorticosteroids 
have been developed to reduce systemic action.  Fluticasone 
propionate (FLT) is an inhaled corticosteroid with high 
anti-inflammatory potency, used for the topical treatment of asthma.  
The purpose of this project was the preparation and evaluation of a 
new liposome with FLT for patients with inflammatory of the 
kidneys.  Liposomes with FLT were tried to prepare by a common 
method.  However, it was found that the preparation of the 
liposomes with FLT in phospholipid membrane and in water 
vesicles were difficult.  We have tried to prepare the liposome by 
the LibMec method.     
(2) Cleaning validation for machines used in the dispensary of 

pharmacy 
When machines used in the dispensary, for an example, a 

dividing and packing machine was applied for a granule or a 
powder, it was easily considered that the little amount of the 
granule or powder was left in the machine.  Therefore, cleaning 
the machine was required.  This cleaning will be performed 
according the procedure which is decided by each pharmacy.  In 

the case of a pharmaceutical plant, cleaning validation was required 
for machines for manufacturing pharmaceutical preparations by 
GMP.  The purpose of this project is to introduce the concept of 
cleaning validation to pharmacies.  The preparations indicating 
the higher residual percent were researched on the basis of the 
result of questionnaire for pharmacists, which were the 
preparations of pranlukast hydrate, ketotifen fumarate, 
acetaminophen, and nicotinamide. The residual amounts of drugs 
on the machines have been determined. In addition, cleaning 
effects of a cleaner with a dividing and packing machine, and 
cleaning using lactose on the amount of drugs in the machine have 
been examined.  The determination methods in these studies were 
submitted and published. We developed a method to determine 
the amount of Ca+ ion on the machines and found a new cleaning
agent which was applied for a patent.
(3) Development of new preparations with sildenafil for newborns 

in NICU
Sildenafil is a phosphodiesterase type 5 inhibitor that selectively 

reduces pulmonary vascular resistance in animal models and adult 
humans.  Recent studies reported that the administration of 
sildenafil significantly increased oxygenation and reduced 
mortality with no clinically important side effects in infants with 
persistent pulmonary hypertension of the newborn.

A pharmaceutical preparation containing sildenafil citrate (SIL) 
for pulmonary arterial hypertension, Revatio Tablets 20 mg from 
Pfizer Japan Inc., is available for adults in Japan, whereas that for 
children was not.  Therefore, when sildenafil was administered to 
infants with persistent pulmonary hypertension of the newborn, a 
Revatio Tablets 20 mg was ground in a mortar to make a powder.  
Lactose was added to the powder as a diluent, and was mixed well 
in the mortar.  The mixed powder was packaged for each dose 
using an automatic packaging machine.  The contents of the drug 
in the packages were determined by HPLC.  The determination 
method by HPLC was submitted and published.  From this study 
the decrease of the content of sildenafil in the powder was found, 
which was submitted and accepted.  A method for preventing the 
decrease was developed and reported. In the studies, the decrease 
of the content of sildenafil in the powder was found.  A method 
for grinding tablets was developed, which was published.  
Furthermore, a method for preparing an oral liquid dosage form 
from Revatio Tablets was developed.  The paper was prepared and 
submitted for this finding.  The same study was performed for 
Cortril tablets 10 mg.
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(4) Design and preparation of tablets containing drug A
A pharmacist and a dentist needed a tablet with drug A.  This 

tablet will be used for a clinical test.  We tried preparation of a 
tablet and several kinds of tablets were prepared.  From the data 
of these tablets the content of drug A in tablets was decided to be 
30%.  We designed a formulation and prepared tablets. We are 

time freely.
(5) Design and preparation of tablets containing 8 kinds of 

vegetable powder
Preparation of tablets containing 8 kinds of vegetable powders 

was required.  We tried to prepare tablets containing each 
vegetable and 8 kind of vegetable powders.  Under keeping water 
content we obtained data with reproducibility. A patent for the 
preparation with 8 kinds of vegetable powders was applied .
(6) Analysis of nonlinear phenomena of mathematical models of 
neurons 
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Research

(1) Patient Healthcare Professional Relationship
Patients accept or refuse their medication therapy based on their 
personal beliefs. 
perceptions of medication therapy and their behavior such as 
medication adherence.

We developed Medication Acceptance, Preference and 

values and ideas concerning their acceptance and preference for 

consistent determinants of intentional non-adherence to medication, 
but not unintentional non-adherence. In addition, we found that 
cancer patients prefer aggressive therapies, even when 
self-estimations of ADR endurance are not very high, especially if 
they have been receiving chemotherapy for a short period of time.
(2) Real-World Data Analysis to Evaluate Medications and 
Encourage Proper Use of Medications

We are analyzing real-world medical information, including claims 
data, to evaluate the effectiveness and safety of medications, to 
encourage proper use of these medications, and to identify new 
therapeutic effects of existing medications (drug repositioning). 

Using the National Database of Health Insurance Claims and 
Specific Health Checkups of Japan (NDB Japan), we clarified the 
following: (1) patients who used driving-prohibited and/or 
driving-cautioned medications accounted for approximately 70% of 
outpatients 25 years or older to whom medications were 
administered; (2) these medications were often used at dosages 
exceeding the recommended limit for older patients; (3) an older 
patient concomitantly used 20 driving-prohibited medications per 
month; (4) in relatively healthy older patients, 840,000 people/year 
experienced fractures, 350,000 people/year experienced fragility 
fractures, and approximately 20% of older patients experiencing 
fragility fractures received hospitalized care (restricting patients to 
older patients experiencing femoral neck fractures, approximately 
80% received hospitalized care); and (5) concomitant use (i.e., 
polypharmacy) of central nervous system agents linearly increased 
the risk of experiencing fragility fractures, and the increased risk 
was even more prominent as age increased. The findings from (3) 
to (5) were supported by JSPS KAKENHI (grant no. JP15K08121).
(3) Chem- and Bio-Informatics of Traditional Medication 
Systems, and Their Related Medicinal Resources

We perform the informatics and computational science based on 
evidences related to medical and pharmaceutical issues. This 
research has been mainly demonstrated by chemical and biological 
experiments, database construction, and multivariate statistical 
analysis. In recent studies, we focus on the theoretical analysis of a
traditional and an empirical medication system in Kampo
(traditional Japanese medicine), and the transcriptome and 
metabolome analyses of medicinal resources related to Kampo.
(4) Modulation of multi-drug resistance related protein 
transport by interaction with dietary supplements

An interaction is taken to be the situation in which 
administration of a drug or substance induces changes in the 
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 
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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 

MRP2 expression, whereas increased expression in a 
concentration-dependent on GST mRNA and protein levels. 
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 
dependent on glutathione S-transferases and MRP-mediated 
transport processes. Hereafter, these possible efficacies need to be 
examined under in vivo conditions in detail.
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Research

TThheemmee  11.. 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, UBL1, 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 localization, and decreased 
turnover. SUMO-1 is conjugated to proteins through a series of 
enzymatic steps. Initially, the ATP-dependent formation of a 
thioester bond between SUMO-1 and the E1 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 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 molecular mechanisms by which transcriptional 
regulation through SUMO-1 modification, we focus the 
transcription (co)factors involving in cell growth, differentiation, 
immortalization and attempt to define the biological significance of 
sumoylation in carcinogenesis.

Theme 2. Analyzing the molecular mechanisms by which 
human T-cell leukemia virus type-1 (HTLV-1) infection is the 
cause of morbidity and mortality in adult T-cell leukemia 
(ATL) (Ohshima).

Human T-cell leukemia virus type 1 (HTLV-1), a human retrovirus, 
is the causative agent of adult T-cell leukemia (ATL), an 
aggressive malignancy of CD4+ T lymphocytes. HTLV-1 is also 
closely related to HTLV-1-associated myelopathy or tropical 
spastic paraparesis (HAM/TSP). Although most HTLV-1-infected 
people are non-symptomatic, approximately 4% of patients develop 
ATL after a long period of latent infection (over 50 years). To date, 
there are few effective therapies available for ATL patients, 
possibly due to a lack of detailed information about the molecular 
mechanism of cell growth regulation by HTLV-1.
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 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 activities, resulting in the control of 
viral gene transcription from the HTLV-1 promoter. In contrast to 
other viral ptotein, HBZ is constitutively expressed in all ATL 

-LTR is conserved and unmethylated 
in ATL cells. HBZ may play a central role in the pathogenesis of 
ATL, however, its function has not yet been understood.

Theme3. The Study of the structure and the dynamics of 
proteins by means of site-directed spin-labeling ESR 

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.
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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.
Crystalline Sponge-Laser Desorption Ionization:
     Recently, crystalline sponge (CS) method was discovered to 
analyze non-crystalline compounds by means of X-ray 
crystallography. The laser desorption ionization (LDI) mass 
spectrometry (MS) is first adopted to use this CS as a matrix for 
ionization. Since then, this new ionization method (CS-LDI MS) 
has been developed in this laboratory.
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Research

Since the expansion of the Institute of Neuroscience, Tokushima 
Research areas of the laboratory
I. Study of neural circuit mechanisms of learning and memory with 
optical recording methods
The primary interest of the laboratory is the neural circuit 
mechanisms of higher cognitive functions, such as learning and 
memory, in the brain. A measurement method that makes the 
laboratory unique in the field is an optical recording method that 
uses voltage-sensitive dye (VSD) with electrophysiology. As one 
of the leading laboratories in the use of this technique, we have 
been continuously developing the method since the 90s and have 
provided established tools to colleges throughout the world. 
II. Analysis of the electrophysiological control of excitable 
membranes in connection with ciliary structures.
By focusing on the role of information integration in the membrane 
potentials of cells, we have used the model organism, paramecium, 
which is the simplest single-celled animal, to study the mechanisms 
of the membrane potential control of cilia. 

Specific research aims
Area I
1. Neural circuitry mechanisms of the limbic system: Optical study.
The limbic system is a brain structure that is critical for emotion 
and declarative memory. The limbic system consists of many areas, 
including the hippocampus, amygdala, and associated cortical 
systems, such as the entorhinal and piriform cortices. We are 
analyzing the function of these circuits by visualizing neural 
activity with the VSD optical recording methods.  
We have revealed reverberation circuits and information 

integration mechanisms in the deep layers of the entorhinal and 
piriform cortices in association with the hippocampal neural circuit 
(Science, 1996; Neurosci. Res., 2008) with Professor Toshio 
Iijima's group at Tohoku University. In addition, we have found 
that neuronal signals from layer III of the medial entorhinal cortex 
are critical for temporal association memory formation (Science, 
2011) with Professor Susumu Tonegawa's laboratory at the 
Picower center for learning and memory at MIT. We have also 
revealed information integration processes in the entorhinal cortex 
(Eur. J. Neurosci., 2007) with Dr. Riichi Kajiwara and Dr. Ichiro 
Takashima's group at AIST Japan.  We showed that the D-current 
plays an important role in the integration of neural activity in the 
entorhinal cortex in collaboration with Dr. Riichi Kajiwara (Japan 
Society for Neuroscience, 2012; Society for Neuroscience, 2012; 
supported by KAKENHI).
2. Development of an optical measurement microscope: stimulation 
pattern with a confocal microscope system and a new optical 
measurement.
The optical recording method with VSD requires high-speed and 
low-noise imaging. This requires new special optics. We have been 
developing special optics that meet these requirements (J. Neurosci. 
Methods, 2000; now commercially available as THT-microscope, 
BrainVision).  
We have also developed special new ultra-high-speed and 
low-noise confocal optics (submitted; supported by JST tansaku, 
A-STEP). We have developed a microscope that allows us to 
conduct light stimulus patterns to the neural networks (SFN abstr., 
2011). Recently, we have started a project to develop a special 
chamber that is suitable for these experiments (Supported by JST 
A-STEP, 2012-2013).
3. Mechanisms of late-onset brain dysfunctions caused by early 
transient exposure to chemicals and drugs.
There are several lines of evidence that indicate that the early 
transient exposure to certain chemicals during brain development 
results in the malfunctioning of cognitive function in adulthood. 
The neural mechanisms of these effects are largely unknown. We 
are evaluating these neural mechanisms with our optical recording 
methods as part of the research team that is supported by the 
Ministry of Health, Labour and Welfare (2008-, 2015-).  
We have shown that the administration of valproic acid, which is 
the first-line drug used in the treatment of epilepsy, during 
pregnancy causes a collapse of the balance of excitation and 
inhibition in children born to these mothers (Japanese Society of 
Toxicology, 2012). This study is joint research that is being 
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conducted with Kentaro Tanemura sensei of Tohoku University, Dr. 
Yoshikazu Nakajima of Nara Institute of Science and Technology, 
and the teacher Katsuhide Igarashi of the Japan Institute of Health 
Sciences. We organized a symposium at the Japan Neuroscience 
Society in Kyoto in June 2013.
4. Study of the Application of optical measurement methods to test 
ES cell function.
This study was initiated in 2012 and is intended to use the optical 
recording method with VSD to characterize cells that are 
differentiated from human ES cells. This is joint research that is 
being conducted with Prof. Katsunori Sasaki, Shinshu University 
[supported by KAKENHI (A)].
5. Visualization of cell-specific membrane potential responses by 
the introduction of voltage sensitive fluorescent protein (VSFP), 
which is a new membrane potential-sensitive protein.
In collaboration with Dr. Thomas Knopfel at RIKEN BSI, we have 
succeeded in detecting optical signal-specific hippocampal 
pyramidal cells by introducing a new VSFP from 2012. The 
detection of cell-specific signals are made possible in specimens in 
vivo by the further development of this technique.
6. Detection and use of the optical signals from neural excitation 
with a polarized light microscope.
This is joint research that is being conducted with Dr. Tomomi 
Tani and Dr. Oldenburg of Woods Hole MBL. In this study, we 
aim to detect changes in nerve optical properties, such as 
polarization, that are caused by nerve excitation. In March of 2013, 
we will visit the MBL for this purpose.
7. Studies of the mechanisms of regulation by a variety of factors 
and the neural responses of hippocampal neural synapses.
We are collaborating with various laboratories to apply our method 
in order to examine the neural pathologies of diseases, such as 
Alzheimer's disease, and other factors (J. Neurosci., 1996; Neurosci. 
Letters, 1997; J. Neurosci, 2002; PNAS, 2004; Neuropharmacol., 
2005).
8. Regulation mechanisms of neural activity by inhibitory synapses 
in the hippocampus.
The unique feature of VSD imaging compared to other biological 
imaging methods is that it can measure hyperpolarization and, thus, 
inhibitory neural responses. From this point of view, we found 
depolarizing GABA responses in area CA1 in response to tetanic 
stimulation (J. Neurophysiol., 2002; Pfluger's Arch., 2010). In 
addition, we found perisomatic inhibitory actions with feedforward 
inhibition (Neurosci. Res., 2009).
Area II
1. Physiological studies of osmoregulatory mechanisms and 
contractile vacuoles of Paramecium.
For the first time, we have applied electrophysiological methods to 
the study of the Paramecium organelles, the contractile vacuoles, 
and have revealed the membrane dynamics that are involved in this 

periodic activity (J. Exp. Biol., 1997a, b; 1998a, b; J. Cell Sci., 
1999; J. Exp. Biol., 2005).

2. Physiological studies of membrane proteins and cilia of 
paramecium response mechanisms.
The use of recent techniques of RNA interference knockdown in 
combination with the whole genome project of the Paramecium has 
enabled us to knock down particular proteins that are associated 
with cilia disease (so-called ciliopathy). We have found that the 
absence of some molecules that have been thought to be structural 
proteins induces behavioral changes. By applying 
electrophysiological methods to this mutant, we have examined the 
relationship of that behavior and the membrane responses and 
found that some of these "structural proteins" are actually involved 
in membrane potential-mediated signal transduction (e.g., Eukary. 
Cell, 2012). This is joint research that is being conducted with Prof. 
Hori of Yamaguchi University.

Publications (2016.4~2020.3)

[Original papers]               *Corresponding author
2021
1. *Ishida M, Hori M, Ooba Y, Kinoshita M, Matsutani T, Naito 

M, Hagimoto T, Miyazaki K, Ueda S, Miura K, Tominaga T. A 
Functional Aqp1 Gene Product Localizes on The Contractile 
Vacuole Complex in Paramecium multimicronucleatum. J 
Eukaryot Microbiol. 2021;e12843. PMID: 33501744

2020
2. Hayase, Y., Amano, S., Hashizume, K., Tominaga, T., 

Miyamoto, H., Kanno, Y., et al. (2020). Down syndrome cell 
adhesion molecule like-1 (DSCAML1) links the GABA 
system and seizure susceptibility. Acta Neuropathologica 
Commun 8, 206. doi:10.1186/s40478-020-01082-6.

3. Kajiwara, R*., Tominaga, T. (2020). Perirhinal cortex area 35 
controls the functional link between the perirhinal and 
entorhinal hippocampal circuitry BioEssays

https://dx.doi.org/10.1002/bies.202000084 (Featured cover)

4. Kawano, M., Tominaga, T., Ishida, M., Hori, M*. (2020). 
Roles of Adenylate Cyclases in Ciliary Responses of 
Paramecium to Mechanical Stimulation Journal of Eukaryotic 
Microbiology 67(5), 532-540. 
https://dx.doi.org/10.1111/jeu.12800 (Featured cover)

5. Luyben, T., Rai, J., Li, H., Georgiou, J., Avila, A., Zhen, M., 
Collingridge, G., Tominaga, T., Okamoto, K.* (2020). 
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Optogenetic Manipulation of Postsynaptic cAMP Using a 
Novel Transgenic Mouse Line Enables Synaptic Plasticity and 
Enhances Depolarization Following Tetanic Stimulation in the 
Hippocampal Dentate Gyrus Frontiers in Neural Circuits 14(), 
24. https://dx.doi.org/10.3389/fncir.2020.00024

6. Koike-Tani, M., Tominaga, T., Oldenbourg, R., Tani, T.(2020). 
Birefringence changes of dendrites in mouse hippocampal 
slices revealed with polarizing microscopy. Biophysical 
Journal 118, 2366 2384, May 19, 2020 
DOI:https://doi.org/10.1016/j.bpj.2020.03.016

7. Tominaga, T., Kuhn, B. (2020). Cutting-edge brain research 
from a biophysical perspective: symposium synopsis of 
Session 1SCP at BSJ2019 in Miyazaki, Kyushu, Japan 
Biophysical Reviews 12(2), 261-262.
https://dx.doi.org/10.1007/s12551-020-00637-0

2019
8. Saito, H., Hara, K., Tominaga, T., Nakashima, K., *Tanemura, 

K.(2019). Early life exposure to low levels of permethrin 
exerts impairments in learning and memory with the effects on 
neuronal and glial population in adult male mice Journal of 
Applied Toxicology https://dx.doi.org/10.1002/jat.3882
(Featured cover)

9. Tominaga, Y., Taketoshi, M., Maeda, N., *Tominaga, T. 
Wide-field Single-photon Optical Recording in Brain Slices 
Using Voltage-sensitive Dye. J. Vis. Exp. (148), e59692, 
doi:10.3791/59692 (2019).

10. *Kajiwara R, Tominaga Y, Tominaga T 2019 Network 
plasticity involved in the spread of neural activity within the 
rhinal cortices as revealed by voltage-sensitive dye imaging in 
mouse brain slices Front. Cell. Neurosci. doi: 
10.3389/fncel.2019.00020 

2018
1. Tominaga, Y.,, Taketosh M., Tominaga, T.*., (2018) Overall 

assay of neuronal signal propagation pattern with long-term 
potentiation (LTP) in hippocampal slices from the CA1 area 
with fast voltage-sensitive dye imaging Front. Cell Neurosci., 
12:389 doi: 10.3389/fncel.2018.00389 

2016
1. Yoshimura, H., Sugai, T., Kato, N., Tominaga, T., Tominaga, 

Y., Hasegawa, T., Yao, C., and Akamatsu, T. Interplay between 
non-NMDA and NMDA receptor activation during oscillatory 
wave propagation: Analyses of caffeine-induced oscillations in 
the visual cortex of rats. Neural Networks. 79:141-149 (2016) 

DOI: 10.1016/j.neunet.2016.03.012

2. *Tominaga T and Tominaga Y (2016). Paired burst stimulation 
causes GABAA receptor-dependent spike firing facilitation in 
CA1 of rat hippocampal slices. Front. Cell. Neurosci. 10:9. 
doi: 10.3389/fncel.2016.00009
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