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—Aiming to create next generation endocrinology and metabolism—

Research at the Institute for Molecular and Cellular Regulation
(IMCR) focuses on the endocrine and metabolic systems and aims at
elucidating the molecular mechanisms responsible for homeostasis of
the living body using various experimental models, from cell lines to
animal models. We also promote the study of diseases that are caused
by defects in the endocrine and metabolic systems, particularly
lifestyle-related diseases, such as diabetes, dyslipidemia, obesity, and
cancer. As the only fundamental medical research institute on the
endocrine and metabolic systems in Japan, our institute has been highly
esteemed at home and abroad. From 2013, we established a lifestyle
disease analysis center for the purpose of “Elucidation of the etiology
of lifestyle diseases and search for molecular targets by genome and
epigenome analyses” and aim to further develop as an international
research and education base.

Our Institute was formed in 1994 from the Institute of
Endocrinology, which was originally established in 1963. When the
Institute of Endocrinology was established, there were many patients
who suffered from thyroid diseases because of insufficient seaweed
intake in Gunma Prefecture. At that time, our institute had conducted
research focusing on the role of thyroid hormones and related diseases
and had revealed the mechanisms of thyroid hormone production and
its physiological roles. Moreover, we elucidated the role of a new
hormone, motilin, that is secreted from the small intestine.
Subsequently, due to remarkable developments in life sciences, our
institute was reformed into the Institute for Molecular and Cellular
Regulation (IMCR) in 1994, in order to understand not only the
so-called “hormone research” , but also metabolic and endocrine
mechanisms in the living body from a broader viewpoint. Along with
this reorganization, we have begun research on other bioactive
substances, such as growth factors, cytokines, and lipid mediators, as

well as typical hormones. Furthermore, we have made efforts to
investigate pathological conditions and pathogenesis of lifestyle-related
diseases, such as diabetes, obesity, cancer, and chronic inflammation.
As a result, our institute was selected as the center of the 21st Century
COE Program from 2002 to 2006, and thereafter as the center of the
Global COE Program from 2007 to 2011. Additionally, since our
institute was nominated as a “Joint/Usage Research Program for
Endocrine/Metabolism” center in 2009, we are promoting research
aimed at comprehensive elucidation of molecular mechanisms that
regulate endocrine and metabolic systems throughout the body, through
active collaboration with domestic and foreign researchers and
distribution of our various research resources to them.

With the remarkable progress of life sciences, our institute is
experiencing a change towards a new era. At present, in addition to
research on endocrine hormones, such as insulin and glucagon, we are
also conducting research on novel physiological functions of
adipocytes, which have drawn attention recently, and development of
new metabolic control technology using genome editing. Additionally,
our institute has initiated the study of the relationship between brain
function and food preference and food intake, as well as the
relationship between lifestyle-related diseases and brain diseases. We
are also working on the elucidation of general molecular mechanisms
that maintain homeostasis using various model organisms. Thus, we
would like to usher in a new era of endocrinology and metabolism
research by organically linking the two pillars of “traditional endocrine
and metabolic research” and “leading basic medical research” to meet
the needs of society. We would like to contribute to the research
community, as well as focus on fostering excellent young scientists as
a joint research center. We appreciate your continued support and
cooperation for our research.
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Specific aims

We aim to elucidate the role of “stress responses” in
carcinogenesis and cellular senescence and to identify
diagnostic biomarkers and therapeutic targets in these
cellular processes.

» On-going projects

A variety of DNA- and/or protein-damaging agents derived
from the environment and cell metabolism activate diverse
“stress responses” , inducing genomic instability and cellular
senescence, which plays a critical role in tumor development
and organismal aging, respectively. Importantly, activated
oncogenes also promote genomic instability/tumor
progression and cellular senescence/tumor suppression, in a
paradoxical manner, through the “oncogenic stress
response” .

(DOncogenic stress-induced genomic instability and
cellular senescence

Oncogene-induced abnormal DNA replication and
subsequent DNA damage promote these processes through
poorly understood mechanisms. We previously reported that

Laboratory of Molecular Genetics

the “cancer chaperone” Hsp90 activates error-prone Y-family
DNA polymerases, potentially promoting genomic instability
in tumor cells. Our recent findings suggest that these
polymerases participate in the oncogene-induced aberrant
replication.

(@Heat Shock Factor (HSF) 1-mediated regulation of
cellular senescence

HSF1 transcriptionally activates “Heat Shock Response” ,
in response to protein-damaging stress. We recently found
that acute depletion of HSF1 induces cellular senescence in
non-stressed cells in a p53/RB-dependent manner.
Interestingly, HSF1 depletion also induces cellular
senescence in p53(-)RB(-) tumor cells. These findings
suggest that HSF1 regulates senescence through redundant
pathways, independently of the heat shock response.

BT DIRFRR

Oda T, Sekimoto T, Kurashima K, Fujimoto M, Nakai
A, Yamashita T. Acute HSF1 depletion induces
cellular senescence through the MDM2-p53-p21
pathway in human diploid fibroblasts. J Cell Sci 131:
doi:10.1242/jcs.210724 (2018)

Kurashima K, Sekimoto T, Oda T, Kawabata T,
Hanaoka F, Yamashita T. Poln, a Y-family translesion
synthesis polymerase, promotes cellular tolerance of
Myc-induced replication stress. J Cell Sci 131: doi:
10.1242/jcs.212183 (2018)

Sekimoto T, Oda T, Kurashima K, Hanaoka F, Yamashita
T. Both high-fidelity replicative and low-fidelity Y-family
polymerases are involved in DNA rereplication. Mol Cell
Biol 35:699-715 (2015).

Yamashita T, Oda T, Sekimoto T. : Translesion DNA
synthesis and hsp90. Genes and Environment 34:89-93
(2012)

Pozo FM, Oda T, Sekimoto T, Murakumo Y, Masutani C,
Hanaoka F, Yamashita T. Molecular chaperone Hsp90

regulates REV1-mediated mutagenesis. Mol Cell Biol
31:3396-3409 (2011)

Sekimoto T, Oda T, Pozo FM, Murakumo Y, Masutani C,
Hanaoka F, Yamashita T. The Molecular Chaperone
Hsp90 Regulates Accumulation of DNA Polymerase n at
Replication Stalling Sites in UV-irradiated Cells Mol Cell
37:79-89 (2010)
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ShAVRYTH ) LAORMEBIGICHEETH LI HFHALTVET, B
16~ D AR50 % FH O 7L O W1 As L 35 0 2 MDY £ 7Y
ST DMRLMIBL TV,

O KRBRERY VNN JEBDNAFRBELEREDOT FEROD
FREA S RIRRICEIS TR FIRRE
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Specific aims

Membrane trafficking plays essential roles not only in secretion and
nutrient uptake but also in various physiological processes such as
those involving the endocrine system, metabolic system and nervous
system and those occurring during development in animals. In our
laboratory, we study the molecular mechanisms and physiological
functions of membrane trafficking in multicellular organisms by using
the nematode Caenorhabditis elegans (C. elegans) and mice as model
systems. In addition, we study the molecular mechanisms underlying
protein-misfolding diseases, in which abnormal membrane proteins
accumulate in the endoplasmic reticulum (ER) , in order to discover
new targets for the treatment of such diseases.

» On-going projects
(DAnalysis of molecular mechanisms underlying low-density
lipoprotein trafficking in C. elegans
Low-density lipoprotein (LDL) consists of core proteins and
lipids such as cholesterol. In mammals, LDL is recognized by the
LDL receptor on the cell surface and is then taken up by cells
via receptor-mediated endocytosis. This process is important
for removing LDL from the blood and maintaining a normal level
of LDL. Interestingly, the characteristics of C. elegans yolk are

Laboratory of Molecular Traffic

quite similar to those of mammalian LDL. In C. elegans, yolk
is secreted from the intestine and taken up by oocytes via
receptor-mediated endocytosis. We are studying the molecular
mechanism underlying LDL trafficking by utilizing the advanced
genetic techniques that are available for C. elegans. We are also
studying the physiological functions of mammalian homologues
of the genes identified by C. elegans genetic studies by generating
knockout mice.

(@Analysis of physiological functions of membrane trafficking

during development

To elucidate the physiological functions of membrane
trafficking during development in animals, we are utilizing
C. elegans as a model system for the study of oogenesis,
fertilization and embryogenesis. We have identified a novel
type of developmentally regulated cortical granules in C. elegans
oocytes. We are trying to clarify the molecular mechanisms
underlying the biogenesis and exocytosis of the cortical
granules as a model of regulated secretion. Recently, we also
found that fertilization-induced autophagy is responsible for
selective degradation of paternal mitochondria and, thereby, of
maternal inheritance of mitochondrial DNA. We are now
studying these phenomena during development in mammals by
using a live imaging system of mouse embryos.

(®Analysis of the molecular mechanisms underlying ER
retention of disease-associated membrane proteins
We are studying the molecular mechanisms underlying
protein-misfolding diseases, in which abnormal membrane
proteins accumulate in the ER. We are also trying to identify new
therapeutic targets for such diseases.

BRITDIRZFMR

1) Saegusa K, Sato M*, Morooka N, Hara T, Sato K*. SFT-4/Surf4 control
ER export of soluble cargo proteins and participate in ER exit site
organization. J. Cell Biol 217(6):2073-85 (2018)

2) Sato M*, Sato K, Tomura K, Kosako H, Sato K*. The autophagy receptor
ALLO-1 and the IKKE-1 kinase control clearance of paternal
mitochondria in Caenorhabditis elegans. Nat Cell Biol 20(1):81-91 (2018)

3) Sakaguchi A, Sato M, Sato K, Gengyo-Ando K, Yorimitsu T, Nakai J,
Hara T, Sato K, Sato K*. REI-1 Is a Guanine Nucleotide Exchange
Factor Regulating RAB-11 Localization and Function in C. elegans
Embryos. Dev Cell 35(2):211-21 (2015)

4) Hara T, Hashimoto Y, Akuzawa T, Hirai R, Kobayashi H, Sato K*. Rerl
and calnexin regulate endoplasmic reticulum retention of a peripheral
myelin protein 22 mutant that causes type 1A Charcot-Marie-Tooth
disease. SciRep 4:6992 (2014)

5) Saegusa K, Sato M, Sato K, Nakajima-Shimada J, Harada A*, Sato K*. C.
elegans chaperonin CCT/TRIC is required for actin and tubulin
biogenesis and microvillus formation in intestinal epithelial cells. Mol Biol
Cell 25(20):3095-104 (2014)

6) Yamasaki A, Hara T, Maejima I, Sato M, Sato K, Sato K*. Rerlp
regulates the ER retention of immature rhodopsin and modulates its
intracellular trafficking. Sci Rep 4:5973 (2014)

7) Sato M, Konuma R, Sato K, Tomura K, Sato K*. Fertilization-induced
K63-linked ubiquitination mediates clearance of maternal membrane
proteins. Development 141(6):1324-31 (2014)

8) Tsukamoto S*, Hara T, Yamamoto A, Kito S, Minami N, Kubota T, Sato
K, Kokubo T. Fluorescence-based visualization of autophagic activity
predicts mouse embryo viability. Sci Rep 4:4533 (2014)

9) Sato M, Sato K*. Maternal inheritance of mitochondrial DNA by diverse
mechanisms to eliminate paternal mitochondrial DNA. Biochim Biophys
Acta 1833(8):1979-84 (2013)

10) Sato M, Sato K*. Dynamic regulation of Autophagy and Endocytosis for
Cell Remodeling During Early Development. Traffic 14(5):479-486 (2013)

11) Sato M, Sato K*. Degradation of paternal mitochondria by
fertilization-triggered autophagy in C. elegans embryos. Science 334
(6059):1141-4 (2011)

12) Sato M, Saegusa K, Sato K, Hara T, Harada A, Sato K*. Caenorhabditis
elegans SNAP-29 is required for organellar integrity of the
endomembrane system and general exocytosis in intestinal epithelial
cells. Mol Biol Cell 22(14):2579-87 (2011)
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Specific aims

We seek to understand the molecular mechanisms
which will provide novel approaches for the treatment
of lifestyle-related diseases such as obesity and
diabetes mellitus. Transcription factors and epigenetic
factors are the two main focuses of our study. These
factors regulate gene expression in response to chronic
changes of environmental conditions as well as acute
stimuli from outside of the body. We try to elucidate
how lifestyle affects future development of metabolic
diseases through epigenetic memory of environmental
changes.

» On-going projects

One of our on-going projects is translating multivalent
histone codes written in adipocytes in response to
extracellular stimuli or differentiation. We speculate that some
of extracellular stimuli result in the changes of concentration
of intra-cellular metabolites, which affect the enzyme activity
of histone modifiers. Thus, the certain metabolic state is
memorized as physical constitution through modulating
histone marks. We seek to establish a new technique to
re-write epigenetic memory and reduce the risk of future
development of metabolic diseases.

BRITDIRFTRR

1) Histone demethylase JMIDIA coordinates acute and
chronic adaptation to cold stress via thermogenic
phospho-switch.

Abe Y., Fujiwara Y., Takahashi H., Matsumura Y.,
Sawada T., Jiang S., Nakaki R., Uchida A., Nagao N.,
Naito M., Kajimura S., Kimura H., Osborne TF.,
Aburatani H., Kodama T., Inagaki T.*, Sakai J.*(2018)
Nature Communications 19;9(1):1566. (*Corresponding
author)

2) Regulations of Adipocyte Phenotype and Obesity by IRX3.
Positive or Negative?

Inagaki T.* (2017)
eBioMedicine 24:7-8.

3) TIR3 homomeric sweet taste receptor regulates
adipogenesis through Gas-mediated microtubules
disassembly and Rho activation in 3T3-L1 cells.
Masubuchi Y., Nakagawa Y., Medina J., Nagasawa M.,
Kojima I., Rasenick M.M., Inagaki T., Shibata H. (2017)
PLoS One. 4;12(5):e0176841.

4) Transcriptional and epigenetic control of brown and beige
adipocyte cell fate and function.

Inagaki T., Sakai J., Kajimura S. (2016)
Nature Reviews Molecular Cell Biology 17(8):480-95.

5) H3K4/H3K9me3 bivalent chromatin domains targeted by
lineage-specific DNA methylation pauses adipocyte
differentiation.

Matsumura Y., Nakaki R., Inagaki T., Yoshida A., Kano
Y., Kimura H., Tanaka T., Tsutsumi S., Nakao M., Doi T.,
Fukami K., Osborne T.F., Kodama T., Aburatani H., Sakai
J. (2015)

Molecular Cell 60, 584-596.

6) IMJDIA is a signal-sensing scaffold that regulates acute
chromatin dynamics via SWI/SNF association for
thermogenesis.

Abe Y., Rozqie R., Matsumura Y., Kawamura T., Nakaki
R., Tsurutani Y., Tanimura-Inagaki K., Shiono A.,
Magoori K., Nakamura K., Ogi S., Kajimura S., Kimura H.,
Tanaka T., Fukami K., Osborne T.F., Kodama T.,
Aburatani H.,Inagaki T.*, Sakai J.* (2015)

Nature Communications 7;6:7052. (*Corresponding
author)

7) The FBXL10/KDM2B scaffolding protein associates with
novel polycomb repressive complex-1 to regulate
adipogenesis.

Inagaki T.*, Iwasaki S., Matsumura Y., Kawamura T.,
Tanaka T., Abe Y., Yamasaki A., Tsurutani Y., Yoshida
A., Chikaoka Y., Nakamura K., Magoori K., Nakaki R.,
Osborne T.F., Fukami K., Aburatani H., Kodama T., Sakai
J.* (2015).

J. Biol. Chem. 290(7):4163-77. (*Corresponding author)

8) Research perspectives on the regulation and physiological
functions of FGF21 and its association with NAFLD.
Inagaki T.* (2015)

Front. Endocrinol. (Lausanne) 6: 147. (*Corresponding
author)

9) Transcriptome Analysis of K-877 (a Novel Selective PPAR
a Modulator (SPPARM «))-Regulated Genes in Primary
Human Hepatocytes and the Mouse Liver.

Raza-Igbal S., Tanaka T., Anai M., Inagaki T., Matsumura
Y., Ikeda K., Taguchi A., Gonzalez F.J., Sakai J., Kodama
T. (2015)

J Atheroscler Thromb. 22(8):754-72.
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IPpAVRYTEZZICEZNSEI AR TDNAYA— T 7
D—IC ko TGERPINICHiE - RS 28152 L7z (M2, 3).
F/o. ZOHEIIN A RYTDNADK T 6D A5 5 “BE
PR DAHZALTY Dol BIFERED LS ICLTHTH
KIPARYTOADEFNICE RS NA =77 TV — L
WY ZN—RENED0IEHL. 2 DB TFOWEZIT->
TWb, T, COA— 770 —2&BMTFINaARIT Dy
fiE DA BRI - EALMEROHE L HiFL TV 5,

@ ZHFRICHEESNDIIY RY A b—Y R T K DR
D DREDAN=X L\

I RYA b= RBBREI B DREER T 7 F VT OHLY
IAAEFTI AN ZALTHBEEHIC, Ml EoZHRIKOR%
T 28T Ml 5D T FNMEEDRER R A I T
LEIIL T2, 23R OZEINTXZRERZICT Y R4
b= 23— IR L L. BN HsR§ 2 —BED M & >
IR BHBERICHRERTHBEIEEZ R L (M2), 7.
CDNRICIRIEE X 2 BOKE3FE G L S F AL ETH
0. Ke3fiHE L EFF ALCRRNICH 2R F asH X 08
ZEEERUBC-13 - UEV-1Ic k> THIHE ATV 3 2 L %75
L7z (M4), BUERFRLEXF 2 H—EOWRZ(TD
EEHIC DY T FADBEDIIICL T EFF ALk
WHEALT 2D, ZDOTTF) 2T DA =X LOfEHZED T
Wb, Fle. TURYA M=V AZRHET LIRS E B L
HH. FEEMOMBEE I 2=y —aicBIF3 T R4
F = ZDFENZ DOV T IR 2175 T 5,

Specific aims

Eukaryotic cells are composed of many
membrane-bound organelles, and shapes, compositions
and functions of these organelles are dynamically
regulated under various situations. Membrane trafficking
mediates transport between them and determines the
identity of each organelle, which bases organellar
dynamics. The aim of our research is to understand the
molecular mechanisms and physiological roles of
membrane trafficking during animal development.

» On-going projects

(DAutophagy of paternal mitochondria in C. elegans
embryos

During the development of multicellular organisms, each cell
changes its nature through the remodeling of cellular constituents. In

particular, fertilization, as the start of a new life, triggers dramatic
cellular remodeling, called the “oocyte-to-zygote (embryo) transition”.
Using C. elegans as a model system, we have shown that lysosomal
pathways are transiently activated in this period and promote
selective turnover of maternally and paternally-inherited proteins and
organelles (Fig. 2). Upon fertilization, autophagy is locally induced
around penetrating sperm and selectively degrades paternal
mitochondria and MOs (sperm-specific organelles) (Fig. 3) . This
autophagic degradation of the paternal mitochondria also explains
why mitochondrial DNA is maternally inherited. We are trying to
elucidate how paternal organelles are recognized and selectively
engulfed by autophagosomes. We are also interested in the
physiological and evolutional significance of this autophagic
degradation of paternal organelles.

(®Endocytic degradation of maternal membrane proteins
in C. elegans embryos

In addition to autophagy, endocytosis is also upregulated after
fertilization and downregulates maternal membrane proteins through
the multivesicular body (MVB) pathway (Fig. 2). We found that
K63-linked ubiquitination of the substrates is involved in these
processes (Fig. 4). We are trying to elucidate molecular mechanisms
of this selective endocytosis and the signaling pathway that induces
ubiquitination after fertilization.

BITDIRFAR

Miyuki Sato, Katsuya Sato, Kotone Tomura, Hidetaka Kosako,
Ken Sato.

The autophagy receptor ALLO-1 and the IKKE-1 kinase control
clearance of paternal mitochondria in Caenorhabditis elegans.
Nature Cell Biol. 20:81-91 (2018)

Aisa Sakaguchi, Miyuki Sato, Katsuya Sato, Keiko
Gengyo-Ando, Tomohiro Yorimitsu Junichi Nakai, Taichi Hara,
Ken Sato, Ken Sato. REI-1 is a guanine nucleotide exchange
factor regulating RAB-11 localization and function in C. elegans
Embryos. Dev. Cell 35:211-221 (2015)

Miyuki Sato, Ryosuke Konuma, Katsuya Sato, Kotone Tomura,
and Ken Sato. Fertilization-induced K63-linked ubiquitylation
mediates clearance of maternal membrane proteins.
Development 141:1324-1331 (2014)

Keiko Saegusa, Miyuki Sato, Katsuya Sato, Junko
Nakajima-Shimada, Akihiro Harada, Ken Sato. Caenorhabditis
elegans chaperonin CCT/TRIC is required for actin and tubulin
biogenesis and microvillus formation in intestinal epithelial cells.
Mol Biol Cell. 25:3095-104 (2014).

Miyuki Sato and Ken Sato. Maternal inheritance of
mitochondrial DNA by diverse mechanisms to eliminate paternal
mitochondrial DNA. BBA Mol. Cell Res. 833: 1979-1984 (2013)

Miyuki Sato and Ken Sato. Dynamic regulation of autophagy
and endocytosis for cell remodeling during early development.
Traffic 14:479-486 (2013)

Miyuki Sato and Ken Sato. Degradation of paternal
mitochondria by fertilization-triggered autophagy in C. elegans
embryos. Science 334:1141-1144 (2011)
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@ BEBHBRICHIF D1 AV FRAIBOIHES

A AN R A HOEESER L . A X W BRI T Y 7L & A WMSBHEK
MBS 2T % & RS E T O R OMIIN B RE X — Rk T3 2 <.
RN 5 O PREERMI B 05 T ORI I TH D L 2 il
L7z (Traffic 2008) . %7z, A > A VERBICRIET 20 & L THE
L7z Granuphilin fJ\ HiiRfk GTPase Rab27a/b 55 LT, A2 A
SRR 2RISRy F 2 /8B L L HIC, ROWERE SIS % R
W92 2 &, &5, GranuphilinZ&de Ky £ 7EEDF / #iG%
57512 L7z  Biol Chem 1999, 2004, 2011; Mol Cell Biol 2002a;
J Cell Biol 2005; Sci Rep 2016; K1) , %7z, HlORab27—7 =7 X —
DA AR RO Ok 2 2B THRE T 2 & R R L7: (M
2) o BURMICIE. Noc2h3, Rab27DiEh cRab2& Hi5G L. R DK
LR MR #FHET L T\ 5 2 & (J Cell Sci 2017) . Exophilin-84%

< IR % BEE T 7 F RIS HIBE T 2 S RIS . AR A T o T e
@%5*17‘—)1/’211:/1712?5{3%' |33 % & (Mol Biol Cell 2011; Elife
2017) . Exophilin-7%5, #ilafEc K v F 2 7L Tk s b Bk OB
WHCEE 53 % 2 & (Mol Biol Cell 2013) . ¥ Thb, 5. Thbiy
TR A A RRLE L HICHMADBERE L . BRI T O]
PHEAMERBISRIC L0 . MEABEM 2 8L Tt %, 7. A AV
5yl % T 2TV OBR & Z DIERS O 17> T %,

@ BMEs B HEICH 1 DRab27a/bB L UZDI T Y
4 — Exophilind{22
F7ebid. Rab27a/bB L 0% D7 =7 Z— Exophilin7 7 3V —

Fh3. RTINS FE B L . TR AR THRBEL T % 2 & 2]
5h2 LT 3% (FEBS Lett 2002; Mol Cell Biol 2002b; Mol Biol Cell
2007a), FZB%. Rab27a¥ & tfGranuphilinid. B MINIIC I 1) % %
WC&BA DAY o3y 7 FVOERNTH Y BUK FRIC B TR
N7 {TE) Z 6t 3 % 2 & (J Clin Invest 2005; Cell Metab 2006; Cell
2012). Exophilin-4(3. 27 v a— ZFHC T L CREB M & (339 0D 43
RISZ 7 B afifa T 27V A T R OMITIRE R v ¥ > 7542528
(Mol Biol Cell 2007b). % Eh3bh o7z, HAE, Rab27a/bZ D7 =
7 R—DE AR~ T 2% T, IV W O R HS, AR
RAASHHEACAE S 2 008 7 VL F —R, WA, B2 7 & 04 BB Ao
BWRRBIC RE TR E RN TS (M3),

® fREEESILEMZRUE. FERR - IEmORE PRI
e bd. FR OB ENEERX 2RI BRI € T OVAKita~ D AT,
AN 2DY AT A VKD T a Y RIS . AT-BTRID Sy
FNT ZNVT 4 REEGHBIRENTIC, A VAV DSl ks 2
Ex#FEFLL T3 (J Clin Invest, 1999; Diabetes 2003), Z D F1 LI,
JiiE B AL 53 W BEHE (2 35 1 2 /NI (o R BRGS0/ NI AR A S L A D EE g
PEZHE Lo b DT, FkOA > A VAT EE D e MrEYURE
PRI DIEINE 7 2 L ) FRDIEBRT & s o7z, Zo. DR TEMEREIR
I - M~ ™ ADBAREINENTIC LV Z OMIPEE - AT - A > 2D Al
70 & R T 28 A F O Yk BJRAEERL 2 55 & L (Diabetes 1999;
Mamm Genome 2006). TGFB type [ Z &K D 1 D, ALK7#EAZ T D
A % [ 58 U 7zo A7 113, Smad2-47% 7 L T g i fll il oo 15 5 1K 1
C/EBPa &PPAR Yy Z#IIi L. MR BTl iz ank L. 1§
B 2RISR 224925 2L %#F L7 (Diabetes 2013;
Adipocyte 2013; [X4), 7. ALK7ZiGMHEALT 2 4> RORESR, Z
O EEHINERIEIAE %W L7 (Diabetes 2018), ALK7> 7' F )L
FOREZR T AU, IRl 2/ N b d 2 2L ic k> T Ec S

RAHDREIERIEA BN T E 2 DI,

Specific aims
1) Physiological mechanism of regulated exocytosis and its disorders
We investigate the roles of the small GTPase, Rab27a/b,
and its effector proteins, exophilin family members, in
regulated exocytosis, particularly that of insulin granules in
pancreatic beta cells. We are investigating the molecular
mechanism of insulin granule exocytosis by multiple ways
using biochemical, physiological, genetic, and morphological
approaches. We also study in vivo function of Rab27 and its
effectors using genetically engineered mice, focusing on the
metabolic and immune systems.
2) Genetic analysis of diabetes and obesity in rodent models
By clarifying the genetic alterations that are responsible for
diabetes and obesity in rodent disease models, we
investigate the molecular pathogenesis of pancreatic -cell
dysfunction and abnormal fat accumulation.

» On-going projects

1) Morphological analyses of secretory granule trafficking, such
as docking, priming, and fusion, in living cells by confocal,
total internal reflection fluorescence, super-resolution, and
electron microscopy.

2) In vitro and in vivo functional analyses of the small GTPases,
Rab27a/b, and their effectors, exophilins, in regulated
exocytosis.

3) Effects of impaired Rab27 systems on the pathogenesis of
immune, respiratory, and skin diseases.

4) Molecular mechanism of adipose fat accumulation in obesity,
especially focusing on the role of ALK7 and its ligand.

BT DEAFIRER

Bu Y, Okunishi K, Yogosawa S, Mizuno K, Irudayam MJ, Brown CW,
and Izumi T : Insulin regulates lipolysis and fat mass in adipocytes
by upregulating growth/differentiation factor 3 in adipose
macrophages. Diabetes 67:1761-1772 (2018).

Fan F, Matsunaga K, Wang H, Ishizaki R, Kobayashi E, Kiyonari H,
Mukumoto Y, Okunishi K, Izumi T.: Exophilin-8 assembles secretory
granules for exocytosis in the actin cortex via interaction with
RIM-BP2 and myosin-Vlla. Elife 6: e26174 (2017).

Matsunaga K, Taoka M, Isobe T, Izumi T.: Rab2a and Rab27a
cooperatively regulate the transition from granule maturation to
exocytosis through the dual effector Noc2. J Cell Sci 130: 541-550
(2017)

Mizuno K, Fujita T, Gomi H, Izumi T.: Granuphilin exclusively
mediates functional granule docking to the plasma membrane. Sci
Rep 6: 23909 (2016)

Wang H, Ishizaki R, Xu J, Kasai K, Kobayashi E, Gomi H, Izumi T.:
The Rab27a effector exophilin7 promotes fusion of secretory
granules that have not been docked to the plasma membrane. Mol
Biol Cell 24: 319-330 (2013)

Yogosawa S, Mizutani S, Ogawa Y, and Izumi T.: Activin
receptor-like kinase 7 suppresses lipolysis to accumulate fat in
obesity through downregulation of peroxisome proliferator-activated
receptor y and C/EBPa. Diabetes 62: 115-123 (2013)
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Laboratory of Integrated Signaling Systems

(B &

IEBEDOH SEIFEHDOMRED SiERENTLDH. INSOMEiRIEL
J70vIDKIE EODSTEDO—ERE" TIFFEW, HRIFELIC
BERIRLEL. BLOBRZERENEY 5 S TEEICHEBNICSIS
DB WREZSHEL. CNICKDBYISHEEEZFRET 5. CDKDE
HRRDRICIH UTcRDEWVIC K DT hSIEDRZEEPIERENRTENT
BH. ZTOWHEE. BRFEEERDHEST. HBAPHERKRIEEELD
REDFRAEICEAD D, ADEFTIE. TOXDE [EMEFRICHST D
RORTEBELEZNICIHUIIRDEV] 232X 2. RADDFVAT L
DR - B7ZEI{TOTVD. Fle. COMRZERBE UTHRERED
RFEBEREL TV,

»IREETROTOY I b

O IR MRE, KBYRE. DAICBIFDY VELEERENLKD
FERERRERE . TNZEEE L LICAEEDRFE

Nemo-like kinase (NLK)(&. Bj¥fE %2 TR1FI NI X808
VIBAEIER TH Do Fo B (E, MRHE B MM Z 7o Tic LY
Wnt/B -catenin 7" F )LV Ol #I K -F & L TNLK% ¥ i L (Meneghini,
Ishitani et al., Nature 1999a; Ishitani et al., Nature 1999; Ishitani
et al., Mol Cell Biol 2003a; Ishitani et al., Mol Cell Biol 2003b),
PR204EE < e L TNLKOWFFE 2 ki L TV 2, Ric, fkfiia o i
BIZ B 1 B NLK DR % i gt L. NLKASWnt/ B -catenin 7'+
U7 e U Tt i e O #2292 & (1 : Ota et al.,, EMBO
J 2012a) . Notch 7" )v % Jifil U C ks i SEHH e oD il e 53 1L
% £ 9 2 & (H2; Ishitani et al., Nat Cell Biol 2010; £ fii #& fii r]1) .
NLKA S 3 B H ] 7T 5 % PaxillinPMAP1B% ) » (b L T g
B EZMET & %25 H12 L7z (shitani et al., J Neurochem 2009).
% 7z NLKO G Hil S 1S o i At 2 171 . NLKANGFSEGF. Wnt-3a
ORI &> THEMALT 2 L. NLKWIREX A v— B L Z Uit
SHCY VLR TEMEIET 2 2 2HA D2 LIz (X3; Ishitani et
al., Mol Biol Cell 2011; Ota et al., EMBO J 2012), 3 2 [® 3
FWF9E S ZRIETHTH Y., BIEFZ T, NLKOH 72 2 16 P Hl i 4 1
DP1. WiplZ W (3 (Kim et al., EMBO J 2012b; Cho et al., BBA
2017), 7z NLKD I EE O EE LIcb 2 2L b F AL Sa
et al., Oncotarget 2015),

JEAE, NLKDS DS A O TEMEAL R ARSI (RY 2V & L 29K) OFE
JEZ M2 CEDHELICE Y DDOH S ([4), 7z, NLKIER
HBHE S TFoxo% ) VL L THEMERIHId 2 2L LIS TEY.
NLKOHE R B OBLEDSHIfF S T3, L LAh s, IThb B
BT ENLKOBEREDFEAM I ARMHTH %, F72. NLKOWEED A 21
S ODBARRY TN E I REIIETEL RNV DHED, ZD LD
BEANIARMNL TH D, 2T TR T A 2002 I 245, R,
DA BT BZNLKOBEREMEN] & . NLKIGME R & 226l - 7208
PBIRTRE O 2 DTV 5,

@ BEONAMRRAZEZ R BAREZINFIT S [EEMEk

FRO AT L (EEERRES)] DR

PR B O TR EWICHE T2 VML TH Y., Mk
XFUCHISEE DR T ) M. & VISR Oy T ) Hille % Bk
KT&%, K LR RasiGTE Lz £ 23 A DT E 7 2 SR
BORFET L. AL BIERMIE BT L THlE Lo Tl 5 HE
Frahz, ZoL5%I e b, MBI A% 7T S 37 Sl
%L 2. Friceflif o R > AT LB Z5R TS, Ll
B35, MG & AN S IEFHMEDT] &0 BT TONEER
EATOS Y, VEMPYREYIFE LIS T 2B 35 X 0 il
ATOR, BTebid, €757 4w v afliofe A A= 2 Zic &
0. MlBEE S EWALE a5 Ao A N R A (EEE) 2% 2 T0
52 ERFEHL. BUEZDHMAR A=A LZRNRT D, £72—)T.
Al B 75 DWE & 3 ATELEDBIRIC DOV T UL TV 2%,

® @EFEIETO0IS LDERE. ZNZEERUCEREMLEH
S T00(0)F 5k
Z—a4 XF )7 4 v¥a (Nothobranchius furzeri) (X5) (ZfiH
R I O Tl b RIE (R MW ACRZRIMM THMm 3~ H) T
HY. BAMTEOF 122 ET IV E L TCEETEHESMODOH B, Fhitebid.
B—aA4 XXV T4 v>azHOT, (1) BHEIIOLEGORES ZHE

T HRADMINL, 7T DlER, Zhzediite Lz (1D R mEfE
hiobFEZHiEL TV 5,

Specific aims

In our body, cells recognize its position and roles via cell-cell
communication and behave appropriately. Such cell behavior
supports tissue morphogenesis and homeostasis, and its
dysregulation is involved in a variety of diseases, including
cancer and diabetes. We investigate the molecular basis of
cell-cell communication and behavior in animal body, using in
vivo imaging, molecular genetics, molecular and cell biology,
and biochemistry.

» On-going projects

1) Cell competition and its roles in animal development and
cancer.

2) Function and regulation of nemo-like kinase (NLK) in cancer,
metabolic diseases, and neurodegenerative disease.

3) Aging Research using small fishes.

BT DIAFR

Abe K, Shimada A, Tayama S, Nishikawa H, Kaneko T, Tsuda S, Karaiwa A,
Matsui T, Ishitani T and *Takeda H, Horizontal Boundary Cells, a Special
Group of Somitic Cells, Play Crucial Roles in the Formation of Dorsoventral
Compartments in Teleost Somite. Cell Rep. 2019;27:928-939.

Ueda Y, Shimizu Y, Shimizu N, Ishitani T and *Ohshima T, Involvement of
Sonic hedgehog and Notch signaling in regenerative neurogenesis in adult
zebrafish optic tectum after stab injury. J.Comp. Neurol. 2018;526:2360-72.

Watanave M, Hoshino C, Konno A, Fukuzaki Y, Matsuzaki Y, Ishitani T and
*Hirai H, Pharmacological enhancement of retinoid-related orphan receptor
a function mitigates spinocerebellar ataxia type 3 pathology. Neurobiol Dis.
2018;121:263-73.

Kulkeaw, K., Inoue, T., Ishitani, T., Nakanishi, Y., Zon, L.I., & *Sugiyama,
D. : Purification of zebrafish erythrocytes as a means of identifying a novel
regulator of haematopoiesis. Br J Haematol. 180, 420-431. (2018)

“Leong, K.H., Mahdzir, M.A., Din, M.F., Awang, K., Tanaka, Y., Kulkeaw, K.,
[shitani, T., & Sugiyama, D.: Induction of intrinsic apoptosis in leukaemia
stem cells and in vivo zebrafish model by betulonic acid isolated from
Walsura pinnata Hassk (Meliaceae). Phytomedicine. 26, 11-21. (2017)

Cho, S.J., Cha, B.S., Kwon, O.S., Lim, J., Shin, D.M., Han, D.W., Ishitani, T.,
Jho, E.H., Fornace, A.J., & *Cha, H.J.: Wipl directly dephosphorylates NLK
and increases Wnt activity during germ cell development. Biochim. Biophys.
Acta. 1863, 1013-1022. (2017)

Kim, W., Khan, S.K., Gvozdenovic-Jeremic, J., Kim, Y., Dahlman, J., Kim, H.,
Park, O., Ishitani, T., Jho, E.H., Gao, B., & *Yang, Y.: Wnt/B-catenin and
Notch signaling repress liver tumorigenesis. J. Clin. Invest. 127, 137-152.
(2017)

Masuda, T., & * Ishitani, T.: Context-dependent regulation of the S -catenin
transcriptional complex supports diverse functions of Wnt/f-catenin
signaling. J. Biochem. 161, 9-17. (2017)

Shimizu, N., Ishitani, S., Sato, A., Shibuya, H., & *Ishitani, T. : Hipk2 and
PPlc cooperate to maintain Dvl protein levels required for Wnt signal
transduction. Cell Rep. 8, 1391-1404 (2014)

Delgado, E., Yang, J., So, J., Leimgruber, S., Kahn, M., Shin, D., Ishitani, T.,
Wilson, G.M., & *Monga, S.P.: Identification and characterization of a novel
small molecule inhibitor of B-catenin signaling. Am. J. Pathol. 184,
2111-2122. (2014)

*Wada, H., Ghysen, A., Asakawa, K., Abe, G., Ishitani, T., & Kawakami, K.:
Wnt/Dkk Negative Feedback Regulates Sensory Organ Size in Zebrafish.
Curr. Biol. 23, 1-7. (2013)

Ota, S., Ishitani, S., Shimizu, N., Matsumoto, K., Itoh, M., & *Ishitani, T.:
NLK positively regulates Wnt/ B -catenin signalling by phosphorylating LEF1
in neural progenitor cells. EMBO J. 31, 1904-1915. (2012)

Shimizu, N., Kawakami, K., & *Ishitani, T. : Visualization and exploration of
Tef/Lef function using a highly responsive Wnt/ B -catenin signaling-reporter
transgenic zebrafish. Dev. Biol. 370: 71-85, 2012
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(fHRT—~)
R BNBROFIISFIEA N X LOBRBAEAREEDREF

(B &

B2 BHRREIEEREIMROKERRL. BRRCXIRUv IR
O—LDRREFEDTENHENTNE T e BDIRFETIE. #EL
HHIHOBR LD, INSOBRREEMROESMETFOL DL
T AFUNIVTOE#EZRRELTVNE T, &<IC BIEFHEYIR
ERETDIEICKD. BEEYZ, BV IFIVL A—FT7I—0D
BRDS. TOEEEMTREBEOSEHRACHOESITT. INSOE
RN 7ZREE U, MRDIMICIEFEAEX I = X LDER & SIS
BEEDRFEZEIELE T,

»IREETROTOY I b

O BB HMREDFEE - B - B bh S H T HERR D

RS 23 TS AT NS WD AL B0 Z DB 8 13, b
fCHHERFICTEETH Y. ZOWREEZN WO T - /- (bHkS & B
MEDH 2. BHINIPPPHIIEZ X b e Lz, BNy - Bt
DA J =L LN 238 LT, BERIROFEREFERE AR & FEA R OBIYE I
LA

@ EFZIERICHITDHEERY JF)LDOEENRZER

i b5 > AR =X —% 1 L CHBINAMC 5% S B Hligh 1 4 > (3.
Bz e ateRE 2 I T2 2 7 F Ve LTHRET 2 Z SIS IR >
TE, BrBIE, =—5 A - ZFoa EEREO A E G T & LT
EHEENTVAZipI 3RO E et ZaIcHlEd2 e Z2RHL
(Fukunaka et al. PLoS Genet 2017). Z Ol A A7 = X LD iR
WYFATO S, High N T AR—Z =2 1S, LR ENICS T
Ll > 7 F N DRLEIREIHIC Pk A7z,

@ EEFEERICHBIIDHF— T 7 I —DHERERRT

W AT A — b 7 7 O —FBIC b HDOBA R TAtgTZ RIET 27T A
3. RO ENEA > 2 Do R, SR EAMRICK TS
B At bk D AR BG N A 4= 7 E B PRI IS RN 2 RBIR % 79 (Ebato
et al. Cell Metab 2008), FiliasicIF 24—~ 7 7 P —DHREA 4D’
EHTORRNRMORE 2 R TR DH L, A— b7 7P —DH
I B ARG EEIR DR RE AR IS HR ATz

Our research

The dysfunction of pancreatic B cells and brown adipocytes
can cause diabetes and metabolic syndrome. Our goal is to
elucidate the molecular mechanism involved in the maintenance
of homeostasis of these higher-order function cells, which is the
key to glucose metabolism. We aim to elucidate the mechanism
of cellular homeostasis, from a variety of viewpoints, including
developmental biology, zinc biology, and autophagy by
effectively utilizing genetically engineered mice. Furthermore,
using our findings from basic medical research, we aim to
establish a groundbreaking treatment for diabetes and obesity.

» On-going projects

(DResearch on the developmental biology of the endocrine pancreas
(@Functional analysis of autophagy in lifestyle-associated diseases
(®Analysis of zinc transporters involved in the browning of adipocytes

1) Fukunaka A. et al. PLoS Genet. 13(8):1006950. (2017)
2) Shigihara N. et al. J Clin Invest. 124: 3634-3644 (2014)
3) Sato T. et al. J Cell Sci. 127: 422-431 (2014)

4) Tamaki M. et al. J Clin Invest. 123: 4513-4524 (2013)
5) Ebato C. et al. Cell Metab. 8:325-332 (2008)
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Hara A, Nakagawa Y, Nakao K, Tamaki M, lkemoto T, Shimada M,
Matsuhisa M, Mizukami H, Maruyama N, Watada H, Fujitani Y.
Development of monoclonal mouse antibodies that specifically
recognize pancreatic polypeptide. Endocr J. 66:459-468 (2019)

Miura M, Miyatsuka T, Katahira T, Sasaki S, Suzuki L, Himuro M,
Nishida Y, Fujitani Y, Matsuoka TA, Watada H. Suppression of
STAT3 signaling promotes cellular reprogramming into
insulin-producing cells induced by defined transcription factors.
EBioMedicine 36:358-366 (2018)

Fukunaka A, Fujitani Y. Role of Zinc Homeostasis in the
Pathogenesis of Diabetes and Obesity. IntJ Mol Sci. 19(2). pii: E476
(2018)

Uesato T, Ogihara T, Hara A, lida H, Miyatsuka T, Fujitani Y,
Takeda S, Watada H.

Enhanced Expression of the Key Mitosis Regulator Cyclin Bl Is
Mediated by PDZ-Binding Kinase in Islets of Pregnant Mice. J
Endocr Soc. 2:207-219 (2018)

Fukunaka A, Fukada T, Bhin J, Suzuki L, Tsuzuki T, Takamine Y,
Bin BH, Yoshihara T, Ichinoseki-Sekine N, Naito H, Miyatsuka T,
Takamiya S, Sasaki T, Inagaki T, Kitamura T, Kajimura S, Watada
H, Fujitani Y. Zinc transporter ZIP13 suppresses beige adipocyte
biogenesis and energy expenditure by regulating C/EBP-8
expression. PLoS Genet. 13(8):e1006950. (2017)

Yamaguchi H, Arakawa S, Kanaseki T, Miyatsuka T, Fujitani Y,
Watada H, Tsujimoto Y, Shimizu S. Golgi membrane-associated
degradation pathway in yeast and mammals.

EMBO J. 35:1991-2007 (2016)

Watada H, Fujitani Y. Minireview: Autophagy in pancreatic S-cells
and its implication in diabetes. Mol Endocrinol 29: 338-348 (2015)

Sasaki S, Miyatsuka T, Matsuoka TA, Takahara M, Yamamoto Y,
Yasuda T, Kaneto H, Fujitani Y, German MS, Akiyama H, Watada
H, Shimomura I. Activation of GLP-1 and gastrin signalling induces
in vivo reprogramming of pancreatic exocrine cells into beta cells in
mice. Diabetologia 58: 2582-2591 (2015)

Shigihara N, Fukunaka A, Hara A, Komiya K, Honda A, Uchida T,
Abe H, Toyofuku Y, Tamaki M, Ogihara T, Miyatsuka T, Hiddinga
HJ, Sakagashira S, Koike M, Uchiyama Y, Yoshimori T, Eberhardt
NL, Fujitani Y, Watada H. Human IAPP-induced pancreatic beta cell
toxicity and its regulation by autophagy. J Clin Invest 124:
3634-3644 (2014)

Yamamoto E, Uchida T, Abe H, Taka H, Fujimura T, Komiya K,
Hara A, Ogihara T, Fujitani Y, Ueno T, Takeda S, Watada H.
Increased expression of ERp57/GRP58 is protective against
pancreatic beta cell death caused by autophagic failure. Biochem
Biophys Res Commun 453: 19-24 (2014)

Sato T, Iwano T, Kunii M, Matsuda S, Mizuguchi R, Jung Y,
Hagiwara H, Yoshihara Y, Yuzaki M, Harada R, Harada A. Rab8a
and Rab8b are essential for several apical transport pathways but
insufficient for ciliogenesis. J Cell Sci 127: 422-431 (2014)
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(B &

FErR R B DREEE S LT, #ERCHII2Y I FIVEEPR
BEEDZOFEEHREBE UV TCERESTNEUHH Ulc, T TERNIFE
FIBHROZHIDEDIRIED 1 DOYIDOE U THEBRERZEIEA . FHEiH
fRZE—DDETIVELTHREREY JFIVEARIET DI E. TDKRD
B IFIVEBEDEESNESIE. BV IFIVEERT DEEIEEH
ROBHREARIRMEREICED 3D EEZATVET COKIFERH
ERPZRICARZE LTc iR 2 - IREZMAS SO NI ULIE MY
A= 3FIVIT—FTHE L TVE T,

»IREETROTOI I b

[Project 1] #&#RZBICH T DXHHEMOBERS KTRBHEIEICED
<EFMEEEBEMORIL « K- i B oS FREA e LT,
HIFREIE D > F 7 2 &S WS (35 0 B BiEE - AL - /ME A L 2
PEHSILOH TV E T, 22 TEBBEZ N AR EW %2 > 7 A
LAV ODRGIE TR 2 Bl o Al PRI L £ 3, BRI, A
M 2 EI OB RIS H L7z Cell-based 74 Zb—F v MK
BAALEIA L ) == 72 T > R EIHSR IR A S 220 B th
SRIPSHilaZ O TITH 2 &, ThHDAZ V== TR E Y
T —REISAD A i %@ LT, £V Druggable & X —%"w | %
ET A&, PUBBEHEY % in vivo IS BV TRILID 2 6 il
ARXA=I 2 THETHRIEL, A2 ) == 7 TROLESh Ly MO
B2 MIE LB THRET 228 T, ANV AMEMEICL 225
T IoRF—E LT - SR 2 2. 2 LTl BB b L ARG E
VI 2 8 e > 7 AREE R %2 e R e 27 ) —= >
I35 LT FBOABEENARFET 2 2D T T,

[Project2] ¥+ T RMELEEEDRTiRA XA—I Y THilizERAWN
IERERBET IV D RICHI(T HEEBEMEEOROTRIL - fx ol
ATH2 in vivo 2 FINRBEMEIC X 2 48> T AL A—=22 71%
JERCHNRITETT DL, P F T ALTE ORI TE ., KR
RETHAIALORIWNEET T, 2 TREBRL /-2 7 A% 2 R
(A R AR S B HRDCEZIE S F T AT a— T DR &> T T,
ZOFO—=TI&kB Y F T ATy L F T O E K 2 T LT 5 2
L EBIIR YT ENI Y F T AE SRR I &2 5 & T,
EXMHERE & > 7 2L ORI DOWLT R AU 2 TFFRIC B L T
%9 (Hayashi-Takagi A et al, Nature, 2015), B, 2D
AS-PaRacl ZHE L. &5ESF T AW () - BIWOR) . 2+ T A%
ARG () D 3 TR LI, B~V OBREN a7 M7 A
EORFEICHETFL TV,

[Project3] #ERRREAEMREBDREERZHIEHT 25 FEEOMREH :
BEPRS & R R B O OHAIE & E b 2202 2 BIEIC W THEER
T, 2 2 THMAERN & O #E2 7- RIROMIE7E S ET L TO £,
CAUIKEW - ZEIC IS~ 7 ADTTEY - (NHMREZ 2405 =X — L,
i & RS RE O R O EAE NS H L 7 LW 2 A T OWISE T, Itk
ICRBRED 2V FIERBEHEBT TR L /e A A= 2 72707,

Specific aims

Drug discovery in neuropsychiatry has been limited to chemical
modifications of compounds originally discovered
serendipitously. Therefore, more mechanism-oriented strategies
of drug discovery for neuropsychiatric disorders are awaited.
The deterioration of the neuronal circuit has attracted attention
as the pathophysiology of these disorders, and aberrant
responses against the stress, such as oxidative stress, is now
being considered as a possible causal signaling in these
diseases. Thus, we aim to elucidate the disease-relevant
signaling pathway by utilizing state-of-art imaging technique,
eventually challenging to identify a novel therapeutic target for
neuropsychiatric disorders.

» On-going projects

[Project 1] Examination of neuronal stress response for the drug

Laboratory of Medical Neuroscience

discovery of neuropsychiatric disorders: We are performing the high
throughput in vitro screening system as well as in vivo 2-photon brain
imaging of disease model so that quantitative measurement of the
synaptic deterioration and stress-related metabolites are now being
investigated. Together with behavioral assessment, we aim to identify
a novel therapeutic target for neuropsychiatric disorders.

[Project 2] Visualization of the disease-relevant neurocircuits in the
neuropsychiatric model mice: Thus far, the links between synapses
and brain functions have been largely correlational because of lacks of
a technique for manipulating individual synapse. Therefore, we are
engineering a novel synaptic optoprobe AS-PaRac1 to challenge the
causal relationship between synapse and higher brain functions.
AS-PaRac1 specifically visualizes the recently "written" synapse, and
"written trace" can be erased by blue light (Hayashi-Takagi A et al,
Nature, 2015). This novel light-dependent tool of "Synaptic
optogenetics" should open up new areas of brain research, and by
extension, shed light on the neural networks that determine who we
are.

[Project 3] Diabetes in the elderly is having a strong impact on
medical and economical aspects of our aging society. Psychiatric
disorders play important roles in the complexity of the pathological
conditions of elderly patients with diabetes. Although the importance of
organ interactions, such as between the pancreas and the central
nervous system (CNS) in the pathogenesis of diabetes has long been
recognized, no basic medical research has been performed to date
that aims to elucidate the molecular mechanisms involved in these
organ interactions. Therefore, in this project, we aim to elucidate the
molecular mechanisms regulating the inter-organ communication
between the pancreas and the CNS during the progress of diabetes,
and to establish strategies to overcome this problem.
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Epigenetics(TEY T %7« U ) FRIBICHES T DELEFDAA v
FTY, BAHDBIIRTETHIF (1) EFZIE(Life style)lckDTDR
AV FNEDK I EZZFERE (Disease)Z5 T T DHEHS
NCTDTE. (2) BIEFDRAAYFDAAZXLDER (3) TES
/ Lim&(Epigenome editing)lIC K DBIGFD A1 v FZRIET DA
E[RIE(Epigenetic therapy) ZlH I 2T ETY,

P IREETROTOI I b

® IEY ) LOKRE~NDOESORRH

FIALTaT e NI THEIETFOIENRLIFARLNE LX)
G T O DZALER) D2 2R EEGI SR T PO
LENTVEFZ LI, L Ladis, A OZL7Z0 TRBHTE R
VIR H D ENDPoTETVET, KFELRTICRIEY 22T 4
I ABHDLVETET ) L (AFIERE) LI AL v FBHVET, TD
AL F BBV Z DA > AT B U2 AT IR T %
PERDSHIERIL T, I NSD AL v F 2 BT 285 FOEEY
[EBRIC R 2 IR A S S I T ENb > TETVET, ZITHAR
TRIDAA Y FICHGTIEIETD /v I TN T A%ENTH &
KXY ZA4 v FORENED LS LR L UREEZ 5T hIcD
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@ CRISPR/Cas¥’/ LMESMORFEEIEY /) LMRENDILA

i, CRISPR/Cask W )53 h3 & L {2227 ) LEE S AT L hSBHFE
Sl (M2), SOYATLTIEAA RRNAL WSS LHhoRE &
A 22 5 ORNAE Cas9 & W9 DNAY W% 2 O 8 1R DS EE Y % Y b4
HIEICEVEMFTRIC ) v T MIlZERT 2 e TEFE T, BHAE
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YTz 4T 4 7 AMMBE TG 2K BT VR2ERL, izl
BOTWET, FHEICEF2@YHY. ZdD 1 DEFCRISPR/Cas’ / At
THRET VI %2 RS 2 77T 3 (Horii et al. 2014), F7-k M
BT B REUZ RN E ZFIPSHITEOE G T2 RE TSI EICLY
P TOUIPSHIIE 2 fE 3L U T F9Eic v T £ 97 (Horidi et al. 2013),
ZDEHC U TERL BT VIPSHIILE R E D SER L0 & 5
0. fEHEOITIC R o7 IEE AHROIPSHillZ 2 > ha—iv & LT
2 HONBEBINE SOOI L 2 ZHHBDE LWL OTIEFEICHH
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WEDPEARISHYTE LB TEE AL, FLREOBETO ATV
b2 Z2b3 5 e THMEIL IR ) JEHTEEE A, £ I TDNAY]IH
WPED % WO CRISPR/Cash ¥ E DRLANICHE 5§ 5 Z & 2 I L Tl a1
DAF AL BLEICHIAT 280 2L T, 2O X5 RHEICHMTE
&I LEIEAATOET,
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Specific aimes (Fig. 1)

Epigenetics works as a gene switch which is affected by life
style. We aims to clarify; (1) How life style affects this gene
switch and cause diseases (2) mechanisms of gene switches
(3) Development of epigenome editing for epigenetic therapy.

P On-going projects

Epigenome and diseases

It has been long time after starting extensive genetic analysis of
human diseases. However, some of the diseases are found not to be
caused by genetic changes rather by the alteration of epigenome
which is the switch of the genes. Aberrant changes of epigenome
caused by life style results in several diseases like diabetes. It was
also found that mutations of genes involved in the gene switch also
cause these diseases. Therefore, we study knockout mice of these
genes to analyze the effect of anomaly of the switches.

Improvement of CRISPR/Cas genome editing technology

Recently, a new technology called CRISPR/Cas for efficient genome
editing system has been developed (Fig. 2). In this system, an
endonuclease called Cas9 cleaves the target site with a short RNA
(guide RNA) complementary to the target. Knockout mice can be
efficiently made by using this system. We are improving this
technology and also use it for making disease model. There are two
ways for this purpose. One way is to just make knockout mouse with

Laboratory of Genome Sciences

this technology. And the other is to make iPS model from normal iPS
cells. This iPS model is useful for disease research because it can
exclude the genetic variances.

Development of epigenome editing using CRISPR/Cas
There is no efficient method for regulating DNA methylation of
specific genes. Therefore, it is impossible to demonstrate the role of
specific methylation in diseases and there is no epigenome therapy
for a specific gene. We are developing the epigenome editing using
Cas?9 deficient for nuclease activity.
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Specific aimes

We aim at clarifying the following topics through the use of

genetically engineered animal models.

(A) Mechanisms for metabolic regulation at the molecular level

(B) Regulation of metabolism-related genes by “metabolic
signals” , such as hormones, autonomic nervous systems
and nutrients

» On-going projects

(@ We are trying to elucidate the molecular mechanism for pancreatic (3
eta cell dysfunction in type 2 diabetes by analyzing pancreas-specific
genetically manipulated animals (Fig. 1).

(@ We are trying to clarify how “metabolic signals” regulate energy
homeostasis in the hypothalamus at the molecular level (Fig. 2 and 3).

(3 We are also investigating the molecular mechanism by which plasma
glucagon level is increased in type 2 diabetes.

@ We are searching for novel target genes and novel interacting
proteins for FoxO1 and Sirt1 by mass spectrometry.

(® We are developing a new glucagon sandwich ELISA system and by
using this method we are also re-evaluating plasma glucagon levels
in various conditions.

® We are also investigating molecular mechanism for the extra
beneficial effects of anti-diabetes drugs toward controlling body
weight and glucagon secretion.

We believe that these studies will lead to new strategies to treat or
prevent metabolic syndrome.

Laboratory of Metabolic Signal
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Specific aims

The Institute for Molecular and Cellular Regulation (IMCR)
Joint Usage/Research Support Center aims to facilitate
the collective management of common equipment and
technical support in IMCR . Also, we are working on the
research assistance for the data analysis with advanced
information processing, which is increasingly in demand.
We would like to contribute to the acceleration of the
research through technical support and experimental
assistance in IMCR.

» On-going projects

1) Collective management of common equipment
2) Facilitation of common equipment usage

3) Technical support on the advanced data analysis
4) Metabolic research in budding yeast
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Specific aims

Our lab aims to understand molecular mechanism by
which cells respond to extracellular and intracellular
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signals. We take multifaceted approach combining
Biochemistry, Genetics and Imaging to reveal
mechanisms of action of key signaling molecules such as
small GTPases, protein kinases and phosphatases.

» On-going projects

(DDeciphering molecular mechanism and biological significance
of cellular ATP homeostasis

(@Genome-wide screening and analysis of genes involved in
unconventional protein secretion in budding yeast

®A mechanism by which mTORC2 activates Rho1 GTPase
upon membrane stress
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Takaine M, Ueno M, Kitamura K, Imamura, H, Yoshida S.

Reliable imaging of ATP in living budding and fission yeast J
Cell Sci 132. (2019)

Hatakeyama R, Kono K, Yoshida S
Ypkl and Ypk2 kinases maintain Rhol at the plasma
membrane by flippase-dependent lipid remodeling after
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History
BBfi264 38 1951 March
26% 48 1951 April
27% 48 1952 April
28%F 48 1953 April
29F 58 1954 May
30&F 78 1955 July
32 48 1957 April
38%F 3H 1963 March

2007 April

2007 June

2009 June
2011 June
2013 November

2014 October

2016 April

2019 March

2019 April

The Endocrine Research Facility of Medicine was
founded in Gunma University School

First Department (Organ Functions) was started
Research Building 1 was constructed

Second Department (Functional Morphology) was started
Third Department (Experimental Biology) was started
Research Building 2 and 3 were constructed

Second Department was shifted to Department of
Biological Functions Forth Department
(Morphology) was started

Fifth Department (Physical Biochemistry) was started

The Facility was graded up to the Institute of
Endocrinology in the Gunma University

The Institute consisted of First Research Dept
(Morphology) ,Second Research Dept (Physiology),
Third Research Dept (Comparative Endocrinology)
Fourth Research Dept (Physical Biochemistry),and
Fifth Research Dept (Pharmaceutical Chemistry)

Sixth Research Department (Protein Chemistry) was started
Headquerter Building was constructed
Research Facility (Hormone Assay Center) was started

The Institute was renovated to the Institute for
Molecular and Cellular Regulation (IMCR), and Hormone
Assay Center to the Biosignal Research Center

Accepted as a Center for the 2Ist COE Program

Construction of new building and renovation of
old building were completed

The Institute was reorganized to unite Gene
Research Center with IMCR, and to change Biosignal
Research Center into Biosignal Genome Resource
Center

The Institute for Molecular and Cellular
Regulation was reorganized and a new research center,
namely the Research Center for Metabolic Signals was built

Accepted as a center for the Global COE Program

Accepted as a Collaborative Research Center for
Endocrinology and Metabolism

The Research Center for Biosignal was built
IMCR cerebrated 50th anniversary

Associated with the Gunma University Initiative for
Advanced Research (Research Program for Signal
Transduction)

Collaborative Research Center for Endocrinologry
and Metabolism was renewed

The Research Center for Biosignal was abolished

IMCR Joint Usage/Research Support Center was built
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Total Area

FREEA (RCB) ------ee 1,825m
Laboratory Building A

B (RCH) «------e 2,887m
Laboratory Building B
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EZps To Shibukawa
To Niigata N
To Mt.Akagi
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el Institute for Molecular
il and Cellular Regulation
=S
To Niigata
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= [ To Nishi-Kiryu
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Maebashi 1C V) JR Ryomo Line Maebashl Station & [T b=
To Oyama |
Taka’saki Station
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To Ueno .
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(IR EMFEHHRH 5 WM ALEEFEHRIC TRIBRTE, 272 —TH30%
a t 1 Take the JR Joetsu or Hokuriku Shinkansen Line to Takasaki Station. From there about 30 min by taxi.
CIURMELRIC TRIFBER T E, dbAN4km, /N (BEARRRIT) (CTH159.
HB3NEE T —IZTHI0R
ACC@SS Take the JR Ryomo Line train to Maebashi Station.From there about 4 km in the northerly direction.
About 15 min by bus or 10 min by taxi.
LR EMARIC THBIMEBR T =, dbAABkm, 27 > —(ZTHI155%

Take the JR Joetsu Line train to Shin-Maebashi Station. From there about 5 km in the northerly
direction about 15 min by taxi.

CRt e S EE (I TRIFE M > 2 — CT—REANT U155
By car : Take the Kan-Etsu Expressway to Maebashi Interchange.
From there about 15 min on the ordinary road.
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FAX: 027-220-8899 FAX: +81-27-220-8899

URL: https://www.imcr.gunma-u.ac.jp URL: https://www.imcr.gunma-u.ac.jp




