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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
selected as a “Joint/Usage Research Program for
Endocrine/Metabolism” center in 2010, 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
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 and mice as model systems.

» On-going projects

1. Analysis of molecular mechanisms underlying

low-density lipoprotein trafficking

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 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.

Department of Molecular and Cellular Biology

Laboratory of Molecular Traffic

2. 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.

3. Analysis of molecular mechanisms underlying
intracellular trafficking of insulin precursor

Insulin is a pivotal endocrine hormone that is secreted from
pancreatic B cells as the blood glucose level rises and acts to
regulate blood glucose. However, it is still largely unknown about
the mechanism by which a large amount of newly synthesized
insulin precursors in the endoplasmic reticulum (ER) are efficiently
exported to the Golgi apparatus. We are studying the molecular
mechanisms underlying the ER export mechanism of the insulin
precursor.
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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.

RITDIAFAR

Suzuki T, Hayashi M, Komatsu T, Tanioka A, Nagasawa M,
Tanimura-Inagaki K, Rahman MS, Masuda S, Yusa K, Sakai J,
Shibata H and Inagaki T*. Measurement of the nuclear
concentration of a- ketoglutarate during adipocyte
differentiation by using a fluorescence resonance energy
transfer-based biosensor with nuclear localization signals.
Endocr J 68(12):1429-1438 (2021).

Shiono A, Sasaki H, Sekine R, Abe Y, Matsumura Y, Inagaki T,
Tanaka T, Kodama T, Aburatani H, Sakai J, Takagi H. PPAR«
activation directly upregulates thrombomodulin in the diabetic
retina. Sci Rep 10(1);10837 (2020).

Department of Molecular and Cellular Biology

Laboratory of Epigenetics and Metabolism

Tanimura K, Suzuki T, Vargas D, Shibata H, Inagaki T"*.
Epigenetic regulation of beige adipocyte fate by histone
methylation. EndocrdJ 66(2); 115-125 (2019).

Inagaki T*. Histone demethylases regulate adipocyte
thermogenesis. Diabetol Int 9(4); 215-223 (2018).

Abe Y, Fujiwara Y, Takahashi H, Matsumura Y, Sawada T,
Jiang S, Nakaki S, Uchida A, Nagao N, Naito M, Kajimura S,
Kimura H, Osborne TF, Aburatani H, Kodama T, Inagaki T*,
Sakai J*. Histone demethylase JMID1A coordinates acute and
chronic adaptation to cold stress via thermogenic
phospho-switch. Nat Commun 19;9(1);1566 (2018).

Inagaki T*. Regulations of Adipocyte Phenotype and Obesity by
IRX3. Positive or Negative? eBioMedicine 24;7-8 (2017).

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

Inagaki T, Sakai J, Kajimura S. Transcriptional and epigenetic
control of brown and beige adipocyte cell fate and function. Nat
Rev Mol Cell Biol 17(8);480-95 (2016).

Matsumura Y, Nakaki R, Inagaki T, Yoshida A, Kano Y, Kimura
H, Tanaka T, Tsutsumi S, Nakao M, Doi T, Fukami K, Osborne
TF, Kodama T, Aburatani H, Sakai J. H3K4/H3K9me3 bivalent
chromatin domains targeted by lineage-specific DNA methylation
pauses adipocyte differentiation. Mol Cell 60;584-596 (2015).

Abe Y, Rozgie 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 TF, Kodama T, Aburatani H, Inagaki T*, Sakai J*.
JMJDIA is a signal-sensing scaffold that regulates acute
chromatin dynamics via SWI/SNF association for thermogenesis.
Nat Commun 6;7052 (2015).

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*. The FBXL10/KDM2B
scaffolding protein associates with novel polycomb repressive
complex-1 to regulate adipogenesis. J Biol Chem 290
(7);4163-77 (2015).

15



EIA RSO

Department of Molecular and Cellular Biology

FIFIRERE D ET

Laboratory of Molecular Membrane Biology

F—T—R Keywords

F—hT77I— = b3V RUP MBS EHER IHIFRE SRR C. elegans
Autophagy, Mitochondria, Degradation systems, Development, C. elegans

242 Professor

£k S<Hifc

SATO Miyuki

ARAST YT Staff

B Professor

(£ HifC SATO Miyuki
B Assistant Professor
A BEE SEKIMOTO Takayuki
B Assistant Professor
{EQR WF SASAKI Taeko
[ommiiEti=] Research Fellow

AR it NORIZUKI Takuya
BT S Assistant Technician
Fh B=x TERAWAKI Naomi
Esaisi 1= Assistant Technician
HS BB TAJIMA Mei
EBHIEES Clerical Assistant

Gt #BF KOIKE Noriko
KEBRAE (B1) Graduate Student
iz B UESUGI Rie

C. elegans M EFERRZE AL=HHARED in vivo RHT

ovary spermatheca uterus

P iy
1T "

oocytes sperms embryos

USSR

] :

prophase of meiosis | | ‘fenilizﬂiun | meiosis 11 | mitosis
26

maturation o} (65
ovulation meiosis | pronuclear
0.7) nr) fusion

")

B C elegans DEFROME. HERETERRMT 120, BMNECNNERE

OHFEEE-BRATERICRRT HILHTES.

YIY—LARROEE(CIZESBE - KRR S O 5 iE
T e

T
E =S
© MOs(IFHRET) S — LB LHS)
¥
b2

1. F—rI7o— IS LB REF A RSO

@"L;: .@. lysosomal

® 2t degradation
EL=M 0

F=rFrdv—4

2. IUFYA—LRICLDBIEMEIEHD
BIRMS AR

1-cell stage embryo

H2 BMRICEELEThIVVV-LARR. EMERICET—FI7O—ETIFY A —
AN —BHIZFEEEER, EATABRMEBRSOSRETOTNS.

F—h270—ICR B FBESFAVFUT ORGSR

> embryo

B3 +—to7P—I&dMFHEIFALFITORROSE. BALKFSIOUFUT

ABI<A— 27T — LB BRSNS TF EEE- R MM TREL:.

K63 fE B LEF FALEMLIZTUFY A b= 2Dl

ubc-13 & vev-1
L mutants
fiidid | SR ) %’n

PM
km mono-Ub
\ \I.IDC-IJ
UEV-1 .
LU |
F; .o \ recycling

e
@

N

e )

degradation

E4 TURHAb—2RIZETIIEFFEOME. BHECIE K63 BELEXF LN
BElEh, BFCHETIERHEERSL A AOROFREMBLTLS.

(B &

EFIVEYTHDIERC. elegansZAWVNTIY R A h—
AR =T 7 I—DHIAIANZALZEETDEEDIT,
INSUYY—LDRROEMERICH T DEIEEEEZRS
ncT %,

pIREETROTOY I b
1. =bI779—=ICLBDRXES NIV RUT DRBROANZX s
F—= 77— ZME DRy (X ISP ERF VT XT) %
CTHBETHVIAATA— 77 IV —LEIBKL, VY=L
WG9 22 TNEMRDRT 2 KEESDRS AT L ThHb,
T2 IR HZBEINC BT, ZIC > TRibA Nk THIk
IPharRYTEZICEEFNEIMARY TDNAYA—R T 7
DX o TR - RS BI5 2 T L7z (M2, 3),
/o, ZONRIEZIN A RYTDNADER T 6D AR5 “BE
MBI DA ZALTHDH o7z, BUERXRMEI a2 R 7 %%
FNCFEH T 20 T A A LRI Far R 7orfio4: 8
M - AL EROMIHZ HiFL T 5,

2. SRFRICEEIND IV RYA =Y RIC KD
RS DRERDAN=X
I RYA b= M EoZH RO R ZHET§2 2 LT,
MRS D25 D 7 F MR DIEIE R XA I 2 7 %2 HIfH L TV 5,
2 TR SZ RN TR AR T R A b — ADS—BIIICTE
PAEL. ONFICHIsR T 2 —TEDATRuRS & > 7 ) 27 B SRR 12 5 fit
SNTVEZEZRELE (M2), 7o, O fRICIIFEE %>
IRTEOKEIEHF L EFF AR ETH Y, KE3FETLEFF
ANEICRRINCE S 2 FF A5G & > B G 1RUBC-13 -
UEV-LIc k> THItIShTWa3 2 250z Lz (M4), BifE
IR IR T ) T —EOHRZITHI L BT, VBT
KHA4 b= 2% WL T 22 7 FUFKICHEAL TV 5, %
oo TURYA M=V ABMETLEMMEBE L5 5
RO 2l 2= —>a B3 KA =2 A
DFENZ DO T HIRNT 21T > T 5,

Specific aims

Using C. elegans as a model system, we are interested in
the regulation of organelle dynamics during animal
development. In particular, we explore the mechanisms
and physiological roles of autophagy and endocytosis in
fertilized eggs by using genetic and cell biological
approaches.

» On-going projects
1. Autophagy 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 triggers dramatic
cellular remodeling, called the “oocyte-to-zygote (embryo)
transition”. 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

Laboratory of Molecular Membrane Biology

paternal mitochondria (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.

2. 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.
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Specific aims

Appropriate dietary balance and metabolic regulations vary with
each life stage from birth to aging. Using the fruit fly, Drosophila
melanogaster, as a model organism, our laboratory aims to
understand the basic principles of metabolic homeostasis
throughout life history. In particular, we are focusing on the
nutritional response immediately after birth, metabolic
homeostasis specific to the transition from growth to sexual
maturity, and changes in physiological functions associated
with aging. Based on these basic researches, we will contribute
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to the understanding of the pathogenesis and pathophysiology
of diseases caused by the breakdown of endocrine hormones
and metabolic homeostasis.

» On-going projects

1. Local regulation of insulin function by insulin-binding
proteins.

2. Regulatory mechanisms of glycogen and lipid metabolism
specific to maturation

3. Investigation of interorgan communication regulating
behavior and metabolism

4. Technology development for metabolome and hormone
analysis using mass spectrometry
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RETHFESFETEZREL T, 2F - HIALNILH ST DB
UNIVE THENEERZ{TV. mBD T «— RNy J(CKD., flfad
W=, EFOERICEIT Do
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1. B BHRRICHIT D1 VAV FRRIBCIHHEAE

A2 R A ROCRTRL . LR XL TY 7V 2 A LB
RantUb 28 R E RO O MM BRI —FR Tl i
725 O BE A I L 05 C ORI NS ZEFTho I e2HNLTC
(Traffic 2008), %7z, A > AV R BICJHAET 50 TLLTRELZ:
Granuphilin %%, Hig{k GTPase Rab27a/b &£&57 LT, 4> A
K M IC Ry 2 7 8B, KOG K W% — RS §2
Zk. 8512, Granuphilinz &Ry 7 EEEDF/ G2 HLh LTz
(J Biol Chem 1999, 2004, 2011; Mol Cell Biol 2002a,2002b ; J
Cell Biol 2005; Sci Rep 2016; 1), 7z, MlORab27T—7 =27 X —7h3,
A ) R B OBk 2 2l TR RE T2 C 2 RliLT: (M2), Bk
[Ficid. Noc2h3, Rab27diIHcRab2& b5 L. BRIDRAEBACTIH D
MR TV A28 (U Cell Sci 2017). Exophilin-843, /b fsik 217
BT F IS 2 LR A T o il nT e 2 JER 7 — L % 1B
K32 EHH 52 (Mol Biol Cell 2011; Elife 2017). Exophilin-74
L 78 Melanophilin 23, ffABIC Ry F2 27 UTO RO o BRI BA R
IZB5-322% (Mol Biol Cell 2013; Diabetes 2020). X Thsb, Ih
B TRy 1A A R EBIC S AL . Al T4
ST LR XY | AFRBR 2 i BUEL TRt LT %, 72, A2 AY
T E MO BRREZ DEH LD LIT>T % (Nat
Commmon 2021),

2. BMEDiEIC B PRab27a/bB L TEFDI T
4 — ExophilinD&ZEl

F7bid. Rab27a/bEB LN ZFD L7 x 7 %2— Exophilin7 7 IV —% 145,
SRR IS FE B L . SBT3 W R S TREBEL TV 2 C &2 IHADICL
TW 3 (FEBS Lett 2002; Mol Biol Cell 2007a), J2F%. Rab27ais k18
Granuphilinid. BEBMIRUC IR RICLEA A 530> 7V D
FISTHY, IR FEICB TR RN T8 2 #3228 JClin
Invest 2005; Cell Metab 2006; Cell 2012). Exophilin-4(3. Z/)va—
ZHE T U T BRI & (X35 D 53 b S s Ze s I il T2V A 3 2
DFIRIER Y 3> 712 5952 & (Mol Biol Cell 2007b). ZeEhsbho7z,
%72, Rab27a/bXZ D L7 27 X2 — D {s A B~ 2 HOT. i
Sy AR DB DS, SRR I A S LI PR 25005 7 L L ¥ —5R W 2
G E DR BEREIC R BT R ELZHNTEY (M3).,
Exophilin-5 %3, 1L-33% /T L7z R 2 Th24-A MrA > A 2 LT 5
ZEEABHNZLI: (J Clin Invest 2020),

3. REETILEMZRALE. FERR - ILEOREPREELIE
Mleb 3. ROV 2 R 3B R & TOVAKita~ 7 AT
A AN 2DY AT A VEEDTF Y UEREANER S L. AT-BT Oy
THNIZNT 4 REEEDIBIRSN IS, A A S hnlns
L#JEELL T35 (J Clin Invest, 1999; Diabetes 2003), Z D %1%,
JiE B AR 53 Wb BEBE IS 36 (F /NI (48 i BT 45 BB A o DR AR 2 | L A oD T
PEZH s L ylO b DT, kDA > ) Vil s 7B h e Mk Vb
JRIRDIRIN & 72 2 LD FERD IR & e otz o, BRSNS IR
i MG~ o ZDOMBARFIBRATIC L 0. Z OIUE I - (88 - A > 2D il
7 ERHHT 28 EF O YAk LRAEEN %55 & L (Diabetes 1999;
Mamm Genome 2006). TGF 8 type | 2% 1{kd 1 >, ALK7# {5 1D
W % ] & L7z A4y 113, Smad2-4% 7+ L T g i Al i o 15 50 1 1
C/EBPa & PPAR y Z#Iif L. #2ezEkRE I B TR i 2 Bk L. g
B cEiT 2KaE%2 1925 2L 2% E L7 (Diabetes 2013;
Adipocyte 2013; K4), 7. ALK7Z151%1L 32 &> KGDF3% [f &
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L. ARV 2 oa7 7 —JICBOTZOFEAZGHET L L%
L7 (Diabetes 2018), ALK7 7 F- )L % DOHEHE % ] 9~ 4u X, NEiH0
e /NS 2 Z & Ic & o T M L S {RE SR o1 M S0 2 1l T &
BT EMfIERG,

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, we focus on 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 in the metabolic and immune systems using
genetically engineered mice.
2) Genetic analysis of diabetes and obesity in rodent models
Based on the genetic alterations in rodent diabetes and
obesity models, we investigate the molecular pathogenesis of
pancreatic beta-cell dysfunction and abnormal fat
accumulation.

» On-going projects

1. Morphological analyses of secretory granule trafficking,
docking, priming, and fusion 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 GDF3.
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1. BBHIRADRE - BE - lOED S HTHERIRDF

BN EIC AR DO N WAL AR T %0 Z D 2@ &,
CHHERHCHITH Y . Z OWEREGN WA DOFEE - (L i & &l
BfRDH 5. BHINDAZ 59 affild, PPRIKIO A - EiniERf D X 77
Z A LDOfFENT 2 LT, Bl PRIE O FEAE A AR & PRI R OB FE I B
L7z,

2. &EFEFERICHI DI TJF VDR ERFH

Migh b o > AR—2—% v L THIBERAMCTZ L S B llish A 4 2 (&,
B2 i e # 32> 7L e L THRET 2 2 &ML D > T
&z, WRBEHE, T—5 A - X0 ZEGEREO FPGEAE T & LTHiG S
NTW5Zipl 3WENHIE O AL 2§ 5 2 & 2 WML (Fukunaka
et al. PLoS Genet 2017). Z Ofilfl X 7 = X LOfEIICHY #A T 5,
s b2 > AR—2—2 Y| TN, AWEHENIC BT 2 M8 7 Lok
BRI HE AT

3. PPifi3DEETZ0IREICT %Y —ILDREFE

JAE B A W1 212 B8 WO TR A3 AL TV B DAY Pancreatic Polypeptide
(PP) %473 2PPHIATH 5. PPHITIOBIN # D5 ThFETIC
PPAHINUC B 285 T A Y AR RGBI 2 [ HICT 5 K~ D A%
BIF T 2 L HICPPICR AT /) 7 a—F L Hiik 2% L. b L7z
(Hara et al. Endocr J 2019), EFEILFEITI7E2 0 C T, PPHIEOAEY)
ZHHIL T &,

Our research

The dysfunction of pancreatic B cells, white and brown
adipocytes, and 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 molecular mechanism of cellular regulation, from a
variety of viewpoints, including developmental biology, zinc
biology, 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

1. Research on the biology of pancreatic a, 3 and PP cells

2. Research on the functional heterogeneity of pancreatic 3 cells

3. Analysis of zinc transporters involved in adipocyte
differentiation and function

Laboratory of Developmental Biology and Metabolism

Department of Molecular Medicine
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1. & MNES[CH1F 2EpHEIaDREEC EDHEHKBDRERA

LAR 5RO 7L 2% IV TR B P B IO TS0 I &S 41
TEILIA L N EHET L OIE S S OHBII I B2 2T
B4 oT0SIEDWNIC L > TEE Lz, UM TR L MR %
VAT TEh T HE A B A TSI L TR DL BT T L OIS, MK,
iPSHifaZ £ o b b B HEE SN OB % FT 0T L MBI
DREHEL RT3 2 LT BHRORTEIRIS & UL
DI EAEEL TS 23 (2).

2. RBEHRBICBIF DNIEChREHERI DIREI DT

FEAHNZ BN TR, B—DlEd TR A SROME»HEENT 22 L
W& EMBEREZ B L T & T /e IEmRT IR 4 £ DR EIC
BTy, AR DB RAEM ML Dl 2 &1 & 2 Ml DA ELAE
W IRREIDIRICER S BT LT & d Bh7e b &, JFIESO N ALLRSA S 5
% B9 2 (ol oae. R & s REMIO M ELE I L T, fili%o
B ARZ MO T LT 29 ARSI 5 2k ds & Ui E R
DEZEWNLMICL, HileiahizfE T2 L 2HBL TV T (K3),

3. REETILEE MMCBIF B HREE DRRRERZ B DREEA

FRIC e FOIRETEL TO BRI, BIETUE YD A% E DT
FOENIHEDOATEHRMTELNIEHDHY T, Fhlebid, L DK
RETRBET NV EMATDOEIMENT Ta—F &2 EI2LY,
JRREMRINICIO Y £ ¥, o, RIPREOBHMFE N aT+Is A
BLUWREEON & . BT VOEN 2 AT HES LT, fiilk
JEIRDIyF AT = A LZWB,CLE T (K4),

Specific aims

There are many difficulties in applying basic research outcome to
clinical medicine. Especially, diabetes and other metabolic diseases are
based on interactions of many organs and are consisted of
complicated pathophysiology. We are using bottom-up and top-down
approaches to identify whole aspect of diabetes and metabolic
disorder, finally to elucidate the clues to the development of
therapeutic strategies. Areas of interest include islet cell growth
factors, cell fate determination in endocrine pancreas, metabolic
inflammation, inter-organ communication, plasticity of human islet cells,
and diabetes therapy.

» On-going projects
1. Regulation of beta-cell function and mass in human islets.
The differences in the properties of islets or beta-cells
between human and animal models are have been reported,
and demands for the research using human islets are
increasing. We employ an integrated approach that combines
human islets, human-pluripotent stem cell-derived beta-like
cells, and mouse islets for the translational research on
diabetes.

2. Role of inflammation and interorgan networks in the
regulation of metabolism.
Inflammation and interorgan interactions play crucial roles in
the pathophysiology of diabetes and metabolic diseases. We
explore the regulatory mechanisms of beta-cell functions

through the interactions with liver, fat tissue, and inflammatory
cells by using tissue co-culture system.

3. Pathophysiology of metabolic disorders in human and
animal models.

In addition to analysis of animal models (i.e. transgenic mice
or knockout mice), clinical specimens are required to unravel
the mechanism of human pathophysiology. We aim to identify
key principles of metabolic disorders by forming unified
framework that encompasses preclinical experiments and
clinical studies.
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Specific aims

Based on previous findings of microbiology, it has been cleared that gut
microbiota has a symbiotic relationship with the host through complex
interactions and plays an important role in maintaining homeostasis of the
whole body in host. In particular, metabolites derived from gut microbiota
are absorbed from the intestinal epithelium and go around the entire body
that affect not only the local gastrointestinal tract, but also major
physiological functions such as nerve system, endocrine, and higher brain
function. The intestinal epithelial cells provide a direct interface with the
intestinal bacteria and their metabolites. The direct interaction between
host epithelial cells and bacteria/metabolites causes various biological
interaction. Therefore, we aim to analyze the completely new mechanism
of host-bacteria interaction and understand the function of gut bacteria
including their link to the disease employing interdisciplinary research of
organoid technology, microbiology, and multi-omics analysis. Our final goal
is to realize the society that mucosal ecosystem can be designed freely
through finding functional bacteria acted as probiotics manner.

) On-going projects

1. Analysis of molecular basis underlying interaction
between adult tissue stem cells and gut bacteria

It has been known that complex gut bacteria communities help
essential nutritional and metabolic contributions for their hosts.
However, it is still unclear how those symbiotic host-bacteria
relationships are established. We sometimes could not analyze the
function of bacteria isolated from human feces using animal models
because bacteria have the species specificity. To overcome this
problem, we employ not only in vivo germfree mouse model but also
ex vivo organoid model which enables to culture any organs derived
from any animals such as mouse, rat, dog, porcine and human as well.
Recently, we succeed in establishment of a novel culturing system of
organoid together with anaerobic gut bacteria. In this project, we will
develop this coculturing system with incorporating microfluidics
devises to generate gut-ecosystem on the dish. Using next generation
of organ-on-chip system, we establish the methods how to design our
gut-ecosystem in free against infection disease or aging.

Department of Molecular Medicine
Laboratory of Mucosal Ecosystem Design

2. Understanding disease mechanism caused by bacteria infection

Using intestinal organoid enables in vitro culture of norovirus which
was impossible previously. We could generate not only intestinal
organoid, but also the other organ type of organoids such as lung.
Using lung organoid helps to understand the infection mechanism of
COVID-19 to identify their receptor expressing on the host cells.
Therefore, we also address the biological question about infection
diseases using the advantage of our organoid culture system,
enterohemorrhagic E. coli (EHEC) O-157 strain or colorectal cancer
related bacteria like F. nucleatum.

3. Human organogenesis using organoid culturing system

As the shapes of organs in our body are diverse, each structure is
the result of evolution to maximize the function of individual organs.
There is a long history to study organ development that the process by
which several differentiated cells are properly placed to form functional
organ. However, it is still unknown how the human organs are
developed due to their complexities or ethical concerns. Recently, we
succeed in generating organ in a dish from just an adult tissue stem
cell that are also known as organoid culture system. Therefore, we
enable to track the dynamics of adult tissue stem cells in human during
their developmental procedures. Combined the technologies of
organoid-based organ culture system and CRISPR/Cas9-based
genome editing, we aim to understand the organ development and
repair mechanism in “Human” tissues.
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Specific aims (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.

» On-going projects
1. 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.

2. 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 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.

Biosignal Genome Resource Center
Laboratory of Genome Science

3. 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 Cas9 deficient for nuclease activity.
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A ' o= KPR (WHALE) Graduate Student U AEEMU, T 52 LT K FIRIC B0 2 hbs Tok  Endoerd 67:523-529.(2020)

— e e IKEUCHI Yuichi B A 20T 5 (M2, KM3).
o Graduate Student Kobayashi M, Satoh H, Matsuo T, Kusunoki Y, Tokushima M
0 B TSUNEOKA Haruk e g — ; ; ; , ,
f f[fm?gﬂg) Graduate s,uden,aru ? 3. BaifiianHEX /=X LOEH Watada H, Namba M, Kitamura T*. Plasma glucagon levels
! HEH BF TABEI Youko B a f A B ROXO 1, Sirtl DA F A~ 2% R L. #H732%  measured by sandwich ELISA are correlated with impaired
i gﬁ?i(ﬂ%feﬁ S St ZET. INHDSTOafc BT 2 5EE 250z L, 2MpiRmIC  glucose tolerance in type 2 diabetes. EndocrJ 67:903-922.
F—7—R Keywords <o T () ot Fesearch Folow BTV A T 5 R DS ¢ 2 BEH 2 W S hc 5, (2020)
YERRR. B, )V AT B o ik SRR T ER E ZB SUGA Takayoshi

Diabetes, Obesity, Glucagon, Pancreatic alpha cell, Hypothalamus
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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

1. 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).

Suga T, Kikuchi O, Kobayashi M, Matsui S, Yokota-Hashimoto
H, Wada E, Kohno D, Sasaki T, Takeuchi K, Kakizaki S, Yamada
M, Kitamura T*. SGLT1 in pancreastic a cells regulates glucagon
secretion in mice, possibly explaining the distinct effects of
SGLT2 inhibitors on plasma glucagon levels. Mol Metab 19:
1-12. (2019)

Matsui S, Sasaki T, Kohno D, Yaku K, Inutsuka A,
Yokota-Hashimoto H, Kikuchi O, Suga T, Kobayashi M,
Yamanaka A, Harada A, Nakagawa T, Onaka T, Kitamura T*.
Neuronal SIRT1 regulates macronutrient-based diet selection
through FGF21 and oxytocin signaling in mice. Nat Communi 9:
4604-4620. (2018)

Sasaki T, Yoshimasa Y, Matsui S, Yokota-Hashimoto H,
Kobayashi M, Kitamura T*. Intraperitoneal injection of D-serine
suppresses high-fat diet intake and preference in male mice.
Appetite 118: 120-128. (2017)

Miyachi A, Kobayashi M, Mieno E, Goto M, Furusawa K, Inagaki
T, Kitamura T*. Accurate analytical method for human plasma
glucagon levels using liquid chromatography-high resolution
mass spectrometry: Comparison with commercially available

Insulin immunoassays. Anal Bioanal Chem 409: 5911-5918. (2017)
J_ 2. We are trying to clarify how “metabolic signals” regulate energy ) ) ) ) )
FoxO1 homeostasis in the hypothalamus at the molecular level (Fig. 2and 3). ~ Sasaki T, Kikuchi O, Shimpuku M, Susanti V-Y,
— T h 3. We are also investigating the molecular mechanism by which plasma Yokota-Hash} moto H Taguchi R, Shlbqgawa N, Sato T, Tang L,
glucagon level is increased in type 2 diabetes Amano K, Kitazumi T, Kuroko M, Fujita Y, Maruyama J, Lee
oot Pacuisie mtcle oo nd Y ) Y-S, Kobayashi M, Nakagawa T, Minokoshi Y, Harada A,
(6t sweera (st ) 4. We are searching for novel target genes and novel interacting ~ Yamada M and Kitamura T*. Hypothalamic Sirtl prevents
e — @ proteins for FoxO1 and Sirt1 by mass spectrometry. age-associated weight gain by improving leptin sensitivity in
Ao sson g — 5. We are developing a new glucagon sandwich ELISA system and by ~ mice. Diabetologia 57: 819-831(2014)
e Y e 4. Fomc} using this method we are also re-evaluating plasma glucagon levels
E3. BTSSRk EFRDT X% — SR E T B A D=L equato i ;mp;‘_m‘“’“ - in various conditions. Kitamura T*. The role of FOXO} in b-cell failure and type 2
BRTED—RFRETHZERE -1 —AV DB RIVEVPRERDY T+ /% H4. B4 2 L ABHIESR- 35 BFoxO1DIER 6. We are also investigating molecular mechanism for the extra diabetes mellitus. Nat Rev Endo 9: 615-623(2013)

BiFpL. R THBIEFRDAZ / VT VR/EZ 1 —OVHEE(L
N, TR EN UCRIEOREIER P BREICEWV T IRILF—THED'E]
HEND, Tfe, FRFER TEE, BIRERRZN L CRIRBRIVEV HREE
NBTETEIRIVFBBENGFIHENS, —F. EERO-1—OVIFER
HIPER L, BUCRR FERAMAETF D= 1 —OVIZBRIUEICIERY 2, N
SOERNMREET NS LT, 2HDITRVF—REDBH TN TS,

beneficial effects of anti-diabetes drugs toward controlling body
weight and glucagon secretion.

BRIl 35U\ CRoxOSKEREI L AEERHIE > FO—)LL TV, B BHRRRICE
WTIRIETE, DMEDFEIP R L ZIEHIICEID S TS, MENAZMIICHSL
T MBS EDBIREEOERIC, AR FHICHL CIERAERIDRMO LR

— I B, e, Gt S LB . N :
;ﬂ’gbﬁﬁ”&ﬁmm 8. Ffe ForOT AR PR R LA We believe that these studies will lead to new strategies to treat or

prevent metabolic syndrome.
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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 (Fig. 1). 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.

P On-going projects

1. Collective management of common equipment
We are promoting collective management of common

equipment in IMCR for further convenience (Fig. 1).

2. Facilitation of common equipment usage

We are managing a reservation of common
equipment usage in IMCR. Also, we will work on
technical supports and experimental assistance for
facilitation of common equipment usage (Fig. 2).

3. Technical support on the advanced data analysis

We are developing the foundation to enable technical
support in response to the advancement of analysis
technology (Fig. 2).

4. Metabolic research in budding yeast

For a research model using our technical support,
Ohashi aims to elucidate the molecular mechanism of
cellular responses to amino acids and the regulatory
mechanism of amino acid metabolism using budding
yeast.

BT DIRZFAR

Ohashi K*, Chaleckis R, Takaine M, Wheelock CE, Yoshida S.
Kynurenine aminotransferase activity of Aro8/Aro9 engage
tryptophan degradation by producing kynurenic acid in
Saccharomyces cerevisiae. Sci Rep 7: 12180 (2017).

Ohashi K, Kawai S, Murata K*. Secretion of Quinolinic Acid,
an Intermediate in the Kynurenine Pathway, for Utilization in
NAD+ Biosynthesis in the Yeast Saccharomyces cerevisiae.
Eukaryot Cell 12: 648-653 (2013).
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Specific aims
Cells are constantly exposed to various stimuli such as
environmental stress and nutrient sources, and if they cannot

respond appropriately to such external stimuli, they will be
damaged, leading to aging or cell death. Therefore, a detailed

understanding of the cell response mechanism is necessary for
the development of treatments for lifestyle-related diseases and
aging.

Using the budding yeast Saccharomyces cerevisiae, which is an
ideal eukaryotic cell model, we would like to clarify the molecular
mechanism by which cells maintain homeostasis of energy
metabolism while responding to various environmental changes.

» On-going projects

1. Deciphering molecular mechanism and biological
significance of cellular ATP and GTP homeostasis

2. Mechanisms and physiological roles of granule-like
assembly of de novo purine metabolic enzymes

3. Genome-wide screening and analysis of genes
involved in unconventional protein secretion in
budding yeast

O TR RS

Takaine M*, Imamura H, Yoshida S*. High and stable ATP levels
prevent aberrant intracellular protein aggregation in yeast. eLife
11: e67659(2022).

Hoshino S, Kanemura R, Kurita D, Soutome Y, Himeno H,
Takaine M, Watanabe M, Nameki N*. A stalled-ribosome rescue
factor Pth3 is required for mitochondrial translation against
?ntibi)otics in Saccharomyces cerevisiae. Commun Biol 4: 300
2021).

Morita R, Numata O, Nakano K, Takaine M*. Cell
cycle-dependent phosphorylation of IQGAP is involved in
assembly and stability of the contractile ring in fission yeast.
Biochem Biophys Res Commun 534: 1026-1032 (2021).

Ito H, Sugawara T, Shinkai S, Mizukawa S, Kondo A, Senda H,
Sawai K, Ito K, Suzuki S, Takaine M, Yoshida S, Imamura H,
Kitamura K, Namba T, Tate SI, Ueno M*. Spindle pole body
movement is affected by glucose and ammonium chloride in fission
yeast. Biochem Biophys Res Commun 511: 820-825 (2019).

Takaine M*. QUEEN-based Spatiotemporal ATP Imaging in
Budding and Fission Yeast. Bio Protoc 9: €3320 (2019).

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).
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Brief History
B EAXEESERICHBAD MR Z RS Ef265F 34 1951 March The Endocrine Research Facility of Medicine was
founded in Gunma University School
1 BPMERR L FERFEE 26%F 48 1951 April First Department (Organ Functions) was started
= | SR ET=R T Research Building 1 was constructed e o
o
-
552 BRPIF R AEERER B 27% 48 1952 April Second Department (Functional Morphology) was started
3 EBPIEYEERE R E 28%F 48 1953 April Third Department (Experimental Biology) was started
FEMFRE B IMATROIETRE T 29 5/ 1954 May Research Building 2 and 3 were constructed
25 2 ERPIE REMREE (T HERERR L 1D 30%F 7H 1955 July Second Department was shifted to Department of
= A ERPAF AR Biological Functions Forth Department
(Morphology) was started
O ERPIRNRIRTEB R E 32%F 48 1957 April Fifth Department (Physical Biochemistry) was started
BEXEESIMERS BIAZ s 38%F 3A 1963 March The Facility was graded up to the Institute of
BEAXZANDWIRRFREED Endocrinology in the Gunma University
1R FerRE=). 38 48 1963 April The Institute consisted of First Research Dept
EOTIEER (LETB), (Morphology) ,Second Research Dept (Physiology),
5 ) Foom R4S Third Research Dept (Comparative Endocrinology)
Tig:zﬂ (H:Q?QPE;:«,,Z¥)\ Fourth Research Dept (Physical Biochemistry),and
A G (Wﬂ ) Fifth Research Dept (Pharmaceutical Chemistry)
FEOMFER (FEF) EUTHRE
FEOBIMRES (EFEE) RE 41%F 48 1966 April Sixth Research Department (Protein Chemistry) was started
HTRARTTR 42%F 3A 1967 March Headquerter Building was constructed
MERZER NIV EAE T Y —=E 47%F 58 1972 May Research Facility (Hormone Assay Center) was started
BEAREATREIAZFRICSHET D T4 68 1994 June The Institute was renovated to the Institute for
MR LEVAE T Y —(F Molecular and Cellular Regulation (IMCR), and Hormone
LI YE L5 —E 1D Assay Center to the Biosignal Research Center
211t$2COET OIS Lilsa 144108 2002 October Accepted as a Center for the 21st COE Program
[EFBEROZBIREEHERIR] £15D
TREiEEsE, ETSERT 162 1B 2004 January Construction of new building and renovation of
old building were completed
RSN s S [T A (e G 165127 2004 December  The Institute was reorganized to unite Gene
AP RCFRERMERZME U, Research Center with IMCR, and to change Biosignal
MHBERIEE®RY LY — A 9—ED Research Center into Biosignal Genome Resource
MBS E T 5 —(FELE Center
B SRR SRENR 7P (DCHE 19 48 2007 April The Institute for Molecular and Cellular
MERHY I IR Y —%5%E Regulation was reorganized and a new research center,
namely the Research Center for Metabolic Signals was built
BEXE - MHAXEES 19% 68 2007 June Accepted as a center for the Global COE Program
£ 0—/\JVCOEZOJ S Li#ilss
[EAFERES T FIVDOBERHR] £15%
A - RHEHERRRNRE U CREIZRINT $ 22 48 2010 April Selected as a Joint/Usage Research Program for Endocrine
/Metabolism
MIBERIERY JF IR 5 —=RE 23fF 6H 2011 June The Research Center for Biosignal was built
BEAXEERAESMAIDS0EFE =X % 25118 2013 November  IMCR cerebrated 50th anniversary
FREERM CHDHRRIRmMMFHERED 26108 2014 October Associated with the Gunma University Initiative for
D OFIVEERR TOT S L EEHE Advanced Research (Research Program for Signal
Transduction)
Wﬁfﬁﬁ - (AHEHERRRE LT 28 48 2016 April Collaborative Research Center for Endocrinology
BEEIND and Metabolism was renewed
MIBERIERY I IR Yy —ZRELE 314 38 2019 March The Research Center for Biosignal was abolished
BRI E T Y —RE 31%F 48 2019 April IMCR Joint Usage/Research Support Center was built
A5 - (VEFEHERFARSRELT SH4AE 48 2022 April Collaborative Research Center for Endocrinology

BRETIND

and Metabolism was renewed
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LR EM#HETHRH 5 W I ALREFEHRIC CHIRERTE, 272 —TH30%
Take the JR Joetsu or Hokuriku Shinkansen Line to Takasaki Station. From there about 30 min by taxi.
CURMEEARIC THIMGERTE. dbAN4km, /N (BERRERIT) (CTHI15A.
HBNMEZT T —IZTE0D

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 E#ARIC THAMBER TR, At ANBkm, 27 2 —(ZTH15%
Take the JR Joetsu Line train to Shin-Maebashi Station. From there about 5 km in the northerly
direction about 15 min by taxi.
LIRSt B EhEEIC TRIFE M > 2 — C—HEANT V155
By car : Take the Kan-Etsu Expressway to Maebashi Interchange.
From there about 15 min on the ordinary road.
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