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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.
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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

Department of Molecular and Cellular Biology

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

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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AOEFE. FERIR - BEFSAE/F ERIM R R PR & R R R DY
- FIERAB PIREEIEZ. T )VEMIOEGFIIETO. FRRRICEID
DIEICHIR T 2B FOREEFE T Z 8L CHIAT 2 EZBELTL
2. MRFEL UTIE R 0 FEYS. EL2 MREYF. &=,
RETZHESHREFEZREL T, 2F - MRV 5D R EF
UARIVE THRENWEETZITV. BED T «—R/\yIICKD, fllad
WF. EZOERREICEIT D,

»IREETROTOI I

1. B BHRRICHIT D1 VAV VFRAIBICIHEAS

A A R R R . AR BAIIT Y 7V & A LN B LR T B
R T 2L R E RO BRI O NI REE—BE Tl e . M
25O BRI BLGE G TOEARRSIZIETHLI L2
(Traffic 2008), 7z, A > AV BRI AL 50 FELTHELZ:
Granuphilin %3, /K GTPase Rab27a/b L#5{57LT, 4> A
K2 MRy F2 7 S EEHIC, ROBERF 0% — RS2
2k, 352, Granuphilinz &L Ry F 2 7 EE D)/ Gz Hh L7z
(J Biol Chem 1999, 2004, 2011; Mol Cell Biol 2002a,2002b ; J
Cell Biol 2005; Sci Rep 2016; K1), Z7z. HMORab27—7 =27 X —,
AT 2N R BRI Ok 2 7 P CHBE T A 2L & VUL (M2). Bk
M3, Noc2hs, Rab27di3hcRab2& 5L . BRI EFI D
HPHAFHFIL TV 3BZE (J Cell Sci 2017). Exophilin-843, /il ki 257
BT F AT 2 LRI, MBS C o il v REA R S — L % B
%328 EHH S (Mol Biol Cell 2011; Elife 2017). Exophilin-7%
L 78 Melanophilin 23, MBS Ry F227 LTSl R OB R
125952 & (Mol Biol Cell 2013; Diabetes 2020). %X Ths., Zh
SOy TRy 1A 2 A R E LB ICZ AL . Al T4
SRS BRI L0 L A ERBR 2 i LU TR L T %, 720 AR
AT RGO BMREZ DIEHEON 1> TW 3 (Nat
Commmon 2021),

2. D iEIc BT PRab27a/bB K TZEFDI T
4 — Exophilind&El

F7bid. Rab27a/bB LN ZDI7x 7 Z— Exophilin? 7 IV —43 145,
LR ISR B . FRENIE 3 iR S TREBEL T 2 ZE &S HCL
T\ 3 (FEBS Lett 2002; Mol Biol Cell 2007a), JZF%. Rab27at X1}
Granuphilinid. LM IR RICLEA A 0 7V
JILTHY, TR NE B O TR RN 2T %26 3228 JClin
Invest 2005; Cell Metab 2006; Cell 2012). Exophilin-4(%. Z/va—
AR T U T BRI & (L3 D 53 Wb S Wi Ze s 3 I oo T2V A 3 > Bk
DOHIHIIE R ¥ 7128595 2 & (Mol Biol Cell 2007b) . ZeEh3bho7z,
7. Rab27a/bXZDIT7 27 X —Di#f{s AR~ A2 HOT, it
Sy KRG O B DS AR N S L AR 9 2 5008 7 L L F — 3R W
B E DR MR R BR RIS RIE TR ERHNTEY (M3).
Exophilin-5 %3, IL-33% 7t L7ci# Rl Th2 A M A VEARIHIL T2
ZERIABHNCLI: (J Clin Invest 2020),

3. WEETTIVEMZERVE. FERR - IEEOREPTRAELEIE
Mieb . H RO BN R AR 2 R 30 RN € T OVAKitas 7 AT
AAN 2D AT A VEESF Oy UEREANER S L, AT-BTH DSy
TNI 2T 4 RESEDRE TS, A VR DSl nb
LI LT3 (J Clin Invest, 1999; Diabetes 2003), Z D %11,
JiiE B AN 53 W BERE 1S 35 1 Z /NI R (i BT BB R o/ DA 2 s L 2 oD e g
P2l LWl b DT, FfkDA > A Va7 H e MR R
PIRDRIN & 7 5 ) FERDJEBRT & e o7z, e, B - RN IR
I - M~ 7 ADBRFEINENTIC X 0. Z DI - fREE - 4 > 2D
5 E R 28 BT OR O FRTEEA %55 & L (Diabetes 1999;
Mamm Genome 2006). TGF type [ 52 &8 D 1 D, ALK7#E {5 T D
I % [ B U 7zo A%y 113, Smad2-4% 7+ L T g Wi il i oo 15 5. (] 1
C/EBPa & PPAR Yy I L. 522k R B TR/ 2 B L. I
B2 ERT 2 K% 1925 2 & 2F L7 (Diabetes 2013;
Adipocyte 2013; X4), 7. ALK7%Zi5M(b3 %) 4> KGDF3% [b] &

L. AAN a7 7 —JICB O TZOREAZFHEET L L2 L
L7 (Diabetes 2018)., ALK7> 7' F)V % O#EHE %2 ] 94X, NEiH0
Jaz/NEAES 2 2 LI & > T M D PR R oM Pk JEE 2 I 8 T X
BT EfiERG,

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.

BT DRFTRR

Zhao M-M, Lu J, Li S, Wang H, Cao X, Li Q, Shi T-T, Matsunaga K, Chen
C, Huang H, Izumi T, and Yang J-K*. Berberine is an insulin secretagogue
targeting the KCNH6 potassium channel. Nat Commun 12:5616 (2021).

Wang H, Mizuno K, Takahashi N, Kobayashi E, Shirakawa J, Terauchi Y,
Kasai H, Okunishi K, Izumi T*. Melanophilin accelerates insulin granule
fusion without predocking to the plasma membrane. Diabetes 69:
2655-2666 (2020).

Okunishi K*, Wang H, Suzukawa M, Ishizaki R, Kobayashi E, Kihara M,
Abe T, Miyazaki JI, Horie M, Saito A, Saito H, Nakae S, Izumi T*.
Exophilin-5 regulates allergic airway inflammation by controlling
[L-33-mediated Th2 responses. J Clin Invest 130: 3919-3935 (2020).

Bu Y, Okunishi K*, Yogosawa S, Mizuno K, Irudayam MJ, Brown CW, 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).
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(FRT—~)
EEBBROIMICIFRIEX D= X LDRFRAE SR EDRFE

(B &)

F R SRR DREERE L. HERRPAIRU Y I
FO—LDFRERELEDZENHOSNTVE T, e BEOMAE
Tl&, BABHEHOELLD. INSOEREERROER S
HFRDULHIDWC, DFUNIVTOEREZRRELTVET,
ELIC, BEFHREVIRAZRET DI LICKD, FBIH F
E£EYZF. BV IFILOBERN D, ZTOEBEHFFEEOS
BEPICHDEHFET. CNSOERARZEBLELT, KE
DIFIFFEREAX N = X LDFEFBAE ERMIE R ADRFHEZ B
LET,

»REETROTOY I L

1. BEBHRDRE - BE - HOED S H T AERRDITF

R 3 IS A RO N WA RS 50 Z DA 2o X 1d. HE
RHAFHEFFCHELETH Y . Z OB N WA OFEE - (L BEAE & B2
BRDIDH %, BHINEDAZ 5T afiifl, PPHINIO A - EdviERF D A 5
Z A LOENT LT BRI O FEREREREEIH & PR OB 78 1 sk
L7z,

2. EFZERICHITDEIRY T FILDEEIFEER

i N T > AR — 2 —% 4 L THIBEN SRR S dlish 1 4 >3,
ez e ltkEE 2 32> 7V E U THRRET 2 2L DITHA DS 5T
&, RRFWLE. T—5 A - X oo A REO R T & L TGS
N TV 2 Zipl 3B NGO ek 2 HlH 32 2 & 2 J L (Fukunaka
et al. PLoS Genet 2017). Z DOifilffil X 77 = ZX LOfEIHICHL D FHA TV %,
S D 2 AR—Z =YY LIS, EEHERIC BT 2 M8 7 v ok
SRk AT,

3. PPilfaDfEZDIREICT %Y —)LDREF

B A 2R S B O TR ATIE AL TV B D5 Pancreatic Polypeptide
(PP) %433 2PPHIlITH %, PPHIIIOMN %D B XL ThFETIC
PPHIIUICE T 285 WA~ Y AR RiG B 2[RRI T 2 K~y A%
BAFET 2 L HCPPICR B A T ) 7 a—F LP ik ZBF L. Bkl 7z
(Hara et al. Endocr J 2019), EELFEBFIC%2E L T, PPHITLO LYY
ZHIHLTO &0,

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, B and PP cells

2. Research on the functional heterogeneity of pancreatic 3 cells

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

R DIRFRR

Fukaishi T, Nakagawa Y, Fukunaka A, Sato T, Hara A, Nakao K,
Saito M, Kohno K, Miyatsuka T, Tamaki M, Matsuhisa M,
Matsuoka T, Yamada T, Watada H and Fujitani Y.
Characterisation of Ppy-lineage cells clarifies the functional
heterogeneity of pancreatic beta cells in mice. Diabetologia doi:
10.1007/s00125-021-05560-x. (2021)

Kitakaze K, Oyadomari M, Zhang J, Hamada Y, Takenouchi Y,
Tsuboi K, Inagaki M, Tachikawa M, Fujitani Y, Okamoto Y,
Oyadomari S.ATF4-mediated transcriptional regulation protects
against B-cell loss during endoplasmic reticulum stress in a
mouse model. Mol Metab 18:101338. (2021)

Mohan R, Jo S, Lockridge A, Ferrington DA, Murray K,
Eschenlauer A, Bernal-Mizrachi E, Fujitani Y, Alejandro
EU.OGT Regulates Mitochondrial Biogenesis and Function via
Diabetes Susceptibility Gene Pdx1. Diabetes 30:db210468.
(2021)

Perez-Frances M, van Gurp L, Abate MV, Cigliola V, Furuyama
K, Bru-Tari E, Oropeza D, Carreaux T, Fujitani Y, Thorel F,
Herrera PL.Pancreatic Ppy-expressing y-cells display mixed
phenotypic traits and the adaptive plasticity to engage insulin
production. Nat Commun. 22:12:4458.(2021)

Tatsuoka H, Sakamoto S, Yabe D, Kabai R, Kato U, Okumura T,
Botagarova A, Tokumoto S, Usui R, Ogura M, Nagashima K,
Mukai E, Fujitani Y, Watanabe A, Inagaki N.Single-Cell
Transcriptome Analysis Dissects the Replicating Process of
Pancreatic Beta Cells in Partial Pancreatectomy Model. iScience

6;23(12):101774.(2020)

Uzawa H, Kohno D, Koga T, Sasaki T, Fukunaka A, Okuno T,
Jo-Watanabe A, Kazuno S, Miyatsuka T, Kitamura T, Fujitani Y,
Watada H, Saeki K, Yokomizo T.Leukotriene A4 hydrolase
deficiency protects mice from diet-induced obesity by increasing
energy expenditure through neuroendocrine axis. FASEB J
34:13949-13958.(2020)

Aoyama S, Nishida Y, Fujitani Y, Fukunaka A, Miyatsuka T,
Suzuki L, Himuro M, Yoshimori T, Watada H.Rubicon in
pancreatic beta cells plays a limited role in maintaining glucose
homeostasis following increased insulin resistance. Endocr J
67:1119-1126.(2020)

Hara A, Nakagawa Y, Nakao K, Tamaki M, Ikemoto 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)

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):21006950.
(2017)
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(B &)

ERMFEOHRRZRBEOERICHAL TOLKICEZ < DFREDGD.
[FEDE] EMENTVET, FFICHERRK - ABRRE. £HOESED
HEICAS UBMITREBZRR L CVWE T, IWcBEDORREE. 5F»
HEEL NIV SHECBED IRATP v Tl Q7 TO—F & RKEPIR
KO SN FEFZREO IV by TS O] 07 TO-FONRAG
[CKD. FERIRE - (UENRBDREFAD LOGRERENBIT NS Y
A=y aF)VUs—FZBELTLET (E1).

»IREETROTOI I K

1. & MNESICH(F 2E I3 EDHEHEEDRA

LAR 1t R CBIE 7 L % IV TR ES PR B IO W SEn I S 1
TEFLIH JEEL D EIET L ORED L OWEBM I bk 2 25T
BASTOEI LML A>TEE LI, UNW TR, b MR %
VA HEIER ST A B R EL LT DL BT T L O b MR
iPSHlfazs ¥ o & S A AR OB A T b MBI
DREHEL BT 2T 2 2 LT B ORIEMRIS & OIS
DS ZAEEL TS 23 (12),

2. REBEHRBICHIF DN ChEHERI DR EI DT

RN BT, Dl T4 SRDIEHEVHEENT 5 2 &
(S & O EBBERE A B L T T E7o. IEmSPRE IR %4 £ O ERRIC
FBUTH, AR DB SR D E R 2 £ & B M D A L AE
3RS ERE CBE LT & 97 A7 B (3, FEMECRR R L A S B s il
JlaZ HE g 2 (AL AP, BRI & SRR OAT AN L T, Mo
MR HOTHIT L TO &9, RERIRIC 0 2 RIE T S UEs AR
DERZWSICL, FickibHeMET2 e 2HELTOET (M3),

3. REETILEE MBI B HMRkR DR B DEEEA

FRHZ L FOIHRET/EL TV BB, B THE YD Ak E DT
HFOENIHNOATEHYITELRNIL DY ET, FlcbE. L OB
WERBET V2 MAGTDELMENT Ta—F &2 LICLY,
IRREMRATICIA Y £, 7o, RAPUROBF MG E MVl F a7+ I A
BLOEERNE ORIt L | BYIET VORI & MlAGHES LT, Jlik
JERD5yF AT = A LW BT LT (M4).

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.

O EARES

Li J, Inoue R, Togashi Y, Okuyama T, Satoh A, Kyohara M, Nishiyama K,
Tsuno T, Miyashita D, Kin T, Shapiro AJM, Chew RSE, Teo AKK,
Oyadomari S, Terauchi Y, Shirakawa J*. Imeglimin ameliorates S -cell
apoptosis by modulating the endoplasmic reticulum homeostasis pathway.
Diabetes. 71(3):424-439, 2022.

#Takatani T, #Shirakawa J, #Shibue K, Gupta MK, Kim H, Lu S, Hu J,
White MF, Kennedy RT, Kulkarni RN. Insulin receptor substrate 1 (IRSI),
but not IRS2, plays a dominant role in regulating pancreatic alpha cell
function in mice. J Biol Chem. 296:100646, 2021.

Shirakawa J* , Tajima K, Okuyama T, Kyohara M, Togashi Y, De Jesus DF,
Basile G, Kin T, Shapiro AMJ, Kulkarni RN, Terauchi Y. Luseogliflozin
increases beta cell proliferation through humoral factors that activate an

insulin receptor- and IGF-1 receptor-independent pathway. Diabetologia.
63(3):577-587, 2020.

Kyohara M, Shirakawa J*, Okuyama T, Togashi Y, Inoue R, Li J, Miyashita
D, Terauchi Y. Soluble EGFR, a hepatokine, and adipsin, an adipokine, are
biomarkers correlated with distinct aspects of insulin resistance in type 2
diabetes subjects. Diabetol Metab Syndr. 12:83, 2020.

Okuyama T, Shirakawa J*, Tajima K, Ino Y, Vethe H, Togashi Y, Kyohara
M, Inoue R, Miyashita D, Li J, Goto N, Ichikawa T, Yamasaki S, Ohnuma H,
Takayanagi R, Kimura Y, Hirano H, Terauchi Y. Linagliptin Ameliorates
Hepatic Steatosis via Non-Canonical Mechanisms in Mice Treated with a
Dual Inhibitor of Insulin Receptor and IGF-1 Receptor. Int J Mol Sci. 21
(21):E7815, 2020.

Jungtrakoon P, Shirakawa J, Buranasupkajorn P, Gupta MK, De Jesus DF,
Pezzolesi MG, Panya A, Hastings T, Chanprasert C, Mendonca C, Kulkarni
RN, *Doria A. Loss-of-function mutation in thiamine transporter 1 in a
family with autosomal dominant diabetes. Diabetes. 68(5):1084-1093, 2019.

Inoue H, Shirakawa J*, Togashi Y, Tajima K, Okuyama T, Kyohara M,
Tanaka Y, Orime K, Saisho Y, Yamada T, Shibue K, Kulkarni RN, Terauchi
Y. Signaling between pancreatic §-cells and macrophages via S100
calcium-binding protein A8 exacerbates B-cell apoptosis and islet
inflammation. J Biol Chem. 293(16):5934-5946, 2018.

Arai M, Shirakawa J*, Konishi H, Sagawa N, Terauchi Y. Bullous
Pemphigoid and Dipeptidyl Peptidase 4 Inhibitors: A Disproportionality
Analysis Based on the Japanese Adverse Drug Event Report Database.
Diabetes Care. 41(9):e130-e132, 2018.

Shirakawa J, Fernandez M, Takatani T, El Ouaamari A, Jungtrakoon P,
Okawa ER, Zhang W, Yi P, Doria A, Kulkarni RN*. Insulin signaling
regulates the FoxM1/PLK1/CENP-A pathway to promote adaptive B-cell
proliferation. Cell Metab. 25(4):868-882, 2017.

Tajima K, Shirakawa J*, Togashi Y, Yamazaki S, Okuyama T, Kyohara M,
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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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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).

2. 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.

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

5. 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.

6. 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.

Metabolic Signal Research Center

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 (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.
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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.
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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
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Brief History
Zf126% 38 1951 March
26%F 48 1951 April
27% 48 1952 April
28 48 1953 April
29% 58 1954 May
30%F 78 1955 July
32% 48 1957 April
38%F 3H 1963 March
38% 4H 1963 April
41%F 48 1966 April
42%F 3A 1967 March
47%F 58 1972 May
FRE6FE 6A 1994 June
14%£108 2002 October
165 1A 2004 January
165128 2004 December
19% 48 2007 April
194 68 2007 June
22% 48 2010 April
23%F 68 2011 June
25%118 2013 November
26108 2014 October
28% 48 2016 April
31% 38 2019 March
314 48 2019 April
o445 48 2022 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 21st 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

Selected as a Joint/Usage Research Program for Endocrine
/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 Endocrinology
and Metabolism was renewed

The Research Center for Biosignal was abolished

IMCR Joint Usage/Research Support Center was built

Collaborative Research Center for Endocrinology
and Metabolism was renewed
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