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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 technologies using
genome editing. Additionally, our institute has initiated
the study of B-cell functions in human pancreatic islets
and the development of new technologies to regenerate
of the pancreatic islets. We are working on molecular
basis underlying the interaction between adult tissue
stem cells and gut bacteria by using organoid culture
system and studying insulin functions in body size
control and metabolic homeostasis. 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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11; 334:1141-1144.
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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.

B DTSR

Suzuki TT, Komatsu TT, Shibata H', Tanioka A, Vargas D,
Kawabata-Iwakawa R, Miura F, Masuda S, Hayashi M,
Tanimura-Inagaki K, Morita S, Kohmaru J, Adachi K, Tobo M,
Obinata H, Hirayama T, Kimura H, Sakai J, Nagasawa H,
Itabashi H, Hatada I, Ito T, and Inagaki [*. Crucial role of iron
in epigenetic rewriting during adipocyte differentiation mediated
by JMJDIA and TETZ2 activity. Nucleic Acids Res. 2023 May
9;gkad342.

Suzuki T, Hayashi MT, 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
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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).

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

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

Abe Y1, Fujiwara YT, 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 JMJD1A 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
[RX3. Positive or Negative? eBioMedicine 24;7-8 (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 YT, Rozgie RT, 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*.
JMJDI1A is a signal-sensing scaffold that regulates acute
chromatin dynamics via SWI/SNF association for thermogenesis.
Nat Commun 6;7052 (2015).

Inagaki TT,*, Iwasaki ST, Matsumura Y, Kawamura T, Tanaka T,
Abe Y., Yamasaki A, Tsurutani Y, Yoshida A, Chikaoka Y,
Nakamura K, Magoori K, Nakaki R, Osborne TF, 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).
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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
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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.

B DRZFRAR

Norizuki T, Minamino N, Sato M, Tsukaya H, Ueda T*. Dynamic
rearrangement and autophagic degradation of mitochondria

during spermiogenesis in the liverwort Marchantia polymorpha.
Cell Rep. 39:110975 (2022).

Sasaki T, Sato M*. Degradation of paternal mitochondria via
mitophagy. Biochim Biophys Acta Gen Subj 1865: 129886
(2021).

Onishi M, Yamano K, Sato M*, Matsuda N*, Okamoto K*.
Molecular mechanisms and physiological functions of
mitophagy. EMBO J 40: 104705 (2021).

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: 2073-2085 (2018).

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: 81-91 (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:jcs212183 (2018).

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: 211-221 (2015).

Sato M, Sato K*. Degradation of paternal mitochondria by
fertilization-triggered autophagy in C. elegans embryos. Science
334: 1141-1144 (2011).
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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 fundamental researches, we will

contribute to understanding 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

BT DRFEAR
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A developmental checkpoint directs metabolic remodelling as a
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(PP) %532y T3, y MO MN 2D 2L, ThE Ty
NSRBI 285 T~ T AR RTGBI 2 1[G T 5 K HE~ o A% B ¥
5 LILICPPICR M AT/ 7 a—F Vb2 L. fmibL L7z
(Hara et al. Endocr J 2019), [EFEILFIFIE2E LT, y #illlDEyE%
PILTOEIZNEEZTHET,

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 y cells

2. Research on the functional heterogeneity of pancreatic 3 cells

3. Elucidation of the role of the metals and metal-related
proteins in metabolism

R DIRFRR

Fukunaka A, Shimura M, Ichinose T, Pereye OB, Nakagawa Y,
Tamura Y, Mizutani W, Inoue R, Inoue T, Tanaka Y, Sato T, Saitoh
T, Fukada T, Nishida Y, Miyatsuka T, Shirakawa J, Watada H,
Matsuyama S, Fujitani Y. Zinc and iron dynamics in human islet
amyloid polypeptide-induced diabetes mouse model. Sci Rep 15;13
(1) :3484 (2023)

Aoyama S, Nishida Y, Uzawa H, Himuro M, Kanai A, Ueki K, Ito M,
lida H, Tanida I, Miyatsuka T, Fujitani Y, Matsumoto M, Watada
H.Monitoring autophagic flux in vivo revealed its physiological
response and significance of heterogeneity in pancreatic beta cells.
Cell Chem Biol 16;52451-9456 (23) 00060-0 (2023)

Kasano-Camones CI, Takizawa M, Ohshima N, Saito C, [wasaki W,
Nakagawa Y, Fujitani Y, Yoshida R, Saito Y, Izumi T, Terawaki SI,
Sakaguchi M, Gonzalez FJ, Inoue Y.PPARa activation partially
drives NAFLD development in liver-specific Hnf4a-null mice. J
Biochem mvad005 (2023)

Wong A, Pritchard S, Moore M, Akhaphong B, Avula N, Beetch M,
Fujitani Y, Alejandro EU. Overexpression of Pdx1, reduction of p53,
or deletion of CHOP attenuates pancreas hypoplasia in mice with
pancreas-specific O-GlcNAc transferase deletion.J Biol Chem 299
(2):102878. (2023)

Wakabayashi Y, Miyatsuka T, Miura M, Himuro M, Taguchi T, lida
H, Nishida Y, Fujitani Y, Watada H. STAT3 suppression and S-cell
ablation enhance a-to-B reprogramming mediated by Pdx1.Sci
Rep10;12(1):21419. (2022)

Saito D, Nakagawa Y, Sato T, Fukunaka A, Pereye OB, Maruyama
N, Watada H, Fujitani Y. Establishment of an enzyme-linked
immunosorbent assay for mouse pancreatic polypeptide clarifies the
regulatory mechanism of its secretion from pancreatic y cells. PLoS
Onel7(8):0269958. (2022)

Perez-Frances M, Abate MV, Baronnier D, Scherer PE, Fujitani Y,
Thorel F, Herrera PL. Adult pancreatic islet endocrine cells emerge
as fetal hormone-expressing cells. Cell Rep 38(7):110377 (2022)

Suzuki L, Miyatsuka T, Himuro M, Wakabayashi Y, Osonoi S, Miura
M, Katahira T, Fujitani Y, lida H, Mizukami H, Nishida Y, Watada
H.Cumulative autophagy insufficiency in mice leads to progression of
B-cell failure. Biochem Biophys Res Commun 611:38-45. (2022)

Okada A, Yamada-Yamashita M, Tominaga Y, Jo K, Mori H, Suzuki
R, Ishizu M, Tamaki M, Akehi Y, Takashi Y, Koga D, Shimokita E,
Tanihara F, Kurahashi K, Yoshida S, Mitsui Y, Masuda S, Endo I,
Aihara KI, Kagami S, Abe M, Ferreri K, Fujitani Y, Matsuhisa M,
Kuroda A.Novel method utilizing bisulfite conversion with dual
amplification-refractory mutation system polymerase chain reaction
to detect circulating pancreatic f-cell cfDNA. J Diabetes Investig
1140-1148. (2022)

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)
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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
BENIHMWDOATEABNTE AL DY £, Fh7cbid, b MOk
REBRBET NV EMAGORIRENT Ta—F 2EMHT 22 Li2LY.
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

Shirakawa J*, Togashi Y, Basile G, Okuyama T, Inoue R, Fernandez M,
Kyohara M, De Jesus DF, Goto N, Zhang W, Tsuno T, Kin T, Pan H, Dreyfuss
IM, Shapiro AMJ, Yi P, Terauchi Y, Kulkarni RN*. E2F1 transcription factor
mediates a link between fat and islets to promote f-cell proliferation in
response to acute insulin resistance. Cell Rep. 41(1):111436, 2022.

Inoue R, Tsuno T, Togashi Y, Okuyama T, Sato A, Nishiyama K, Kyohara M, Li
J, Fukushima S, Kin T, Miyashita D, Shiba Y, Atobe Y, Kiyonari H, Bando K,
Shapiro AMJ, Funakoshi K, Kulkarni RN, Terauchi Y, Shirakawa J*. Uncoupling
protein 2 and aldolase B impact insulin release by modulating mitochondrial
function and Ca2+ release from the ER. iScience. 25(7):104603, 2022.

Miyashita D, Inoue R, Tsuno T, Okuyama T, Kyohara M, Nakahashi-Oda C,
Nishiyama K, Fukushima S, Inada Y, Togashi Y, Shibuya A, Terauchi Y,
Shirakawa J*. Protective effects of STI00A8 on sepsis mortality: links to sepsis
risk in obesity and diabetes. iScience. 25(12):105662, 2022.

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 f-cell apoptosis by modulating
the endoplasmic reticulum homeostasis pathway. Diabetes. 71(3):424-439,
2022.

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. 63(5):1084-1093, 2019.

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 f-cell proliferation. Cell
Metab. 25(4):868-882, 2017.
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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.

BT DIAFIRER

Sasaki N*, Miyamoto K, Maslowski KM, Ohno H, Kanai T, Sato T*. Development of a
Scalable Coculture System for Gut Anaerobes and Human Colon Epithelium.
Gastroenterology 159(1): 388-390.e5 (2020)
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492-503 (2019)
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Stem Cell 25(3): 342-356 (2019)
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RH, Vivié J, Verlaan-Klink I, Hami N, Spierings DCJ, Sasaki N, Dutta D, Boj SF, Vries
RGJ, Lansdorp PM, van de Wetering M, van Oudenaarden A, Clevers H, Kranenburg
0, Foijer F, Snippert HJG, Kops GJPL*. Ongoing chromosomal instability and
karyotype evolution in human colorectal cancer organoid. Nature Genetics 51(5):
824-834 (2019)

Sasaki N, Clevers H*. Studying cellular heterogeneity and drug sensitivity in
(colorﬁctal cancer using organoid technology. Curr. Opin. Genet. Dev. 52: 117-122
2018

Drost J, van Boxtel R, Blokzijl F, Mizutani T, Sasaki N, Sasselli V, de Ligt J, Behjati
S, Grolleman JE, van Wezel T, Nik-Zainal S, Kuiper RP, Cuppen E, Clevers H*. Use
of CRISPR-modified human stem cell organoids to study the origin of mutational
signatures in cancer. Science 358(6360): 234-238 (2017)

Sasaki N, Sachs N, Wiebrands K, Ellenbroek SI, Fumagalli A, Lyubimova A, Begthel
H, van den Born M, van Es JH, Karthaus WR, Li VS, Lopez-Iglesias C, Peters PJ, van
Rheenen J, van Oudenaarden A, Clevers H. Reg4+ deep crypt secretory cells
function as epithelial niche for Lgr5+ stem cells in colon. Proc Natl Acad Sci USA.
113(37): E5399-407 (2016)

Huch M, Gehart H, van Boxtel R, Hamer K, Blokzijl F, Verstegen MM, Ellis E, van
Wenum M, Fuchs SA, de Ligt J, van de Wetering M, Sasaki N, Boers SJ, Kemperman
H, de Jonge J, ljzermans JN, Nieuwenhuis EE, Hoekstra R, Strom S, Vries RR, van
der Laan LJ, Cuppen E, Clevers H. Long-term culture of genome-stable bipotent stem
cells from adult human liver. Cell 160 (1-2): 299-312 (2015)
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AROEFIE. FERIR - BEMSAE/F ERM R R PR & R ik R DY
- FIERAB PIREEIEZ. T )VEMIOEGFRIETO. FRRRICEID
DIEICHIR T 2B FOMEEFE T Z 8L CHIAT 2 EZBELTL
2. MRFEL UTIE R 0 FEYS. EL2 MREYF. &=,
RETZHESHREFEZREL T, 2F - RNV 5D R EF
UARIVE THRENWEETZITL. 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
K[ 3 2L R ENTO BRI O N B REE—BE Tl e . M
725 O BEHE A BGE 65 T ORI SEEFTho eI
(Traffic 2008), 7z, A > AV BRI AL 50 FELTHELZ:
Granuphilin %3, /K GTPase Rab27a/b L#5{57LT, 4> A
K2 M Ry F 27 SE2LEHIT, ROBRF 0% — RS2
2k, 352, Granuphilinz &L Ry F 2 7 EEDF/ iz 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 —H3,
A 2 A) ERIBH TR OBk 2 2 P TR RE T2 2 L7 (M2), Bk
M3, Noc2hs, Rab27di3hcRab2& 5L . BRI H D
HMEZFRETIL TV 428 Cell Sci 2017). Exophilin-843, 43 ik 25
BT F M T 2 LIRS A T o i nT e 2 R T — L % T
%32 %EHH S (Mol Biol Cell 2011; Elife 2017). Exophilin-7%
L 78 Melanophilin 23, MBS Ry F227 LTSl R OB R
1B 5 9% Z & (Mol Biol Cell 2013; Diabetes 2020). 7 £ THh %
(Elife 2023), T b5y 1My 124 2 A iR & & HICH e
L. AR T o4 R SHEEME B S XY | MERIER AT L LTI LT
Wh o EIo A AN bR T 2 LG IO BEEREZ OIERLS DT b1 -
TWw% (Nat Commmon 2021),

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

F7bid. Rab27a/bB LN 2D L7 x 7 Z— Exophilin? 7 IV —43 145,
LR ISR B . FRENE S W 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(%. 7/ a—
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 25008 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 P 2DY 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 WA BERE 1S 35 1 Z /NI R iy BT BB R o/ DA 2 s L 2 oD
P2l LWl b DT, FfkDA > A Va7 H e MR R
PIRDRIN & 7 5 ) FERD SR & e o7z, e, B - ARMERIR
I - M~ 7 ADBRFINENTIC X . Z DI - fhE - 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 A7 113, Smad2-4% 71 L T g Wi il it 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 =B TZOREAZFEET L2 L
L7 (Diabetes 2018)., ALK7> 7' F)V % O#EHE %2 ] -4uX, NEiH0
Jaz/NEAES 2 Z LI &> T M A D TR R oM Pk JE 2 8 T &
B EIR ENG, FEIL 2 3. ALK7THRRIFUADLS, NG E R 23S
B MHERE 2 42 T e i~ Y A THER L T\ % (JCI Insight
2023),

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 several kinds of
microscopy.

2. Invitro 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 K, Matsunaga K, Mizuno K, Wang H, Okunishi K, Izumi T*.
Functional hierarchy among different Rab27 effectors involved in secretory
granule exocytosis. Elife 12:282821 (2023)

Zhao M, Okunishi K, Bu Y, Kikuchi O, Wang H, Kitamura T, Izumi T*.
Targeting activin receptor-like kinase 7 ameliorates adiposity and
associated metabolic disorders. JCI Insight 8:e161229 (2023).

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, [zumi
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).
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Epigenetics(TEY T 2T 4 U ) FERIBICK D HEZF DBITFDA
AYFTT, ThiElF (1) EFBE(Lifestyle)lCKD DRy FHE
DK IFHEZZ (S &E(Disease)Z5 | FLIITDOHEESHI(CT 3.
(2) BEFODRAYFDAXAZXLDERRE. (3) IES /) LiRE
(Epigenome editing)ICKDBEIEFDRA v FEIRIET DAERE
(Epigenetic therapy)ZlHE I 5 EZBIELE T,

PIREETROTOI I K

1. IEY /) LOBERENDESDEFA

I ATaY 7 M & o Tl s T ORI OB b (A ) hikk4 7
PR SR T EVBHLNICR > TEFE L, L Lahis, HAEEE
FIDZALIZ T TRBIATE R VEED DB D> TETHET, H
BEETICRIZED 23T A 7 ADH NI ES ) L (DNAD A F)WAbZ
E) LI ZAL T HHVFT, DAL v FBBEIC XA A THE
bL. B eI 3 2 BAF E I L E T, 2L INHDA
A v F 2l 2BETOLER SRRk 2 2B %G &R T ED
POTETVET, ZCTUHEETRID AL v FICH G T 285D
IV I T RNRI AR TEIEICEY, AL v FDORENRED LI K
R N UIREZ L5 T NIC D0 TR L TV £ T,

2. CRISPR/Cas¥’/ L\im&EHiTDBaF

i, CRISPR/Cas& ) TR D L7 ) L 2 AT L H3HH
gENZLI (M2), TOVATLTIRAA FRNAE WSS Lhd Ry
EAHAIRY 72 R ORNA E Cas9 & w5 DNAI 1 3% 00 46 5 148 AL 1) % Y] e
TRIEICXVERIC /v T M2 ER T2 e85 TEET, Y
HETE, COVATLOURZBI R LI, ZOTVATLZV
TIUEY ) LD AA v F IS 28 {5 I DO TR BT TOVEIY) % /5
# (Horii et al. 2014). & %\ (iPS#ifd % Fv»C(Horii et al. 2013)fi#
WEiT->TVET,

3. IEY )/ LRENDILE

N THREDEIG T DDNAX F UL £ D s+ D AA v F#HAE
WHIS 2 553 H Y AT, 2D, RYITKHED A F AL
PRBORIECH T LTS %2l T5 L3 T&FHATLIL, 2
FREDBIETDAFIMALZZLE B ETHELZBIRHIILHTER
VAT, Z 2 TYUIFIEE TIEDNAYIWHGPE D 7 W CRISPR/Cash
FEORANHKEE T2 e 2FML THEEE TOAF UEZAIECHIETE 2
HiffiZBi%& L (Morita et al. 2016, [K3). 2D & 5 A HLEICHHT 5 Z
EHHFEE D F LI, SHICZOHEZ AW TREDBIZ T DAL vF
(DNAXF L) ZRIFRICA ST LT L&D, =T v )UiE
BEREOEBET VT ZOERICHE L £ L7z (Horii et al. 2020,
2022, M4), TOHT M. SIN—F v )UWEREE % (3 U oiE
TFDAA Y FOIEENZ L O IFAET 2 D3 AR, S0l B & D ILh
TFFERIBITRTEANDISNS, KRELIED S eI sh g7,

©000000000000000000000000000000000000000000000000000000000000000000000000000000000

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.

P 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 lifestyle 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

Biosignal Genome Resource Center

Laboratory of Genome Science

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.

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 developed the
epigenome editing technology using Cas9 deficient for nuclease
activity (Fig.3). Furthermore, by using this epigenome editing
technology, we have succeeded in creating a mouse model of
the Silver-Russell syndrome disease (Fig.4).

BT DRFTRR

Kobayashi R, Kawabata-lwakawa R, Sugiyama M, Oyama T, Ohtsuka M, Horii T,
Morita S, Nishiyama M, Hatada I. Multiplexed genome editing by in vivo
electroporation of Cas9 ribonucleoproteins effectively induces endometrial
carcinoma in mice.

Int J Cancer. 2023 Jun 1;152(11):2331-2337. doi: 10.1002/ijc.34342.

Horii T, Morita S, Kimura M, Hatada I. Efficient generation of epigenetic disease
model mice by epigenome editing using the piggyBac transposon system.
Epigenetics Chromatin. 2022 Dec 16;15(1):40. doi: 10.1186/s13072-022-00474-3.

Kohro Y, Matsuda T, Yoshihara K, Kohno K, Koga K, Katsuragi R, Oka T,
Tashima R, Muneta S, Yamane T, Okada S, Momokino K, Furusho A, Hamase K,
Oti T, Sakamoto H, Hayashida K, Kobayashi R, Horii T, Hatada I, Tozaki-Saitoh
H, Mikoshiba K, Taylor V, Inoue K, Tsuda M. Spinal astrocytes in superficial
laminae gate brainstem descending control of mechanosensory hypersensitivity.
Nat Neurosci. 2020 Nov;23(11):1376-1387. doi: 10.1038/s41593-020-00713-4.

Horii T, Kobayashi R, Kimura M, Morita S, Hatada I. Calcium-Free and
Cytochalasin B Treatment Inhibits Blastomere Fusion in 2-Cell Stage Embryos for
the Generation of Floxed Mice via Sequential Electroporation.

Cells 2020 Apr 28;9(5). pii: E1088. doi: 10.3390/cells9051088.

Horii T, Morita S, Hino S, Kimura M, Hino Y, Kogo H, Nakao M & Hatada .
Successful generation of epigenetic disease model mice by targeted demethylation
of the epigenome.

Genome Biology 2020 Apr 1;21(1):77. doi: 10.1186/s13059-020-01991-8.

Morita S, Horii T, Kimura M, Hatada 1. Synergistic Upregulation of Target Genes
by TET1 and VP64 in the dCas9-SunTag Platform.
Int J Mol Sci. 2020 Feb 25;21(5). pii: E1574. doi: 10.3390/ijms21051574.

Hirano S, Abudayyeh OO, Gootenberg JS, Horii T, Ishitani R, Hatada I, Zhang F,
Nishimasu H, Nureki O. Structural basis for the promiscuous PAM recognition by
Corynebacterium diphtheriae Cas9.

Nat Commun. 2019 Apr 29;10(1):1968. doi:10.1038/s41467-019-09741-6.

Horii T, Morita S, Kimura M, Terawaki N, Shibutani M, Hatada I.

Efficient generation of conditional knockout mice via sequential introduction of lox
sites.

Scientific Reports 2017 Aug 11;7(1):7891. doi: 10.1038/s41598-017-08496-8.

Morita S, Noguchi H, Horii T, Nakabayashi K, Kimura M, Okamura K, Sakai A,
Nakashima H, Hata K, Nakashima K, Hatada I.

Targeted DNA demethylation in vivo using dCas9-peptide repeat and scFv-TET]
catalytic domain fusions.

Nature Biotechnology 2016 Oct;34(10):1060-1065. doi: 10.1038/nbt.3658.

Hirano H, Gootenberg JS, Horii T, Abudayyeh OO, Kimura M, Hsu PD, Nakane T,
[shitani R, Hatada I, Zhang F, Nishimasu H, Nureki O. Structure and Engineering
of Francisella novicida Cas9.

Cell 2016 Feb25;164(5):950-61. doi:10.1016/j.Cell.2016.01.039.
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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

B DIRZFAR

Kobayashi M, Maruyama N, Yamamoto Y, Togawa T, Ida T,
Yoshida M, Miyazato M, Kitada M, Hayashi Y, Kashiwagi A,
Kitamura T. A newly developed glucagon sandwich ELISA is
useful for more accurate glucagon evaluation than the currently
used sandwich ELISA in subjects with elevated plasma
proglucagon-derived peptide levels. J Diabetes Investig 14:
648-658.(2023)

Wada E, Kobayashi M, Khno D, Kikuchi O, Suga T, Matsui S,
Yokota-Hashimoto H, Honzawa N, Ikeuchi Y, Tsuneoka H,
Hirano T, Obinata H, Sasaki T, Kitamura T*. Disordered
branched chain amino acid catabolism in pancreatic islet is
associated with postprandial hypersecretion of glucagon in
diabetic mice. J Nutri Biochem 97:108811.(2021)

Kobayashi M, Waki H, Nakayama H, Miyachi A, Mieno E,
Hamajima H, Goto M, Yamada K, Yamauchi T, Kadowaki T,
Kitamura T*. Pseudo-hyperglucagonemia was observed in the
pancreatectomized cases when measured by glucagon sandwich
ELISA. J Diabetes Investig 12:286-289.(2021)

Kobayashi M, Satoh H, Matsuo T, Kusunoki Y, Tokushima M,
Watada H, Namba M, Kitamura T*. Plasma glucagon levels
measured by sandwich ELISA are correlated with impaired
glucose tolerance in type 2 diabetes. EndocrJ 67:903-922.
(2020)

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
immunoassays. Anal Bioanal Chem 409: 5911-5918. (2017)

Sasaki T, Kikuchi O, Shimpuku M, Susanti V-Y,
Yokota-Hashimoto H, Taguchi R, Shibusawa N, Sato T, Tang L,
Amano K, Kitazumi T, Kuroko M, Fujita Y, Maruyama J, Lee
Y-S, Kobayashi M, Nakagawa T, Minokoshi Y, Harada A,
Yamada M and Kitamura T*. Hypothalamic Sirtl prevents
age-associated weight gain by improving leptin sensitivity in
mice. Diabetologia 57: 819-831(2014)

Kitamura T*. The role of FOXO1 in b-cell failure and type 2
diabetes mellitus. Nat Rev Endo 9: 615-623(2013)
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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, 2).
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.

32

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).




RRITimtA S - EARETHZFT EIRRRE

i O F IV EF

GIAR/IMCR Collaboration (GIC) Laboratory

Laboratory of Cell Signaling

= ™ =

RRATY T Staff

B Assistant Professor

=tg 1EBS TAKAINE Masakatsu

HREADSORMCZESEET SO ?

||III=:‘:I=:IIII lIIiHIHIHHHIII
n

(B B

HIREEICRENDSDA MU ARREBREDERLIERIEICE
S5ENTHDH. TOKSFHIRBISEICIHNE TERITN
[FHRRaIIEE#E =T E(L. HDVIEHIEIEICULED, Lichio
THRORERERHEUSIERIT B EFEFEERCEL
DEBEEDHREICNETH D,

LG EENTEZIEOET IV O ETFBEEFERU.
DR CFIEBELICRE UL IRILF—RBEHEE M
ZR5, BTN FREBZHEELUANIVTHSMCLIEWE
EZZ TV,

PIREEITROTOY I b

1. HiIRNATPS KU GTPEIREDEEMT & EE I HIEHIESDERR

ATPRGTPRAIN O = A V¥ —@ g TH % LI 7
FOUGFHICH G L. Z05 O CHIE S b pn
D5, ATPRGTPHL I OB T 13 A MW Rl > %
Fl&E# T, Fxid 1AL~ L TOATPRGTP D EfE % fif
M3 2eldic, 205 DREZEEINHERT 2 4 T HEAS
OffEHZHIEL T %,

2. JUUHREHEERRNMENERZ IR T 2 HEH CEBNE

F) UG R BT 2 ERTREMIEN T Y Y — 4
(purinosome) & FE(E 32 ki 2 BT % H3. 7 DR
R RIIRIEAATH S, LI TICEERDS
) )Y — AEHGE B DS B s e A A B A E B E L. 7
V)V —=LNBROS TR ZHLICLEDE LTS, 72
TNV —=LNORBEOE X % TEI N FEY I 2 v —2 a3y
TRAT L. FERIE DS T ) 7 G M (S R 031 %2 Mk L
TW3,

©000000000000000000000000000000000000000000000000000000000000000000000000000000

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

BRITDIRFAR

Hayakawa YT, Takaine M, Ngo KXT, Imai T, Yamada MD, Behjat
AB, Umeda K, Hirose K, Yurtsever A, Kodera N, Tokuraku K,
Numata O, Fukuma T, Ando T, Nakano K*, Uyeda TQ*.
Actin-binding domain of Rng2 sparsely bound on F-actin strongly

inhibits actin movement on myosin II. Life Sci Alliance 6:
202201469 (2022).

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 antibiotics 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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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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Institute for Molecular and Cellular Regulation National University Corporation Gunma University
3-39-15 Showa-machi,Maebashi,Gunma,371-8512 Japan TEL: +81-27-220-8822 FAX: +81-27-220-8899
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