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2019 March
2019 April

2022 April

2024 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

Three departments was built

Department of Biological Sciences

Department of Genomics and Epigenetics
Department of Endocrine and Metabolic Diseases

Metabolic Signal Research Center was merged with
Lifestyle Disease Research Center
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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.

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.

Satouh Y*, Tatebe T, Tanida I, Yamaguchi J, Uchiyama Y, Sato K*.
Endosomal-lysosomal organellar assembly (ELYSA) structures coordinate
lysosomal degradation systems through mammalian oocyte-to-embryo
transition. Elife. 2025 Mar 17;13:RP99358.

Kawasaki [, Sugiura K, Sasaki T, Matsuda N, Sato M*, Sato K*. MARC-3,
a membrane-associated ubiquitin ligase, is required for fast polyspermy
block in Caenorhabditis elegans. Nat Commun. 2024 Jan 26;15 (1):792.

Sasaki T, Kushida Y, Norizuki T, Kosako H, Sato K*, Sato M*. ALLO-1-
and IKKE-1-dependent positive feedback mechanism promotes the
initiation of paternal mitochondrial autophagy. Nat Commun. 2024 Feb
17;15 (1):1460.

Maejima I, Hara T, Tsukamoto S, Koizumi H, Kawauchi T, Akuzawa T,
Hirai R, Kobayashi H, Isobe I, Emoto K, Kosako H, Sato K*. RAB35 is
required for murine hippocampal development and functions by regulating
neuronal cell distribution. Commun Biol. 2023 Apr 21; 6 (1):440.

Saegusa K, Matsunaga K, Maeda M, Saito K, Izumi T, and Sato K*. Cargo
receptor Surf4 regulates endoplasmic reticulum export of proinsulin in
pancreatic B-cells. Commun Biol. 2022 May 13; 5(1):458.

Morita A, Satouh Y, Kosako H, Kobayashi H, Iwase A, and Sato K*.
Clathrin-mediated endocytosis is essential for the selective degradation of
maternal membrane proteins and preimplantation development.
Development 2021 July 15; 148 (14):dev199461.

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. 2018 Jun 4; 217 (6):2073-2085.

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

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 2015 Oct 26; 35 (2):211-21.

Sato M, Sato K*. Degradation of paternal mitochondria by
fertilization-triggered autophagy in C. elegans embryos. Science 2011
Nov 11; 334:1141-1144.
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Specific aims

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

On-going projects

1. Autophagy of paternal mitochondria in C. elegans
embryos
During the development of multicellular organisms, each cell

Laboratory of Molecular Membrane Biology

changes its nature through the remodeling of cellular constituents.
In particular, fertilization, as the start of a new life, triggers
dramatic cellular remodeling, called the “oocyte-to-zygote
(embryo) transition”. Using C. elegans as a model system, we
have shown that lysosomal pathways are transiently activated in
this period and promote selective turnover of maternally- and
paternally-inherited proteins and organelles. Upon fertilization,
autophagy is locally induced around penetrating sperm and
selectively degrades paternal mitochondria. 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. We found that K63-linked
ubiquitination of the substrates is involved in these processes. We
are trying to elucidate molecular mechanisms of this selective
endocytosis and the signaling pathway that induces ubiquitination
after fertilization.

Sasaki T, Kushida Y, Norizuki T, Kosako H, Sato K*, Sato M*. ALLO-1-
and IKKE-1-dependent positive feedback mechanism promotes the
initiation of paternal mitochondrial autophagy. Nat Commun. 15:1460
(2024.

Kawasaki I', Sugiura K¥, Sasaki T, Matsuda N, Sato M*, Sato K*.
MARC-3, a membrane-associated ubiquitin ligase, is required for fast
polyspermy block in Caenorhabditis elegans. Nat Commun. 15:792
(2024.

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 (202D.

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).

Sato M, Sato K*. Degradation of paternal mitochondria by
fertilization-triggered autophagy in C. elegans embryos. Science 334:
1141-1144 201D.



AR ZERPT

(BFCHEIRF 75

Laboratory of Metabolic Regulation and Genetics

1%
fary pESE

ARATYT Staff

]

4 g - 2 Professor
¥ i o3 NISHIMURA Takashi
BhE Assistant Professor
5 thA YOSHINARI Yuto
MAZES Technical Assistant
T P S TAKE Michio
FEAE (MD-PhDO—2R) Undergraduate Student
el ERk ARAKAWA Chisei
.
F—J—RK 2303\ T RBERBHE. RENE. A VAUV WOWRILEY
Keywords Drosophila, Metabolic homeostasis, Nutritional response, Insulin, Endocrine hormone

1. EFILEY. ¥40Y39Y 39/ TOLES R2. REETZFEEIDIRTOT FRILEVDEE L
HEEEHIEE LTOIRILF— SR

& =t qo)
2 @

. — A L
B (EOR iy 1rom 1'5 P
~EDDY 58 () %6:2-378 “ SE R i _
wis Nishimura, Curr Biol, 2020

‘Yamada et al., Nalure Metabolism, 2020

H3. RHECITIZHIEHT S ER M EDRRE

RILEPHREDES Lo REu

Drosophila melanogaster
S= BuEE

& B "

ma N it ’N@;
=
-

RHhD 2 AEH
RRE O—w—.:.fm SR -/
| Z@mEBER LC-MS/MS MEBE GC-MS BRI Sy IR
.&' - \'\ REENENLE PFSIY-
n PorTvhk IBMERS
i ! “ ) LC-MS/MS  ~ 160 ACBURBIEY © 1 160
o : Widely targeted { o e .
{ -\ / B o # ‘ { GC-MS ~ 100 BESHEARHEY : # 500
SO - J WA & Non-targeted GC-MS ~ 140 N 1. 27 S P
PITTAN > 74 o _ RIFR - 2704 RILEY
v i fRMHR 5 BEB RS .
RIS o ERBAEOWS ) PhosS 4 B0 [U-13C] Glucose % & DRtk
Widely targeted Fg?@ gclipdl 141050 ZRWRET S5 v O @i
" E B EELRBERS AT LAEH ST S (LC-MS/MS) Steol  ~10
Acyl-Carnitine . ~ 15 Yamada et al., Nature Metabolism, 2020
Yoshinari et al., Nature communications, 2024 Sasaki et al., Nature Metabolism, 2021



Department of Biological Sciences .

Laboratory of Metabolic Regulation and Genetics

(B &

BB RERE/NS YV ALNHBEREL. EFENTHSEILICES
BIATAT—IICKOTEBDEEZISNET T W BEDMRETIE.
BFETIVEMELTFAOY 3D Iav/N\IZAVNT, EEFLZEL
ERAERSEOREFRRIZOEFEZRIELCVX T, 15T, £ERBEROR
BENE. RAD SHERBINOBRITHICHEORBERHDOZEL.
ESICEIICHSEEEREDTEICERLTVET . INSOERES
MAREEEE LT, ADRRIVEY PRBIEE M OMEERIEICKDE
BOFREANZZXLOREDEBNBMUTT .

PIREETROTOY IO K
1. REBROZ(LICKR UTeA VAU BERE D
FAuTavyavnzid, FEHEECEEANMITICERIET IV
EYITH B LS, WFEE DB E R E RN WS AT LEHL
TOET (J1), FEUSHE LA > A 22 B R O NS Az L4 Bk
(Banzai et al., Development, 2023) 7 & % H\ T, SREWH DO ZELIC IS
Cle Gtk B LR A > 2 HERER T O & & AR S %
AL £9

2. SATAT—IIHFEDRHY AT LEREINEOHER

2 avTaunNIORE., HEEDEYA XCkEEATOA Rk
VEDOEFEDHIML, ENCAY 3 (K2), ThETlc. ATH
A RARVE > HIMEH 2 0 LT, SREEsRE o 2 b3 2 /G IL %
PR N2 A LF —EEICEDS 8 2G5 L Z L7 (Nishimura,
Curr Biol, 2020; Yamada et al., Nat Metab, 2020), %7z, WiZLHDAT
(A4 3 2 BRNAHAR I 3\ T BEHAOHEFTICPEOATAE 25 E i
FTEABKZHi 72 ICHUF L £ L7 (Yamada et al., Nat Commun, 2023),
SHBY. FIATAT—VIFFHONRHM Y AT LEREILE D TR D
I D A& £ 5

3. (VECITENZHIE 9 % lEEs SRS DEZEH

VI ONRHRITE X, BN O BT DHRE IRV 252 81CLY
ST E T, Yavyaynni@G@IHv-oklfloal o =4r—
ar (s 25 L TIERICHAZET VAT, fi7zb3,
FRCHRER RN, IENH. S SIS S o2l I H L. 5
BENOZLCIHRULBERLVE S HEZRELE L
(Yoshinari et al., Nat Commun, 2024), %:3ZRHlA EDH 5 Y 21K
MZRICH LT IO DI ED LS I Tl e 23 2 =4 —
Ta RN ELS, BRORISEHTEFT L TO200, FilcbEZFDEE
2SI LTOEET,

4. X&7R0O— LT ERIVEVBIROT-H OB ilTDREF

A, AHA. R4 BRE 2 4R 3 2 123 Y OLD E RLVE S
BREOMEPEIICL) T, b3 Wikra~ 7S 7B
(LC-MS/MS) &4 Aza~ 7o 78 0l (GC-MS) Z VT,
RN A Z RO — LN 292l T T (M4), ChF T, HEOWE
Il 2 T (Yamada et al., Development 2019; Nishimura, Curr Biol,
2020; Yamada et al., Nat Metab, 2020). K% LWt 4 > 7L %
W72 S mWF9E 2 920 L T & £ L 7z (Imura et al., Curr Biol, 2020;
Sasaki et al., Nat Metab, 2021. Hoshino et al., Sci Adv, 2023), %
b ILRFA - SRS OB L LT, S 5% 5 5B oM %217
WET, Tl RTF R - 257104 RFRIVE D ONT & TN AR S~
W7 FOTAREH 7 2 v 27 2Rt DR ALY A F T

©00000000000000000000000000000000000000000000000000000000000000000000000000000000

Specific aims

Our laboratory uses the fruit fly, Drosophila melanogaster, as a
model organism to understand the fundamental principles of
metabolic homeostasis throughout different life stages, from birth
to aging. We specifically focus on the nutritional responses
immediately after birth, the maintenance of metabolic homeostasis
during the transition from growth to sexual maturity, and the
changes in physiological functions associated with aging. Through
this research, we aim to contribute to a deeper understanding of
the pathogenesis and pathophysiology of diseases caused by
disruptions in endocrine hormones and metabolic homeostasis.

» On-going projects
1. Regulation of insulin function in response to nutrition.

2. Exploration of metabolism and nutritional responses specific
to various life stages.

3. Investigation of interorgan communication regulating
behavior and metabolism.

4. Technology development for analyzing metabolomes and
hormones using mass spectrometry.

BT DIRZIRR

Takaine M*, Morita R, Yoshinari Y, Nishimura T. Phase separation of
the PRPP amidotransferase into dynamic condensates promotes de
novo purine synthesis in yeast. PLoS Biology 23(4): e3003111
(2025).

Yoshinari Y*, Nishimura T*, Yoshii T, Kondo S, Tanimoto H,
Kobayashi T, Matsuyama M, Niwa R*. A high-protein diet-responsive
gut hormone regulates behavioral and metabolic optimization in
Drosophila melanogaster. Nat Commun 15(1): 10819 (2024).

Yamada T, Yoshinari Y, Tobo M, Habara O, Nishimura T*. Naca
protects the larval fat body from cell death by maintaining cellular
proteostasis in Drosophila. Nat Commun 14(1): 5328 (2023).

Hoshino R, Sano H, Yoshinari Y, Nishimura T, Niwa R*. Circulating
fructose regulates a germline stem cell increase via gustatory
receptor-mediated gut hormone secretion in mated Drosophila. Sci
Adv 9: eadd5551 (2023).

Banzai K, Nishimura T*. Isolation of a novel missense mutation in
insulin receptor as a spontaneous revertant of /mpL2 mutants in
Drosophila. Development 150: dev201248 (2023).

Sasaki A, Nishimura T, Takano T, Naito S, Yoo SK*. white regulates
proliferative homeostasis of intestinal stem cells during ageing in
Drosophila. Nat Metab 3: 546-557 (2021).

Yamada T, Hironaka KI, Habara O, Morishita Y, Nishimura T*. A
developmental checkpoint directs metabolic remodelling as a strategy
against starvation in Drosophila. Nat Metab 2: 1096-1112 (2020).

Nishimura T*. Feedforward regulation of glucose metabolism by
steroid hormones drives a developmental transition in Drosophila.
Curr Biol 30: 3624-3632 (2020).

Yamada T, Habara O, Kubo H, Nishimura T*. Fat body glycogen
serves as a metabolic safeguard for the maintenance of sugar levels in
Drosophila. Development 145: dev158865 (2018).

Okamoto N, Nishimura T*. Signaling from glia and cholinergic
neurons controls nutrient-dependent production of an insulin-like
peptide for Drosophila body growth. Dev Cell 35: 295-310 (2015).
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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.

Masuda S, Komatsu T7, Atia S, Suzuki T, Hayashi M, Toyoda A,
Kimura H, Inagaki T*. Iron - Dependent IMJD1A - Mediated
Demethylation of H3K9me?2 Regulates Gene Expression During

Adipogenesis in a Spatial Genome Organization - Dependent
Manner. Genes to Cells 2025;30(3);e70023.

Suzuki T?, Komatsu T', 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 I*. Crucial role of iron in
epigenetic rewriting during adipocyte differentiation mediated by
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JMID1A and TET2 activity. Nucleic Acids Res. 2023;51
(12);6120-6142.

Suzuki T?, Hayashi M', Komatsu T, Tanioka A, Nagasawa M,
Tanimura-Inagaki K, Rahman MS, Masuda S, Yusa K, Sakai J,
Shibata H and Inagaki T*. Measurement of the nuclear
concentration of a- ketoglutarate during adipocyte differentiation
by using a fluorescence resonance energy transfer-based biosensor
with nuclear localization signals. Endocr J 68 (12):1429-1438
(2021).

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 YT, 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
IRX3. 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, Rozqie RY, 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*.
JMIDI1A 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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Epigenetics(TEY TR F « I A)FRIRBIC KD FEZ (I DBEIEZFDA
AYFTY, TZEIF (1) &FZIE(Lifestyle)lCKDTDRA v FHE
DK OBTFEZEZ(FEE (Disease)Z5 |EFLI T DO ZEHESHICT 5.
) BEFDODRAYFOXAZZXLDER. (3) IS/ LiRE
(Epigenome editing)IC KD IBEGEFDRA v FZIRET DEEBERE
(Epigenetic therapy)ZiFE 9 5 EZBIELEFT,

REgTHho7O0Vz Ik

1. IEY /) LOKRENDRESDEEH

T ATaY e M ko Tl T OMER DO ZAL (A ) h3kk% i
JREREGIXRITEPALNICR>TESZ L, L LA S, ML
FIDOZALIZ T TRFIHTERVEEDH L eV bh > TETHE T, %
BEETICRIEY AT A7 AH DI ES /) L (DNAD A F )b
E) LW ZAVF DB FT, COAA v FIIBBEICE VA A THE
B, PR AR EICIR T 2 B2 ERILE T, 26D A
A v F RS 2 AE T OE RS R ICH 2 LR R T2 EnD
POoTETVEYT, ZCTHHETEIDAA v F G T 2 ETO
IV I TIRNRT ARG TBIEICED, A4 vFDOHRENPED LI X
R I UINEBRZ L7250 TR L TV £ T,

2. CRISPR/Cas¥"/ L\imEHitiDREF

I, CRISPR/Cask W) fi{ETEIFD WA ) AiEE S AT L3
gENELE W2), COTATATIEHA RRNAE WS Z ) LAHORET
LAY 2 5O RNA E Cas9& 5 DNAYI 2 3% 0 8 416 ALY % Y] i
FTHRILICEVERRIC /vy 7Ty MillEE#E T2 e TEE T, Y
HETE, COVATLORRZEBI RS LLbIC. O ATLZTD
T ) LD AA » FICHHT 2R FIC DOV THEBET IVEIY) % (F
# (Horii et al. 2014). & %\ (ZiPSHIlAe % Fw > T (Horii et al. 2013)fi#
WaiFoTnEd,

3. IEY/ LiRE~NDIGH

I F TREDME T ODNAXF AL EDBIETD AL v F % HAE
WS 27753 H Y FRHAT LI, 2D, BHITKFED AT MALH
PHROFIEICB G LT a0 &Rl 56 83 TEEFATLRL, 2
FEDBAZTDAF LB LZLSHLIETMELIRIILHTESE
BATULz, Z 2 THIFIEE TIXDNAYIKHE D 7% »CRISPR/Cashif
EORHNCHTTT 2 2 FRIL TEAZ T D AT ALZ ATEICHIEIT E 5
Bifiz ¥ L (Morita et al. 2016, K3). 2O &5 HEICHIHT S
EWHRELE D E LTz, SHICZOHEINZ O TR EDBIZTD AL v T
(DNAAF L) ZRPRINCA ANCT 2 LICE D IN—F v LIViiE
BEREDIRIEET NV~ ZADOFEICHKII L £ L7z (Horii et al. 2020,
2022, {4), TOHrmEi. SIVN—F v LIVEEERE %213 U i 2
T-DAA v FOEFNZ LY FEIET 2 DARNREBIRE, TPtz & DL
WEFERRPEINIFENDISNC, RELILH D e fifFsfnEd,
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 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 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.

NAF Ao
YT (M C
oo

IVSIYl I JCH UG McoUUul Lo UWET LT

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 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).

Morita S, Horii T, Kimura M, Kobayashi R, Tanaka H, Akita H, Hatada I.

A Lipid Nanoparticle-Based Method for the Generation of Liver-Specific Knockout
Mice.

Int J Mol Sci. 2023 Sep 19;24 (18):14299. doi: 10.3390/ijms241814299.

Kobayashi R, Kawabata-Iwakawa R, Terakawa J, Sugiyama M, Morita S, Horii T,
Hatada 1. Aberrant activation of estrogen receptor-a signaling in Mettl14-deficient uteri
impairs embryo implantation.

FASEB J. 2023 Aug;37 (8):¢23093. doi: 10.1096/£].202300735R.

Kobayashi R, Kawabata-Iwakawa R, Sugiyama M, Oyama T, Ohtsuka M, Horii T,
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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.

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.

Oda T*, Gotoh N, Kasamatsu T, Handa H, Saitoh T, Sasaki N*. DNA
damage - induced cellular senescence is regulated by S3BP1 accumulation in
the nuclear foci and phase separation. Cell Proliferation 56 (6): 13398
(2023)

Miyauchi E, Shimokawa C, Steimle A, Desai MS* & Ohno H*. The impact
of the gut microbiome on extra-intestinal autoimmune diseases. Nature
Reviews Immunology 23 (1):9-23 (2023)

Miyauchi E*, Taida T, Kawasumi M, Ohkusa T, Sato N & Ohno H*.
Analysis of colonic mucosa-associated microbiota using endoscopically
collected lavage. Scientific Reports 12 (1):1758 (2022)

Takeuchi T, Miyauchi E, Kanaya T, Kato T, Nakanishi Y, Watanabe T,
Kitami T, Taida T, Sasaki T, Negishi H, Shimamoto S, Matsuyama A,
Kimura I, Williams IR, Ohara O, Ohno H*. Acetate differentially regulates
IgA reactivity to commensal bacteria. Nature 595:560-564 (2021)

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): 338-390 (2020)

Nanki K, Fujii M, Shimokawa M, Matano M, Nishikori S, Date S, Takano A,
Toshimitsu K, Ohta Y, Takahashi S, Sugimoto S, Ishimaru K, Kawasaki K,
Nagai Y, Ishii R, Yoshida K, Sasaki N, Hibi T, Ishihara S, Kanai T & Sato
T*. Somatic inflammatory gene mutations in human ulcerative colitis
epithelium. Nature 577 (7789): 254-259 (2020)

Roerink SF, Sasaki N, Lee-Six H, Young MD, Alexandrov LB, Behjati S,
Mitchell TJ, Grossmann S, Lightfoot H, Egan DA, Pronk A, Smakman N,
van Gorp J, Anderson E, Gamble SJ, Alder C, van de Wetering M, Campbell
PJ, Stratton MR* & Clevers H*. Intra-tumour diversification in colorectal
cancer at the single-cell level. Nature 556 (7702): 457-462 (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)

Blokzijl F, de Ligt J, Jager M, Sasselli V, Roerink S, Sasaki N, Huch M,
Boymans S, Kuijk E, Prins P, Nijman IJ, Martincorena I, Mokry M,
Wiegerinck CL, Middendorp S, Sato T, Schwank G, Nieuwenhuis EES,
Verstegen MMA, van der Laan LIW, de Jonge J, [Jzermans JNM, Vries RG,
van de Wetering M, Stratton MR, Clevers H, Cuppen E* & van Boxtel R.
Tissue-specific mutation accumulation in human adult stem cells during life.
Nature 538 (7624): 260-264 (2016)

Sasaki N, Sachs N, Wiebrands K, Ellenbroek S1J, Fumagalli A, Lyubimova
A, Begthel H, van den Born M, van Es JH, Karthaus WR, Li VSW,
Lopez-Iglesias C, Peters PJ, van Rheenen J, van Oudenaarden A, and Clevers
H*. Reg4+ deep crypt secretory cells function as epithelial niche for Lgr5+
stem cells in colon. PNAS 113 (37): E5399-5407 (2016)

15



R - (NERZEEATERFT amxtRsIL—T

NEREERZF7 5

Laboratory of Diabetes and Metabolic Disorders

-~

i
N

F—O—R
Keywords

AL <L R
STy
HILTi/ 1F - AEORIR
S 1

esEm
O &
BHETIL
)
E~fE
L
ERMEETL
44 o]
WA ) RN

FE & (B piflifia) (Lt 3 R THI IS TLVD

BERHARE. b MRS FERIR. (CHIRS . fEEs:2E
Pancreatic beta cells, human islets, diabetes, metabolic disorders, interorgan network

ErDERE RV -REREBHRE

ARAY YT

iz

gl
R

L )
AR

aH ==

HE =X
B (E MESMRIT1= Y 1)
2 HE

e HRR
El

HigEiEE

wE BT

HigesziEE

B BF

HizEsziEE

AHE FERR

R

LRE S

KB (12812
A BHEE

KRR (HRRER)
T IE"

R (IELIR7E)
IRY—FV ¥I<
54384 (MD-PhDI—2)
iE 8T

5364 (MD-PhDI—2)
W BAT

548R4E (MD-PhDI—2)
£ BT

5364 (MD-PhDI—2)
=S|

R4 (MD-PhDI—X)
L BREE
FHHEFRR

TE

HBETLERLT
R i T2
BOTEFERDTD
E FOERT
MREMBET D

Rl (PSHIRRW) BIRD

EpEMEE FERED £ FORERISIEL
BNEBLNZT S FimED
- HpMEDC D

'/_, . _." S ;
@@@ \ E FEBCRERGOERMERE

| aoeakLTasoE:
G ) RECUBREENRET S
N g

X2.

1
Bl #b

Staff

Professor
SHIRAKAWA Jun

Associate professor
SATO Koichi

Associate Professor
ISHIDA Emi

Assistant Professor
MATSUNAGA Kohichi

Assistant professor
INOUE Ryota

Assistant Professor (Human Islet Research Unit )
TSUNO Takahiro

Postdoctoral Fellow
ZOU Meng

Technical Assistant
FUKUSHIMA Setsuko

Technical Assistant
AOKI Noriko

Technical Assistant
IGARASHI Natsumi

Administrative Assistant
MURAI Fuyumi

Graduate Student
TSURUMOTO Asuka

Graduate Student
LUO Junyu

Graduate student
YAJIMA Esther Ong

Undergraduate Student
OBATA Yusuke

Undergraduate Student
MATSUMURA Anzu

Undergraduate Student
U Yoko

Undergraduate Student

ASAKAI Mika

Undergraduate Student
MURAKAMI Harumo

Visiting Researcher
HIRANO Hisashi

_-Ejﬁi___

= [

<

£
BEADERTE
BT 3

RRFABAAIT-HSHT TO—F

—

.;‘f,‘ »E-:—:: %

e

Shirakawa J of ol Eor J Clin Nutr, 71(T5896-903, 2017

3.

EDLSIC
RT3 7?

4

E3: t

B RFRO SR ERMERNIC LS A E R
BWEFARA WEla % ;5 -
ALAYREER BEE %, T spsnEes
HBHE P .
[ i il =\ PrErt
\m e EHRR LD T
E anmzEn
TIATORRECITRIET D
(MRBETLIVATOMRTOTHSIAECLTHE)
Exparieent 1] [r—
e e b e Wnl-ﬁﬂ B 1w o)

]

“in| B erTeE

A . ey
& ) ‘ s



Department of Endocrine and Metabolic Diseases / Therapeutic Medic

Laboratory of Diabetes and Metabolic Disorders

(B &

BERARDOHRZREDEERICISAL TV ICEE L DRENSGD.
[FEDE] EHENTVET, FFICHERRK - ABRRIE. £FOREED
HEICES UBMITREZEZR L CVLE T, RAcBEDMREE. 2F®
L NIV SIKREICBED IRMATP v T OF7 TO—F &, HKEPR
KO SN FEFZED IV ThyTSOV] OF7 TO—-FONA
([CKD. HERIE - RBRBDREFAS KOBRERFENQT TS Y
A=y a3F VIS —FZEELTVET (E1),

REETHROTOVI I

1. & MEEICH1F 2EpHIRDREE L EDHIEIHEDLENA
LA Gt IR 7L % Al TR BRI B IO BF S s I &S
TRFUAAS, JIEL b EBWET L ORED X OB % 25T
BASTOBIEDMBDICA>TEE L, B TE. b MER 2
VD T REA B T L T ). BT T VOIS, & MEES. iPS
% £ ok SRR IR OBEBAIIA 0T, b MBI Ok
HEL RO 2 WIS 2 2 & T BN ORI & O REA R
FEEAEELTOE XS (72).

2. REHRERICSIT HNIE P ERDREIDFA

AR B0 TR, B IR TR 2% S OMRA LI T 2 2 &
Ik O ERBERE R IR L T T, e, IR L O REHALIC
BT b AL OB R 4 A 0D A £ 1S & % L] DA P41
AN 70 S A UG S N N SYE S ) sl =i |
N TGS 2 AR A0, RSN L AR OO A FL R I B L C Ao
HERARE O TIITL TR T, REPIC I 5 26 X O
DRBEWILDIC L, FlAmBERET 2 Ze 2 HIELTOET (3),

3. BRRETILEE MBI DR ORIER B DRE
FEC L M OWETELTOBHRE, L FULEY AL E ORI T
BONEAROATERNATELVIELHY E T, Biebid, L oMK
R EBRIBET N BB G DRI AN T 70 —F ZBEHT 5 L0 kY.
WRERRIICIOY 297, 7o, RAPEBOBF MG E 72707 A7 A
BEOBFIGIEOMYT & . BT T L OMYT 2B GHES 28T, il
WD T A = A LB WIBHICLET (14),

©000000000000000000000000000000000000000000000000000000000000000000000000000000000

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.

Kyohara M, Takayanagi R, Tsuno T, Ong Yajima E, Inoue
R,Yamashita N, Okuyama T, Nishiyama K, Matsunaga K, Ishida
E.Ito S, Terauchi Y, Goshima Y, Shirakawa J. Expression
analysisand possible functional roles of semaphorin/plexin/CRMP
families in mouse pancreatic islets. Sci Rep. 15 (1):10546, 2025.

Sato K, Ogasawara H, Ikeda Y, Kumagai H, Inoue R, Tsuno
T,Matsunaga K, Ishida E, Shirakawa J. The antitumor effects
ofmetformin are potentially mediated through LPA
receptorinhibition. Diabetes Res Clin Pract. 222:112094, 2025.

Okuyama T, Tsuno T, Inoue R, Fukushima S, Kyohara
M,Matsumura A, Miyashita D, Nishiyama K, Takano Y, Togashi
Y,Meguro-Horike M, Horike S, Kin T, Shapiro AMJ, Yanagisawa
H,Terauchi Y, Shirakawa J. The matricellular protein
Fibulin-5regulates B-cell proliferation in an autocrine/paracrine
manner. iScience. 28(2):111856, 2025.

Nishida J, Tsuno T, G Yabe S, Kin T, Fukuda S, Takeda F,
Shirakawa J, Okochi H. Encapsulated human islets in alginate fiber
maintain long-term functionality. Endocr J. 71 (3):253-264, 2024.

Arai M, Tsuno T, Konishi H, Nishiyama K, Terauchi Y, Inoue R,
*Shirakawa J. A disproportionality analysis of the adverse effect
profiles of methimazole and propylthiouracil in patients with
hyperthyroidism using the Japanese Adverse Drug Event Report
Database. Thyroid. 33 (7):804-816, 2023.

Nishiyama K, Ono M, Tsuno T, Inoue R, Fukunaka A, Okuyama T,
Kyohara M, Togashi Y, Fukushima S, Atsumi T, Sato A, Tsurumoto
A, Sakai C, Fujitani Y, Terauchi Y, Ito S, *Shirakawa J. Protective
effects of imeglimin and metformin combination therapy on p-cells
in db/db male mice. Endocrinology. 164 (8):bqad095, 2023.

LiJ, 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 B-cell apoptosis by modulating the endoplasmic
reticulum homeostasis pathway. Diabetes. 71 (3):424-439, 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
Ca?' release from the ER. iScience. 25 (7):104603, 2022.

*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 JM, Shapiro AMJ, Yi P, Terauchi Y, Kulkarni RN.
E2F1 transcription factor mediates a link between fat and islets to
promote B-cell proliferation in response to acute insulin resistance.
Cell Rep. 41(1):111436, 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 SI00A8
on sepsis mortality: links to sepsis risk in obesity and diabetes.
iScience. 25 (12):105662, 2022.
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Our research

Dysfunction of pancreatic  cells, as well as white and brown
adipocytes can lead to diabetes and metabolic syndrome. Our
goal is to elucidate the molecular mechanisms that maintain the
homeostasis of these highly specialized cells, which play a central
role in glucose metabolism. We investigate cellular
molecular mechanisms from multiple perspectives, including
developmental biology, zinc biology, autophagy, by making
effective use of genetically engineered mice. Furthermore, building
on insights from basic medical research, we aim to develop a
innovative treatments for diabetes and obesity.

On-going projects
. Research on the biology of pancreatic a, f and y cells
. Research on the functional heterogeneity of pancreatic f3 cells
. Role of zinc transporters in metabolic diseases
. Elucidation of Ppy-lineage cells as a novel origin of
pancreatic ductal adenocarcinoma

AW =

Shoji M, Ohashi T, Nagase S, Yuri H, Ichihashi K, Takagishi T, Nagata
Y, Nomura Y, Fukunaka A, Kenjou S, Miyake H, Hara T, Yoshigai E,
Fuyjitani Y, Sakurai H, Dos Santos HG, Fukada T, Kuzuhara T. Possible
involvement of zinc transporter ZIP13 in myogenic differentiation. Sci
Rep 14 (1) :8052 (2024)

Pereye OB, Nakagawa Y, Sato T, Fukunaka A, Aoyama S, Nishida Y,
Mizutani W, Kobayashi N, Morishita Y, Oyama T, Kawabata R, Watada
H, Mizukami H, Fukuda A, Fujitani Y. Identification of Ppy lineage
cells as a novel origin of pancreatic ductal adenocarcinoma. J Pathol
263 (4-5) :429-441 (2024)

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 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;S2451-9456 (23) 00060-0 (2023)

Wakabayashi Y, Miyatsuka T, Miura M, Himuro M, Taguchi T, lida H,
Nishida Y, Fujitani Y, Watada H. STAT3 suppression and p-cell
ablation enhance a-to-f reprogramming mediated by Pdx1.Sci Rep12
(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)

Perez-Frances, van Gurp L, Abate MV, Cigliola V, Furuyama K,
Bru-Tari E, Oropeza D, Carreaux T, Fujitani Y, Thorel F, Herrera PL.
Pancreatic Ppyexpressing y —c ells display mixed phenotypic traits and
the adaptive plasticity to engage insulin production. Nat Commun 12
(1):4458.(2021)

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:64 (12):2803-2816. (2021)

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-3 expression.
PLoS Genet 13(8):¢1006950. (2017)
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Specific aims

Dysregulation of cell identity leads to disruption of homeostasis,
becoming an underlying cause of disease development. We focus
on epigenetics, which plays crucial roles in cell fate determination,
and aim to unravel the pathological mechanisms underlying various
diseases, including diabetes, cancer, and allergies. Through an
integrative analysis of molecules, cultured cells, and mouse
models, we are investigating the molecular basis of disease onset
and developing novel therapeutic strategies.

On-going projects

1. Identification of epigenome alterations involved in
disease onset and development of epigenetic therapy
Epigenome alteration, which is a form of cellular memory reflecting past

environmental exposure, can have long-lasting effects on disease

development (Fig. 1). We aim to identify the environmental factors that
trigger epigenomic alterations and to investigate how these epigenomic
alterations occur at the molecular level and contribute to disease
development. By targeting these epigenomic changes, we aim to develop
novel strategies for normalizing cell identity (Fig. 2).

2. Exploration of novel metabolic regulatory mechanisms

for therapeutic development

Unveiling the principle underlying metabolic processes is crucial for
elucidating the mechanisms of disease onset and for developing
therapeutic strategy for metabolic diseases. Interestingly, some non-model
organisms possess distinct mechanisms of glucose homeostasis compared
to humans, suggesting more flexible metabolic regulation (Fig, 3).
Building on these insights, we aim to develop novel therapeutic strategies
for metabolic diseases.

3. Regulation of drug sensitivity by fatty acid metabolism
through alterations in cellular membrane composition
Membrane proteins play crucial roles in translating extracellular signals

into cellular responses. Therapies targeting these membrane proteins

constitute a major strategy for cancer treatment. We found that an enzyme
involved in fatty acid metabolism affects cancer cell sensitivity to
HER2-targeted therapy (Fig. 4). We are currently investigating how fatty
acid metabolism influences the composition of the cellular membrane and,
consequently, the sensitivity of membrane receptor-targeted therapy.

Hattori N*, Takamatsu H, lida N, Asano N, Yamashita S, Oba GM,
Kimura K, Yoshida A, Kobayashi E, Nakayama R, Matsumoto M,
Nakamura M, Kawai A, Ushijima T*. Epigenetic disruption of
adipogenic gene enhancers in dedifferentiated liposarcomas and its
therapeutic value. Front Oncol 15:1419877 (2025)

Mori Y, Akizuki Y, Honda R, Takao M, Tsuchimoto A, Hashimoto
S, lio H, Kato M, Kaiho-Soma A, Saeki Y, Hamazaki J, Murata S,
Ushijima T, Hattori N, Ohtake F*. Intrinsic signaling pathways
modulate targeted protein degradation. Nat Commun 5:5379
(2024)

Okunishi K*, Kochi Y, Zhao M, Wang H, Nakagome K, Izumi T*.
Munc13-4 regulates asthma and obesity in mice by controlling
functions of CD11c" antigen-presenting cells. Allergy 79:1992-1995
(2024)

Yamagishi G*, Miyagawa S. Neuroendocrinology of reproduction
and social behaviors in reptiles: advances made in the last decade.
Zool Sci 41:87-96 (2023)

Shimomura K, Hattori N, lida N, Muranaka Y, Sato K, Shiraishi Y,
Arai Y, Hama N, Shibata T, Narushima D, Kato M, Takamaru H,
Okamoto K, Takeda H*. Sleeping Beauty transposon mutagenesis
identified genes and pathways involved in inflammation-associated
colon tumor development. Nat Commun 14:6514 (2023)

Arai N, Hattori N, Yamashita S, Liu Y-Y, Ebata T, Takeuchi C,
Takeshima H, Fujii S, Kondo H, Mukai H, Ushijima T*. HSD17B4
methylation enhances glucose dependence of BT-474 breast cancer
cells and increases lapatinib sensitivity. Breast Cancer Res
Treat 201:317 (2023)

Yamagishi G*, Park MK, Miyagawa S. Phylogeny of g6pci genes
and their functional divergence among sarcopterygian vertebrates:
implications for thermoregulatory strategies. Zool Sci 39:419-430
(2022).

Ueda S, Yamashita S, Nakajima M, Ogawa C, Liu YY, Yamada H,
Kubo E, Hattori N, Takeshima H, Wakabayashi M, lida N, Shiraishi
Y, Noguchi M, Sato Y, Ushijima T. A quantification method of
somatic mutations in normal tissues and their accumulation in
pediatric patients with chemotherapy. Proc Natl Acad Sci USA
119:¢2123241119 (2022)

Hattori N*, Asada K, Miyajima N, Mori A, Nakanishi Y, Kimura K,
Wakabayashi M, Takeshima H, Nitani C, Hara J, Ushijima T*.
Combination of a synthetic retinoid and a DNA demethylating agent
induced differentiation of neuroblastoma through retinoic acid signal
reprogramming. Br J Cancer 125:1647 (2021)
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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 8
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.
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Ariyani W, Yoshikawa C, Tsuneoka H, Amano I, Imayoshi I, Ichinose
H, Sumi-Ichinose C, Koibuchi N, Kitamura T and Kohno D.
Dopaminergic neurons in the paraventricular hypothalamus extend the
food consumption phase. PNAS 122 (13) 2411069122 (2025)

Kikuchi O, Ikeuchi Y, Kobayashi M, Tabei Y, Yokota-Hashimoto H,
Kitamura T. Imeglimin enhances glucagon secretion through an
indirect mechanism and improves fatty liver in high-fat, high-sucrose
diet-fed mice. J Diabetes Investig 15:1177-1190 (2024)

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. Endocr J 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)

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 Sirt] prevents age-associated weight gain by improving
leptin sensitivity in mice. Diabetologia 57: 819-831 (2014)

Kitamura T*. The role of FOXOL1 in b-cell failure and type 2 diabetes
mellitus. Nat Rev Endo 9: 615-623 (2013)

23



RSB

Department of Bio

" _s'f m

logical Sciences

IMCR Joint Usage/Research Support Center

EGMBRARAAO=—X

Q: / - RTHMEMER
—YTPFS5 =~ i 'En?—’%
. mEmm < Iy RF - R ORI
r)}d e = AR—EE
- = R i * X OfhEEMANLG &
| 7 LN
y Ry RAUER T by =S — - iha: ] l =—ZoM - #E
\)
HRAT W I ZOROEANE
tH—E FATErIEE Director Technical Officer ‘ i =—XicAbe At
Ba 54X HE MWZ  FUJITANI Yoshio TOBO Masayuki BERREIEE Y % —
Bltry—& BilTEPIE Vice-Director Technical Officer WA= & ‘ ‘ ‘
KB & 452 BIE  SATOKen USHIGOME Takeshi 222
Bty —k AR S Vice-Director Technical Officer
{EQAR (g F=h S SASAKI Nobuo ~ KOHMARU Junki
B TS Assistant Professor ~ Technical Officer 1. HBRBO—IEEE 2. FRITHIT AL & iR
e —& #HE BE OHASHI Kazuto  HAGIWARA Yoshihiko
# On-goi ject
(B B&E) n-going projects

24

WA IE Y 5 — Tk, EABERAEMROILERKED
—EEELKMNE COMREPREMBZBERLELTVE
g (1. 2), Fe. BEFERIVEZH ST ETOEE
DEEZH>TVE T, KiliEPRBEMPZEU T, AR
DIHEPEFEREICEUIEVWEEZTVE T,

REETROTOI I b

1. HERERO—EEEOHEHE
BB D —JF D AT EMH DIz, Lfh
WOIER SR DO —fEE ZED T T (M),

FiE AR FI A DB b & RERHEN
iﬁiuﬂﬂnﬁﬁ TN O ILEE D R 2 P (217 5 2 H
e LT, e T gfi%ﬁo’(b\i?‘o i ﬁff&%ﬁﬂ)ﬂ

MzRET 5720, Kb T (

3. F—YET DR b & FilTsE
fiE BT BT DR FEAR IS I U 7 Bl S ik 2 vIBE IS 95 72 8
T = Z TR O R RALICHU Y flA TV T (K2),

4. EF)VEYZERVWUERR
Witk > 2 —OHE O —f 2 E L. BiliZig
DETINEZBUFRICHMY A X T KiFEEZKMED
ETNVEVITH 2 HEFEER 2 FIOT. 77 X ORI
HeT I/ BAHOHEEM Oz HigL TV d,

©00000000000000000000000000000000000000000000000000000000000000000000000000000000

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.

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.

Ohashi K*, Chaleckis R. High levels of Tryptophan reduce cell wall
or membrane stress tolerance in Saccharomyces cerevisiae. Biosci
Biotechnol Biochem 85(10): 2131-2136 (2021)

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

Ohashi K, Kawai S, Murata K*. Secretion of Quinolinic Acid, an
Intermediate in the Kynurenine Pathway, for Utilization in NAD™
Biosynthesis in the Yeast Saccharomyces cerevisiae. Eukaryot
Cell 12: 648-653 (2013).
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Pancreatic B cell mass in the islets decreases in both type 1 and type 2
diabetes. Therefore, restoring the functional B cell
mass is a key approach to cure diabetes. On the other hand, there are a
lot of differences in structure and function between animal models and
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human islets. For this reason, the use of human islets is required for the
research treat diabetes. In this research unit, we are conducting
research that incorporates animal models and human islets.

B DRFAR

Okuyama T, Tsuno T, Inoue R, Fukushima S, Kyohara M, Matsumura A, Miyashita D,
Nishiyama K, Takano Y, Togashi Y, Meguro-Horike M, Horike S, Kin T, Shapiro AMJ,
Yanagisawa H, Terauchi Y, Shirakawa J. The matricellular protein Fibulin-5 regulates
B-cell proliferation in an autocrine/paracrine manner. iScience. 2025; 28: 111856.

Nishida J, Tsuno T, Shirakawa J, et al. Encapsulated human islets in alginate fiber
maintain long-term functionality. Endocr J. 71(3):253-264, 2024.

BECRHEERI=Y b

BhEL Assistant Professor

Rk &R ITO Doshun

RIS, B DR RPN i 2 & D A BUSMR (S P> TRAEY A7 3
REBIEDHLNTOET, Lol DRBERINIE/NIIINCZ SFRIEL
729 MEWVERT R R QGE AR AR TR ML T2 $5 28 h, A
F*%W%%GDETH’J&@% (F. AR RICIRIAS W 5 40
Wb Ed, ZITRI=ZY TR, ETNVEWID A% 5T R
o)y L LHHEL 'H'iFﬂfﬁ’u?%éfO)/}fxfo@‘/J\'E"PﬁiF@l:l\Fﬁ'
FIRE (RS, 1, () OGP Z MR L E 9, ADf
FEARL, FEREISHE D LN DI Z B D X2 8§52 LT,
HOROWHRE - AIEEZ—2 PO DAL eI SN T,

Generally, the risk of developing metabolic diseases such as diabetes and obesity
increases with age. However, type 1 diabetes is more common in childhood, and
fatty liver disease has been rising at a young age in recent years, it is necessary to
conduct a wide range of studies over all generations to understand the pathogenesis
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of metabolic disease fundamentally. Therefore, this unit collaborates with the
University Hospital and clinic to analyze metabolites in human patient samples (tissue,
blood, stool, etc.) from children, adolescents, and elderly persons. The results of this
research are expected to lead to the identification of novel therapeutic and drug
targets by proving metabolic changes in the body associated with disease onset.
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Ito, K., Ito, D., Goto, M., Suzuki, S., Masuda, S., Iba, K., & Kusumi, K. (2022).
Regulation of ppGpp Synthesis and Its Impact on Chloroplast Biogenesis during
Early Leaf Development in Rice. Plant and Cell Physiology, 63(7), 919-931.

Ito, D., Kawamura, H., Oikawa, A., Ihara, Y., Shibata, T., Nakamura, N., Asano,
T., Kawabata, S., Suzuki, T., & Masuda, S. (2020). PpGpp functions as an
alarmone in metazoa. Communications Biology, 3(1), 1-11.
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The Molecular Targets and Drug Discovery Unit will search for
druggable molecules by utilizing the basic medical knowledge
obtained through our research on endocrinology and
metabolism, as well as the many disease model mice, other
model organisms, organoids, iPS cells, and other resources of
the institute. Furthermore, we will conduct research for the
development of therapeutic drugs for lifestyle-related diseases
such as obesity and diabetes by screening and drug
repositioning of compounds that regulate these molecules.
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The matricellular protein Fibulin-5 regulates B-cell proliferation in an autocrine/paracrine manner. Okuyama T, Tsuno T,
Inoue R, Fukushima S, Kyohara M, Matsumura A, Miyashita D, Nishiyama K, Takano Y, Togashi Y, Meguro-Horike M,
Horike S, Kin T, Shapiro AMJ, Yanagisawa H, Terauchi Y, Shirakawa J*. iScience. 2025 Jan 21;28(2):111856.
Doi:10.1016/.is¢1.2025.111856
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A high-protein diet-responsive gut hormone regulates behavioral and metabolic optimization in Drosophila melanogaster.
Yoshinari Y*, Nishimura T*, Yoshii T, Kondo S, Tanimoto H, Kobayashi T, Matsuyama M, Niwa R*. Nature Commun.
2024 Dec 30; 15(1)10819.

doi: 10.1038/541467-024-55050-y.
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Identification of Ppy-lineage cells as a novel origin of pancreatic ductal adenocarcinoma. Pereye OB, Nakagawa Y, Sato T,
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The antitumor effects of metformin are potentially mediated through LPA receptor inhibition. Sato K, Ogasawara H, Ikeda
Y, Kumagai H, Inoue R, Tsuno T, Matsunaga K, Ishida E, Shirakawa J*. Diabetes Res Clin Pract. 2025 Apr:222:112094
doi: 10.1016/j.diabres.2025.112094.
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Take the JR Joetsu or Hokuriku Shinkansen Line to Takasaki Station. From there about 30 min by taxi.
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Take the JR Ryomo Line train to Maebashi Station.From there about 4 km in the northerly direction.
About 15 min by bus or 10 min by taxi.
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Take the JR Joetsu Line train to Shin-Maebashi Station. From there about 5 km in the northerly
direction about 15 min by taxi.
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By car : Take the Kan-Etsu Expressway to Maebashi Interchange.
From there about 15 min on the ordinary road.
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Institute for Molecular and Cellular Regulation National University Corporation Gunma University
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