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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.
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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.
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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.
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Nureki O*. Structural insights into tetraspanin CD9 function. Nat
Commun. 2020 Mar 30; 11 (1):1606.

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.
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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

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: 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).

Matsushita R, Nishimura T*. Trehalose metabolism confers
developmental robustness and stability in Drosophila by regulating
glucose homeostasis. Commun Biol 3: 170 (2020).

Hironaka KI*, Fujimoto K, Nishimura T*. Optimal scaling of critical
size for metamorphosis in the genus Drosophila. iScience 20:
348-358 (2019).

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).

Okamoto N, Nakamori R, Murai T, Yamauchi Y, Masuda A,
Nishimura T*. A secreted decoy of InR antagonizes insulin/IGF

signaling to restrict body growth in Drosophila. Genes Dev 27:
87-97 (2013).
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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.

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
JMIDI1A and TET2 activity. Nucleic Acids Res. 2023 May
9;gkad342.

Suzuki T', Hayashi Mf, 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 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
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IVSIYl I JCH UG McoUUul Lo UWET LT
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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.

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.¢5 (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): 254-258 (2020)

Nakamoto N, Sasaki N, Aoki R, Miyamoto K, Suda W, Teratani T, Suzuki T, Koda Y,
Chu PS, Taniki N, Yamaguchi A, Kanamori M, Kamada N, Hattori M, Ashida H,
Sakamoto M, Atarashi K, Narushima S, Yoshimura A, Honda K, Sato T*, Kanai T*.
Gut pathobionts underlie intestinal barrier dysfunction and liver T helper 17 cell
immune response in primary sclerosing cholangitis. Nature Microbiology 4 (3):
492-503 (2019)

van Es JH, Wiebrands K, Lopez-Iglesias C, van de Wetering M, Zeinstra L, van den
Born M, Korving J, Sasaki N, Peters PJ, van Oudenaarden A, Clevers H*.
Enteroendocrine and tuft cells support LgrS stem cells on Paneth cell depletion. PNAS
116 (52):26599-26605 (2019)

Han S, Fink J, Jorg DJ, Lee E, Yum MK, Chatzeli L, Merker SR, Josserand M,
Trendafilova T, Andersson-Rolf A, Dabrowska C, Kim H, Naumann R, Lee JH, Sasaki
N, Mort RL, Basak O, Clevers H, Stange DE, Philpott A, Kim JK, Simons BD, Koo
BK*. Defining the Identity and Dynamics of Adult Gastric Isthmus Stem Cells. Cell
Stem Cell 25 (3): 342-356 (2019)

Bolhaqueiro ACF, Ponsioen B, Bakker B, Klaasen SJ, Kucukkose E, van Jaarsveld RH,
Vivi¢ 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 O,
Foijer F, Snippert HIG, Kops GJPL*. Ongoing chromosomal instability and karyotype
?volu;ion in human colorectal cancer organoid. Nature Genetics 51 (5): 824-834
2019

Sasaki N, Clevers H*. Studying cellular heterogeneity and drug sensitivity in colorectal
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. Regd+ 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, Ijzermans 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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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.

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, #0Ono 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 B-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.

*Hirano H, *Shirakawa J. Recent developments in Phos-tag
electrophoresis for the analysis of phosphoproteins in proteomics.
Expert Rev Proteomics. 19 (2):103-114, 2022.

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

*Shirakawa J , Tajima K, Okuyama T, Kyohara M, Togashi Y, De
Jesus DF, Basile G, Kin T, Shapiro AMJ, Kulkarni RN, Terauchi Y.
Luseogliflozin increases beta cell proliferation through humoral
factors that activate an insulin receptor- and IGF-1
receptor-independent pathway. Diabetologia. 63 (3):577-587, 2020.

17



No7ub - FCHREREEANTERRT arRI)L—T

SFEREHASE O

Laboratory of Developmental Biology and Metabolism

%
B 5IX

HRRAS v T Staff

iR Professor

By S5ITx FUJITANI Yoshio
R Associate Professor
EE s SATO Takashi

U Assistant Professor
'R BF FUKUNAKA Ayako
B Assistant Professor
Il #EF NAKAGAWA Yuko
HRZIEE Technical Assistant
EH BAR&E SUDA Asuka
HRZIEE Technical Assistant
B+ RF TAMURA Yasuko
MRZIEE Assistant Technician
Xe MER MIZUTANI Wakana
HRZIEE Technical Assistant
AR =X ISHIZAKA Tomomi
KEbE (FLFER) Graduate Student

Sl IEE SHIMADA Masaharu
SFERLE (MD-PhDO—X) Under graduate Student
ieat At KITAMURA Yuya
SFERE (MD-PhDO—X) Under graduate Student
NI Ba OGAWA Mahiro
SFERLE (MD-PhDO—X) Under graduate Student
N\ 18155 KOBAYASHI Nanami
SFERLE (MD-PhDO—X) Under graduate Student
5 BT MA Yingzhu

F-U—F KRB ERRE. SR, vk, B8, &~ S RAR—5—

Keywords Metabolism, Diabetes, (8 cell, y cell, Zinc, Zinc transporter
HEIFSV RR—4—
a 1 stomach stomach
lorsal
panc
e dorsal ¥
4« pancreas .
ventral duodenum & Zn
pancreas BRI FIVISFFRTO
PDX1++ PDX1 AA ARV HREHEAT D Fukunaka A, et. al. Sci Rep. (2023)
. —_— — — —». Exocrine y
pancreatic Pif1a
foregut "~ pyq Q
P ——— —— @~ ﬁﬁmmm

e BN S || e
0-0-0-0-@ - (mmmEmmml| [ R—SamEbED
Ngn3
Pax6 .o_.< )—» PP cell BT LSRR

O . ﬁﬁ F DRBLEHETSD
SO0 @ res
Nkxg1 ~ Mafa Fukunaka A, et. al. PLoS Genet (2017)

Pdx1

1. PS4 - MEBIE D S B PERIR DI

PpyRIMRISERETFICEY
@ PoyX%3liAR FSYRTA=LLPTN
@ 3kPpyRTIMAR

BEREBMORROET WS BRI A
3. REOPpyiilArRENS ADH - BRIRICE D EERR

Tamaki M, et al. JCI (2013)

2. £ER#ELSHAT HAH X7 LADOHEH

‘ Glucagon

-

Amino Acids

7 a cell
R
Hyperplasia of

GCG* PP cells T cells

4. FETOTIVATAERIZES
B AR O IETE B & OSE S HEIHERE O H 4



Department of Endocrine and Metabolic Diseases / Therapeutic Medical

Sclence

~ 1
sience Group

IR

Laboratory of Developmental Biology and Metabolism

(f5RT—~)
EEBBROIMICIFRIEX D= X LDFRAE SR EDRF

(B &

fZ iR PRERLHIRR DREERE . BERFPAIRU Y I
RFO—-LDFRERELEDCENHSNTVE T, e BEOMAE
Tl&. BAHHEHOELLD. INSOFXREERROERM
HRDULHCDWT, BFUNILTOEREZBRELTVET,
LI, BEFREVIRZRET DI LICLD, FBIH &
EEYZ. BV I FIVOBERD S, ZTOEEE#IFEREBOS
BEPICHDEZFET. CNSOERRARZEBLEULT, KE
DIFFIFFAEAX D= X LDEEBAE ERME B ADRFEZ B8
LET,

REgETHRO7OYI I~

1. BERHRRDRELE - BE - HOED S H T HEFRR DI

RN E AU 4 RO N WA AAAE L &9 Z D2 & 3.
PEAGHHEFHCTHETH Y . Z DOEBEIXIN WM DI - (LB & %k
ZRFEDHY 9, B A% 5, aflilid, y HOFEA: - HafER D A
A = AL O & LT, HERIE O FEAE BRI & AR R DT I
L7z EEZTOET,

2. RSB SHIAT BB X5 LDEFH

HIzL7eb I3 N Z > AR—2—0F - IRE IS 2 BE 2 fitH L
T&ZF L7 (Tamaki M, J Clin Invest. 2013, Fukunaka A, PLoS Genet.
2017) 6 512, I HEGEROME DRI D 4 55 = W O BRI < S IR A o
ZAbzF AL, KRR RE LHEL TV 2R F LT
(Fukunaka A, Sci Rep. 2023), HE, IGEOMAEVLIH LI TS
NEGGSBE PRI (I T BIRIH L WD Hi7- e b] 0 b S AR B 24 2 H
FI LIl TV E T,

3. BEEDPpy N D A DHFICISIIRICIED C EERER

N~ — 5 —"Tdh 5Ppy%Z BT 2HMICEOTHAMET
(SV40T) %#iEMAL T 27D AZERL £ Lic. OBz v A,
RS BRI ASRE & 2 52 S R I G D E AR T 2 BiG s
Bz shE L7z (Perey OB, J Pathol. 2024), AWF5EIE. DA IZES
JREAR S AT 2 LR & 3% L\ D BERDIREIIC— 11 % B U B DS A DR aF
SRR A PRI 2 IR & H 2 S, S, Bl REDI A DB BTk
DS DR BHEMDSH Y 2T,

©000000000000000000000000000000000000000000000000000000000000000000000000000000000

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
. 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 =

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 Ppylineage cells as
a novel origin of pancreatic ductal adenocarcinoma. J Pathol in press
(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 15;13 (1) :3484 (2023)

Aoyama S, Nishida Y, Uzawa H, Himuro M, Kanai A, Ueki K, Ito M, lida
H, Tanida [, 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, Iwasaki 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 173
(5):393-411 (2023)

Wong A, Pritchard S, Moore M, Akhaphong B, Avula N, Beetch M, Fujitani
Y, Alejandro EU. Overexpression of Pdx 1, reduction of p53, or deletion of
CHOP attenuates pancreas hypoplasia in mice with pancreas-specific
O-GleNAc transferase deletion.d 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 p-cell ablation
enhance o-to-f 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 v cells. PLoS One17 (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 p-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 [, 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 B-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: 64
(12):2803-2816. (2021)
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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 and immune cell signaling, which play 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.

2. 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. 2). We are currently investigating how fatty
acid metabolism influences the composition of the cellular membrane and,
consequently, the sensitivity of membrane receptor-targeted therapy.

3. Clarification of novel mechanisms of allergic immune responses

The prevalence of allergic diseases such as asthma is increasing in
Japan. However, the detailed mechanisms underlying these allergic
responses remain unclear. We previously uncovered novel regulatory roles
of the Rab27 effectors, exophilin-5 and Munc13-4, in asthma and
identified IL-5-producing pathogenic Th2 cells (Fig. 3). We are currently
attempting to understand the pathophysiology of allergic diseases in more
depth by utilizing mouse models of asthma and different types of
genetically modified mice.

4. Regulation of GDF3-ALK7 axis and fat accumulation by the inmune system

We previously determined the essential roles of the immune system in
fat accumulation as follows: 1) adipose tissue macrophages activate the
ALK?7 on adipocytes by producing the ALK7 ligand GDF3, which
suppresses lipolysis and thereby enhances adiposity; 2) inflammatory
cytokines IL-1p and S100A8/A9 accelerate the GDF3-ALK?7 axis to
promote obesity (Fig. 4). We are currently seeking to fully understand the
roles of the immune system in obesity and metabolic disorders using
mouse models of obesity/diabetes and genetically modified mice.

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 (2024) (Online ahead of print)

Shimomura K, Hattori N, Iida 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. Nature 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)

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:¢82821 (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:¢161229 (2023).

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)

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

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

Hattori N, Niwa T, Kimura K, Helin K, Ushijima T*. Visualization of multivalent
histone modification in a single cell reveals highly concerted epigenetic changes upon
differentiation of embryonic stem cells. Nucleic Acids Res 41:7231-7239 (2013)
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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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Laboratory of Metabolic Signal

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,

Y okota-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 FOXOL1 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.

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

Ohashi K, Kawai S, Murata K*. Secretion of Quinolinic Acid, an
Intermediate in the Kynurenine Pathway, for Utilization in NAD™

Biosynthesis in the Yeast Saccharomyces cerevisiae. Eukaryot
Cell 12: 648-653 (2013).
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Specific aims

Cells are constantly exposed to various stimuli such as
environmental stress and nutrient sources, and if they cannot
respond appropriately to such external stimuli, they will be
damaged, leading to aging or cell death. Therefore, a detailed
understanding of the cell response mechanism is necessary for
the development of treatments for lifestyle-related diseases and
aging.

Using the budding yeast Saccharomyces cerevisiae, which is an
ideal eukaryotic cell model, we would like to clarify the molecular
mechanism by which cells maintain homeostasis of energy
metabolism while responding to various environmental changes.
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» 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
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Hayakawa Y, Takaine M, Ngo KX, 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:
€67659 (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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Pancreatic B cell mass in the islets decreases in both type 1
and type 2 diabetes. Therefore, restoring the functional  cell
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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 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
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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.
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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 of metabolic disease
fundamentally. Therefore, this unit collaborates with the
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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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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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Crucial role of iron in epigenetic rewriting during adipocyte differentiation mediated by JMJD1A and TET2 activity.
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, Inagaki T*. Nucleic Acids Res. 2023 Jul 7;51(12):6120-6142.

Doi: 10.1093/nar/gkad342.
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ALLO-1- and IKKE-1-dependent positive feedback mechanism promotes the initiation of paternal mitochondrial
autophagy. Sasaki T, Kushida Y, Norizuki T, Kosako H, Sato K*, Sato M*. Nat Commun. 2024 Feb 17;15(1):1460.
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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.
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