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Director / Fumikazu Okajima

Aiming at only-one Institute

Institute for Molecular and Cellular Regulation (IMCR) was founded
in 1963 as “Institute of Endocrinology” and cerebrated 50th anniversary
last year (2013). In Gunma prefecture, where no surrounding sea and
shortage of intake of the seaweed frequently caused thyroid diseases
and, therefore, researches on thyroid hormone were main subjects
in these days in our Institute. Progress in molecular biology and cell
biology in ‘80 changed the concept of “classical” endocrinology and
its experimental approaches. We therefore re-organized our Institute
and changed its name to the present one to study not only hormones
but also other bioactive substances, including growth factors,
lipid mediators, cytokines, and neurotransmitters, using modern
biotechnology in 1994. Since then, we are also focusing on pathology
and pathophysiology of lifestyle-related diseases, including diabetes,
atherosclerosis, and cancers.

Although our institute is situated in smaller in size among the
category of "medicine and biology”, we were selected as a center of
21st COE program from 2002-2006. In 2007 (to 2011), we were also
selected as a center of Global COE program “Signal Transduction
in the Regulatory System and its Disorders” in collaboration with
Akita University, in which we investigated the signal transduction
mechanism in the three major regulatory systems, including endocrine,
neuronal, and immune systems, and their cross-talk mechanism
among them. Our Institute has been nominated as “Joint Research
Center for Endocrine/Metabolism” since 2010, and this year we are
performing 36 collaborative researches with participation of more than
40 academic laboratories in Japan. Our institute has only 34 academic
staffs but the fact itself is a merit for uniting together to deal with the
difficulties. In each laboratory, a variety of researches are on-going by

using model animals, including C. elegans and genetically modified
mice, and a variety of experimental approaches, including epi-genome
analysis, proteomics, molecular imaging, and gene knockdown
strategy, to conduct the researches with a mission of “clarification
of signal transduction mechanism underlying regulatory systems,
including endocrine/metabolic system, and elucidation of pathology
and pathophysiology of various disorders, including lifestyle-related
diseases, due to the disruption of these systems”
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Institute for Molecular and Cellular Regulation, Gunma University
http:// www.imcr.gunma-u.ac.jp/
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Figure 1

In each laboratory, a variety of researches are on-going by using model animals, including C. elegans,
cellular slime mold, and genetically modified mice, and experimental approaches, including epigenome
analysis, proteomics, molecular imaging, and gene knockdown strategy. Please refer to the research
projects of each laboratory. Here, it was summarized from the view point how each research is related to
disorders, including lifestyle-related diseases.
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Figure 2

There are 95 institutes and centers of national university in all over Japan, which are divided into three
categories, including science and technology (47), medicine and biology (34), and humanities and social
sciences (14). The Institute for Molecular and Cellular Regulation (IMCR) is rather smaller in size among the
institutes of category of “medicine and biology”. The presented figure is from “The outline of institutes and
centers of national university” published in 2014.
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Our Institute has been nominated as “Joint Research Center for Endocrine/Metabolism” since 2010
and this year promotes 36 collaborative researches with participation of more than 40 academic
laboratories in Japan.
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I. Yamashita Group

Specific aims

We aim to elucidate the role of “stress responses” in carcinogenesis
and cellular senescence and to identify diagnostic biomarkers and
therapeutic targets in these cellular processes.

» On-going projects

A variety of DNA- and/or protein-damaging agents derived from
the environment and cell metabolism activate diverse “stress
responses”, inducing genomic instability and cellular senescence,
which plays a critical role in tumor development and organismal
aging, respectively. Importantly, activated oncogenes also promote
genomic instability/tumor progression and cellular senescence/

tumor suppression, in a paradoxical manner, through the “oncogenic
stress response”.

®Oncogenic stress-induced genomic instability and cellular
senescence

Oncogene-induced abnormal DNA replication and subsequent
DNA damage promote these processes through poorly understood
mechanisms. We previously reported that the “cancer chaperone”
Hsp90 activates error-prone Y-family DNA polymerases, potentially
promoting genomic instability in tumor cells. Our recent findings
suggest that these polymerases participate in the oncogene-
induced aberrant replication.

@Heat Shock Factor (HSF) 1-mediated regulation of cellular
senescence

HSF1 transcriptionally activates “Heat Shock Response”, in response
to protein-damaging stress. We recently found that acute depletion
of HSF1 induces cellular senescence in non-stressed cells in a p53/
RB-dependent manner. Interestingly, HSF1 depletion also induces
cellular senescence in p53(-)RB(-) tumor cells. These findings suggest
that HSF1 regulates senescence through redundant pathways,
independently of the heat shock response.

Il. Kubohara Group

Specific aims

1) Exploitation of medical drugs by the use of cellular slime mold-
derived compounds.

2) Elucidation of the mechanisms of cell differentiation and
chemotaxis in the model organism D. discoideum.

» On-going projects

We have reported that differentiation-inducing factors of the cellular
slime mold D. discoideum, DIF-1 and DIF-3, and their derivatives
possess multiple pharmacological activities. They are now
elucidating the mechanisms of the actions of the DIF derivatives
and tying to develop DIF-derived drugs against cancer, obesity and
diabetes, etc. They are also investigating the mechanisms of cell
differentiation and chemotaxis in D. discoideum.

Nakajima-Shimada J, Hatabu T, Hosoi Y, Onizuka Y, Kikuchi H, Oshima Y, Kubohara
Y.: Derivatives of Dictyostelium discoideum differentiation-inducing factor-3
suppress the activities of Trypanosoma cruzi in vitro and in vivo. Biochem
Pharmacol 85: 1603-1610 (2013)

Yamada Y, Kubohara Y, Oshima Y, Wang HY, Ross S, Williams JG. The Dictyostelium
prestalk inducer DIF-1 directs phosphorylation of a bZIP transcription factor. Int J
Dev Biol 57:375-381 (2013)

Yamashita T, Oda T, Sekimoto T.: Translesion DNA Synthesis and Hsp90. Genes
and Environment 34: 89-93 (2012)

Yabe M, Shimizu T, Morimoto T, Koike T, Takakura H, Tsukamoto H, Muroi K,
Oshima K, Asami K, Takata M, Yamashita T, Kato S, Yabe H.: Matched sibling
donor stem cell transplantation for Fanconi anemia patients with T-cell somatic
mosaicism. Pediatr Transplant 16: 340-345 (2012)

Tanaka S, Masuda Y, Honma C, Hosaka K, Takahashi K, Kubohara Y.: Manganese

promotes phorbol ester-induced interleukin-2 production via AP-1 activation in
Jurkat T-cells. Toxicol Lett 211: 312-318 (2012)
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Specificaims

To understand the molecular mechanisms and physiological
functions of membrane trafficking in multicellular organisms,
we use the nematode Caenorhabditis elegans and mice as model
systems.

» On-going projects

(®Molecular mechanisms of LDL trafficking in C. elegans

LDL is a low density lipoprotein consisting of core proteins
and lipids such as cholesterol. LDL is recognized by the LDL
receptor on the cell surface and then taken up by cells via

receptor-mediated endocytosis. This process is also important
to remove LDL from blood and keep a normal level of LDL
in the blood. Interestingly, C. elegans yolk has a very similar
character to mammalian LDL. In C. elegans, yolk is taken up by
oocytes via receptor-mediated endocytosis. In order to study
LDL endocytosis in multicellular organisms, we utilize advanced
genetics available in C. elegans. We are studying endocytosis-
defective mutants of C. elegans to identify novel components
required for LDL endocytosis.

@ Analysis of physiological functions and molecular
mechanisms of membrane trafficking during development.

C. elegans is emerging as an amenable model system for the
study of oogenesis, fertilization and embryogenesis because
all of these processes can be observed easily in a living animal.
We have identified a novel type of developmentally-regulated
secretory granules in C. elegans oocytes. These vesicles undergo
synchronous fusion with the plasma membrane just after
fertilization as has been reported for cortical granules in other
animals. We are trying to clarify the molecular mechanisms
of the biogenesis and exocytosis of the cortical granules as a
model of the regulated secretion. Recently, we have revealed
that fertilization-induced autophagy is responsible for selective
degradation of paternal mitochondria and thereby maternal
inheritance of mitochondrial DNA. We are now studying the
molecular mechanism of paternal mitochondria degradation by
fertilization-induced autophagy.

(®Analysis of physiological functions of membrane trafficking
in mammal.

To study physiological functions of membrane trafficking in
mammal, we are making knockout mice of the genes, which
we have identified by C. elegans genetics. We are going to
investigate the mutants by various cell biological methods.

1) Sato M, Konuma R, Sato K, Tomura K, Sato K.: Fertilization-induced K63-
linked ubiquitination mediates clearance of maternal membrane proteins.
Development 141: 1324-1331 (2014)

2) Tsukamoto S, Hara T, Yamamoto A, Kito S, Minami N, Kubota T, Sato K, Kokubo T.:
Fluorescence-based visualization of autophagic activity predicts mouse embryo
viability. Sci Rep 4: 4533 (2014)

3) Sato M, Sato K.: Maternal inheritance of mitochondrial DNA by diverse
mechanisms to eliminate paternal mitochondrial DNA. BBA Mol Cell Res 1833:
1979-1984 (2013)

4) Sato M, Sato K.: Dynamic regulation of autophagy and endocytosis for cell
remodeling during early development. Traffic 14: 479-486 (2013)

5) Tsukamoto S, Hara T, Yamamoto A, Ohta Y, Wada A, Ishida Y, Kito S, Nishikawa
T, Minami N, Sato K, Kokubo T.: Functional Analysis of Lysosomes During Mouse
Preimplantation Embryo Development. J Reprod Dev 59: 33-39 (2013)

6) Sato M, Sato K.: Maternal inheritance of mitochondrial DNA: degradation of
paternal mitochondria by allogeneic organelle autophagy, allophagy. Autophagy
8:424-425 (2012)

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

8) Sato M, Saegusa K, Sato K, Hara T, Harada A, Sato K.: Caenorhabditis elegans
SNAP-29 is required for organellar integrity of the endomembrane system and
general exocytosis in intestinal epithelial cells. Mol Biol Cell 22: 2579-2587 (2011)
9) Sato M, Yoshimura S, Hirai R, Goto A, Kunii M, Atik N, Sato T, Sato K, Harada
R, Shimada J, Hatabu T, Yorifuji H, Harada A.: The role of VAMP7/TI-VAMP in cell
polarity and lysosomal exocytosis in vivo. Traffic 12: 1383-1393 (2011)
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Specificaims

(1) Elucidation of action mechanisms of lipid mediators, including
sphingosine 1-phosphate (S1P) and lysophosphatidic acid (LPA),
and development of drugs related to their actions.

(2) Elucidation of the physiological and pathophysiological roles
of proton-sensing GPCRs, especially focusing on central nervous
system, bone remodeling, and inflammatory disorders.

» On-going projects

1. Role of lysolipid mediators and development of drugs targeted
for their receptors

Lysolipid mediators, such as sphingosine 1-phosphate (S1P) and
lysophosphatidic acid (LPA), have been shown to regulate a variety
of biological processes, including proliferation, migration, and
apoptosis, through G-protein-coupled receptors. Five S1P receptors,
S1P1~5, and six LPA receptors, LPA1~6 have been reported. Since

LPA exerts a variety of responses in cellular systems, the receptor
agonists and antagonists may be therapeutically useful drugs. We
have currently developed an LPA antagonist Ki16425 and its orally
active Ki16198, in collaboration with Kirin brewery Co. Ltd. This drug
is potentially applicable for cancer cell invasion and metastasis,
cardiovascular diseases and inflammatory diseases.

(1) Role of S1P binding protein, apolipoprotein M, on S1P release.

(2) Analysis of the inhibitor of autotaxin, an enzyme for LPA
synthesis, on tumorigenesis.

2. Physiological and pathophysiological roles of proton-sensing
GPCRs

We have recently found that a group of GPCRs sense extracellular
pH and are coupled to the intracellular signaling pathways. As
proton-sensing mechanisms, channels, such as TRPV1 (pH 4~6) and
ASICs (pH 4~7), on sensory neurons have been known as a sensor
for nociception and taste. Glutamic acid and aspartic acid (pKa 4.7)
is shown to sense extracellular protons in these channels. On the
other hand, OGR1 family GPCRs sense more physiological pH of 6~8
through histidine residues. They are expressed on a variety of cell
types, including neural cells. Extracellular protons are 40 nM (pH
74) under the physiological and reach 1000 nM (pH 6.0) in tumor,
ischemia, and inflammation. We are investigating the physiological
and pathophysiological role of proton-sensing GPCRs using
knockdown cells with siRNAs and knockout mice.

(1) Role of proton-sensing GPCRs in microglia and neuronal cells.

(2) Role of proton-sensing GPCRs in bone remodeling and
tumorigenesis.

(3) Analysis of the role of proton-sensing GPCRs using asthma
model, brain ischemia model, and arthritis model.

(4) Characterization of novel GPR4 antagonists.

Jin'Y, Sato K, Ayaka Tobo, Mogi C, Tobo M, Murata N, Ishii S, Im DS, Okajima F.:
Inhibition of interleukin-13 production by extracellular acidification through the
TDAG8/cAMP pathway in mouse microglia. J Neurochem 129: 683-695 (2014)

Aoki H, Mogi C, Hisada T, Nakakura T, Kamide Y, Ichimoniji |, Tomura H, Tobo M,
Sato K, Tsurumaki H, Dobashi K, Mori T, Harada A, Yamada M, Mori M, Ishizuka T,
and Okajima F:

Proton-sensing ovarian cancer G protein-coupled receptor 1 on dendritic cells
is required for airway responses in a murine asthma model. PLoS One 8: €79985
(2013)

Okajima F.: Regulation of inflammation by extracellular acidification and proton-
sensing GPCRs. Cell Signal 25: 2263-2271 (2013)

Wang J, Sun Y, Tomura H, Okajima F.: Ovarian cancer G-protein-coupled receptor
1 induces the expression of the pain mediator prostaglandin E2 in response to
an acidic extracellular environment in human osteoblast-like cells. Int J Biochem
Cell Biol 44:1937-1941 (2012)

Nakakura T, Mogi C, Tobo M, Tomura H, Sato K, Kobayashi M, Ohnishi H, Tanaka
S, Wayama M, Sugiyama T, Kitamura T, Harada A, and Okajima F.: Deficiency
of Proton-Sensing Ovarian Cancer G Protein-Coupled Receptor 1 Attenuates
Glucose-Stimulated Insulin Secretion. Endocrinology 153: 4171-4180 (2012)

Komachi M, Sato K, Tobo M, Mogi C, Yamada T, Ohta H, Tomura H, Kimura T, Im DS,
Yanagida K, Ishii S, Takeyoshi |, and Okajima F.: An orally active lysophosphatidic
acid receptor antagonist attenuates pancreatic cancer invasion and metastasis in
vivo. Cancer Sci 103: 1099-1104 (2012)
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(HHET—)
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EEBERORRFETHS MEMERIE] ITEEL. TORE

B AZATIEY/ LA A= X LEAZEIRET S, EﬁSEKJL‘.Ld:
RAMTET/LHEEF=REL. ZOMERIZTOTEICED
T REFIEE TRIVF KRB L OTHIEHE N SR A RED
fREAL Z DRIEEDRAFEZBIEL TS,

PRIEETROTOV Vb

1.7 F 341 FICEBIMAEER A A Z X LOREF (K1)
VAV F A RORKIEER AR LDFEIEEH 55
NTWELIEH. ZODFHEREITEHEHBESHCENTVEEA
Tlc, BRRAIE. TOANZRXAIGEDHFHLWVHEERESHIC
THTENTEX L, COBRRTRAREETHS7/V20)VF
14 RLE7E2—(GR)IE. SumoftUH—H (E3) ELTDEREIHR
feLET,

2. I IVF—REHEKEED IV FIAA RLETE2—D R Y
INEERERIMIES/ LRERFDOZFER (K2)

KRR E TRV —REHEIIREICES LTWA T DRI

BESHNTESTWET, FAld. TDODFHEEDITAARREL T,

FIH FCIRIVF—REHREED 2 U BIEMAN X L&

FTNERBLTES - DVBET 2RO IES/ LHIHEFESE

ICEBLTERITLTVEY,

3. REEIRIVF— RS DERICHITBMBRY T FIVIaR 2

DEREBRAIES/ LEEAHZZXLDY) DR (K3)
VATV F A1 R L T2—ICEBMRIEANZ R LG IES S/ A
BIIC Ko TOIEENTVDDIF TlEBIUERA, FhfcBlid &k
MOMBRN 7 FILETIVATVF A R T FILDITAR =2
HBEDOITC ELDIFRELDEESZEEIFH TVOEWVWEESTN
ESE

4.7 F07 SR BEEEFIEAD X LB K BB EA SR
) ZIERBOERNGEREDRRE (K4)

MRARGEDEEBBREICIEIDEL ST BUENFENLET

B TODFHEBOFMRISASHTIIH Y ELA, FHLlE BH

RIVEZ L T2—(AR) DHRERRTZBL T COREICHEDT
W<DHYTY, FITIBERIES ARDBERIZ. SBIEBEINSE
DEMELTVET,

Our research concepts

Deciphering the unknown epigenetic regulatory mode which
defines the convergence between the inflammatory response
and energy metabolism

Specific purposes

1)Identifying unknown epigenome-regulators which work as
a inflammatory-respinsible transcription factors which are
also regulated by intra-cellular signaling related to energy
metabolism.

2)Discovering new drug targets for chronic- inflammation-
related diseases, such as metabolic syndrome, diabetes,
and auto-immune diseases. Uncovering the molecular
mechanisms causing the chronic-inflammation might lead to
the other inflammation-related diseases such as osteoporosis,
neuro-degenerative disease, and cancer.

» Our research projects

1.Molecular mechanism of anti-inflammatory function of
Glucocoeroticoid mediated by Glucocorticoid receptor (GR)
(Figure 1)

2.Purification and identification of novel epigenome-regulators
recruited by specific protein modifications of GR regulated
by the inflammatory signaling and the status of energy
metabolism in the cells (Figure 2)

3.Deciphering a convergence between unkown intra-
cellular signalings and steroid-stimulatory signalings ( by
glucocorticoid and Androgen) (Figure 3)

4.Establishing a new strategy for metabolic syndrome-related
atherosclerotic status related to sex-difference (Figure 4)

Comments:

Recently the convergence between inflammation and
metabolism is one of the hot topics in the clinical medicine. The
patients suffering from metabolic diseases such as metabolic
syndrome or diabetes are increasing in number even in Japan.
But the molecular mechanism, especially in the nucleus of the
living cells, underlying these diseases is not well known. We
would like to decipher the unkown nuclear regulatory mode of
the physiological and pathological conditions by biochemical
approach and mouse genetics.

Kitagawa H, Fujiki R, Yoshimura K, Oya H, Kato S.: Williams syndrome is an
epigenome-regulator disease. Endocr J 58: 77-85 (2011)
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priming phase metabolic phase

GSR: glucose-sensing receptor TIR3

H2 FEAMAICH ISV ILI—XDIEREE

ZIA—RFET BMilaRED V)L 1 —RBEHZ A (glucose-sensing receptor GSR)ICEFA L
THPERORE E(RES Y 2 (T 5« 2718 priming phase). i\ TH')L I— R SHRREAICELD
REN.HESWUDHTIM IV ZZFRBBICLDIRLAKRBSNATPAEES . AV Y
VA UHBAE 13 (REIHE metabolic phase).
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BEFZ2657,
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PIEEETROIOI I+
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MMCTBEEBIC, BONARESBL IR AR LEDRRE R
BiE7,

() HHRSZBEDHEEEE > 7 I VmER

HHSRMEIE, REMUMCEBLERD MR, BEAMA. iEhh
MREEICHIRL TV S, HRERMEIE—RITTIR2ETIRIODATO
TEREEZISNTVASHN BEMICKELELRDZHREHKY
BEEELGEELEIN. ZOV I FIVEERBIZIZE TH S (K
1o HRETDEEBZT T HVDEEEZERSHIICTSHE LB
ZOVERS EBENESEICOVTRST AT > TS (M2),

() B33 - MBI OOBE SIS LB DRRER

RAIEEE - FBEERE T 218ERT - MtFERFEHES
MTTBEEDIT, B EHIETDRFDIEREBRITL TN S,
INSHEBLT BERMIEDBERE. FEEDEELXITDONT
LT\ %, ETigitbicBEE5 I 2E2ME. migtsmiass
BIEILC. PEIRME(L. BFIRME(L. BiRME LR IR T 235 A%
DFEAZBIEL TS,

Q) ALY I LEBMETF v %I LDIRZE

BIERF HMEBERFEE TR SN ALY T LEBEF v
ZIVTRPV2OD I Ei&tE. & ITTRPV2DMRER RS 71w F2 07D
EIEE T LTS (K3),

@AV RN & BHEIY) A FHMEERIE DT

ARV BRRMERE. BhBER7E SICH UV THEDEN 1A+ & e
EL. MEZEETNEED, HAITTOA VR ORERYAIMELE
WigZz. JIVO—ASVRAR—2—GLUTADMIBA N 57 v 4>
TEVSERDSHAELT B, RIATIE. GLUTAD U A7) Uik

Specificaims

Elucidation of (1) actions and mechanism of actions of
hormones, growth factors and cytokines involved in metabolic
regulation, tissue repair and regeneration, and (2) their
physiological and pathophysiological roles in relation to
diabetes, obesity, cancer and tissue fibrosis.

» On-going projects

1. Action and mechanism of actions of hormones, growth
factors and differentiation factors

We are investigating the actions and mechanism of actions of
various hormones, growth factors and differentiation factors. We
are also studying the physiological and pathophysiological roles
of these factors in metabolic disorders and tissue fibrosis.

(1) Signal transduction pathways activated by the sweet taste
receptor:

Sweet taste receptor expressed in the taste bud is a dimmer
of TIR2 and T1R3. It is also expressed in enteroendocrine cells,
pancreatic 3 -cells and adipocytes. We found that various
agonists for the sweet taste receptor induce diverse changes
in the second messengers such as calcium, cyclic AMP, and
diacylglycerol. We are now investigating the role of the sweet
taste receptor in pancreatic (3 -cells and adipocytes.

(2) Regulation of tissue regeneration and fibrosis:

We have been studying the growth factors and differentiation
factors involved in regeneration of pancreatic (83 -cells. We
are now trying to establish a method to promote 3 -cell
regeneration using these factors. We are also studying the
factors regulating fibrosis of the pancreas, liver and lung. Using
a compound conophylline, we are now trying to establish a
method to prevent tissue fibrosis.

(3) Calcium-permeable channel TRPV2:

We have been studying the regulation of a calcium-permeable
cation channel TRPV2. We are particularly interested in the
trafficking of TRPV2 and physiological role of trafficking of
TRPV2.

2. Mechanism of action of insulin on glucose transport

Insulin promotes glucose transport in adipocytes and myocytes.
To this end, insulin induces translocation of a glucose transporter
GLUT4 from an intracellular storage pool to the plasma
membrane. We have been studying the trafficking of GLUT4
in adipocytes. Currently, we are studying the mechanism of
insulin-induced down-regulation of GLUT4 in adipocytes.

Kubo N, Saito R, Hamano K, Nagasawa M, Aoki F, Takei |, Umezawa K, Kuwano
H, Kojima I.: Conophylline suppresses hepatic stellate cells and attenuates
thioacetamide-induced liver fibrosis in rats. Liver Int (in press) (2014)

Nakagawa Y, Ohtsu Y, Nagasawa M, Shibata H, Kojima I.: Glucose promotes its
own metabolism by acting on the cell-surface glucose-sensing receptor T1R3.
Endocr J 61: 119-131 (2014)

Ma J, Nakagawa Y, Kojima I, Shibata H.: Prolonged Insulin Stimulation
Downregulates GLUT4 Through Oxidative Stress-Mediated Retromer Inhibition
by a Protein Kinase CK2-Dependent Mechanism in 3T3-L1 Adipocytes. J Biol
Chem 289: 133-142 (2014)

Nakagawa Y, Nagasawa M, Mogami H, Lohse M, Ninomiya Y, Kojima I.: Multimodal
function of the sweet taste receptor expressed in pancreatic 3 -cells: generation
of diverse patterns of intracellular signals by sweet agonists. Endocr J 60: 1191-
1206 (2013)

Masubuchi Y, Nakagawa Y, Ma J, Sasaki S, Kitamura T, Yamamoto Y, Kurose H,
Kojima K, Shibata H.: Novel regulatory function of sweet taste-sensing receptor
in adipogenic differentiation of 3T3-L1 cells. PLoS One 8: €54500 (2013)

Nagasawa M, Kojima |.: Translocation of calciumpermeable TRPV2 channel to the
podosome: Its role in the regulation of podosome assembly. Cell Calcium 51:
186-193 (2012)

Yoshida R, Yamada S, Hara A, Yamamoto Y, Kodera T, Tanaka Y, Kimura F, Takei

I, Umezawa K, Kojima I.: Conophylline suppresses pancreatic stellate cells and
improves islet fibrosis in Goto-Kakizaki rats. Endocrinology 153: 621-630 (2012)
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Yogosawa et al., Adipocyte (2013)
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Department of Molecular Medicine

Laboratory of Molecular Endocrinology and Metgp, lism

(B

ADEFIE, ¥ERE - EHRERERD BRBERBORE - HIEMEED
REEEEAR, ETIVEIYIOBEFNBRFD. FEICELZ B/
BRI 2 ECFOMERITEELTHEETSCEEBIELTWVS, HAE
FERELTIE, FERE, SFEWMF. £bF. e, EEE.
RETZEESHREFELZRELT. 9F - @ELANIVHSIVRIE
FELANIVETREWERBIFZITVL. mED7s—F/\volcky.
fREE. EXOREBICEMRTEREREERT S,

PEET'JE FHRO7avs b+

. BEBMRRICHIFB AR ERROMREE
/(/7\U RN A EOER L. EEEBMRRTY VLA LICED
MHIRREREETHE. RREGERDOENOMBNENREIE—HKT
&7z <. ﬂﬂ@ﬂ%b‘b@ﬁﬁ%ﬁ%%ﬁﬂ@ﬂ%ﬁ%?@%mﬁ?aﬁb‘*i'?if
BHIHSOBOMHAEESH 5N S (Traffic 2008; K1), FhfcbliE
VR EERIRICHTET B GranuphilinZ R B L. &9 ?b\ﬁzﬁi
GTPase Rab27a £ tzldRab27b DT 72— LT AR
DR Y+ IR BTHBDHEST. ROERE R IGE T
g5 EHEBH LT UBiol Chem 1999, 2004, 2011; Mol Cell Biol 2002a;
J Cell Biol 2005; X2), F7z. Granuphilin &I&BID Rab27 L7 72—
2% Exophilin8hH\, FIEKTFIEICHIBENERH SRR B /Z\
FEhI A AT D & (Mol Biol Cell 2011) . Exophilin7h®, #BRRRRIC
FT LWV EW BN OROKRHICES T2 EERHLE (Mol
Biol Cell 2013) , T5IT. 7 WbEERNI @EEZ&F‘%DH&&%EB@?’%&%Z
5N%. BIDRab27T T 72 —DRENZETL TV D, BRE <
SOFPEED T ESBHMICKIER LEMREE 2 &5 E?%I%‘k
TEHRIZHTEICEOTC DWBHDT S0 T773E, ZOROBL
DFEBEENICERT LTV S,

2. BN ibBEICEH I BRab27a/b B KU ZDI TV 2 —
Exophilins D1&E|

FhfcBld. Rab27a/b B LUF DI 712 —Exophilins7 731 —5
FH S RRICRIEL. 2w NEDBORHARSHL WS
ZEHEBH LTS (FEBS Lett 2002; Mol Cell Biol 2002b; Mol Biol Cell
2007a), 3P Rab27ad LU Granuphilinid, REBEHEICKB 1R
> 7 IVDIYER S Tl % & (U Clin Invest 2005; Cell Metab
2006). ExophilindlE. 7)Va—XFECx L BB S (F2 <D
oA /%&E%TTH¢G%EH@T7/IJ7]:| CEBROMEERNY > JICEE
95T & (Mol Biol Cell 2007b). X Za{k_EICH S Granuphilin & s+
I, ?EEE"FE‘BLZZBL\T%EHE%IE@TE%%H_—\L\ HRENEITE R
FIBLTWATE (Cell 2012) mEHDH >fz, IRTE. Rab27a/b )@%
DIT 12— FEET TRV EEORE
ZRGHIBEAEEIER T RE 7 LIVF—R. I%as. EZFEE&
PUVT ZOEBMBOEEREIRIIIREERANTND (K3),

3. REETIVEMDIERV . ¥ERSR - IRHORECREERE

bk, BRBEEEECHEAZRIEREBET/IVAKtaT X
TlE. AVRINABETIBRBYRATA VERENF OV VERENEBR
TN AT-BIRBIOD FAY VT4 RIEEHFERING. AV AU
DI NGELEDTEEFRRE LTS (U din invest, 1999; Diabetes
2003), COHMBIE /NIAELEEEEE D/ NIE A S L ADE B
PIEEEICBITEBEEMERE LIERIIDED T, BHROA VA VE
EFEENC MTERBERBODRERELZEDEVSEREDILRITEGS
feo oo ZRTFEGHERERR - BB VADBTLENETZTITULN
ZDIMAE(E - K& - A >R NEFEEZFIEHT HELTFORBELR
EEi A EE L (Diabetes 1999; Mamm Genome 2006) . £227 (K
ICHBTGF B type |IRBADI D TH B ALKIDELEFEEZRE LI,

AT, Smad2-4%& N L TRl MIRR DERE R F C/EBPa& PPARY
R T DT LK BREREICBE W2 HEEIEILTHE
BRI CETR T DIEE B I 5T &R B L1z (Diabetes 2013,
Adipocyte 2013; [K14), ALK7OD#EEEZINFITNIL. BeRAiEiaZ/ B
THTEICEOTC EBICHSIAHERPEBUENEEARRTCESILE
M EIN. IRTE. ALK7TZSEML T 2 RICBET 53 %1ToC
AV

Specific aims

1) Mechanism for regulated exocytosis of secretory granules

We are interested in the molecular mechanism of secretory granule
exocytosis. We are investigating the functional and mechanical
relationship among docking, priming, and fusion of insulin granules
to the plasma membrane in living beta cells expressing multiple
fluorescently labeled proteins. Furthermore, we are studying in
vitro and in vivo function of Rab27 and its effectors, exophilins,
which regulate various trafficking steps of secretory vesicles.

2) Genetic analysis of diabetes and obesity in rodent models

We aim to clarify the genetic alterations that are responsible for
diabetes and obesity in rodent disease models. We are currently
investigating the molecular mechanism of pancreatic beta-cell
dysfunction and that of abnormal fat accumulation.

» On-going projects

1)Morphological analyses of intracellular trafficking, such as docking,
priming, and fusion, of secretory granules in living cells by confocal,
total internal reflection fluorescence, and electron microscopes.
2)In vitro and in vivo functional analyses of the small GTPases,
Rab27a and Rab27b, and their effectors, exophilins, in regulated
exocytosis.

3)Effects of impaired Rab27 systems on the pathogenesis of
immune, respiratory, and skin diseases.

4)Molecular mechanism of adipose fat accumulation in obesity,
especially focusing on the role of ALK7 and its ligand.

Yogosawa S and Izumi T.: Roles of activin receptor-like kinase 7 signaling
and its target, peroxisome proliferator-activated receptor y, in lean and
obese adipocytes. Adipocyte 2: 246-250 (2013)

Wang H, Ishizaki R, Xu J, Kasai K, Kobayashi E, Gomi H, Izumi T.: The Rab27a
effector exophilin7 promotes fusion of secretory granules that have not
been docked to the plasma membrane. Mol Biol Cell 24: 319-30 (2013)

Yogosawa S, Mizutani S, Ogawa Y, and lzumi T.: Activin receptor-like
kinase 7 suppresses lipolysis to accumulate fat in obesity through
downregulation of peroxisome proliferator-activated receptor y and C/
EBP a. Diabetes 62: 115-123 (2013)

Izumi T.: Adipose cell and lipid turnovers in obesity and insulin resistance.
Diabetol Int 3: 184-186 (2012)

Xu X, Coats JK, Yang CF, Wang A, Ahmed OM, Alvarado M, Izumi T, Shah

NM.: Modular genetic control of sexually dimorphic behaviors. Cell 148:
596-607 (2012)
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REGEPBER - BIEREHHICEELGNF-kBYTHILPI Y 2—
7IOVEERRZEICFF AL VB LG ERZERFRMGER
BEHZROICHIRBEIBZRITT 5L LBl TOMHKEICKSTH]
FRIINZTOISLMEELE. BEXERE. BOREKRE.
EEBERGERERECDEFICOVTHET S,

PREETHROTOY U

1. BERRIEFFHEAAZ T LIENF- k BHIEIE KRR

H4lE. HOILL-HOIP-SHARPINA 5755 LUBACIEFF > U A—€

BEERNICEFTFUDONKIGENT 2R TEFHRICFTUH] Z=

T B ETNF-k BT HILDER L ZE{ LRV LT (K

1)o LUBACTH T2 =y hDIRIBIF RIEPRE R 2% 5 | ERTT, Fie.

LUBACIT KB NF- k BB L2 T B 1+ F LBz RE L.

BifRa) >/ BB SR B LBNET D EEBASHNC LI (K1),

(1) LUBACITHEE LTNF-k BRI Z R 23R 2>/ NV EBDEE L
EERERRAT

(2) &7 LUBACKIEMIRIDIBERENF- K B2 U ) LA\DFE

() EHRICFTFVHEMRZIZNE T HLEMIRR

2. REAEESD T2 — (PAMPs) 25590 F D & ihe
NRMEDIERC TH B HREIABED F/ VZ—> (PAMPs) 3R T 5
=2\ BlE. BARREISEICBVWTERSREERIY, &
F. XA NIV TPAMPs 25858 L. A >2—JTOVES
REEONF- k BIZEEH B LICES D FORIE S BREETDNEATE
feo EAlEE b cyclic GMP-AMP & B2 SR (CGAS) DiEiE & EIRE M=
EEESHICLz (K2),

(1) BTEPAMPsSR5 42 >/ V7 BOIEE - KA RRE D HTZE

3. UVELYTFIVc KB T 095 LHRGED HItEE

Eald, FH—CEEMERNAIR ) —Z>27 &Y (kihome-wide
SiRNA screen). FasL, TNF, TRAIL W ofe T RUA Y ROEE S 577K
= RUCBEE T Z2W0N DL DFF—UERELTWDS, T/E. cho
DFF—TLBTRN—V DD FHEBEEFTDEEEIT. FRIAIC
o CEEESNIRST- R/ \—EIHKEN T O7 S LM% (RoO/
F—2R) NDESHIRETLTWNS (K3), BFRhOF—LIdEL
ICRCEET2H0OPRBHREAHELTWATEHEOTWBT &
D5, INEOFF—COEFEN LT BOREMERELTOT S
LAAREZED. LYUEENGZREDYEEBRET DI EEBIRL TV S,

Specific aims

The NF-k B is a central transcription factor for inflammatory and
immune responses. It is regulated by various post-translational
modifications, including phosphorylation and ubiquitination.
Moreover, aberrant NF- k B signaling is implicated in programmed
cell death and multiple disorders, such as cancer, inflammatory,
autoimmune and metabolic diseases. Our laboratory aims to
further clarify the NF- k B pathway and its related diseases.

» On-going projects

1.Linear ubiquitination-mediated NF- k B regulation and its
related disorders.

We have identified the LUBAC ubiquitin ligase complex, which
composed of HOIL-1L, HOIP, and SHARPIN, generates N-terminal
Met1-linked linear ubiquitin chain, and that regulates canonical NF-
K B pathway (Fig. 1). Genetic deficiency of LUBAC subunit induces
inflammation and imunodeficiency. Moreover, we identified that
deubiquitinases, such as A20 and CYLD, down-regulates LUBAC-
mediated NF-k B activation pathway, and that B cell lymphomas
caused by the genetic ablations of A20 are closely related to the loss
of linear ubiquitin-binding ability.

(1) Identification of novel LUBAC-binding and NF- k B-regulating
factors.

(2) Construction of various LUBAC knockout mammalian cell lines
and investigation for a NF- k B signaling.

(3) Screening for low-molecular weight chemicals for LUBAC-
induced NF- k B activation pathway.

2. Structural and functional analyses of PAMPs-sensor proteins.
Recognition of pathogen-associated molecular patterns (PAMPS) is
crucial for innate immunity. Recently, various PAMPs-sensor proteins
in cell surface and cytoplasm, which induce interferon production
and NF-k B activation, are characterized. We revealed structure and
function of human cyclic GMP-AMP synthase (cGAS) (Fig. 2).

(1) Structural and functional analyses of various PAMPs-sensor
proteins.

3. Functional roles of phospho-dependent signaling in
programmed cell death.

Deregulation of programmed cell death such as apoptosis contributes
to the pathogenesis of various diseases. However, signaling pathways
leading to cell death are still incompletely defined. By kinome-wide
siRNA screen technology, we identified several kinases whose down-
regulation protected against Fasl-, TRAIL- and TNF-induced apoptosis.
We are therefore searching the mechanisms by which these kinases
stimulate death receptor-mediated apoptosis (Fig. 3). Moreover,
we are focusing on the possible involvement of these kinases in
alternative cell death machinery (necroptosis).

BRDHZERMR

Kato K, Ishii R, Goto E, Ishitani R, Tokunaga F, and Nureki O.: Structural and
functional analyses of DNA-sensing and immune activation by human cGAS.
PLoS One, 8: €76983 (2013)

Fujita N, Morita E, Itoh T, Tanaka A, Nakaoka M, Osada Y, Umemoto T, Saitoh T,
Nakatogawa H, Kobayashi S, Hataguchi T, Guan J, Iwai K, Tokunaga F, Saito K,
Ishibashi K, Akira S, Fukuda M, Noda T, and Yoshimori T.: Recruitment of the
autophagic machinery to endosomes during infection is mediated by ubiquitin.
J Cell Biol 203: 115-128 (2013)

Tokunaga F.: Linear ubiquitination-mediated NF- k B regulation and its related
disorders. J Biochem 154: 313-323 (2013)

Naguro |, Umeda T, Kobayashi Y, Maruyama J, Hattori K, Shimizu Y, Kataoka K,
Kim-Mitsuyama S, Uchida S, Vandewalle A, Noguchi T, Nishitoh H, Matsuzawa A,
Takeda K, Ichijo H.: ASK3 responds to osmotic stress and regulates blood pressure
by suppressing WNK1-SPAK/OSR1 signaling in the kidney. Nat Commun 3: 1285
(2012)

Tokunaga F, Nishimasu H, Ishitani R, Goto E, Noguchi T, Mio K, Kamei K, Ma A, Iwai
K, Nureki O.: Specific recognition of linear polyubiquitin by A20 zinc finger 7 is
involved in NF- k B regulation. EMBO J 31: 3856-3870 (2012)

Kensche T, Tokunaga F, lkeda F, Goto E, lwai K, Dikic I.: Analysis of NF- k B essential
modulator (NEMO) binding to linear and lysine-linked ubiquitin chains and its
role in the activation of NF- k B. J Biol Chem 287: 23626-23634 (2012)

Yagi H, Ishimoto K, Hiromoto T, Fujita H, Mizushima T, Uekusa Y, Yagi-Utsumi M,
Kurimoto E, Noda M, Uchiyama S, Tokunaga F, Iwai K, Kato K.: Non-canonical
UBA-UBL interaction mediates formation of linear ubiquitin chain assembly
complex. EMBO Rep 13: 462-468 (2012)

Kajikawa M, Li PC, Goto E, Miyashita N, Aoki-Kawasumi M, lkegaya M, Sugita
Y, Ishido S.: The intertransmembrane region of Kaposi's sarcoma-associated
herpesvirus modulator of immune recognition 2 contributes to B7-2
downregulation. J Virol 86: 5288-5296 (2012)
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Specific aims
We are going to clarify the role of epigenetic anomalies in diseases.

» On-going projects
Epigenome analysis of 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 environments results in several diseases like diabetes.
We are going to clarify the causative genes for diabetes, obese and
cancer by massive analysis of the epigenome (Fig. 1). We identified
candidate disease genes in these analysis and are making knockout
mice and human iPS cells using CRISPR/Cas genome editing
technique for functional analysis (Fig. 2).

Development of tumor-free pluripotent stem cells — New choice of
regenerative medicine

Differentiated tissues derived from pluripotent stem cells (ES & iPS
cells) unfortunately form tumors with considerable frequency after

transplantation therapy. In most cases, oncogenes are epigenetically
activated in these tumors. We established new pluripotent stem
cells that are resistant to epigenetic activation of oncogenes. These
cells do not form tumors after transplantation (Fig. 3).

Epigenetic anomalies in assisted reproductive technology and
regenerative medicine

A lot of couples have children by the favor of assisted reproductive
technology (ART); however, epigenetic anomalies are often seen in
these in vitro manipulated embryos (Fig. 4). Methylation anomalies
increase the risk of diseases such as Beckwith-Wiedemann
Syndrome (BWS). ES cells and iPS cells cultured for a long term in
vitro also show methylation anomalies. We are now studying why
these anomalies occurred in vitro.

Horii T, Arai Y, Yamazai M, Morita S, Kimura M, Itoh M, Abe Y, Hatada |.: Validation
of microinjection methods for generating knockout mice by CRISPR/Cas-
mediated genome engineering. Sci Rep 4: 4513 (2014)

Morita S, Horii T, Kimura M, Arai Y, Kamai Y, Ogawa Y, Hatada |.: Paternal Allele
Influences High Fat Diet-Induced Obesity. PLoS One 9: 85477 (2014)

Horii T, Morita S, Kimura M, Kobayashi R, Tamura D, Takahashi R, Kimura H, Suetake
I, Ohata H, Okamoto K, Tajima S, Ochiya T, Abe Y, Hatada |.: Genome engineering
of mammalian haploid embryonic stem cells using the Cas9/RNA system. PeerJ 1:
€230 (2013)

Horii T, Tamura D, Morita S, Kimura M, Hatada |.: Generation of an ICF Syndrome
Model by Efficient Genome Editing of Human Induced Pluripotent Stem Cells
Using the CRISPR System. Int J Mol Sci 14: 19774-19781 (2013)

Morita S, Horii T, Kimura M, Hatada I.: MiR-184 regulates insulin secretion through
repression of Slc25a22. PeerJ 1: €162 (2013)

Morita S, Horii T, Kimura M, Ochiya T, Tajima S, Hatada I.: miR-29 represses the
activities of DNA methyltransferases and DNA demethylases. Int J Mol Sci 14:
14647-14658 (2013)

Takahashi M, Kamei Y, Ehara T, Yuan X, Suganami T, Takai-lgarashi T, Hatada |,
Ogawa Y.: Analysis of DNA methylation change induced by Dnmt3b in mouse
hepatocytes. Biochem Biophys Res Commun 434: 873-878 (2013)

Gailhouste L, Gomez-Santos L, Hagiwara K, Hatada |, Kitagawa N, Kawaharada
K, Thirion M, Kosaka N, Takahashi RU, Shibata T, Miyajima A, Ochiya T.: MiR-148a
plays a pivotal role in the liver by promoting the hepatospecific phenotype and
suppressing the invasiveness of transformed cells. Hepatology 58: 1153-1165
(2013)

Deguchi K, Nagamatsu G, Miyachi H, Kato Y, Morita S, Kimura H, Kitano S, Hatada
I, Saga Y, Tachibana M, Shinkai Y.: Posttranscriptional Regulation of Histone Lysine
Methyltransferase GLP in Embryonic Male Mouse Germ Cells. Biol Reprod 88: 3
(2013)

Morita S, Takahashi RU, Yamashita R, Toyoda A, Horii T, Kimura M, Fujiyama A,
Nakai K, Tajima S, Matoba R, Ochiya T, Hatada I: Genome-Wide Analysis of DNA
Methylation and Expression of MicroRNAs in Breast Cancer Cells. Int J Mol Sci 13:
8259-8272 (2012)

Kobayashi Y, Aizawa A, Yoshizawa C, Gotoh T, Horiguchi H, Souma H, Ikeuchi Y,
Kakegawa S, Watanabe T, Maruyama K Takizawa T, Morikawa A, Hatada |, Arakawa
H.: DNA Methylation Changes between Relapse and Remission of Minimal
Change Nephrotic Syndrome. Pediatr Nephrol 27: 2233-2241 (2012)
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Specific aims

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

MWe are trying to elucidate the molecular mechanism for
pancreatic beta cell dysfunction in type 2 diabetes by analyzing
pancreas-specific genetically manipulated animals (Fig. 1).

@We are trying to clarify how “metabolic signals” regulate energy
homeostasis in the hypothalamus at the molecular level (Fig. 2
and 3).

(®We are also investigating the molecular mechanism by which
plasma glucagon level is increased in type 2 diabetes.

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

(®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.

®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.

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 Kitamura
T.: Hypothalamic Sirt1 prevents age-associated weight gain by improving leptin
sensitivity in mice. Diabetologia 57: 819-831 (2014)

Lee Y-S, Kobayashi M, Kikuchi O, Sasaki T, Kim H-J, Yokota-Hashimoto H, Susanti
V-Y, Ido-Kitamura Y, Kitamura T.: ATF3 expression is induced by low glucose in
pancreatic alpha and beta cells and regulates glucagon but not insulin gene
transcription. Endocr J 61: 85-90 (2014)
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Rev Endocrinol 9: 615-623 (2013)
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and Lipid Synthesis Through Regulation of Chrebp O-glycosylation. PLoS One 7:
e47231 (2012)

Talchai C, Xuan S, Kitamura T, Depinho RA, Accili D.: Generation of functional
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PLoS One 7: 32249 (2012)
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Kitazumi T, Susanti VY, Kitamura YI, Kitamura T.: FoxO1 as a Double-edged Sword
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Specificaims
To elucidate formation mechanisms for highly integrated
functions of differentiated cells such as pancreatic (3 -cells
and neuronal cells with use of molecular and cellular technical
approaches.

» On-going projects

1. Mechanisms on peptide hormones secretion and secretory
granule formation in endocrine cells.

Peptide hormones synthesized at the endoplasmic reticulum
are transported to the trans-Golgi network (TGN) where they
are sorted and specifically targeted to secretory granules in
neuroendocrine cells. We found that secretory granule protein,
phogrin, binds to CPE and clathrin adaptors through the luminal

region and the cytoplasmic tail, respectively, suggesting that
this transmembrane protein has a role in hormone sorting
by providing a communication device between the granule
lumen and the cytosol. We further investigate the regulatory
secretion and degradation of peptide hormones using a recently
developed multi-tag imaging system.

2. Mechanisms on growth, survival, and cell death in pancreatic
B -cells and neuronal cells.

We have discovered that phogrin functions as a regulatory
mediator bridging between glucose/insulin secretion and
autocrine insulin signaling in the growth of pancreatic 3 -cells.
We are analyzing its physiological role with use of the gene-
targeted mouse. In addition, we investigate the signaling
pathway of novel necrotic cell death such as necroptosis and
ferroptosis with tumor cells or neuronal cells.

3. Development of fluorescent or luminescent probes for
investigating various diseases.

In a collaborative study with some engineering groups, we
are developing fluorescent or luminescent probes to dissect
molecular mechanisms of dysfunction in cancer, diabetes,
and other diseases. We demonstrated previously that reactive
oxygen species are localized at autophagosomes/lysosomes in
a basal state and they are eventually implicated to neuronal cell
death by cerebral ischemia.

Sun M, Watanabe T, Bochimoto H, Sakai Y, Torii S, Takeuchi T, Hosaka M.:
Multiple sorting systems for secretory granules ensure the regulated
secretion of peptide hormones. Traffic 14: 205-218 (2013)

Gomi H, Kubota-Murata C, Yasui T, Tsukise A, Torii S.: Immunohistochemical
analysis of 1A-2 family of protein tyrosine phosphatases in rat
gastrointestinal endocrine cells. J Histochem Cytochem 61: 156-168 (2013)

Hou N, Mogami H, Kubota-Murata C, Sun M, Takeuchi T, Torii S.: Preferential
release of newly synthesized insulin assessed by a multi-label reporter
system using pancreatic 3 -cell line MIN6. PLoS One 7: €47921 (2012)

Yamaguchi R, Hosaka M, Torii S, Hou N, Saito N, Yoshimoto Y, Imai H,
Takeuchi T.: Cyclophilin C-associated protein regulation of phagocytic
functions via NFAT activation in macrophages. Brain Res 1397: 55-65 (2011)

Saito N, Takeuchi T, Kawano A, Hosaka M, Hou N, Torii S.: Luminal

interaction of phogrin with carboxypeptidase E for effective targeting to
secretory granules. Traffic 12: 499-506 (2011)
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PIREETROIOY IV b
1. A= ;779 —Ic&BREZ PV FUTDRRDAHD=ZX L
F— 77 I—IFBEDOR D (2N EPHIVAZRT) 7=
BERETHMVAATA— NI 7dV—LEERL, UVV—LERE
THLETHENE DRT DRIREDR AT LTHD. HARIEHR
HEREINCHWVT, SHBICL S THEBATNBFEEI MR
D7 EZTITEENSI MOV FUT7DNADA— T 7T —(C k2T
IR - PEINSBREREHELZ (K2, 3). £z, T
PERIFZ OV FU T DNADNEAD S DM S " BIEER" DA
HZALTED >z, BREIFEDSSICLTHBFRFI NI
DIHDFIRWIERR INA— T 7DV —LERIT)Z7)L—hENS
OMNTERL, ZTITBHhARFOBERETO>CWVWS. £z, D
F—rT7 7V KBRBFI NI RUTDREOEER - ELE
EOEBREBIRLTVS.

2. SREICHEEIND I FYA b= RICKDHBIER ST DR
BROAD=X s
IV RYA b= ASRIBHOSDHRER DTV FIVRFDE A
FHETIANZRALTHBELEEIT, MR EOSREDES A
TBHIET, MENADDDVTFIVEZEDBEYZA ST &4
LTWS., BLIIEROZHEINTCIIZHRBRICT VRS M—
AHD—BMITTEMEEL, IIFICHRYT 2—EDOME2 > /\V &
DB INTWATZEERE LI (K2). £z, 2Oy
FRICISEE R VINTBDOK3EELEFFALDRETHY, K63
REICFFAIEENI@ IEFF a2/ VU BESK
UBCG13 - UEV-IIZ Ko THITIENTWA T EABESHICLIZ (K4).
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DGFI T DANZ A LDRBEED T NS, £z, TR
= REBEETHEMMRTEEGDTEND, REBEOH
MO 124 —2avIcBB Iy R4 M= ZADRENCDNTE
EMTAAT O TN 5.

Specificaims

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 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
(Fig. 2). Upon fertilization, autophagy is locally induced
around penetrating sperm and selectively degrades paternal
mitochondria and MOs (sperm-specific organelles) (Fig. 3). This
autophagic degradation of the paternal mitochondria also
explains why mitochondrial DNA is maternally inherited. We
are trying to elucidate how paternal organelles are recognized
and selectively engulfed by autophagosomes. We are also
interested in the physiological and evolutional significance of
this autophagic degradation of paternal organelles.

2. Endocytic degradation of maternal membrane proteins in C.
elegans embryos

In addition to autophagy, endocytosis is also upregulated after
fertilization and downregulates maternal membrane proteins
through the multivesicular body (MVB) pathway (Fig. 2). We
found that K63-linked ubiquitination of the substrates is involved
in these processes (Fig. 4). We are trying to elucidate molecular
mechanisms of this selective endocytosis and the signaling
pathway that induces ubiquitination after fertilization.

Sato M, Konuma R, Sato K, Tomura K, Sato K. Fertilization-induced K63-
linked ubiquitylation mediates clearance of maternal membrane proteins.
Development 141: 1324-1331 (2014)

Sato K, Norris A, Sato M, Grant BD.: C. elegans as a model for membrane
traffic. WormBook, ed. The C. elegans Research Community, doi: 10.1895/
wormbook.1.77.2. (2014)

Sato M, Sato K.: Maternal inheritance of mitochondrial DNA by diverse
mechanisms to eliminate paternal mitochondrial DNA. BBA Mol Cell Res
833:1979-1984 (2013)

Sato M, Sato K.: Dynamic regulation of autophagy and endocytosis for cell
remodeling during early development. Traffic 14: 479-486 (2013)

Sato M, Sato K.: Maternal inheritance of mitochondrial DNA: Degradation
of paternal mitochondria by allogeneic organelle autophagy, allophagy.
Autophagy 8: 424-425 (2012)

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

Sato M, Saegusa K, Sato K, Hara T, Sato K.: Caenorhabditis elegans SNAP-
29 is required for organellar integrity of the endomembrane system and
general exocytosis in intestinal epithelial cells. Mol Biol Cell 22: 2579-2587
(2017)
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The Endocrine Research Facility of medicine was
founded in Gunma University School.

First Department(Organ Functions) was started.
Research Building 1was 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
Endocrinoligy 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 Buiding 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.

Biosignal Research Center is changed to

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

Accepted as a Collaborative Research Center for
endocrinology and metabolism.

IMCR cerebrated 50th anniversary
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Institute for Molecular and Cellular Regulation
National University Corporation Gunma University

T371-8512 RIBMABFIEI3TE39&E 155
Mailing Address:39-15 Showamachi 3-chome
Maebahi 371-8512,Japan

TEL.027-220-7111 ({X5&: Operator,Gunma Univ.)
TEL.027-220-8822 (Ei&:Administration of the Institute)
FAX.027-220-8899 (E3&: Administration of the Institute)
Homepage:http://www.imcr.gunma-u.ac.jp



