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—Aiming to create next generation endocrinology and metabolism—

Research at the Institute for Molecular and Cellular Regulation
(IMCR) focuses on the endocrine and metabolic systems and aims at
elucidating the molecular mechanisms responsible for homeostasis of
the living body using various experimental models, from cell lines to
animal models. We also promote the study of diseases that are caused
by defects in the endocrine and metabolic systems, particularly
lifestyle-related diseases, such as diabetes, dyslipidemia, obesity, and
cancer. As the only fundamental medical research institute on the
endocrine and metabolic systems in Japan, our institute has been highly
esteemed at home and abroad. From 2013, we established a lifestyle
disease analysis center for the purpose of “Elucidation of the etiology
of lifestyle diseases and search for molecular targets by genome and
epigenome analyses” and aim to further develop as an international
research and education base.

Our Institute was formed in 1994 from the Institute of
Endocrinology, which was originally established in 1963. When the
Institute of Endocrinology was established, there were many patients
who suffered from thyroid diseases because of insufficient seaweed
intake in Gunma Prefecture. At that time, our institute had conducted
research focusing on the role of thyroid hormones and related diseases
and had revealed the mechanisms of thyroid hormone production and
its physiological roles. Moreover, we elucidated the role of a new
hormone, motilin, that is secreted from the small intestine.
Subsequently, due to remarkable developments in life sciences, our
institute was reformed into the Institute for Molecular and Cellular
Regulation (IMCR) in 1994, in order to understand not only the
so-called “hormone research” , but also metabolic and endocrine
mechanisms in the living body from a broader viewpoint. Along with
this reorganization, we have begun research on other bioactive
substances, such as growth factors, cytokines, and lipid mediators, as

well as typical hormones. Furthermore, we have made efforts to
investigate pathological conditions and pathogenesis of lifestyle-related
diseases, such as diabetes, obesity, cancer, and chronic inflammation.
As a result, our institute was selected as the center of the 21st Century
COE Program from 2002 to 2006, and thereafter as the center of the
Global COE Program from 2007 to 2011. Additionally, since our
institute was nominated as a “Joint/Usage Research Program for
Endocrine/Metabolism” center in 2009, we are promoting research
aimed at comprehensive elucidation of molecular mechanisms that
regulate endocrine and metabolic systems throughout the body, through
active collaboration with domestic and foreign researchers and
distribution of our various research resources to them.

With the remarkable progress of life sciences, our institute is
experiencing a change towards a new era. At present, in addition to
research on endocrine hormones, such as insulin and glucagon, we are
also conducting research on novel physiological functions of
adipocytes, which have drawn attention recently, and development of
new metabolic control technology using genome editing. Additionally,
our institute has initiated the study of the relationship between brain
function and food preference and food intake, as well as the
relationship between lifestyle-related diseases and brain diseases. We
are also working on the elucidation of general molecular mechanisms
that maintain homeostasis using various model organisms. Thus, we
would like to usher in a new era of endocrinology and metabolism
research by organically linking the two pillars of “traditional endocrine
and metabolic research” and “leading basic medical research” to meet
the needs of society. We would like to contribute to the research
community, as well as focus on fostering excellent young scientists as
a joint research center. We appreciate your continued support and
cooperation for our research.
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Specific aims

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” .

(MOncogenic 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

Laboratory of Molecular Genetics

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.

BT DIRFRR

Oda T, Sekimoto T, Kurashima K, Fujimoto M, Nakai
A, Yamashita T. Acute HSF1 depletion induces
cellular senescence through the MDM2-p53-p21
pathway in human diploid fibroblasts. J Cell Sci 131:
doi:10.1242/jcs.210724 (2018)

Kurashima K, Sekimoto T, Oda T, Kawabata T,
Hanaoka F, Yamashita T. Poln, a Y-family translesion
synthesis polymerase, promotes cellular tolerance of
Myc-induced replication stress. J Cell Sci 131: doi:
10.1242/jcs.212183 (2018)

Sekimoto T, Oda T, Kurashima K, Hanaoka F, Yamashita
T. Both high-fidelity replicative and low-fidelity Y-family
polymerases are involved in DNA rereplication. Mol Cell
Biol 35:699-715 (2015).

Yamashita T, Oda T, Sekimoto T. : Translesion DNA
synthesis and hsp90. Genes and Environment 34:89-93
(2012)

Pozo FM, Oda T, Sekimoto T, Murakumo Y, Masutani C,
Hanaoka F, Yamashita T. Molecular chaperone Hsp90

regulates REV1-mediated mutagenesis. Mol Cell Biol
31:3396-3409 (2011)

Sekimoto T, Oda T, Pozo FM, Murakumo Y, Masutani C,
Hanaoka F, Yamashita T. The Molecular Chaperone
Hsp90 Regulates Accumulation of DNA Polymerase n at
Replication Stalling Sites in UV-irradiated Cells Mol Cell
37:79-89 (2010)
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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 (C. elegans) and mice as model
systems. In addition, we study the molecular mechanisms underlying
protein-misfolding diseases, in which abnormal membrane proteins
accumulate in the endoplasmic reticulum (ER) , in order to discover
new targets for the treatment of such diseases.

POn-gomg projects
(MAnalysis of molecular mechanisms underlying low-density
lipoprotein trafficking in C. elegans
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

Laboratory of Molecular Traffic

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.

@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.

®Analysis of the molecular mechanisms underlying ER
retention of disease-associated membrane proteins
We are studying the molecular mechanisms underlying
protein-misfolding diseases, in which abnormal membrane
proteins accumulate in the ER. We are also trying to identify new
therapeutic targets for such diseases.

ERITDIRZFAR

1) Saegusa K, Sato M*, Morooka N, Hara T, Sato K*. SFT-4/Surf4 control
ER export of soluble cargo proteins and participate in ER exit site
organization. J. Cell Biol 217(6):2073-85 (2018)

2) 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(1):81-91 (2018)

3) Sakaguchi A, Sato M, Sato K, Gengyo-Ando K, Yorimitsu T, Nakai J,
Hara T, Sato K, Sato K*. REI-1 Is a Guanine Nucleotide Exchange
Factor Regulating RAB-11 Localization and Function in C. elegans
Embryos. Dev Cell 35(2):211-21 (2015)

4) Hara T, Hashimoto Y, Akuzawa T, Hirai R, Kobayashi H, Sato K*. Rerl
and calnexin regulate endoplasmic reticulum retention of a peripheral
myelin protein 22 mutant that causes type 1A Charcot-Marie-Tooth
disease. Sci Rep 4:6992 (2014)

5) Saegusa K, Sato M, Sato K, Nakajima-Shimada J, Harada A*, Sato K*. C.
elegans chaperonin CCT/TRIC is required for actin and tubulin
biogenesis and microvillus formation in intestinal epithelial cells. Mol Biol
Cell 25(20):3095-104 (2014)

6) Yamasaki A, Hara T, Maejima I, Sato M, Sato K, Sato K*. Rerlp
regulates the ER retention of immature rhodopsin and modulates its
intracellular trafficking. Sci Rep 4:5973 (2014)

7) Sato M, Konuma R, Sato K, Tomura K, Sato K*. Fertilization-induced
K63-linked ubiquitination mediates clearance of maternal membrane
proteins. Development 141(6):1324-31 (2014)

8) 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)

9) Sato M, Sato K*. Maternal inheritance of mitochondrial DNA by diverse
mechanisms to eliminate paternal mitochondrial DNA. Biochim Biophys
Acta 1833(8):1979-84 (2013)

10) Sato M, Sato K*. Dynamic regulation of Autophagy and Endocytosis for
Cell Remodeling During Early Development. Traffic 14(5):479-486 (2013)

11) Sato M, Sato K*. Degradation of paternal mitochondria by
fertilization-triggered autophagy in C. elegans embryos. Science 334
(6059):1141-4 (2011)

12) 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(14):2579-87 (2011)
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Specific aims

We seek to understand the molecular mechanisms
which will provide novel approaches for the treatment
of lifestyle-related diseases such as obesity and
diabetes mellitus. Transcription factors and epigenetic
factors are the two main focuses of our study. These
factors regulate gene expression in response to chronic
changes of environmental conditions as well as acute
stimuli from outside of the body. We try to elucidate
how lifestyle affects future development of metabolic
diseases through epigenetic memory of environmental
changes.

» On-going projects

One of our on-going projects is translating multivalent
histone codes written in adipocytes in response to
extracellular stimuli or differentiation. We speculate that some
of extracellular stimuli result in the changes of concentration
of intra-cellular metabolites, which affect the enzyme activity
of histone modifiers. Thus, the certain metabolic state is
memorized as physical constitution through modulating
histone marks. We seek to establish a new technique to
re-write epigenetic memory and reduce the risk of future
development of metabolic diseases.
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