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Our laboratory is studying the molecular basis of
epigenetic cell regulation in development and
human diseases. The term epigenetic is defined as
“heritable changes in gene expression that occur
without a change in DNA sequence”. Epigenetic
regulation may include cytosine methylation,
histone modification, chromatin formation, and
nuclear structure. We are studying how these
epigenetic factors control gene expression and
genome function; 1) investigating the gene
regulation by DNA methylation and methylated
DNA binding proteins; 2) studying the role of
histone modifying enzymes and chromatin proteins
in cell regulation; 3) identifying the mechanism
involving in chromatin insulators that have enhancer
blocking and/or loop forming activities; 4) studying
nuclear structure, function and dynamics; and 5)
testing epigenetic factors useful for medical
diagnosis and therapy.
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Basically, variously differentiated somatic cells in
our body have identical genome, but each of these
cells has a distinct morphology and function,
probably due to different use of gene information.
The term epigenetic is defined as “heritable changes
in gene expression that occur without a change in
DNA sequence”. Epigenetic regulation is the
mechanism by which gene function is selectively
activated or inactivated in the cells. It provides
higher-ordered and more specified genetic
information, compared with the primary genome
sequence itself. Recently, a variety of proteins
including DNA methyltransferases, methylated
DNA-binding proteins, histone-modifying enzymes,
chromatin ~ remodeling  factors, and their
multimolecular complexes have been identified and
characterized. These findings facilitate our
understanding of molecular details for wide variety
of biological activities including development,
regeneration, senescence and tumorigenesis. Studies
on epigenetics will lead a new era for life science
and become the major research area for emerging
biological and medical discoveries.

1. Gene regulation by DNA methylation and
methylated DNA binding proteins

Methylated DNA is specifically recognized by a set
of proteins called methylated DNA-binding proteins,
which belong to three different families in
mammals: the MBD proteins, the zinc finger
(Kaiso) proteins, and the SRA (UHRF) domain
proteins. Once bound to methylated DNA, these
proteins translate the DNA methylation signal into
appropriate functional states, through interactions
with various partners (Sasai et al., 2010; Fournier et
al., 2012).

MBD1-containing chromatin-associated factor
1 (MCAF1), also known as ATFa-associated
modulator (AM) and activating transcription factor
7-interacting protein (ATF7IP), mediates gene
regulation. We reported that MCAFI1 is involved in
Spl-dependent maintenance of telomerase activity
in cancer cells. MCAFI1 is found to be frequently
overexpressed in naturally occurring cancers that
originate in different tissues. Our data suggest that
transcriptional function of MCAF1 facilitates
telomerase expression by Splin cancer cells (Liu et
al., 2009).

2. The role of histone modifying enzymes and

chromatin proteins in cell regulation
Environmental factors such as nutritional state may
act on the epigenome which consequently
contributes to the metabolic adaptation of cells and
the organisms. The lysine demethylase LSD1 is a
unique nuclear protein that utilizes flavin adenosine
dinucleotide (FAD) as a cofactor. We showed that
LSD1 epigenetically regulates energy expenditure
genes in adipocytes depending on the cellular FAD
availability (Hino et al., 2012). Our data shed light
on an essential mechanism of energy utilization
which might explain how cells determine their
energy  strategy depending on  nutritional
availability.

The high-mobility group A proteins (HMGA1 and
HMGA2, formerly HMGI/Y and HMGI/C,
respectively) are abundant nonhistone, chromatin
architectural factors which participate in many
biological processes, including cell growth and
differentiation. We reported that HMGAT is induced
by the Wnt/B-catenin pathway and maintains
proliferation in gastric cancer cells (Akaboshi et al.,
2009), Hmgal has a role in transcriptional silencing
of the Cd4/Cd8 loci in T cell lineages and leukemic
cells (Xi et al., 2012), and that HMGAZ?2 is involved
in maintenance of epithelial-mesenchymal transition
in human pancreatic cancer cells (Watanabe et al.,
2009).

3. The mechanism involving in chromatin insulators



via enhancer blocking and/or loop forming

activities
Long-range regulatory elements and higher-order
chromatin structure coordinate the expression of
multiple genes in cluster, and
CTCF/cohesin-mediated chromatin insulator may be
a key in this regulation (Wendt et al., 2008). The
human apolipoprotein (APO) A1/C3/A4/A5 gene
region, whose alterations increase the risk of
dyslipidemia and atherosclerosis, is partitioned at
least by three CTCF-enriched sites and three
cohesin protein RAD21-enriched sites, resulting in
formation of two transcribed chromatin loops by
interactions between insulators (Mishiro et al.
2009).

The INK4/ARF locus encodes p15lNK4b, ARF, and
p16™% genes in human chromosome 9p21, the
products of which are known as common key
reprogramming regulators. Compared with growing
fibroblasts, CTCF is remarkably up-regulated in iPS
cells with silencing of the three genes in the locus

and is reversely down-regulated in
oncogene-induced senescent cells with high
expression of pI5™* and p16™*** genes. There are

at least three CTCF-enriched sites in the INK4/ARF
locus, which possess chromatin loop-forming
activities. These results suggest that senescent cells
have distinct higher-order chromatin signature in the
INK4/ARF locus (Hirosue et al. 2012).

We further investigated the effects of tumor
necrosis factor (TNF) signaling on spatiotemporal
enhancer-promoter interactions in the human fumor
necrosis factor (TNF)/lymphotoxin (LT) gene locus,
mediated by CTCF-dependent chromatin insulators
(Watanabe et al. 2012). The cytokine genes LTa,
TNF, and LTP are differentially regulated by NF-«B
signaling in inflammatory and oncogenic responses.
We identified at least four CTCF-enriched sites with
enhancer-blocking activities and a TNF-responsive
TE2 enhancer in the TNF/LT locus. These results
suggest that insulators mediate the spatiotemporal
control of enhancer-promoter associations in the
TNF/LT gene cluster.

4. Nuclear structure, function and dynamics

The nucleus is the origin of cellular function,
because it can govern biological information within
it. Transcription, RNA dynamics, DNA replication,
DNA damage responses, and recombination can be
regulated by accumulation of key molecules and
their complexes at the respective unique domains in
the nucleus. The nuclear domains are actively
formed and dispersed in response to the cell
environments. During the cell division, the nuclear

architectures and domains are broken up and then
re-established. Because many of the etiologies in
cancer, autoimmune diseases and neurological
disorders target the components of the nucleus, we
investigated the dynamic structure and function of
the nucleus, from the physiological and pathological
aspects (Aoto et al., 2008; Saitoh et al., 2012).

5. Test of epigenetic factors useful for medical
diagnosis and therapy

Based on our recent progresses, MCAF1 can be

used for diagnostic and therapeutic agents in human

cancers, since this protein is highly expressed in a

variety of cancers.

We then found that the loss of LSDI1 function
either by siRNAs or by selective inhibitors in
adipocytes induces a number of regulators of energy
expenditure and mitochondrial metabolism resulting
in the activation of mitochondrial respiration. In the
adipose tissues from high fat diet-fed mice,
expression of LSDI-target genes was reduced
compared with that in normal-diet mice, which can
be reverted by suppressing LSD1 function.

Further, we established the methods to
quantitatively assess the imaging data of nuclear
domains or substructures such as PML bodies and
nuclear speckle.
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