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Abstract Hypermethylated in cancer 1(HIC1) was identi-
fied as a strong suppressor gene in chromosome region
17p13.3 telomeric to TP53. This gene encodes a transcrip-
tional repressor and is ubiquitously expressed in normal
tissues but downexpressed in different tumor tissues where
it is hypermethylated. The hypermethylation of this chro-
mosomal region leads to epigenetic inactivation of HICI,
which would prompt cancer cells to alter survival and sig-
naling pathways or specific transcription factors during the
period of tumorigenesis. In vitro, HIC1 function is mainly a
sequence-specific transcriptional repressor interacting with a
still growing range of histone deacetylase(HDAC)-dependent
and HDAC-independent corepressor complexes. Further-
more, a role for HIC1 in tumor development is firmly sup-
ported by Hicl deficient mouse model and two double
heterozygote models cooperate with pS3 and Ptchl. Notably,
our findings suggest that potential factors derived from tumor
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microenviroment may play a role in modulating HIC1 expres-
sion in tumor cells by epigenetic modification, which is re-
sponsible for tumor progression. In this review, we will
describe genomic and proteinic structure of HIC1, and sum-
mary the potential role of HIC1 in human various solid tumors
and leukemia, and explore the influence of tumor microen-
viroment on inducing HIC1 expression in tumor cells.
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Introduction

HIC1 (Hypermethylated in Cancer 1) was originally identi-
fied as a new candidate tumor suppressor gene located at
17p13.3 region telomeric to TP53 [1]. It is more clear that
epigenetic changes, located in the chromosomal region
17p13.3, often show loss of heterozygosity or DNA hyper-
methylation that resides in CpG islands in area of promoter
in various types of human solid tumors and leukemia. In the
majority of cases, the hypermethylation of this chromosom-
al region leads to epigenetic inactivation of HIC1 [2]. This
inactivation of HIC1 might impel cancer cells to alter sur-
vival and signaling pathways or lineage-specific transcrip-
tion factors during the early stages of tumorigenesis. In
addition, exogenously delivered HIC1 leads to a significant
decrease in clonogenic survival in cancer cell lines[3]. Fur-
thermore, an epigenetic inactivation role for HIC1 in tumor
development is further supported by Hicl deficient mice
model [4] and two double heterozygote models that Hicl
can respectively cooperate with p53 or Ptchl [5, 6]. Apart
from HIC1 hypermethylation modification, several post-
translational regulatory mechanisms have been described
for affecting its function. The first is glycosylation of the
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HIC1 protein that preferentially occurs in the DNA-binding
domain but does not affect its specific DNA-binding activ-
ity. In addition, SUMOylation of the conserved lysine K314
in the central region of HIC1 reduces its repressive activity.
The third is acetylation of the same K314 residue, which
also can affect HIC1 transcriptional activity [2, 3].

HIC1 gene encodes a transcriptional repressor compris-
ing three known functional domain, an N-terminal BTB/
POZ domain, a C-terminal DNA binding domain containing
five Kriippel-like C2H2 zinc fingers and the central region
which may recruit the C-terminal binding proteins (CtBPs)
for repression. This transcriptional repressor is in the pres-
ence of a p53 binding site in the 5’ flanking region and its
identified target genes are involved in proliferation, tumor
growth, angiogenesis and invasion, etc. Currently, many
researchers have demonstrated some HICI1 target genes
and some putative HIC1 tumor suppressor pathways as well
as one target that is inactivated by HIC1 via so-called “HIC1
bodies” (HIC1 sequestered CtBPs to nuclear dot-like struc-
tures) [3, 7-9], which will be described below.

HIC1 Genomic Structure and Function Domain
HIC1 Gene Structure

Currently, It is clearer that the exon-intron structures of the
human and murine HIC1 genes appeared very similar [10,
11]. As show in Fig. 1A, the human HICI transcription can
initiate at three separate promoters called as PO, P1 and P2,
which give rise to three alternative first exons la, 1b and Ic,
followed by a second coding exon contained the 3’ untrans-
lated region. Exons la and 1c are associated with the major
GC-rich promoters P1 and P2 respectively and both non-
coding, whereas exon 1b is associated with the PO TATA
box promoter and partially coding. Exon 1b contains an
ATG’ codon, which is in frame with the ATG initiation
codon located in exon 2. Two new transcripts named 1d
and le are rooted from additional alternative splice events in
exon lc, and both transcribed from promoter P2 [12]. The
unspliced transcript 1f is initially translated from ATG’
within exon 1b, but ended at a TGA stop codon in the
unspliced intron sequence. In brief, six HIC1 transcripts
(la—f) are generated from three different promoters through
alternative splicing events. The HIC1 transcripts la, 1b and
lc were detected in various normal tissues with strong
predominance of the exon la transcript and are upregulated
by p53 and other p53 family members [1, 11]. The p53
responsive element in HIC1 is highly conserved in the
intron position between exons la and 1b and in sequence
among various species [13]. Unspliced HIC1 transcript 1f
was discovered in human leukocytes, which may modulate
HIC1 protein levels in cancer cells [14].
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HIC1 Protein Structure

As show in Fig. 1B, HIC1 gene splicing variants can lead to
the respective protein isoform. The major la-type transcripts
directly synthesize a 714 amino acids protein encoded by
the ORF in exon 2. The 1b-type transcripts can encode an
alternative putative protein containing 19 additional N-
terminal amino acids (12 derived from exon Ib and 7
derived from 5’ sequences in exon 2) [11]. The unspliced
transcript 1f might result in a 22 amino acid polypeptide due
to a premature stop codon in the intron [14].

The N-terminal BTB/POZ of HIC1 protein stands for
Broad complex, Tramtrack and Bric a brac/Poxviruses and
Zinc finger domain of about 120 aminoacid, which is a
dimerization domain known to play direct or indirect roles
in protein-protein interactions through conformational
effects. The region also contains an autonomous transcrip-
tional repression domain [15—17]. The interaction domain is
necessary for its binding on HIC1 responsive elements
located in the promoter of its target genes. Recently, Pinte
et al. have identified the sequence 5'-C/G NG C/G GGGCA
C/A CC-3’ as an optimal HIC1 binding site (HiRE for
HIC1-responsive element, GGCA consensus) [18]. It is
reported that the B cell lymphoma 6(BCL6) BTB/POZ
domain directly recruits nuclear corepressors SMRT, N-
CoR or B-CoR/HDAC complexes in an exclusive manner
[19, 20], but it is insensitive to trichostatin A (TSA), a
specific inhibitor of class I and class Il HDACs [21]. The
HIC1 BTB/POZ domain is able to directly bind the class III
HDAC(SIRT1) promoter to form a transcriptional repres-
sion complex to repress SIRT1’s transcription [22].

The C-terminal end region contains a cluster of four con-
served C2H2 zinc fingers (ZF2-5). The region can bind a
defined DNA sequence termed the HiRE and a more distant
and isolated upstream Zinc finger motif (ZF1), which is con-
served but is unlikely to contribute to DNA-binding [23]. The
ZF2-5 are separated by the typical 7-8 amino acid conserved
H/C links found in Kriippel-like Zinc fingers, likely to be
involved in sequence-specific DNA binding [18].

The central region is a second autonomous transcriptional
repression domain of the HIC1 [24] including 4 peptidic
motifs perfectly conserved from human to zebrafish [25].
One of them, GLDLSKK motif, is found in proteins inter-
acting with the co-repressor CtBP, thus extending the CtBP
binding site [26, 27]. However, this repression domain
exhibits both CtBP-dependent and CtBP-independent re-
pression mechanisms both sensitive to TSA. The second
conserved motif is an YRWM/VK314xEP motif on which
it contains a potential SUMOylation consensus site of
PKxE. SUMOylation of K314 does not affect HIC1 subnu-
clear localization and interaction between HIC1 with CtBP,
HDAC4 and SIRT1, but down-regulate the transcription.
The third PpKxEP motif with the proline residue conserved
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Fig. 1 HICI genomic structure A.
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from human to zebrafish is relevant to the G/SKxxP consen-
sus motif for acetylation by CBP/P300. It is shown that HIC1
is acetylated on various lysine residues including K314.
The PKXEP motif is an acetylation/SUMOylation switch,
which is related to the fourth conserved P KxEPxxSP.
Phosphorylation-regulated SUMOylation-acetylation switch
motif (SAS) is found in the major myocyte enhancer factor2
(MEF2) isoforms[24, 28, 29].

HIC1 by Epigenetic Modification Modulates Tumor
Progression

HICI1 Promoter is Hypermethylated Frequently in Cancers

It is well known that cancer initiation and progression are
modulated by both genetic and epigenetic events. The epige-
netic mechanisms that alter gene expression, but don’t alter
the primary DNA sequence include changes in DNA methyl-
ation, histone modifications and small noncoding microRNAs
(miRNA) et al. Disruption of epigenetic processes can lead to
altered gene function and malignant cellular transformation.
Actually, aberrant epigenetic modifications are widely de-
scribed as the essential players in cancer progression [30].

It has been widely suggested that HICI is a tumor suppres-
sor gene epigenetically silenced in primary tumors and some
hematological malignancies, for example in prostate cancer
(PCa) [31], non-small cell lung cancer [32, 33], breast cancer
[34], gastric and liver cancer [35, 36], esophageal cancer [37,

-TAG

22AA (1f)

38], human male non-seminomatous germ cell tumor [39]
and the most common malignant brain tumor of childhood
medulloblastoma [40—42] and the glial malignancy, ependy-
moma [43]. After being used HICI probe as well as more
sensitive and informative assays such as methylation-specific
PCR (MSP) and bisulfite sequencing, HIC1 has been
frequently observed to be hyper-methylated in human
various solid tumors and leukemia. It is generally assumed
that hypermethylation of the HIC1 promoter region leads to
silencing of HIC1 gene expression [1, 34, 36, 44] and overall
HIC1 expression levels were decreased during the develop-
ment of cancer.

However, HIC1 promoter hypermethylation was also
found in normal brain tissue of children [40], in adult brain
[45] and in prostate epithelium [31]. Moreover, HIC1 is only
rarely methylated in acute leukemia at diagnosis (10 %) and
in the chronic-phase of chronic myelogenous leukemia
CML (50 %)[46, 47]. But HIC1 is found methylated in all
recurrent acute lymphocytic leukemia and in the blast-crisis
of all CML. Thus, HIC1 hypermethylation has been consid-
ered to be a late event in hematopoietic neoplasm and
suggests that other inhibitory mechanism may exist to lower
HIC1 expression.

The Potential Targets by HIC1
Interestingly, some HIC1 critical target genes and pathways

have been identified as shown in Fig. 2. An important
transcriptional target of HIC1 identified is the silent mating
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Fig. 2 Modulating HIC1 expression in tumor cell. Responding to
some outer stress such as DNA damage factors and hypoxia, putative
HICI critical target genes and pathways have been identified. Notably,
some potential stromal cells and inflammatory cells within tumor
microenvironment secrete a large amount factors, including chemokines,
cytokines, et al., which are capable of silencing certain tumor suppressor
genes including HIC1 and reshaping the phenotypes of tumor cells
by modulating its activity of DNMTs, HDACs or miRNA, et al. It is

type information regulation 2 homolog 1 (SIRT1)
deacetylase[22, 48]. SIRT1 can act on p53 through deacety-
lation as a result of attenuating its ability to activate down-
stream targets involved in regulation of apoptosis and/or
proliferation. It has been reported that under normal physio-
logical conditions HIC1 represses SIRT1 transcription and
therefore inhibits p53 deacetylation, but in tumor cells HIC1
is inactivated by epigenetic modification, which induces the
increased SIRT1 levels. It leads to deacetylation and therefore
inactivation of p53 activity and allows cells to bypass apopto-
sis and survive avoiding from DNA damage. Moreover, the
PRE (p53 responsive element) identified in the promoter
region of HIC1 suggest that HIC1 is a direct p53 target gene
[49] and p53 can activate the transcription of HIC1, indepen-
dently of its methylation status. Therefore, this HIC1/SIRT1/
p53 regulatory loop is an essential pathway through HIC1
may function as a tumor suppressor gene and cooperate with
p53 [50].

Briones et al. found that the core binding sequence for
HIC1 is GGCA, and this sequence is present in the
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also responsible for proliferation, tumor growth, angiogenesis and
invasion, etc. FGFBP1, fibroblast growth factor binging protein; EFNAL,
ephrin-A1; EphA2, tyrosine kinase receptor; E2F1, cell cycle and apo-
ptosis regulator gene; TCF4, T-cell-specific transcription factor 4;
CCNDI, Cyclin D1; CDKNIC, cell cycle inhibitor P57%"2; ADRB2,
[3-2 adrenergic receptor; CXCR7, chemokine (CXC motif) receptor 7;
ATOHLI, atonal homologl

fibroblast growth factor binging protein (FGF-BP1) promot-
er located in the region from —785 to =782 bp (GGCA). The
authors showed that mutation of this HIC1 core binding site
in the FGF-BP1 promoter markedly impaired the transcrip-
tional repression mediated by transforming growth factor-f3
(TGF-). TGF-f3 is the prototypical member of a family of
growth factors that play important roles in normal vascular
development and human diseases. The data implicated that
HIC1 is involved in the transcriptional repression of FGF-
BP1 by TGF-f3 signaling regulation of angiogenesis in
cancer [51]. In brief, inactivation of HIC1 in tumour cells
may increase expression of FGF-BP1, resulting in an in-
crease in angiogenesis and/or proliferation.

Zhang W. et al. found that HIC1 could regulate a direct
transcriptional repressor of ephrin-A1(EFNA1) gene, a cell
surface ligand for Eph receptors implicated in the pathogen-
esis of epithelial cancers [52]. The data showed that mouse
embryos lacking both Hicl alleles manifested developmen-
tal defects spatially relative to mis-expression of ephrin-Al.
Overexpression of ephrin-Al is a feature of tumors arising
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in Hicl heterozygous. Restoration of HIC1 function in
breast cancer cells could lead to a reduction in tumor growth
in vivo, and the effect could be partially rescued by co-
overexpression of ephrin-Al. It was concluded that the
epigenetic silencing of HIC1 in cancer cells can result in
upregulated expression of ephrin-Al in favour of tumor
growth in vivo. As a newest direct target gene of HICI,
the tyrosine kinase receptor EphA2 was identified and
whose ligand ephrin-A1l is also a HIC1 target gene [53].
The ectopic expression of HIC1 in the highly malignant
MDA-MB-231 breast cancer cell line severely impaired cell
proliferation, migration and invasion. Inactivation of endog-
enous HIC1 through RNA interference in normal breast
epithelial cells resulted in upregulating EphA2 and increas-
ing cellular migration. Therefore, loss of the regulation of
this Eph pathway through HIC1 epigenetic silencing may be
an important mechanism in the pathogenesis of epithelial
cancers [53].

Recently, Zhang B. et al. identified the E2F1 gene enc-
odes an HIC1-binding consensus sites (GGCA) in its pro-
moters and HIC1 targets E2F-responsive genes for
transcriptional regulation and growth suppression. Brgl is
as a central component of the SWI/SNF chromatin-
remodeling family and is required for the transcriptional
regulation of multiple cell cycle control-related genes, in-
cluding E2F-responsive promoters. They found that HICI
can recruit Brgl to E2F-responsive promoters and its tran-
scriptional repression of these genes is dependent upon
Brgl. These data indicated that HIC1 is a central molecule
in a novel mechanism controlling cell growth. The disrup-
tion of this HIC1-mediated pathway may lead to abnormal
cell proliferation and cancer ultimately. Thus inactivation of
HIC1 leads to undue activation of E2F signaling, favoring
cell cycle progression and tumor growth [54].

Interestingly, Mathias et al. found that HICI is a new
transcriptional target of the cell cycle and apoptosis regula-
tor E2F1. E2F1 induces HIC1 via two E2F DNA binding
sites within the TATA-box containing HIC1 PO promoter.
E2F1 binds to this HIC1 promoter region in vivo and
induces endogenous HIC1 mRNA expression. Furthermore,
HIC1 expression is induced by E2F1 regardless of HIC1 PO
promoter hypermethylation [55]. These findings imply that
there is a regulation loop between E2F1 and HICI1. Poten-
tially, endogenous E2F1 protein directly combines with the
HIC1 PO promoter to activate HIC1 expression in DNA
damage responses to etoposide treatment; in return, HIC1
binds to E2F1 promoter gene that contains HIC1-binding
consensus sites, which suppress E2F1 transcription reducing
cell growth.

Notably, it has been reported that HIC1 can directly
target T-cell-specific transcription factor 4 (TCF4), a
positive cell cycle regulator frequently amplified in tumors
called Cyclin D1 (CCNDI) and the cell cycle inhibitor

P57%P2 (CDKNI1C) [26, 56]. TCF4 interacts with -catenin
in active Wnt signaling and co-activates downstream target
genes. This activity is important during normal development,
but its deregulation plays a pivotal role in cancer progression.
HIC1 also sequestered TCF4 as well as TCF4 bound (-
catenin via CtBP to“HIC1-bodies”and thereby attenuated
Whnt signaling. This may suppress tumor formation, since
TCF4 and f3-catenin are prevented from activating TCF-
responsive genes possibly involved in tumor development,
such as c-Myc (MYC) or Cyclin DI[57]. This apparent con-
tradiction that HIC1 represses a cell cycle accelerator Cyclin
D1 and inhibitor P57%'"2, may be explained by the observa-
tion that low levels of 57" are able to promote cyclin/CDK
complex formation and thus cell cycle progression[58].

More recently, through promoter luciferase activity,
ChIP and sequential ChIP experiments, 3-2 adrenergic
receptor (ADRB?2) is demonstrated as a direct target gene
of HIC1[59]. ADRB2 encodes a G-protein-coupled-receptor
(GPCR) activated by adrenaline/noradrenaline. ADRB2
promoter was shown to be presented in many putative
HiRE, particularly 600 bp upstream of the translation
start site. Overexpression of HIC1 in WI-38 normal lung
embryonic fibroblasts by retroviral infection induced a
marked decrease of ADRB2 mRNA and a slight decrease
of protein levels. Conversely, inhibition of endogenous
HIC1 expression in WI-38 cells by siRNA resulted in a
concomitant increase in ADRB2 transcripts and proteins.
In MDA-MB-231, a metastatic breast cancer cell line
expressing high levels of ADRB2, HIC1 re-expression
strongly repressed ADRB2 expression and prevented its
activation of migration and invasion. These data suggest
that loss of HIC1 in tumorigenesis may favor metastasis
through upregulation of ADRB2 in breast epithelial cells.

Recently, Capucine et al. have found scavenger chemokine
receptor 7 (CXCR7) was downregulated in HIC1-deficient
U20S osteosarcoma cells transduced with an adenoviral
HIC1-expressing vector. In WI38 cells, some assays showed
that endogenous HIC1 binds to HIC1-responsive elements in
the CXCR7 promoters to repress its expression [60]. Our
initial findings suggest that HIC1 were abundantly methylated
in plasma and tissues of PCa patient compared with those of
normal control patient. Similar results were observed in PCa
cell lines. In vitro assays, restoring HIC1 expression in PCa
cells markedly inhibited proliferation, migration, and invasion
and induced the apoptosis in these cells. Moreover,
mice bearing PCa cells with overexpression of HICI
had a significant effect on reducing tumor growth and
osseous metastases. Notably, we also identified chemokine
receptor CXCR7 is a potential downstream target gene
of HIC1 in PCa cells by microarray and ChIP assays.
Therefore, CXCR7 promoter in PCa cells is reversely regu-
lated by HIC1, which may contribute to PCa progression (our
unpublished data).
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The Function of HIC1 in Mice Models

The findings from the constructed Hicl deficient mice dem-
onstrated that some interesting clues to HIC1 function as a
tumor suppressor [4]. Two double heterozygote models
have shown that Hicl can respectively cooperate with p53
or Ptchl in tumorigenesis [5, 6]. Homozygous disruption of
Hicl impairs development and results in embryonic and
perinatal lethality [10], while heterozygous Hicl+/— mice
develop an age- and gender-dependent spectrum of malig-
nant tumors with 44 % of epithelial cancers [4]. By bisulfite
genomic sequencing of human, mice tumor cell lines and
normal tissues, Chen et al. found that the reason of function
loss of the remaining Hicl allele in heterozygous mice is not
gross chromosomal deletions but hypermethylation of major
alternative promoters of the gene in human cancers.

Actually, Hicl and p53 are located on the same chromo-
some in humans (chromosome 17) and mice (chromosome
11). The remaining p53 and Hicl wild-type alleles are
simultaneously deleted due to loss of the entire chromosome
in these cis tumors. But the trans Hicl+/— p53+/— mice have
no acceleration of tumorigenesis as compared to p53+/—
mice. The remaining Hicl allele is retained and epigeneti-
cally silenced by hypermethylation in the trans tumors,
while the p53 allele undergoes interstitial deletion [5].

In Ptch1+/—/Hic1+/— heterozygous knockout mice, the data
showed a markedly increased incidence of medulloblastoma as
compared to Ptch1+/— heterozygous mice. The Patched (Ptch)
1 is a tumor suppressor, capable of inhibiting Hedgehog(HH)
signaling. Ptch1+/—/Hicl+/— heterozygous knockout mice
showed a fourfold increased incidence of medulloblastoma as
compared to Ptchl+/— heterozygous mice [6]. Moreover, it
was found that the proneural transcription factor Atonal
Homolog 1 (Atoh1) is directly suppressed by Hicl. Atohl is a
putative target of Hh signaling and also essential for cerebellar
growth and development. Briggs et al. concluded that
Hicl and Ptchl tumor suppressors cooperate to silence
Atohl expression during a critical phase in the granule
cell precursors (GCPs) of the cerebellum differentiation
in which malignant transformation may lead to medullo-
blastoma [61]. The Ptchl+/— heterozygotes spontaneous-
ly develop medulloblastomas at a frequency of 10-15 %
[62]. However, deletion of chromosome 17p occurs in up
to 50 % of the cases and is frequently restricted to the
17p13.1-13.3 region containing several tumor suppressor
genes including p53, REN, MNT and HIC1 [63]. Loss of
function of p53 significantly increases the frequency of me-
dulloblastomas occurring in Ptchl+/— p53+/— animals as
compared to Ptch1+/— heterozygote [6, 64]. Apart from this
increased incidence, the time frame and the type of tumors did
not very vary between these two cohorts, in striking contrast
with the p53+/— Hicl+/— heterozygote where distinct tumors
appear earlier than in the p53+/— cohort [5].
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HIC1 is a Marker of Cancer Stem Cell

Many studies have highlighted the key roles of epigenetic
signatures in stem-cell identity [65]. In pluripotent embry-
onic stem cells (ES), the promoters of some developmental
transcription factors are in a “bivalent state” with both
activating (H3K9Ac and H3K4me) and repressive
(H3K27me) epigenetic marks. Thus, these promoters are
“poised” in a transcription-ready state which, depending
on the developmental cues, can be tipped toward activation
of tissue-specific genes or reversible silencing of genes
involved in other developmental pathways. Indeed, in dif-
ferentiated cells, the promoters of many non-transcribed
genes have lost the activating marks and are enriched with
the H3K27 trimethylated mark which is deposited by the
Polycomb repressor complex 2 (PRC2). Some studies in ES
cells have determined that the epigenetic status of restricted
lists of genes defined as tumor suppressor genes are fre-
quently hypermethylated in colon, breast and ovarian cancer
pre-marked with trimethylated H3K27 and other PRC2
components in ES cells [66, 67].

HIC1 has been defined as a “stem cell gene” because the
gene can be marked with at least two out of the three
components SUZ12, EED and H3K27me3 in human ES
cells in colorectal cancer, ovarian cancer and CD34 positive
hematopoietic progenitor cells [67]. But this exception in
breast cancer may be due to its hemi-methylation in normal
breast epithelium [34]. In addition, HIC1 is unmethylated in
human ES cells and partially or fully methylated in two
embryonal carcinomas cell lines, Tera-1 and Tera-2 respec-
tively [68]. However, to be fully understood, the function of
HIC1 in cancer stem cell is warranty investigated.

Modulating HIC1 Expression by the Tumor
Microenvironment

DNA Methylation Status of Specific Gene Can Be Involved
in Formation of Tumor Microenvironment

These findings suggest that DNA methylation is inherited
upon somatic cell division, and methylation of a promoter
CpG island silences its downstream gene. Altering methyl-
ation in cancer cells can cause inactivation of both tumor-
suppressor genes (driver) and other genes (passenger), and
by global hypomethylation [69]. Many studies revealed that
aberrant methylation is presented even in non-cancerous
tissues, but its level is associated with cancer risk in an
epigenetic field for cancerization. Quantification of methyl-
ation revealed that aberrant methylation can be induced
much more frequently than mutations [70], and it has al-
ready been indicated that methylation alterations are in-
volved in epithelial-mesenchymal transition (EMT) [71,
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72]. The high frequency of methylation alterations also
suggested that they could involve in phenotypic changes
of stromal cells, and thus formation of cancer microenviron-
ment [73, 74]. DNA methylation alterations are likely to be
important players not only in transformation of epithelial
cells but also in the formation of cancer microenvironment
by stromal cells, which indicated that DNA methylation of
specific genes can be induced in a significant fraction of
cells even in polyclonal tissue. There is a possibility that
altered methylation statuses may involve in formation of
tumor microenvironments. Notably, epigenetic silencing of
specific genes due to changes in histone modification has
been reported in tumor endothelial cells [75]. Mesenchymal
cells produced by EMT of tumor cells may contribute to
formation of tumor microenvironments [76].

Tumor Microenvironment May Modulate HIC1 Expression
of Tumor Cell

As mentioned above, HIC1 as suppressor gene is not mu-
tated in observed solid tumors but epigenetically mediated
loss of function may help drive key stages of tumorigenesis.
Despite multiple epigenetic modifications, including glyco-
sylation, sumoylation, acetylation, HIC1 is often hyperme-
thylated in 50 % or more of such tumors due in a large part
to the enhanced DNMTs activity by multiple factors [1, 2,
7]. Xia et al. recently found that prostaglandin E2 (PGE2)
silences certain tumor-suppressor and DNA-repair genes
through enhancing the CGI methylation in the promoters
of these genes to promote intestinal tumor growth [77]. Ng
et al. indicated that microRNA-143 regulates DNA methyl-
transferases 3A in colorectal cancer. These findings promp-
ted us to postulate whether some factors derived from tumor
microenviroment also may modulate HIC1 expression by
epigenetic modifications. Indeed, the data suggested that
different tumor environmental cues influence epigenetic
modification of histones or DNA and alter access of tran-
scription factors (TFs) to the DNA sequence, thereby affect-
ing gene expression [78, 79]. Moreover, our initial findings
indicate that some inflammatory factors and microRNAs
secreted by stromal cells within tumor microenviroment
are capable of increasing the activity of DNA methyltrans-
ferases (DNMTs) and histone deacetylased (HDACSs) of
tumor cells, therefore silencing certain tumor suppressor
genes including HIC1 and reshaping the phenotypes of
tumor cells (Our unpublished data) as shown in Fig. 2. So
far, the antitumoral properties of novel epigenetic therapies
have largely been attributed to the reactivation of silenced
tumor-suppressor genes in tumor cells [80, 81]. However,
given their universal gene regulatory loops, it is pivotal that
epigenetic therapy will also pay a more attention to the role
of tumor microenviroment. It may provide more novel
options in cancer treatment.

Conclusions and Prospects

HIC1 is a central transcriptional regulator of a few key
genes controlling cell growth as well as death in response
to p53-dependent apoptotic DNA damage through binding
to SIRT1 promoter. By combining with PATCHED, HIC1
may play a inhibitory role in Hedgehog pathway for medul-
loblastomas and capable of regulating Wnt pathway in-
volved in function of stem cell. In fact, HICI is frequently
hypermethylated as a result of silence or low-level in a
variety of solid tumors and leukemia, therefore making it a
new therapeutic target for DNA methyltransferase inhibitors
such as 5-Aza-2'-deoxycytidine(decitabine) [82].

However, some intriguing questions of HIC1 still remain
unclear. Firstly, how does transcription modification by
HIC1 protein occur in the target gene DNA-binding domain.
Secondly, given many potential physiological roles of HICI,
the number of HIC1-characterized target genes appears to be
a small amount. Thirdly, it is not clear how tumor microen-
vironment modulate HIC1 expression of tumor cells. Final-
ly, other inhibitory mechanisms other than hypermethylation
of the HIC1 promoter may exist due to the findings that low
HIC1 levels contribute to cancer development.

In summary, further exploring HIC1 function and its
characterized targets would not only help to understand its
role as a tumor suppressor gene and provide new insights
into epigenetic and tumor microenviroment in general but
would also offer some clues of new therapeutic approaches
to major human tumors.
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