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Abstract PCDHI0 is a key tumor suppressive gene for
nasopharyngeal, esophageal, and other carcinomas with
frequent methylation. In this study, we investigated the
potential epigenetic modification of the PCDH10 gene by
hepatitis B virus x protein (HBx), a pivotal factor in the
progression of HBV replication and potential carcinogen-
esis. PCDH10 expression was found to be down-regulated
in 9/13 (69.2 %) of hepatocellular carcinoma (HCC) cell
lines. Decreased PCDH10 expression was correlated with
the methylation status of the PCDH10 promoter. Treatment
with the DNA methyltransferase inhibitor 5-aza-2'-deoxy-
cytidine (Aza) was sufficient to restore PCDH10 mRNA
expression by suppressing PCDH10 promoter methylation
in HepG2 cells. Treatment with Trichostatin A alone had
no significant effect on PCDH10 expression but enhanced
the effect of Aza. PCDHIO methylation was further
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detected in 76 % (38 of 50) of HCC tissues compared with
40 % (20 of 50) of paired adjacent tissues, with no meth-
ylation detected in normal human liver tissues. There were
significant correlations between methylation status of
PCDHI10 and tumor size, serum AFP levels, metastasis or
TNM staging (P < 0.05). Moreover, PCDH10 promoter
methylation status was not associated with HBV infection
in our panel of 50 primary HCC tumors, and transfection
with HBX could not alter the status of PCDH10 promoter
methylation. Collectively, these observations suggested
that the expression of PCDH10 was silenced in HCC via de
novo DNA methylation independent of HBV infection or
HBX expression, and PCDH10 might form a potentially
useful therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is characterized by late
detection and fast progression, and it is believed that epi-
genetic disruption may be the cause of its molecular and
clinicopathological heterogeneity. A better understanding
of the global deregulation of methylation states and how
they correlate with disease progression will aid in the
design of strategies for earlier detection and better thera-
peutic decisions.

Human hepatitis B virus (HBV) infection is a leading
cause of HCC in China [1]. HCC arises as a result of genetic
and epigenetic abnormalities. Interestingly, several studies
have reported a strong correlation between HBV infection
and epigenetic alteration of many tumor-suppressor genes,
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such as p16 [2] and GSPT1 [3], whose expressions were
frequently down-regulated in HCC by promoter
hypermethylation.

The HBV x protein (HBx), a pivotal factor in the pro-
gression of HBV infection [4], replication [5], pathogene-
sis, and potential carcinogenesis [6], has been implicated as
a potential trigger of the epigenetic deregulation of some
key TSG genes [2, 3]. Recent study by Park et al. [7] has
further demonstrated that HBx can interact directly with
and recruit the de novo DNA methyltransferase DNMT3a
to the regulatory promoters of interleukin-4 receptor and
metallothionein-1F and subsequently silenced their tran-
scription via de novo DNA methylation. Moreover, the
transcriptional levels of the target genes in HCC specimens
were strongly correlated with the occurrence of HBX,
providing an alternative mechanism within HBx-mediated
transcriptional repression.

PCDHI10 is recently demonstrated as a key tumor sup-
pressive gene (TSG) for colorectal, nasopharyngeal,
esophageal, hepatocellular, breast, cervical, gastric, lung,
hematologic malignancies [8], and prostate cancers with
frequent methylation [9], and it has reported to be involved
in proliferation inhibition, apoptosis induction, and inva-
sion repression [10], however, its role in hepatocellular
carcinogenesis is still largely unknown.

In this study, we used methylation-specific PCR (MSP)
and bisulfite genomic sequencing (BGS) to explore the
methylation status of the upstream PCDHIO promoter
from HepG2 cells, its HBX transfectants, HCC patients
and adjacent non-cancerous tissues in comparison with
normal liver tissues where neither viral infection nor
hepatitis existed. We demonstrated that PCDH10 expres-
sion was significantly down-regulated in both HCC cell
lines and HCC patient samples through de novo DNA
methylation, which could partially reversed upon inhibi-
tion of DNMTs by Aza in HepG2 cells and its HBX
transfectants. However, the methylation status of the
PCDHI10 gene in HCC was not affected by HBV infection
or HBX expression.

Materials and methods
HCC cell lines

Thirteen HCC cell lines (SNU398, HBV+; SNU449,
HBV+; SNU475, HBV+; SNU387, HBV+; SNU423,
HBV+; Hep3B, HBV+; HepG2, HBV—; HUHI1, HBV+;
HUH4, HBV+; HUH6, HBV—; HUH7, HBV —; Mahlavu,
HBV—; PLC/PRF/5, HBV+) were obtained from Dr. Qian
Tao (Cancer Epigenetics Laboratory, Department of Clin-
ical Oncology, the Chinese University of Hong Kong,
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Shatin, NT, Hong Kong). Cell lines were maintained in
RPMI1640 medium (Gibco BRL, Rockville, MD, USA)
with 10 % fetal bovine serum (Gibco BRL).

Patients and the collection of the liver tissue specimens

Diagnostic criteria for HCC included liver biopsy or
radiographic evidence consistent of HCC as defined by
accepted guidelines [11]. A total of 50 paired primary HCC
tissues and adjacent non-cancerous tissues were obtained
during surgical resection of HCC patients with no preop-
erative chemotherapy or radiotherapy according to a stan-
dard protocol. The adjacent non-cancerous tissues were
subsequently verified by histology to be free of tumor
infiltration and the adjacent non-cancerous specimens with
tumor cell infiltration were excluded. All the specimens
were snap-frozen in liquid nitrogen and stored at —80 °C
for molecular analyses. The remaining tissue specimens
were fixed in 10 % formalin and embedded in paraffin for
routine histological examination. All tissue specimens for
this study were obtained according to protocols approved
by the Medical Ethics Committee on human research in the
First Affiliated Hospital of Chongqing Medical University,
and written informed consent was obtained from all the
participants before enrollment. The -clinicopathological
features of the patients were shown as in Table 1. Tumor
was staged according to the TNM staging system. All
histological assessments were made by an experienced
pathologist.

Bisulfite modification of DNA

Bisulfite induces deamination of unmethylated cytosines,
converting unmethylated CpG sites to UpG without mod-
ifying methylated sites, allowing their differentiation by
methylation-specific polymerase chain reaction (MSP) or
BGS. Genomic DNA was extracted from HCC liver tissues
or HCC cell lines using DNA Mini Kit (Qiagen, Valencia,
CA, USA) and treated with sodium bisulfite using a Zymo
DNA modification kit (Zymo Research, Orange, CA,
USA).

Reverse-transcription PCR (RT-PCR)

Total RNA was extracted from HCC specimens or HCC
cell lines by SV Total RNA Kit (Promega, CA, USA). The
messenger RNA (mRNA) expression level of PCDH10
was determined by RT-PCR using primers 5'-GGTG
CTGTACGTGAACGAGA-3' and 5-CACCTTTAGAG
ACTCGCG-3'. Primers for GAPDH (5-GAGTCAACGGA
TTTGGTCGT-3' and 5-TTAGGGTAGTGGTAGAAG
GT-3') were included as loading control.
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Table 1 Clinicopathologic features of PCDH10 methylation and
clinicopathologic features in 50 HCC patients

Clinicopathologic PCDHI10 methylation status P value
factors
Methylated Non-methylated
(n = 38) (n=12)
Age >0.05
<60 (37) 28 (75.7 %) 9 (24.3 %)
>60 (13) 10 (76.9 %) 3 (23.1 %)
Sex >0.05
Male (34) 25 (73.5 %) 9 (26.5 %)
Female (16) 13 (81.3 %) 3 (18.7 %)
Tumor size <0.05
<5cm (21) 13 (61.9 %) 8 (38.1 %)
>5 cm (29) 25 (86.2 %) 4 (13.8 %)
Serum AFP level <0.05
<400 ng/ml (22) 13 (72.7 %) 9 (27.3 %)
>400 ng/ml (28) 25 (78.6 %) 3 (21.4 %)
Chronic HBV infection >0.05
Positive (23) 17 (73.9 %) 6 (26.1 %)
Negative (27) 21 (77.8 %) 6 (22.2 %)
Ethanol abuse >0.05
Positive (20) 16 (80 %) 4 (20 %)
Negative (30) 22 (73.3 %) 8 (26.7 %)
Cirrhosis >0.05
Positive (32) 24 (75 %) 8 (25 %)
Negative (18) 14 (77.8 %) 4 (22.2 %)
Metastasis <0.05
Positive (30) 27 (90 %) 3 (10 %)
Negative (20) 11 (55 %) 9 (45 %)
TNM stage® <0.005
19 3 (33.3 %) 6 (66.7 %)
11 (10) 7 (70 %) 3 (30 %)
I (25) 23 (92 %) 2 (8 %)
IV (6) 5 (83.3 %) 1 (16.7 %)

 Statistically significant P < 0.005

Demethylation by DNA demethylating agent 5-aza-2-
deoxycytidine (Aza)

HepG2 cells were seeded at a density of 3.0 x 10* cells/
well, and after 48 h, cells were treated with 5 pM of the
DNA demethylating agent 5-Aza (Sigma—Aldrich, St.
Louis, MO, USA) for 48 h with or without 500 nM Tri-
chostatin A (TSA) for 24 h. Cells were then harvested for
DNA and RNA extractions.

Methylation-specific PCR (MSP)

Methylation-specific PCR (MSP) was performed as
described previously [10, 12]. Briefly, MSP was performed

for 40 cycles using AmpliTaq Gold and hot-start with the
following primers: methylation-specific, PCDHI10m1:
5'-TCGTTAAATAGATACGTTACGC, PCDH10m2: 5'-TA
AAAACTAAAAACTTTCCGCG, or unmethylation-spe-
cific, PCDH10ul:5'-GTTGTTAAATAGATATGTTATGT,
PCDHI10u2: 5-CTAAAAACTAAAAACTTTCCACA.

Bisulfite genomic sequencing (BGS)

For BGS, 1 pl of bisulfite-treated DNA was amplified
using primers BGS1: 5-GTTGATGTAAATAGGGGAA
TT and BGS2: 5-CTTCAACCTCTAAACCTATAA. The
PCR products were cloned into PMD18-T Vector (Takara).
Ten colonies were chosen randomly for plasmid DNA
extraction with Qiaprep Spin Mini kit (Qiagen, Valencia,
CA, USA) and were sequenced. Sequencing analysis was
performed by SeqScape software (Applied Biosystems,
Foster City, CA, USA).

Statistical analysis

The difference of PCDH10 mRNA expression between
tumor and adjacent non-cancerous tissues was analyzed by
the Mann—Whitney U test. The y* test was employed for
the comparison of patient characteristics and distributions
of PCDHI10 methylation. All analyses were performed
using SAS for Windows software, version 9 (SAS Institute,
Inc., Cary, NC, USA). Two-tailed P values <0.05 were
considered statistically significant.

Results

Methylation of PCDH10 CpG islands (CGI) contributes
to the down-regulation of PCDH10 mRNA expression
in HCC cell lines

PCDH10 mRNA expression was found to be down-regu-
lated in 9/13 (69.2 %) of the HCC cell lines (Fig. 1a). We
hypothesized that the low level of PCDHI0O mRNA
expression in HCC cells could reflect epigenetic silencing
through hypermethylation of its promoter, a common
mechanism of inactivating tumor-suppressor genes in
cancer. We thus further analyzed the methylation status of
the PCDH10 CGI with MSP in HepG2 cells in which
PCDHI10 expression was found to be totally silenced. As
expected, the PCDH10 CGI was methylated in HepG2 cells
(Fig. 1b).

We further examined the methylation status of the
PCDHI0 CGI by high-resolution bisulfite genome
sequencing (BGS) analysis of 36 CpG sites within the CGI,
including those CpG sites analyzed by MSP. Nearly, all
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CpG sites examined were methylated in HepG2 cells
(Fig. 2c¢).

Activation of PCDH10 expression by pharmacological
demethylation

To further determine whether CGI methylation directly
mediates PCDHI10 silencing, we compared the PCDH10
expression levels in HepG2 cells before and after treat-
ment with the DNA methyltransferase inhibitor 5-Aza),
together with or without histone deacetylase inhibitor
TSA. Aza alone was sufficient to restore PCDH10 mRNA
expression in HepG2 cells. Treatment with TSA alone had
no significant effect on the expression of PCDHI10 but
enhanced the effect of Aza (Fig. 2a). Meanwhile, both
MSP and BGS showed that the CGI was dramatically
demethylated in the presence of the drug (Fig. 2b, c¢),
revealing a direct link between PCDHI0 silencing and
CpG methylation. These results confirmed that PCDH10
down-regulation was directly mediated by CGI methyla-
tion, and Aza alone was sufficient to restore PCDHI10
mRNA expression by suppressing PCDHI10 promoter
methylation in HepG2 cells.
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Methylation of the PCDH10 CGI in primary
carcinomas

We further analyzed the expression level of PCDHI10
mRNA and the methylation status of PCDHI10 in a large
collection of primary HCC samples. PCDH10 mRNA
expression was found to be repressed or down-regulated in
32/50 (64 %) of the HCC tissues compared with 30 % (15
of 50) of paired adjacent tissues (P < 0.01) and none in
normal liver tissues (Fig. 3a). Concordantly, PCDHI10
methylation was detected in 76 % (38 of 50) of HCC tis-
sues compared with 40 % (20 of 50) of paired adjacent
tissues (P < 0.0001) and none in normal liver tissues
(Fig. 3b, c), highlighting the importance of tumor-specific
PCDH10 methylation in hepatocellular carcinogenesis.

Methylation of the PCDH10 CGI in HCC cell lines
and primary carcinomas was independent of HBV
infection or HBX expression status

Among all the HCC cell lines detected, 9 were reported to
be positive for HBV infection; however, only 5 were found
to express low levels of PCDHIO mRNA (Fig. la).
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Fig. 2 Pharmacologic demethylation activated PCDH10 expression
in silenced HepG2 cells. a mRNA expression of PCDHI10 in HepG2
cells treated with AZA/TSA; b methylation status of PCDHI10 in

Transfection of HepG2 cells with HBX protein could not
alter PCDHI10 promoter methylation and PCDHIO
expression (Fig. 1c). In addition, chronic HBV infection
was detected in 23 of 50 (46 %) HCC tissues, and only 17
was detected to have PCDHI10 methylation (Table 1).
PCDHI10 methylation was not associated with HBV
infection in HCC tissues or HBX expression status in HCC
cell lines (Fig. 4).

Association between the PCDH10 methylation status
and the clinicopathological characteristics of HCC
patients

The association between clinicopathological features and
the PCDH10 methylation status in human HCC was listed
as in Table 1. Though there was no correlation between the
methylation status of PCDH10 and clinicopathological
features such as age, sex, chronic HBV infection, ethanol
abuse, and cirrhosis, significant correlations were indeed
found between the methylation status of PCDHI0 and
tumor size, serum AFP levels, metastasis, and TNM stag-
ing (P < 0.05).

Discussion

In the present study, loss of the PCDH10 mRNA expres-
sion in HepG2 cells was found to be correlated well with
the methylation of the upstream PCDH10 promoter. 5'-Aza
treatment re-induced the PCDH10 mRNA expression in
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HepG2 cells treated with AZA/TSA; ¢ High-resolution methylation
mapping of CpG sites by BGS confirmed the pharmacologic
demethylation of PCDH10 in HepG2 cells

both HepG2 and HepG2-HBX transfectants with con-
comitant demethylation of the upstream PCDHI10 pro-
moter. Upstream PCDH10 promoter was further found to
be frequently hypermethylated in primary HCC liver
samples with concomitant decreased PCDH10 mRNA
expression. Though there was no correlation between the
methylation status of PCDH10 and clinicopathological
features such as age, sex, chronic HBV infection, ethanol
abuse and cirrhosis, well correlations between the meth-
ylation status of PCDHI10 and tumor size, serum AFP
levels, metastasis, and TNM staging were observed. Taken
together, these results suggest that epigenetic inactivation
of PCDHI10 might be an important step in hepatocellular
carcinogenesis.

PCDHI10 has been reported to be a functional TSG, and
its transcriptional silencing and promoter methylation were
frequently detected in a variety of carcinomas [8, 10, 12].
Here, we further detected its frequent tumor-specific
methylation in HCC cell lines and primary tumor tissues,
which extended previous work on CDH10 to gastric cancer
[10]. Methylation treatment and methylation analyses
indicate that promoter methylation is the principal regula-
tory mechanism of reduced PCDH10 expression in HCCs.
However, there are unmethylated alleles in some HCC
tissues with no PCDH10 mRNA expression detected or
methylated alleles in some HCC tissues with normal
PCDH10 mRNA expression, suggesting other regulating
mechanisms including histone modification, microRNA or
transcriptional repressors and other TSG rather than
PCDHI10 also contribute to the pathogenesis of HCC.
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Fig. 3 Methylation of the PCDH10 CGI in primary carcinomas.
a mRNA expression of PCDH10 in HepG2 cells in tumor tissues,
adjacent tissues and normal tissues; b methylation status of PCDH10

PCDHI0 belongs to the protocadherin superfamily and
it is widely expressed in normal tissues [12—14]. It has been
reported that PCDH10 mediated tumor-suppressor effect in
cancer cells via induction of apoptosis, control of cell
growth, and inhibition of cell invasion and metastasis [12,
15, 16]. While PCDHI10 is frequently silenced by methyl-
ation in HCC, ectopic expression of PCDH10 may suppress
tumor cell growth, migration, invasion and colony forma-
tion. In this study, we also found that pharmacologic
demethylation of PCDHI10 by Aza treatment could restore
the expression of methylation-silenced gene expression,
and this strategy may be potentially explored as a HCC
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therapeutic strategy through reactivating the biological
functions of PCDH10.

Hepatocellular carcinoma (HCC) varies greatly in clin-
ical outcomes depending on the progress of individual
tumors [17, 18]. We further analyzed the clinical signifi-
cance of PCDHI10 promoter methylation and its associa-
tions with clinical parameters in HCC patients. There were
significant correlations between the methylation status of
PCDHI10 and tumor size, serum AFP levels, metastasis or
TNM staging in patients, suggesting that PCDH10 meth-
ylation in HCC patients may be further explored as a new
biomarker for monitoring disease progression or as a
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Fig. 4 Silencing of PCDH10
by promoter methylation in
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prognostic factor for relapse in HCC patients with PCDH10
methylation. However, further studies are required to
clarify the significant association between the PCDHI10
methylation and the progression of tumoral process.

Chronic infection with HBV is a major risk of HCC, it
has been shown that most HBV-related HCC is integrated
with viral DNA [19]. Several previous studies have dem-
onstrated that HBV infection was associated with epige-
netic alteration of some tumor-suppressor genes, including
pl6 and GSPT1 [2, 3]. However, here, we found that HBV
infection was not related to PCDH10 methylation in HCC
tissues, and there was no significant correlation between
serum HBsAg concentrations or HBV-DNA copies and
PCDH10 methylation status (data not shown). HBx is a
small 17-kDa soluble protein in the nucleus and cytoplasm
of host cells, which is known to play an essential role in
HBV-induced live carcinogenesis [20]. Nuclear HBx could
affect gene transcription by interacting with a specific
transcriptional machinery at the promoter level [21].
However, transfection of HepG2 cells with HBx could not
alter PCDH10 methylation status and its mRNA expres-
sion. Our results therefore suggest that HBV infection or
HBX protein was not involved in the methylation of the
PCDH10 CGI in HCC cell lines and primary HCC tissues.

In summary, silencing of PCDH10 in HCC via de novo
DNA methylation independent of HBV infection or HBX
protein expression was investigated in this study. Because
epigenetic inactivation of PCDH10 might be an important
step in hepatocellular carcinogenesis, targeting PCDH10
by pharmacologic demethylation may have important
therapeutic implications for HCC treatment, and its clinical
exploration could be further investigated in animal model
of HCC.
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