Journal of Cancer 2016, Vol. 7 446

g0y [VYSPRING

vgﬁ INTERNATIONAL PUBLISHER

Journal of Cancer

2016; 7(4): 446-452. doi: 10.7150/jca.13065
Research Paper

PCDHS8 is Frequently Inactivated by Promoter Hyper-
methylation in Liver Cancer: Diagnostic and Clinical
Significance

Cheng Zhang#, Yunfei Peng# Fan Yang, Ruixi Qin, Wenjun Liu, Cuijuan Zhang™
Institute of Pathology and Pathophysiology, Shandong University School of Medicine, Jinan 250012, P. R. China.
#These two authors contributed equally to this work.

P4 Corresponding author: Cuijuan Zhang, Institute of Pathology and Pathophysiology, Shandong University School of Medicine, Wenhuaxi Road 44#, Jinan
250012, P. R. China. E-mail: cuijuanzhang@sdu.edu.cn Tel.: 86-531-88382574 Fax: 86-531-88383168.

© Ivyspring International Publisher. Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited. See
http:/ /ivyspring.com/terms for terms and conditions.

Received: 2015.06.27; Accepted: 2015.12.08; Published: 2016.01.29

Abstract

AIM: Protocadherin-8 (PCDHS8) plays an important role in signaling pathways of cell adhesin,
proliferation, and migration. It has been reported that PCDH8 is mutated or methylated in several
human cancers. However, little is known about PCDHS8 in liver cancer. The aim of this study was
to investigate the protein expression and promoter methylation status of PCDH8 in liver cancer
and evaluate the association between PCDH8 methylation and the clinicopathological features.

METHODS: The methylation status of PCDH8 in 42 hepatocellular carcinoma (HCC), 8
Cholangiocarcinoma (CC) and 50 normal liver tissues were examined using methylation-specific
PCR (MSP) and the protein expression of PCDH8 was detected by immunohistochemistry. The
relationships between PCDH8 methylation and clinicopathological features as well as overall
survival of patients were evaluated.

RESULTS: The PCDH8 methylation was more frequent in liver cancer tissues than that in the
normal liver tissues (88% vs. 32%, P < 0.001), and is significantly associated with loss of its protein
expression (P = 0.004). Moreover, there is a significant correlation between PCDH8 methylation
and the alpha-fetoprotein (AFP) level (P = 0.008). Kaplan-Meier survival analysis revealed that
patients with PCDH8 methylation have shorter OS and PFS than those without PCDH8 methyl-
ation (P = 0.041 and P = 0.028, respectively).

CONCLUSION: PCDHS8 is often inactivated by promoter methylation in liver cancer. PCDH8
methylation can serve as a valuable diagnostic biomarker for early detection of liver cancer and
might be useful to predict an unfavorable clinical feature.
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Introduction

Liver cancer is one of the most common human  nosis. Only 10% to 20% of liver cancers are detected at

cancers worldwide, especially in Asia and Africa.
Hepatocellular carcinoma (HCC) accounts for about
75% of liver cancers. Cholangiocarcinoma (CC) is the
second most common primary liver malignant tu-
mour arising from cholangiocytes and CC accounts
for about 10% of primary liver cancers. There are often
no symptoms of liver cancer in the early stage and the
poor survival rate is largely due to the delayed diag-

an early enough stage for potentially curative therapy.
Therefore, new early diagnosis strategies are urgently
needed.

Inactivation of tumor suppressor genes (TSGs) is
a key molecular event in the multistep process of car-
cinogenesis. It has been shown that either genetic or
epigenetic mechanisms contribute to inactivate TSGs
[1-3]. Emerging evidence suggests that hypermethyl-
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ation of TSGs is one of the hallmarks in cancer initia-
tion and progression [4-6], some of the tumor-specific
methylated TSGs detected in early or late stage of
cancer could function as diagnostic or prognostic
biomarkers [7-9]. In liver cancer, epigenetic changes
occur more frequently than genetic mutations [10].
Many studies have suggested that methylation of
tumor suppressor genes in liver cancer may contrib-
ute to the pathogenesis of this disease [11-13]. Such
epigenetic defects also have been observed in non-
cancerous liver tissues, supporting the concept that
methylation-induced silencing may play a role in the
early stages of liver cancer [14,15].

PCDHS is a member of the cadherin family
which plays multiple roles in cell adhesion, prolifera-
tion, differentiation and migration [16]. Several
members of the protocadherin family (PCDH10, 17,
and 20) are frequently silenced by promoter methyla-
tion in nasopharynx carcinoma, gastric and colorectal
cancers, or non-small-cell lung cancers [17-19]. It has
reported that PCDHS8 can function as a candidate
tumor suppressor and is inactivated in many cancers
through mutation or promoter methylation [20-23].
However, the PCDH8 methylation status in liver
cancer and its role in liver tumorigenesis remain un-
known.

In this study, we investigated protein expression
and promoter methylation status of the PCDHS8 gene
in primary HCC and CC tissues as well as normal
liver tissues, and the correlation between the methyl-
ation status and clinicopathological features was
evaluated. To determine the potential prognostic sig-
nificance of the PCDHS8 gene in patients with liver
cancer, the association between the overall survival
and the PCDHS8 methylation was also analyzed.

Materials and Methods

Patients and tissue samples

A total of 100 liver tissues, including 42 HCCs, 8
CCs, and 50 normal liver tissues were analyzed.
Samples were obtained from the Department of Pa-
thology, Shandong University Qilu Hospital, China
between January 2013 and March 2014. All the liver
cancer tissue specimens were confirmed histological-
ly. Thirteen cases were small HCC (< 3cm) and 29
cases were advanced (> 3cm) HCC. Two CC were
poor differentiation and six were well&moderate dif-
ferentiation. Fifty normal liver tissues were from 34
cases of matched noncancerous specimens and 16 of
hepatolithus. The mean ages of the patients with liver
cancers and those with normal liver were 55.7 years
(range from 36-78) and 51.5 years (range from 25-67)
respectively. The follow-up data was available for all
50 liver cancer patients with a median time of 19.4

months (range from 1 to 27 months). This study was
approved by the ethics committee of Shandong Uni-
versity.

Immunohistochemistry

Immunohistochemisty was performed on
5-pm-thick formalin-fixed, paraffin-embedded liver
cancer and normal liver tissue sections. The sections
were deparaffinized in xylene, rehydrated in a series
of alcohol, and washed in phosphate-buffered saline
(PBS). Antigen retrieval was achieved by heat treat-
ment in a pressure cooker for 5 min in EDTA (pH 8.9).
After blocking of endogenous peroxidase with 3%
hydrogen peroxide, slides were blocked to avoid
nonspecific binding by addition of a 10% normal goat
serum at 37°C for 30 min and then incubated for 4°C
overnight with the monoclonal antibody against
PCDHS (Abcam, Cambridge, UK) at a 1:150 dilution.
In the next day, the sections were washed three times
with 0.01 mol/L PBS (pH 7.4) for 15 min, and then the
primary antibody was detected using an secondary
antibody (Universal PV9000 Kit, Zhongshan Bio-
technology, Beijing, China) for 30 min at 37°C and
visualized using DAB. PCDHS8 staining was ex-
pressed diffusely in the cytoplasm.

Methylation-specific PCR (MSP)

To determine the methylation status within the
promoter region of the PCDHS8 gene, genomic DNAs
were extracted using a Dneasy tissue kit (Qiagen, Va-
lencia, CA) following the manufacturer’s instructions.
1 pg of purified genomic DNA from each specimen
was used. DNA modification was performed using
EZ DNA Methylation Kit (Zymo Research, USA), and
all procedures were done according to manufactures
protocol. The bisufite modifited DNA was then used
for MSP. The primers specific for PCDH8 unmethyl-
ated and methylated sequences were as follows: un-
methylated: forward 5-GGTTATAAAGGTAAAG
GTGGT-3' and reverse 5-AAAATCACACTCTTTA
CAAAC-3; methylated: forward 5-GTTATAAAG
GTAAAGGCGGC-3' and reverse 5-AAATCACG
CTCTTTACGAAC-3'. The PCR amplification of the
modified DNA consisted of one cycle of 95°C for 12
min, 40 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C
for 30 s, and 1 cycle of 72°C for 10 min. The PCR
products were electrophoresed on 3% agarose gel and
visualized under UV illumination.

Statistical analysis

The SPSS statistical package (16.0, Chicago, IL,
USA) was used for data analysis. Frequencies of
methylation of two groups were compared using the
X2 test. The associations between the PCDHS8 methyl-
ation and clinicopathological features were deter-
mined by Fisher’s exact test. Survival analysis (in-

http://lwww.jcancer.org



Journal of Cancer 2016, Vol. 7 448

cluding overall survival (OS) and progression-free  but loss its expression in 35/42 HCC cases and 7/8
survival (PFS)) was performed according to  CC cases.

Kaplan-Meier survival analysis and log-rank test.
Multivariate Cox proportional hazard model analysis
was used to assess the independent prognostic effect

Frequency of PCDH8 methylation in liver
cancer and normal liver specimens

of liver cancer. All P-values were 2-sided, and P < 0.05 Subsequently, we examined the promoter meth-
was considered statistically significant. ylation status of PCDHS in all the liver cancer tissues

and normal liver tissues. PCDH8 promoter methyla-
Result tion was present in 37/42 HCC (88.1%) and 7/8

(87.5%) CC, whereas 16/50 (32%) of the normal liver
tissues. There was a significant difference in PCDHS8
promoter methylation between the liver cancer and
To study whether PCDH8 may play a role in  normal liver tissues (P < 0.001). Representative results

liver cancer, we first examined the protein expression  of MSP assays for PCDH8 methylation are shown in
of PCDHS in liver cancer and normal liver tissues. As Fig. 2.

shown in Fig. 1, PCDHS8 was strongly positive in the
normal liver tissues (only 7/50 cases were negative)

Reduced PCDHS8 protein expression in liver
cancer
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Figure 1. Immunohistochemical analysis of PCDH8 protein expression in liver cancer and normal liver tissues. Case No. 16 is a HCC case showing negative
immunoreactivity of the HCC cells (indicated as T) for PCDH8 protein. Note the strong immunostaining of non-cancerous cells (indicated with N) in this section.
Case No. 50 is a CC case showing negative immunoreactivity of the CC cells for PCDH8 protein. Normal liver tissue section (Case No. 76) shows a strong
immunoreactivity for PCDH8 protein. HCC: hepatocellular carcinomas; CC: cholangiocarcinoma.
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Figure 2. Representative samples of the methylation status of PCDH8 in 42 hepatocellular carcinomas (HCCs) and 8 cholangiocarcinoma (CCs) as well as 50 normal
liver tissues. The methylation-specific PCR (MSP) products in the M lanes indicate the presence of methylated alleles, and those in the U lanes indicate the presence
of unmethylated allele; N, normal liver tissues.
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DNA methylation of the PCDH8 promoter
and regulation of expression

To determine whether transcriptional silencing
of the PCDHS8 gene is caused by promoter hyper-
methylation, we compared the methylation status of
the PCDHS8 gene with its expression in liver cancer
tissues. In the normal liver tissue sections, PCDHS8
protein was detected in 43/50 cases. However, there
was 42 cases lost their protein expression in all the 50
cases of liver cancer tissues, and among the 42 PCDHS8
negative cases, 40 cases occurred PCDH8 promoter
methylation. As expected, PCDHS8 protein expression
was lost in most of the cases with promoter methyla-
tion, which indicated a significant correlation between
promoter hypermethylation and transcriptional si-
lencing (P = 0.004).

Correlation between PCDH8 methylation and
clinicopathological features in liver cancer

To clarify the potential clinical significance of
PCDHS8 methylation, the associations of PCDHS8
methylation status with the clinicopathological char-
acteristics were also analyzed. The result was sum-
marized in Table 1. The aberrant methylation status of
PCDHS in liver cancer tissues was significantly asso-
ciated with AFP level (P = 0.008), while there were no
statistically significant associations between PCDH8
promoter methylation and the other clinicopatholog-
ical parameters such as age, gender, tumor size, or
tumor differentiation (P > 0.05).

Survival analysis

To determine whether any of the clinicopatho-
logical features and the PCDHS8 methylation is of
prognostic significance, the survival of all patients
with liver cancer was analyzed. Kaplan-Meier sur-
vival analysis revealed that the overall median sur-
vival of patients with methylated PCDH8 in HCC was
15 months (Fig. 3). On the other hand, those without
methylated PCDHS tended to have a longer survival
(all are alive at the end of follow up, P = 0.041).
Moreover, tumor size, tumor differentiation and AFP
level were also found to be associated with OS of liver
cancer. In addition, the median progression-free sur-
vival of patients with methylated PCDHS in liver
cancer was 13.5 months (Fig. 4), and none of patients
with unmethylated PCDHS8 have progression at the
end of follow up (P = 0.028). Similarly, tumor size and
AFP level were found to be associated with PFS of
liver cancer. Next, Univariate and Multivariate Cox
proportional analysis were performed to determine
whether these markers can act as an independent
prognostic factor for liver cancer. The result showed
that although the HR (26.231) was very high, the
PCDHS methylation could not act as an independent

predictor (P > 0.05). Similar results were obtained
from tumor size and tumor differentiation: Although
Univariate Cox proportional analysis revealed that
tumor size and tumor differentiation are risk factors
for predicting survival of liver cancer, Multivariate
Cox proportional analysis couldn’t confirm this result.
Multivariate Cox proportional analysis revealed that
only AFP level could serve as an independent prog-
nostic factor.

Discussion

Epigenetic events of hypermethylation are
emerging as one of the most promising molecular
strategies for cancer detection, prognosis prediction or
gene target therapy [24-26]. Cadherins is known to be
critical for creating and maintaining tissue architec-
ture in cancer and development. The cadherin family
is classified into classical cadherins, desmosomal
cadherins and protocadherins (PCDHs). E-cadherin is
a classical tumor suppressor that plays a key role in
carcinogenesis such as breast cancer and gastric can-
cer [27,28]. PCDHs are the largest subgroup within
the cadherin superfamily. Recently, aberrant promot-
er methylation of cadherin family genes has been im-
plicated in various cancers. Previous studies have
suggested that epigenetic modifications regulate the
expression of PCDHs, several members of the PCDHs
(PCDH10, 17 and 20) had been reported to be often
inactivated by promoter methylation in human can-
cers, and the aberrant promoter methylation can be
used as potential biomarker for tumor diagnosis,
surveillance, or prognosis [19,29,30].

Table 1. The correlation between PCDH8 methylation and
clinical features in liver cancers.

Clinical feature PCDH8 (M) PCDHS (U) P
Case number Case number

Age(years) 3 21 1.000
<55 3 23

>55

Gender 0.317
Female 0 11

Male 6 33

Tumor size (cm) 0.674
<5 2 21

>5 4 23

AFP level (ng/ml) 0.008**
<50 6 18

>50 0 26

Tumor differentiation 1.000
Well&Moderate 5 36

Poor 1 8

M: methylation; U: unmethylation. **P < 0.01
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Figure 3. Kaplan—Meier curves predicting the OS of liver cancer, by (a) PCDH8 methylation status; (b) tumor size; (c) tumor differentiation; (d) AFP level.
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Figure 4. Kaplan—Meier curves predicting the PFS of liver cancer, by (a) PCDH8 methylation status; (b) tumor size; (c) tumor differentiation; (d) AFP level.

In recent years, it has been revealed that PCDHS8
acts as a tumor suppressor and is often mutated or
methylated in many cancers including bladder cancer,
renal cell carcinoma and breast cancer [21,23,31].JS Yu
et al reported that loss of PCDHS8 occurred early in

tumor development in breast ductal carcinoma in situ
(DCIS), indicating that inactivated PCDHS appears to
be an early step in breast tumor progression, and this
inactivation is caused through either mutation or hy-
permethylation [23]. In our current study, the meth-
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ylation of PCDH8 was more frequently detected in
liver cancer but much low in normal liver tissues,
suggesting that PCDHS8 promoter methylation can
serve as a valuable diagnostic biomarker for liver
cancer. However, this methylation occurred in both
early and late stage of liver cancer, indicating that it
might be essential in the early development of liver
cancer and persist throughout the course of this de-
velopment. While in other studies, Lin et al. reported
that methylation of PCDHS8 was significantly corre-
lated with advanced tumor stage, high grade, larger
tumor size, or tumor recurrence, suggesting that the
PCDHS8 methylation may be used as a potential bi-
omarker to predict the prognosis of bladder cancer
and renal cell carcinoma [31,32], consistent with the
findings of Zhang et al who found that methylation of
PCDHB8 was significantly correlated with lymph node
metastasis and tumor differentiation in gastric cancer
[33]. We do not find any statistically significant asso-
ciations between PCDHS8 promoter methylation and
tumor size or tumor differentiation. But interestingly,
our data shows that the methylation of PCDHS is
significantly correlated with the level of AFP. AFP has
been the serum marker that is most widely used for
diagnosis as well as surveillance of liver cancer.
However, AFP level may be normal in up to 40% of
patients with liver cancer, particularly during the
early stages (low sensitivity). Furthermore, elevated
AFP levels may be seen in patients with cirrhosis or
exacerbations of chronic hepatitis (low specificity)
[34,35]. In general, AFP level > 400 ng/ml will be
considered to have diagnostic significance for liver
cancer [36]. Our study shows that PCDH8 methyla-
tion seems to more easily occur in patients with AFP
level > 50 ng/ml, supplying a possibility for early
diagnosis of liver cancer by combing AFP level and
PCDHS promoter methylation status.

In addition, the present study also assessed the
association between aberrant PCDHS8 methylation
and protein expression. Immunohistochemical results
revealed that in all the 44 liver cancer cases with
PCDHS8 promoter methylation, forty cases had com-
plete loss of PCDHS8 immunoreactivity within the
tumor tissue, indicating that PCDHS8 promoter meth-
ylation is the main mechanism of loss of expression in
liver cancer.

Kaplan-Meier survival analysis reveals that hy-
permethylation of PCDHS statistically correlates with
shorter OS and PFS compared with unmethylation of
PCDHS in liver cancer. Moreover, it also shows that
tumor size, tumor differentiation and AFP level also
correlate with survival of liver cancer. Because there
are very few cases (only 6 cases) without PCDHS8
methylation in liver cancer and all the 6 patients are
still alive at the end of the follow up, so it is difficult to

confirm PCDH8 methylation as an independent pre-
dictor of poor prognosis for liver cancer by further
Cox proportional analysis. Neither does tumor size or
tumor differentiation due to the limited sample size.
Multivariate Cox proportional analysis only confirms
AFP level as an independent predictor for liver cancer
due to its larger sample size.

In summary, our data demonstrate for the first
time that PCDHS plays an important role in the car-
cinogenesis of liver cancer and is often inactivated by
promoter methylation. PCDH8 methylation is a fre-
quent event in liver cancer and could serve as a val-
uable diagnostic biomarker for early detection of this
disease and might be useful to predict an unfavorable
clinical feature.
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