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 Background: Prostate cancer is a common malignancy in men, and inevitably some patients experience biochemical recur-
rence after radical prostatectomy. To date, there are no reliable predictors for prostate cancer recurrence, and 
novel predictors are urgently needed. PCDH10 (protocadherin-10) is a novel tumor suppressor gene, which is 
down-regulated by promoter methylation in prostate cancer. The aim of this study was to evaluate the feasi-
bility of using PCDH10 methylation to predict the biochemical recurrence (BCR) of prostate cancer after radi-
cal prostatectomy.

 Material/Methods: Fresh tissue samples were obtained from 151 patients with primary prostate cancer, and from 34 patients with 
benign prostatic hyperplasia (BPH) as control. The methylation status of PCDH10 in prostate cancer tissues 
and controls were examined using methylation-specific PCR (MSP), and then associated with clinicopatholog-
ical features and BCR-free survival of patients with prostate cancer.

 Results: We found that PCDH10 methylation was detected in 79 (52.3%) patients with prostate cancer, but no methyla-
tion was found in controls (P<0.0001). Moreover, PCDH10 methylation was significantly associated with higher 
preoperative prostate-specific antigen (PSA) level (P <0.0001), higher Gleason Score (P<0.0001), advanced clini-
cal stage (P=0.0002), lymph node metastasis (P=0.0389), angiolymphatic invasion (P=0.0303), and biochemical 
recurrence (P=0.0068). Moreover, PCDH10 methylation was associated with poor BCR-free survival (P<0.0001), 
and may be used as an independent predictor of BCR-free survival (P=0.0046).

 Conclusions: Our results indicate that PCDH10 methylation in prostate cancer tissue is an independent prognostic biomark-
er of worse BCR-free survival of patients with prostate cancer after radical prostatectomy.
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Background

Prostate cancer is one of the most common malignancies in 
men and the second leading cause of cancer-related death in 
the United States, with an estimated 233 000 new cases and 
29 480 deaths in 2014 [1]. For patients with localized disease, 
radical prostatectomy is the criterion standard treatment, in-
cluding laparoscopic, robotic and open retropubic approaches 
[2]. Despite recent advances in the treatment of localized pros-
tate cancer, some men will experience a recurrence of disease, 
typically detected by a rise in serum PSA level [3]. The use of 
PSA screening has lead to the early detection of clinical local-
ized prostate cancer, but to date there are no reliable predic-
tors of prostate cancer recurrence [4]. Accurate prediction of 
tumor recurrence after radical prostatectomy remains an im-
portant problem. The ability to predict disease recurrence at 
diagnosis is essential to improve therapeutic strategies. Thus, 
accurate predictive biomarkers are needed.

Prostate cancer is one of the most complicated human ma-
lignancies, and the initiation and progression of the disease 
is associated with genetic and epigenetic alterations [5]. DNA 
methylation, the most common and best-characterized epigen-
etic change in human tumors, is an enzyme-induced chemical 
modification that principally concerns the cytosine molecule, 
on which a methyl residue is transferred at the 5’ position. 
This modification mainly occurs in cytosine-guanine dinucle-
otide-rich areas, known as CpG islands, in the gene promoter 
regions. DNA methylation of the promoter regions is a major 
mechanism of inactivation of tumor suppressor genes and can 
act as a substitute to gene deletion or mutation. The methyl-
ation of promoter CPG islands of tumor suppressor genes has 
been identified in human cancers, including prostate cancer 
[5]. Aberrant promoter methylation and the associated down-
regulation of gene expression are believed to play crucial roles 
in tumor development and progression [6]. Because aberrant 
promoter methylation of candidate genes can be measured in 
tumor tissue or body fluids, this may identify novel biomark-
ers for early diagnosis or prognosis [7]. In recent years, the 
association of PCDH10 with human malignancies has been 
proposed. PCDH10 is a member of the cadherin superfami-
ly. Recent studies have demonstrated that PCDH10 is a pu-
tative tumor suppressor gene in several human cancer types, 
including lymphoid malignancies, colorectal cancer, lung can-
cer, bladder cancer, and prostate cancer. The down-regulation 
of PCDH10 expression promotes tumor cell proliferation, mi-
gration and invasion [8–14]. Moreover, a recent study dem-
onstrated that PCDH10 is down-regulated in prostate cancer 
mainly due to promoter methylation, but PCDH10 methyla-
tion is not found in normal prostate tissues [14]. These find-
ings led us to investigate the role of PCDH10 methylation in 
predicting the biochemical recurrence of prostate cancer af-
ter radical prostatectomy.

To date, there has been no investigation of the association be-
tween PCDH10 methylation and prostate cancer recurrence. 
In the current study, we investigated the methylation status 
of PCDH10 in prostate cancer tissues by MSP, and associated 
our findings with clinicopathological features known to be im-
portant for the recurrence of prostate cancer and BCR-free sur-
vival of prostate cancer patients after radical prostatectomy.

Material and Methods

Patients and tissue samples

A total of 151 tumor samples were obtained from patients who 
had been diagnosed pathologically between 2003 and 2006 dur-
ing open retropubic radical prostatectomy at the Third Hospital 
of Hebei Medical University. These tissue samples were reviewed 
on HE-stained tissue sections to confirm diagnosis and tumor 
content of at least 70% of tumor cells in the tissue samples. The 
criteria for the enrollment of prostate cancer cases (age range 
55–88 years, median 69 years) were histopathologic diagnosis 
of prostate cancer for the first time, no history of other malig-
nancies, did not receive any anti-cancer therapy, and availabil-
ity of follow-up information. Patients who received adjuvant or 
neoadjuvant chemotherapy or hormonal or radiation treatment 
before tumor recurrence were excluded. The Gleason score were 
determined by 2 senior pathologists who were experienced in 
the diagnosis of prostate cancer; they looked at the samples 
and then discussed the cases. The detailed clinical features of 
prostate cancer patients are shown in Table 1. The end-point of 
this trial was the 5-year rate of biochemical recurrence and the 
time to recurrence for those in whom cancer recurred. BCR-free 
survival was defined as from the date of surgery to the date of 
recurrence, and we defined biochemical recurrence after radical 
prostatectomy as serum PSA >0.2 ng/ml at any stage of post-
operative follow-up, as reported previously [2]. Normal prostate 
tissues were collected as control from 34 patients (age range 
52–87 years, median 68 years) with benign prostatic hyperplasia 
(BPH) during transurethral resection of prostate; these tissues 
were examined pathologically to exclude the possibility of inci-
dental tumors. The controls were matched with prostate cancer 
patients by age. All tissue samples were immediately snap-fro-
zen in liquid nitrogen and stored at –80°C for DNA extraction. 
Written informed consent was obtained from all the patients, 
and this study was approved by the Ethics Committee of the 
Third Hospital of Hebei Medical University (No. HMU20030079). 
All of the tissue samples were handled and made anonymous 
according to legal and ethics standards.

Methylation-specific PCR (MSP)

The MSP was performed as in our previous study; genomic 
DNA was extracted using DNeasy Tissue Kit (Qiagen, Valencia, 
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CA, USA) following the manufacturer’s instruction. The extract-
ed DNA was treated with bisulfite before MSP using EpiTect 
Bisulfite Kit (Qiagen) according to the manufacturer’s instruc-
tion [13]. The following PCDH10 MSP primers were used: meth-
ylated: forward 5’-TCGTTAAATAGATACGTTACGC-3’, and reverse 
5’-TAAAAACTAAAAACT TTCCGCG-3’; unmethylated: forward 
5’-GTTGTTAAATAGATATGTTATGT-3’, and reverse 5’-CTA AAA 
ACTAAA AACTTTCCACA-3’ (12). In vitro methylated DNA and 
unmethylated DNA (New England Biolabs, Beverly, MA, USA) 
were used as methylation and non-methylation positive control. 
The PCR products were separated in 2% agarose gel, stained 
with ethidium bromide and visualized under ultraviolet illu-
mination. Samples were scored as methylation-positive when 
methylated alleles were visualized as bands in the methylat-
ed DNA lane or both in methylated and unmethylated DNA 
lanes, and scored as methylation-negative when bands were 
seen only in the unmethylated DNA lane [12].

Statistical analysis

Statistical analysis was performed using SAS version 8.0 (SAS 
Institute, Cary, NC, USA). The data was analyzed systematically. 

Fisher’s exact test was used to assess the difference of PCDH10 
methylation between prostate cancer patients and controls. 
Chi-square test or Fisher’s exact test was used to assess the 
relationship between PCDH10 methylation and clinical fea-
tures. Kaplan-Meier survival analysis and log-rank test were 
used to assess the difference in BCR-free survival between pa-
tients with PCDH10 methylated and unmethylated. Univariate 
and multivariate Cox proportional hazard model analysis was 
used to assess the prognostic effect of PCDH10 methylation. A 
two-sided p value <0.05 was considered statistically significant.

Results

A total of 151 prostate cancer patients and 34 patients with 
BPH were included in this study. MSP was used to detect the 
methylation status of PCDH10 in prostate cancer tissues and 
controls. The promoter methylation of PCDH10 was detected 
in 79 (52.3%) patients with prostate cancer, but no methyla-
tion was found in patients with BPH, and the difference was 
statistically significant (P<0.0001). The representative MSP re-
sults are shown in Figure 1. Subsequently, we investigated the 

Features Variables No. M (%) U (%) P

Age
<65 66  31 (47.0)  35 (53.0)

0.2463
³65 85  48 (56.5)  37 (43.5)

Clinical stage
T1 77  29 (37.7)  48 (62.3)

0.0002
T2/T3 74  50 (67.6)  24 (32.4)

Preoperative PSA

<4 5  1 (20.0)  4 (80.0)

<0.00014–10 54  13 (24.1)  41 (75.9)

>10 92  65 (70.7)  27 (29.3)

Gleason score

<7 83  30 (36.1)  53 (63.9)

<0.00017 29  19 (65.5)  10 (34.5)

>7 39  30 (76.9)  9 (23.1)

Surgical margin status
Presence 11  6 (54.6)  5 (45.4)

0.8779
Absence 140  73 (52.1)  67 (47.9)

Seminal vesicle invasion
Presence 29  18 (62.1)  11 (37.9)

0.2421
Absence 122  61 (50.0)  61 (50.0)

Lymph node metastasis
Presence 14  11 (78.6)  3 (21.4)

0.0389
Absence 137  68 (49.6)  69 (50.4)

Angiolymphatic invasion
Presence 30  21 (70.0)  9 (30.0)

0.0303
Absence 121  58 (47.9)  63 (52.1)

Biochemical recurrence
Presence 43  30 (69.8)  13 (30.2)

0.0068
Absence 108  49 (45.4)  59 (54.6)

Table1.  The main characteristics of patients with prostate cancer, and the relationship between PCDH10 methylation and 
clinicopathologic parameters (n=151).

M – methylation; U – unmethylation.
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association between PCDH10 methylation and clinicopatho-
logical features, in prostate cancer patients only, and the re-
sults are shown in Table 1. We found that PCDH10 methylation 
was significantly associated with the higher preoperative PSA 
level (P<0.0001), higher Gleason Score (P<0.0001), advanced 
clinical stage (P=0.0002), lymph node metastasis (P=0.0389), 
angiolymphatic invasion (P=0.0303), and biochemical recur-
rence (P=0.0068). Moreover, PCDH10 methylation was associ-
ated with poor BCR-free survival (P<0.0001), and could be used 
as an independent predictor of BCR-free survival (P=0.0046). 
However, the methylation of PCDH10 was not associated with 
age, surgical margin status, or seminal vesicle invasion.

To investigate the prognostic value of PCDH10 promoter 
methylation in prostate cancer, we assessed the association 
between PCDH10 methylation and BCR-free survival using 

Kaplan-Meier survival analysis and log-rank test. We found 
that patients with PCDH10 methylated had shorter BCR-free 
survival than prostate cancer patients with PCDH10 unmeth-
ylated (P<0.0001) (Figure 2). To determine whether PCDH10 
methylation has independent prognostic value, univariate and 
multivariate analysis was performed. The detailed findings are 
shown in Table 2. The results suggest that PCDH10 methyl-
ation is inversely associated with BCR-free survival indepen-
dently (P=0.0046). In addition, the clinical stage (P=0.0315) 
and Gleason score (P=0.0132) was also independently asso-
ciated with BCR-free survival of patients with prostate cancer 
after radical prostatectomy.

Figure 1.  Representative MSP results. U indicates unmethyl-
ated gene; M indicates methylated gene. (A) MSP re-
sults in patients with prostate cancer, cases 21 and 
24 show methylated PCDH10, whereas cases 22, 23, 
and 25 show unmethylated PCDH10. (B) MSP re-
sults in patients with BPH; all cases show unmeth-
ylated PCDH10.
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Figure 2.  Kaplan-Meier survival curves for 151 patients with 
prostate cancer, according to PCDH10 methylation 
status in tumor tissues. Patients with PCDH10 meth-
ylated (n=79) versus PCDH10 unmethylated (n=72), 
P<0.0001 log-rank test, demonstrating the effect of 
PCDH10 on the biochemical recurrence-free surviv-
al of the patients.
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Variable
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

PCDH10 methylation 3.116 1.372–6.721 0.0003 3.044 1.132–6.533 0.0046

Gleason score 2.035 1.265–7.135 0.0017 1.933 1.087–5.211 0.0132

Clinical stage 1.957 1.089–4.536 0.0158 1.427 1.013–3.879 0.0315

Surgical margin status 1.563 0.913–2.016 0.1325

Seminal vesicle invasion 1.477 0.828–1.789 0.3527

Lymph node metastasis 1.441 0.915–2.036 0.3894

Angiolymphatic invasion 1.233 0.759–1.632 0.4682

Preoperative PSA 1.173 0.863–2.945 0.5874

Age 1.033 0.752–1.874 0.677

Table 2. Prognostic value of PCDH10 methylation for the BCR-free survival in univariate and multivariate analysis.

HR – hazard ratio.
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Discussion

Prostate cancer is a common malignancy in men in the Western 
world, and the incidence is gradually increasing in Asian coun-
tries [15]. Currently, radical prostatectomy is used as potential 
curative therapy in patients with clinically localized disease. 
Unfortunately, some men inevitably will experience biochem-
ical recurrence after surgery [16]. Now, a combination of clin-
ical and pathological parameters – especially Gleason score, 
preoperative PSA, and staging – is used to predicate the recur-
rence of the disease in general, but the prediction is insuffi-
ciently accurate for use with individual patients [17] despite a 
report by Bryniarski suggesting that preoperative PSA mass is 
a better predictor of biochemical recurrence after radical pros-
tatectomy than PSA concentration [18]. Given this background, 
there is an urgent need for biomarkers to predict the recur-
rence of disease after surgery, and thereby to identify patients 
at high risk for recurrence, and then determining which pa-
tients need early adjuvant therapy after radical prostatectomy.

Aberrant DNA methylation is a characteristic of prostate cancer, 
and plays an important role in tumor initiation and progression 
[19]. Although the exact mechanism by which these epigene-
tic alterations arise in prostate cancer is unknown, this altera-
tion occurs frequently and may be an attractive potential bio-
marker for prostate cancer [20–23]. To aid in prostate cancer 
decision-making, biomarkers are needed to distinguish patients 
with aggressive tumors from patients with clinically insignificant 
tumors [24,25]. In recent years, some DNA methylation biomark-
ers have been investigated, such as APC, RASSF1, GSTP1, and 
PITX2. Especially, the promoter methylation of PITX2 gene is a 
potential predictor of biochemical recurrence in prostate cancer 
patients after radical prostatectomy. However, these findings 
need to be confirmed by future studies, and new biomarkers 
are needed [26]. In the current study, using MSP, we investigat-
ed the methylation status of PCDH10 in prostate cancer tissues 
and normal prostate tissues and found that PCDH10 methyl-
ation occurred frequently in prostate cancer, but the methyla-
tion of PCDH10 was not detected in normal prostate tissues. 
Our findings are in accordance with previous studies on the 
methylation status of PCDH10 in other genitourinary tumors 
[12,13]. These findings indicate that PCDH10 methylation may 
be a useful biomarker in prostate cancer.

To evaluate the prognostic value of PCDH10 methylation for 
biochemical recurrence of prostate cancer, we analyzed the as-
sociation between PCDH10 methylation and traditional clinico-
pathological characteristics in prostate cancer. We observed that 
PCDH10 methylation was significantly associated with a high-
er level of preoperative PAS, higher Gleason score, advanced 
clinical stage, lymph node metastasis, angiolymphatic inva-
sion, and biochemical recurrence. These factors are common-
ly considered to be associated with malignant behaviors and 
poor outcomes of prostate cancer [27–30]. Our results indicate 
that PCDH10 methylation in tumor specimens may add signif-
icant prognostic value to currently used routine predictors. To 
further clarify the relationship between PCDH10 methylation 
and biochemical recurrence, we performed Kaplan-Meier sur-
vival analysis and log-rank testing. Interestingly, the BCR-free 
survival of patients with PCDH10 methylated was significant-
ly shorter than that of patients with PCDH10 unmethylated. 
Moreover, multivariate analysis demonstrated that PCDH10 
methylation independently predicts biochemical recurrence 
in patients with prostate cancer after radical prostatectomy. 
Overall, the findings of our study suggest that PCDH10 is an 
independent predictor of biochemical recurrence after rad-
ical prostatectomy. Detection of PCDH10 methylation in tu-
mor samples after surgery may help identify patients with 
high risk of biochemical recurrence. Additional early-stage ra-
diotherapy, chemotherapy, or anti-androgen therapy may be 
needed to save more lives. Although, future studies are need-
ed before clinical implementation, PCDH10 methylation may 
add significant value to existing models in predicting the bio-
chemical recurrence of prostate cancer.

Conclusions

Our data indicate that PCDH10 methylation in prostate can-
cer tissues is a frequent event, and is associated with higher 
preoperative PAS level, Gleason score, advanced clinical stage, 
lymph node metastasis, angiolymphatic invasion, and biochem-
ical recurrence. Moreover, PCDH10 methylation independent-
ly predicts worse BCR-free survival in patients with prostate 
cancer after radical prostatectomy
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