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 Background: PCDH8 is a newly-discovered suppressor gene that is frequently inactivated by aberrant methylation in sev-
eral human cancers, including prostate cancer. The identification of PCDH8 methylation can be used as a po-
tential predictive biomarker. Prostate cancer patients with high Gleason score are considered as being at high 
risk for tumor recurrence and progression, and adjuvant therapy is often routinely performed in clinical prac-
tice. In the present study, we did not measure the methylation of PCDH8 in these patients. The main purpose 
of the present study was to evaluate the clinical significance of PCDH8 methylation in serum of prostate can-
cer patients with low Gleason score.

 Material/Methods: PCDH8 methylation in serum samples of 117 patients and 47 controls was checked by methylation-specific 
PCR (MSP). Then, we correlated PCDH8 methylation status with the clinicopathological parameters of prostate 
cancer patients with low Gleason score and patient outcomes.

 Results: We found that PCDH8 was more frequently methylated in serum samples of patients with prostate cancer than 
in controls. PCDH8 methylation was correlated with advanced clinical stage (P=0.021), higher level of preopera-
tive PSA (P=0.008), and positive lymph node metastasis (P=0.010). Moreover, patients with PCDH8 methylation 
had worse biochemical recurrence (BCR)-free survival (P<0.001) than patients without. Independent prognostic 
factors for worse BCR-free survival of prostate cancer patients with low Gleason score were: PCDH8 methyla-
tion in serum (Exp (B)=3.147, 95% CI: 1.152–7.961, P=0.007), clinical stage (Exp (B)=2.53, 95% CI: 1.032–4.763, 
P=0.025) and lymph node status (Exp (B)=1.476, 95% CI: 1.107–4.572, P=0.042).

 Conclusions: Our study indicated that PCDH8 methylation in serum occurred frequently in prostate cancer patients and was 
correlated with risk factors for poor outcome. The methylation of PCDH8 in serum is a potential predictive 
marker for prostate cancer patients with low Gleason score after surgery.
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Background

Prostate cancer is the most commonly diagnosed genital ma-
lignant disease in men, with an estimated 220 800 newly diag-
nosed cases and 27 540 deaths in 2015 in the USA [1]. In ad-
dition, the morbidity rate of prostate cancer has recently been 
increasing in China [2]. Currently, with the use of prostate-
specific antigen (PSA) and prostate biopsy for prostate cancer 
screening, more and more patients can be diagnosed in the ear-
ly stage and treated by radical prostatectomy [3,4]. However, 
about 25–50% of prostate cancer patients will have tumor re-
currence after surgery, and many will die of the cancer [5,6]. 
Although current clinicopathological features such as Gleason 
score, disease stage, and PSA level provide important informa-
tion, they do not accurately predict an individual patient’s prog-
nosis, and new biomarkers are needed for prognostication [7,8].

Prostate cancer is a heterogeneous disease; genetic and epi-
genetic mechanisms are involved in the initiation and progres-
sion of the disease and may be used as potential biomark-
ers [9–11]. DNA methylation is the most common epigenetic 
event in human cancer. Growing evidence indicates that aber-
rant DNA methylation has potential to improve the accuracy 
of human cancer prognosis [12–14]. PCDH8, belonging to the 
cadherin super-family, plays crucial functions in cell adhesion, 
proliferation, differentiation, and migration [15–18]. Previous 
reports indicated that PCDH8 functions as a tumor suppressor 
and is often silenced by aberrant promoter methylation in hu-
man cancers, including prostate cancer [15–18]. In our previ-
ous study, we confirmed that PCDH8 was often methylated in 
prostate cancer tissues, and was correlated with malignant be-
haviors and poor outcome of the disease [19]. However, little is 
known about the clinical significance of PCDH8 methylation in 
serum of prostate cancer, especially in low Gleason score cases.

In this study, we investigated the methylation of PCDH8 in se-
rum samples of primary low Gleason score prostate cancer pa-
tients and controls, and the relationship between PCDH8 meth-
ylation and clinicopathological features was also analyzed, in 
order to evaluate the prognostic significance of PCDH8 meth-
ylation in serum of prostate cancer patients. The relationship 
between PCDH8 methylation and the BCR-free survival was 
also analyzed.

Material and Methods

Patients and serum samples

We included a total of 117 prostate cancer patients who un-
derwent radical prostatectomy as primary therapy for clinically 
localized adenocarcinoma of the prostate at the Third Hospital 
of Hebei Medical University and Xuzhou Cancer Hospital from 

2001 to 2011. All the patients were diagnosed with prostate 
cancer by prostate biopsy and pathological examination. No 
patients had received radiotherapy, chemotherapy, or anti-an-
drogen treatment before surgery, and no adjuvant therapy was 
performed before BCR. Postoperative pathological examination 
indicated that the Gleason score was less than 7 in all patients.

As normal controls, we included 47 age-matched patients with 
benign prostatic hyperplasia. The main clinical and patholog-
ical features are recorded in Table 1. All the prostate cancer 
patients were followed up at intervals ranging from 11 to 60 
months. BCR was defined as the period between surgery and 
the testing of 2 successive values of serum PSA level ³0.2 ng/ml, 
as previously reported [19]. Peripheral blood samples (10 ml) 
were collected before surgery. Clotting of serum samples was 
allowed for 60 min before centrifugation at 1800 g per min 
for 10 min, and the supernatants were stored at –80°C, as we 
reported previously [20]. This study was performed according 
to the Declaration of Helsinki and was approved by the lo-
cal ethics committee (200101THM003 and 200101XCHxx7). 
Written informed consent was obtained from each participant.

DNA extraction and bisulfite treatment

DNA was extracted from 1 ml of the archived serum from each 
participant, using the QIAmp DNA Blood Mini Kit (Qiagen, 

Characteristics Variables No (%).

Age (years)
£65  62 (53.0%)

>65  55 (47.0%)

Preoperative PSA (ng/ml)
£10  40 (34.2%)

>10  77 (65.8%)

Clinical stage

T1  56 (47.9%)

T2  41 (24.0%)

T3  20 (28.1%)

Gleason score

4  29 (24.8%)

5  47 (40.2%)

6  41 (35.0%)

Lymph node status
N0  98 (83.8%)

N1  19 (16.2%)

Surgical margin status
Negative  103 (88.0%)

Positive  14 (12.0%)

Biochemical recurrence
No  83 (70.9%)

Yes  34 (29.1%)

Table 1.  The clinical and pathological characteristics of patients 
with prostate cancer (n=117).
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Valencia, CA, USA), according to the manufacturer’s instruc-
tions. The isolated DNA was modified with bisulfite using the 
EpiTect Bisulfite Kit (Qiagen, Valencia, CA) and standard pro-
tocol, as described previously [20].

Methylation-specific PCR (MSP)

MSP was performed using respective primers for either 
methylated or unmethylated DNA. Methylated: forward 
5’-CGGTTATTGGTTATTCGGTTCC-3’ and reverse 5’-ACGAA 
CTCTAAAAACGCGCG-3’. Unmethylated: forward 5’-GGTGGT 
TATTGGTTATTTGGTTT-3’ and reverse 5’-CCAACAAACTCT 
AAAAACACACA-3’ [15–19]. Amplifications were carried out as 
we reported previously [15–19].

Statistical analysis

The difference in PCDH8 methylation between prostate cancer 
patients and controls was checked by Fisher’s exact test. The 
chi-square test was used to evaluate the correlations between 
PCDH8 methylation and clinicopathological parameters. For 
BCR-free survival analysis, Kaplan-Meier survival analysis was 
used, and the difference in survival was analyzed using the log-
rank test. Univariate and multivariate Cox proportional hazard 
models were used to evaluate the predictive value of PCDH8 
methylation in serum. SPSS 13.0 software was used for statis-
tical analyses. P<0.05 was considered as statistically significant.

Results

PCDH8 methylation in serum of prostate cancer patients 
and controls

PCDH8 methylation was detected in 49 (41.9%) prostate can-
cer patients, but no PCDH8 methylation was found in the 
controls, and the difference between these 2 groups was 

statistically significant (P<0.001). A representative MSP result 
is shown in Figure 1.

Correlations between PCDH8 Methylation and 
Clinicopathological Features

We found that PCDH8 methylation was significantly associat-
ed with advanced stage (P=0.021), higher level of preoperative 
PSA (P=0.008), positive lymph node metastasis (P=0.010). No 
significant association between PCDH8 methylation and age, 
surgical margin status, or Gleason score was found. The find-
ings are shown in Table 2.

The predictive value of PCDH8 methylation in serum for 
prostate cancer

BCR occurred in 34 patients with prostate cancer during the 
follow-up period. The result indicated that patients with PCDH8 
methylation had worse BCR-free survival than in patients with-
out (Figure 2), indicating that PCDH8 methylation may be a 
risk factor for outcome in patients with prostate cancer. Then, 
univariate and multivariate Cox regression model analysis was 
performed. Univariate Cox regression analysis showed that 
Gleason score, preoperative PSA level, pathologic stage, and 
protocadherin8 promoter methylation were risk factors for 
worse BCR-free survival. Subsequently, these risk factors were 
entered into multivariate analysis, demonstrating that PCDH8 
methylation is an independent predictive risk factor for BCR-
free survival (Exp (B)=3.147, 95% CI: 1.152–7.961, P=0.007). 
These findings are summarized in Table 3.

Discussion

Prostate cancer is a common malignancy in men. The main chal-
lenge in management of prostate cancer in clinical practice is to 
distinguish aggressive disease from indolent disease [21–24]. 
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Figure 1.  Representative MSP results of PCDH8 methylation in serum of patients with prostate cancer and controls. (A) Patients 
with prostate cancer; T37, 38, 40, and 41 exhibited methylated PCDH8; T39 exhibited unmethylated PCDH8. (B) Controls; 
C13–17 exhibited unmethylated PCDH8. (C) Positive control for MSP; P1 – Positive methylated control in vitro; P2 – Positive 
unmethylated control in vitro.
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Currently, the clinicopathological parameters, such as serum 
PSA, clinical stage, and Gleason score, are most common-
ly used as prognostic factors, especially Gleason score. High 
Gleason score is considered as the main risk factor for poor 
outcome [3–8]. There is an urgent need to improve the ex-
isting tools for accurate prognosis of prostate cancer, due to 

its heterogeneous property, particularly for patients with low 
Gleason score, in order to improve treatment strategy and 
prognosis [3–8]. This is the reason why we choose patients 
with low Gleason scores as research objects.

DNA methylation, the most frequently studied epigenetic al-
teration, participates in the occurrence and development of 
prostate cancer and has the potential to be a reliable prog-
nostic biomarker, which has been demonstrated in previous 
studies [9–12]. DNA methylation can be checked not only in 
tumor tissues, but also in the body fluids, such as serum, 
plasma, urine, and semen. Recent studies demonstrated that 
DNA methylation in body fluids, especially in serum, has the 
potential to be a reliable biomarker for the prediction of out-
come [9,11,25]. Moreover, detection of DNA methylation in se-
rum is a non-invasive method that can be widely used in clini-
cal practice [26,27]. The detection of DNA methylation in serum 
can represent the entire tumor character, as cell-free DNA orig-
inates from the leaking of tumor cells into circulation or from 
apoptotic and necrotic cells, which has been shown in previous 
studies [25–27]. MSP is a widely-used method for the detec-
tion of DNA methylation. Advantages of this method are that 
it is simple and convenient, needs only a short time for anal-
ysis, and can obtain results from a small amount of DNA [28]. 
In our study, we detected PCDH8 methylation in serum sam-
ples of prostate cancer patients to find a reliable prognostic 
factor for low Gleason score patients.

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

Age (years)
£65 62  24 (38.7)  38 (61.3)

0.460
>65 55  25 (45.5)  30 (54.5)

Preoperative PSA (ng/ml)
£10 40  10 (25.0)  30 (75.0)

0.008
>10 77  39 (50.6)  38 (49.4)

Clinical stage
T1/T2 97  36 (37.1)  61 (62.9)

0.021
T3 20  13 (65.0)  7 (35.0)

Gleason score
£5 76  30 (39.5)  46 (60.5)

0.473
6 41  19 (46.3)  22 (53.7)

Lymph node status
N0 98  36 (36.7)  62 (63.3)

0.010
N1 19  13 (68.4)  6 (31.6)

Surgical margin status
Negative 103  42 (40.8)  61 (59.2)

0.512
Positive 14  7 (50.0)  7 (50.0)

Total 117  49 (41.9)  68 (58.1)

Table 2.  The correlations between PCDH8 methylation in serum and clinicopathologic features of patients with prostate cancer 
(n=117).

M – methylation; U – unmethylation.
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Figure 2.  Associations between PCDH8 methylation and BCR-
free survival of patients after surgery. Patients with 
PCDH8 methylated showed significantly shorter BCR-
free survival than those with PCDH8 unmethylated 
(P<0.001, log-rank test).
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In the present study, our findings indicate that PCDH8 methyl-
ation was a frequent event in serum of patients with prostate 
cancer, and no PCDH8 methylation was found in the controls, 
suggesting that PCDH8 methylation in serum may be specif-
ic for prostate cancer. Subsequently, we evaluated the corre-
lations between PCDH8 methylation and clinicopathological 
features. We found that PCDH8 methylation was associat-
ed with higher level of preoperative PSA and positive lymph 
node metastasis, which are risk factors for prostate cancer 
progression [4,7]. The results indicate that PCDH8 methyla-
tion in serum may be associated with patient outcome. We 
analyzed the association between PCDH8 methylation status 
and Gleason score by dividing the patients into 2 groups ac-
cording Gleason score (group 1: Gleason score £5; group 2: 
Gleason score=6), and found that PCDH8 methylation did not 
correlate with high Gleason score. One possible explanation 
may be that only low Gleason score patients were involved in 
the current study. The results are similar to those of previous 
studies in liver cancer and gastric cancer [15,29].

During the follow-up time, 34 patients had BCR. The results of 
Kaplan-Meier survival analysis and log-rank test suggest that 
patients with PCDH8 methylation in serum had worse BCR-
free survival than in patients without. This result suggests that 
PCDH8 methylation in serum may be a predictive biomarker 
for tumor recurrence. To further evaluate the prognostic val-
ue of PCDH8 methylation in serum, univariate and multivar-
iate models were used. In the multivariate analysis, a signif-
icant correlation was observed between PCDH8 methylation 

and BCR, suggesting that PCDH8 methylation in serum is a 
predictive biomarker of poor outcome in patients with low 
Gleason score, who would previously have been regarded as 
being at low risk. Therefore, measuring PCDH8 methylation 
in serum may be helpful in identifying individual patient risk 
of BCR due to prostate cancer. However, further studies are 
needed to confirm our findings, as the number of patients in 
our study was relatively small.

Conclusions

In conclusion, we characterized PCDH8 methylation in serum of 
prostate cancer patients with low Gleason score and analyzed 
its relationship to classical clinicopathological parameters and 
patient outcomes. We found that PCDH8 methylation in se-
rum is an independent risk factor for the BCR of low Gleason 
score prostate cancer patients after surgery, and can be used 
as a potential prognostic biomarker. In the future, the methyl-
ation status of PCDH8 in serum should be checked before sur-
gery, and for the patients with PCDH8, methylation hormonal 
therapy should be performed after surgery, so as to prevent 
tumor recurrence and achieve better prognosis.
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Varivale
Univariate analysis Multivariate analysis

Exp (B) 95% CI P Exp (B) 95% CI P

Age 0.869 0.684–10.491 0.742

PSA 1.537 1.074–6.582 0.039 1.122 0.796–5.357 0.238

Clinical stage 3.257 1.376–10.427 0.005 2.523 1.032–4.763 0.025

Gleason score 1.365 0.692–9.248 0.156

Lymph node status 2.482 1.418–7.315 0.017 1.476 1.107–4.572 0.042

Surgical margin status 1.137 0.844–4.036 0.365

PCDH8 methylation 3.864 1.462–8.962 <0.001 3.147 1.152–7.961 0.007

Table 3. Prognostic value of PCDH8 methylation in serum for the BCR-free survival in univariate and multivariate analysis.
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