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Background: Protocadherin17 (PCDH17) is a tumor suppressor gene, and is frequently silenced by promoter methylation in
human cancers, including clear cell renal cell carcinoma (ccRCC). However, the clinical significance of PCDH17
methylation in ccRCC remains largely unclear. The aim of the present study was to investigate the methylation
status of PCDH17 in ccRCC and its potential relevance to clinicopathological parameters and prognosis.

Material/Methods: Methylation-specific PCR was used to examine the methylation status of PCDH17 in 191 ccRCC tumors and
matched paired adjacent noncancerous tissues. Subsequently, the associations between PCDH17 methylation
and clinicopathological parameters and prognosis of patients with ccRCC were analyzed.

Results: PCDH17 methylation occurred in 66.5% of ccRCC tumors, but in only 12.1% of adjacent noncancerous tissues.
PCDH17 methylation is significantly correlated with advanced stage, higher grade, and lymph node metasta-
sis in ccRCC. Moreover, it is an independent prognostic factor for progression-free survival and overall survival
of patients with ccRCC.

Conclusions: PCDH17 methylation occurred more frequently and was associated with malignant clinicopathological charac-
teristics and poor prognosis in ccRCC patients. Thus, PCDH17 methylation may be used as a novel biomarker
to predict the prognosis of patients with ccRCC.
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Material and Methods

Renal cell carcinoma (RCC) is a common genitourinary malig-
nancy with high morbidity and mortality, with an estimated
63 920 new cases and 13 860 associated deaths in the USA
in 2014 [1-5]. Unfortunately, the incidence of RCC has been
rising steadily over the last 3 decades in the developed and
developing countries [1-5]. Histopathologically, RCC is a het-
erogeneous disease, including several subtypes: clear cell sub-
type, papillary, chromophobe, and other rarer forms. However,
the most common type of RCC is clear cell renal cell carcinoma
(ccRCQ), which accounts for more than 75% of tumors [1]. With
the advance of diagnostic techniques, a considerable part of
the disease can be found at the early stage and cured by sur-
gery. However, some patients will experience recurrence and
progression after surgery, and eventually die from RCC. RCC
patients with similar tumor characteristics show heterogene-
ity in the course and outcome of the disease [6-8]. It is diffi-
cult to distinguish indolent disease from aggressive disease.
Thus, novel predictors are needed to predict disease progres-
sion, therapeutic response and prognosis, in addition to tra-
ditional factors [6-8].

Recent advances in the understanding of ccRCC indicate that
the initiation and progression of the disease is accumulated
form genetic and epigenetic changes [7]. DNA methylation is
the best studied epigenetic change; the methylation of cyto-
sine residues within CpG dinucleotides can alter the transcrip-
tion rate of a given gene and bring about transcriptional silenc-
ing [9-12]. Human cancers often demonstrate tumor suppressor
silencing as a result of aberrant promoter hypermethylation,
and aberrant DNA methylation may be a potential biomark-
er for diagnosis, prognosis, and treatment response [9-12].
Recent studies indicated that PCDH17 may function as a tu-
mor suppressor gene in bladder cancer, prostate cancer, and
gastric cancer. The PCDH17 gene is located on chromosome
13g21.2 in humans, and | often silenced by promoter methyl-
ation in some target CpG sites, such as -458, -731, and 870 in
human cancers [13-16]. However, the clinical significance of
PCDH17 methylation in ccRCC needs to be further elucidated.

In the current study, the promoter methylation of PCDH17
was measured in ccRCC tissues and adjacent non-cancerous
tissues using methylation-specific PCR (MSP). MSP is a ma-
jor technique for the detection of gene methylation and can
provide specific and sensitive results; it is rapid, simple, and
cost-effective and allows rapid examining multiple samples,
which is convenient for clinical research [9-14]. Then we ana-
lyzed the correlation between PCDH17 methylation and clin-
icopathologic parameters, and evaluated its association with
the outcome of patients with ccRCC in order to elucidate its
clinical significance in this disease.

Patients and tissue samples

A total of 191 ccRCC tumors and matched paired adjacent non-
cancerous tissues were collected from patients during radical
nephrectomy, at the Third Hospital of Hebei Medical University,
between May 2003 and May 2009. The tissue samples were
immediately frozen in liquid nitrogen and stored at -80°C un-
til used. These patients were all histologically confirmed ccRCC
cases for the first time, and they did not receive any anti can-
cer treatment before surgery. Two senior pathologists assessed
all the tissue samples considering tumor classification, grade
and histological type in the same hospital. The TNM classifi-
cation of all the tumors was evaluated according to the Union
for International Cancer Control 2002 classification, and grad-
ing was assessed as previously described [17-21]. The patients
were followed up at interval, and the time to disease progres-
sion was defined as the point at which patients had either a
local recurrence or a synchronous/metachronous metastasis
as detected by computerized tomography scan [21]. The 5-year
overall survival data was also collected from all the patients.
Clinical and pathological characteristics of the patients are
summarized in Table 1. In addition, the study was approved
by our local ethics committee (No. HMU20030365X) and in-
formed consent was obtained from each patient.

DNA isolation, bisulfite conversion, and MSP

Genomic DNA was isolated from the frozen tissue samples using
the DNeasy Tissue Kit (Qiagen, Valencia, CA) following the manu-
facturer’s instructions as previously described [12,18]. The bisul-
fite conversion of DNA was carried out using EpiTect Bisulfite Kit
(Qiagen, Valencia, CA) according to the manufacture’s protocol
as reported previously [12,18]. Methylation analysis of bisulfite-
treated DNA was carried out using PCR assay, and the primers
specific for methylated PCDH17 and unmethylated PCDH17 were
used as previously reported [14,22]. The primers for the methyl-
ated sequences were: 5’-GATTATCGGGTGTCGTAGTTC-3’ (forward)
and 5’-CCCTAACGCAACGTACGCG-3’ (reverse). The primers for the
unmethylated sequences were: 5’-AGATTATTGGGTGTTGTAGTTT-3’
(forward) and 5’-AACCCTAACACAACATACACA-3’ (reverse). The
PCR amplification was carried out as described previous-
ly [14,22]. In vitro methylated DNA and unmethylated DNA
(New England Biolabs, Beverly, MA, USA) were used as meth-
ylation and unmethylation positive control. The MSP products
were separated in 2% agarose gel, stained with ethidium bro-
mide, and visualized under ultraviolet illumination for analysis.
The product was defined as methylation positive when meth-
ylated allele was present in the methylated DNA lane or both
in the methylated and unmethylated DNA lanes, and methyl-
ation negative when band was present only in the unmethyl-
ated DNA lane [14,22].

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License




CLINICAL RESEARCH

LinY-L etal:
Protocadherin17 methylation in renal cell carcinoma
© Med Sci Monit, 2015; 21: 2870-2876

Table 1. The clinical and pathological parameters of patients with ccRCC.

Features Parameters No. (%)
Sex Male 114 (59.7)
""""""""" Female 77 @03
C Agelyeary w6 82 @29
%0 109 (1)
""""""""" Pathological stage =~ T 109 (5721)
e 57 (08
e 5 (1)
""""""""" lymph node metastasis ~~~ NO 182 (53
""""""""" NG9 @n
""""""""" Distant metastasis Mo 191 (1000
e o 0o
""""""""" Fuhrmangrade L 713 (82
o 57 (08
e a5 (36
v 16 sa
""""""""" Progression ~ Presnce 54 (83
- Absence 13w (@qu
- Tota a1 (o0

Quantitative Real-Time PCR (qRT-PCR) analysis of PCDH17
mRNA expression

PCDH17 mRNA expression was detected in 127 tumors with
methylated PCDH17, 64 tumors with unmethylated PCDH17,
and 168 adjacent noncancerous tissues with unmethylated
PCDH17. In addition, PCDH17 mRNA expression in 68 adjacent
noncancerous tissues with unmethylated PCDH17 was used
as control. Total RNA was extracted from tissue samples by
Trizol reagent (Invitrogen, Carlsbad, Calif, CA, USA). The relative
PCDH17 mRNA expression was calculated using the compara-
tive CT method, with GAPDH as the internal control. The prim-
ers for PCDH17: sense, 5’- CGGAGGTGATGTATCTCAAA-3’; anti-
sense 5’- CAGGAGCCTTTGTTAGTGTC-3".The primers for GAPDH
as follow: sense: 5’-CGCTCTCTGCTCCTCCTGTTC-3’; antisense:
5’-ATCCGTTGACTCCGACCTTCA C-3". The PCR conditions includ-
ed a denaturation step of 95°C for 2 min, followed by 30 cy-
cles for 94°C for 30 s, 50°C for 30°s, 72°C for 30 s, and a final
elongation step of 72°C for 7 min. Each PCR was repeated at
least 3 times to confirm the result.

Statistical analysis

Fisher’'s exact test was used to assess the difference of PCDH17
methylation status between ccRCC tumors and matched ad-
jacent noncancerous tissues. Chi-square test was used to
assess the relationship between PCDH17 methylation and

clinicopathologic features. Kaplan-Meier survival analysis and
log-rank test were used to assess the differences of progres-
sion-free survival and 5-year overall survival between patients
with methylated PCDH17 and unmethylated PCDH17. Univariate
and Multivariate Cox proportional hazard model analysis was
used to assess the prognostic value of PCDH17 methylation
in ccRCC patients. The difference of PCDH17 mRNA expression
among controls, tumors with methylated PCDH17 and unmeth-
ylated PCDH17 was analyzed by one-way ANOVA. A p value
<0.05 was considered statistically significant. The statistical
analysis was conducted using SAS version 8.0 (SAS Institute,
Cary, N.C,, USA) for windows.

Results

The methylation status of PCDH17 in ccRCC tumors and
matched adjacent noncancerous tissues

The methylation status of PCDH17 was detected in 191 ccRCC
tumors and matched adjacent noncancerous tissues using MSP.
PCDH17 methylation was detected in 127 (66.5%) ccRCC tu-
mors, but PCDH17 methylation was only found in 23 (12.1%)
adjacent noncancerous tissues. Representative MSP results are
shown in Figure 1. The methylation rate of PCDH17 in ccRCC
tumors is higher than that in adjacent noncancerous tissues,
and the difference is statistically significant (P<0.0001, Table 2).
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Figure 1. Representative MSP results of
Control ~ Case7N  (Case8N Case9N Case7T Case8T Case9T & PCDH17 methylation in patients with

AAB MU MU MU MU M U M U @ ccRCC. A: methylation control; B:
unmethylation control; M: methylated;
noncancerous tissues; T: ccRCC tissues.
Cases9N, Case7T and Case9T exhibited

methylated PCDH17. Case7N, Case8N
and Case8T exhibited unmethylated

PCDH17.
Table 2. PCDH17 methylation in ccRCC and matched adjacent noncancerous tissues.
Group M (%) U (%) P
ccRCC 127  (66.5) 64 (33.5)
A 3 2y 168 (879 00001
M — methylation; U — unmethylation; ANT — adjacent noncancerous tissues.
Table 3. Relationship between PCDH17 methylation and clinicopathological variables of patients with ccRCC.
Features Variables No. M (%) U (%) P
Sex Male 114 71 (62.3) 43 (37.7) 0.1335
 Femae 77 se (2 2 @13
A w0 82 52 (634 30 (366 04345
""""""""""""""""""""""""""" >0 100 75 (688 34 (12
Pathological stage m o 19 68 (624 61 (368 00478
""""""""""""""""""""""""""" 57 3 (@9 20 G5
"""""""""""""""""""""""""" B 23 2 @9 3 @@
Fuhrmangrade 1 73 20 (48 33 (452 00449
I 57 0 (02 7 @8
S a5 34 (756 nooes
-~ 16 13 @3 3 @n
 lymph node metastasis N0 182 118 (648 64 (352) 00302
e °o o (1000) o ©o
progression  Presence sa 47 @70 7130 00002
""""""""""""""""""""""""""" Absence 137 80 (584 57 (@418
CTotal 191 17 (665 e (3%
M — methylation; U — unmethylation.
Relationship between PCDH17 methylation and methylation of PCDH17 was not related to age or sex. These

clinicopathological variables of patients with ccRCC results are summarized in Table 3.

Subsequently, we linked the methylation status of PCDH17 in PCDH17 methylation to predict clinical outcome after
ccRCC tumors to clinicopathological features, in order to evalu- radical nephrectomy

ate its clinical significance. The results indicated that PCDH17

methylation was significantly correlated with advanced stage To examine if PCDH17 is a significant predictor of patients’
(P=0.0478), higher grade (P=0.0449), lymph node metastasis outcome after surgery, Kaplan-Meier curves and log-rank tests
(P=0.0302) and tumor progression (P=0.0002). However, the  were performed. We found that patients with methylated
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Figure 2. Correlation between PCDH17 methylation and
progression-free survival in ccRCC patients. Patients
with PCDH17 methylation showed significantly shorter
progression-free survival than patients without (log-
rank test, P=0.0002).

PCDH17 had significantly shorter progression-free time and
5-year overall survival time than patients with unmethylated
PCDH17. These findings are shown in Figures 2 and 3. To fur-
ther determine the predictive value of PCDH17 methylation in
ccRCC patients, the Univariate and Multivariate Cox propor-
tional hazard model analysis was carried out, and the param-
eters that were significant risk factors in univariate analysis
were entered into multivariate analysis. The results suggest-
ed that PCDH17 methylation is an independent prognostic
factor for progression-free survival and 5-year overall surviv-
al of ccRCC patients. The results are shown in Tables 4 and 5.

The relationship between PCDH17 methylation and mRNA
expression

In order to certify that PCDH17 methylation was correlated
with the down-regulation of its gene expression, quantita-
tive real-time PCR was performed to detect the mRNA levels
of PCDH17 in adjacent noncancerous tissues with unmethyl-
ated PCDH17, tumors with unmethylated PCDH17, and tumors
with methylated PCDH17. We found that there was no differ-
ence between adjacent noncancerous tissues with unmethyl-
ated PCDH17 group and tumors with unmethylated PCDH17
group, but PCDH17 mRNA expression was significant lower in
tumors with methylated PCDH17 group compared with the 2
groups with unmethylated PCDH17 mentioned above (P<0.05;
Figure 4). The results indicate that PCDH17 methylation is as-
sociated with down-regulation of its expression.

Discussion

The protocadherins are a subgroup of the cadherin super-fam-
ily, which plays crucial roles in cell-cell adhesion, proliferation,

Figure 3. Correlation between PCDH17 methylation and 5-year
overall survival in ccRCC patients. Patients with
PCDH17 methylation showed significantly shorter
5-year overall survival than patients without (log-rank
test, P < 0.0001).

migration, invasion and signal transduction [15,23,24]. The pro-
tocadherin family can be divided into two groups: clustered
protocadherins and non-clustered protocadherins, based on
their genomic structure, and PCDH17 belongs to non-clus-
tered group [15,23,24]. Recently, it has been reported that
some non-clustered protocadherins act as tumor suppressor
genes and were specifically silenced by promoter hypermeth-
ylation in many tumor tissues, including RCC [11-16]. In this
study, we focused on the investigation of the relationship be-
tween PCDH17 methylation and clinicopathological parame-
ters as well as prognosis of the patients with ccRCC, in order
to elucidate its clinical significance. To our knowledge this is
the first study to investigate the clinical significance of PCDH17
methylation in ccRCC.

Our study demonstrated that PCDH17 methylation occurred
more frequently in ccRCC tissues compared to adjacent non-
cancerous tissues, and PCDH17 methylation is associated with
down-regulation of its expression. Moreover, PCDH17 methyl-
ation not only exists in ccRCC tissues but also in adjacent non-
cancerous tissues, which implied that PCDH17 methylation is a
critical trigger for ccRCC initiation. In addition, when we corre-
lated the methylation of PCDH17 to clinicopathological features
of ccRCC patients, we found that PCDH17 methylation associat-
ed with advanced stage, higher grade, lymph node metastasis
and progression after surgery. Our findings agree with previ-
ous studies about PCDH17 methylation in bladder cancer, pros-
tate cancer, gastric cancer and colorectal cancer [13,14,25-27].
These findings promoted us to more thoroughly investigate its
clinical significance in ccRCC. Subsequently, we investigated
the prognostic impact of PCDH17 methylation on the ccRCC
patients. The progression-free survival and 5-year overall sur-
vival was analyzed by Kaplan-Meier curves and log-rank test.
The result revealed that PCDH17 methylation was correlated
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Table 4. The predictive value of PCDH17 methylation for the progression-free survival in ccRCC.

Univariate analysis Multivariate analysis
Variable
95% Cl

Sex (Male vs. Female) 1.325 0.805-2.316 0.3207
Age (260 vs. <60) 1.532 0.693-3.047 0.2031
Pathological stage
oo ) 2.968 1.853-9.335 0.0017 1.768 1.035-7.153 0.0136
Fuhrman grade 2.532 1.214-8.153 0.0075 1.541 0.793-6.832 0.0673
(N/IV vs. 1/11)
Lymph node metastasis

4531 2.071-11.865 <0.0001 3.652 1.872-9.461 0.0013
(N1 vs. NO)
Z\Sﬁz 1S)methylat'°n 3.973 1.795-8.792 0.0007 3.014 1.235-7.463 0.0028

HR - hazard ratio; M — methylated; U — unmethylated.

Table 5. The predictive value of PCDH17 methylation for the five-year overall survival in ccRCC.

Univariate analysis Multivariate analysis
Variable
95% Cl

Sex (Male vs. Female) 1.133 0.765-2.068 0.3426
Age (260 vs. <60) 1.263 0.831-2.179 0.1683
Pathological stage
i ) 2.476 1.128-7.336 0.0268 1.463 0.874-3.421 0.0769
Fuhrman grade 3.042 1.363-8.546 0.0043 2.127 1.093-5.862 0.0347
(N/IV s, 1/11)
Lymph node metastasis

3.925 1.833-10.796 <0.0001 2563 1.248-7.552 0.0163
(N1 vs. NO)
Z\Sﬁz 1S)methylat'°n 3.673 1.615-7.435 0.0003 2.876 1.347-8.065 0.0097

HR - hazard ratio; M — methylated; U — unmethylated.

with adverse progression-free survival and 5-year overall sur-
127 vival of patients with ccRCC. In addition, since parameters
observed to have a prognostic impact by univariate analysis
may covariate, PCDH17 methylation and those clinicopatho-
0.8- logic parameters that were significant in univariate analysis
were further investigated in multivariate analysis. Multivariate
analysis revealed that PCDH17 methylation was an indepen-
dent predictor of progression-free survival and 5-year overall
survival of ccRCC patients. Taken together, our data revealed

S
EN
1

*

Relative PCDH17 mRNA expression
o
(=)}

0.2+ that PCDH17 methylation occurred more frequently in ccRCC
- tumors compared to noncancerous tissue; it was correlated
00 A B C with adverse clinicopathologic parameters and predicted poor

(Control) (Tumors with (Tumors with outcome of ccRCC patients after surgery.

unmethylated PCDH17) - methylated PCDH17)

Aberrant DNA methylation is the best-studied epigenetic alter-
Figure 4. PCDH17 mRNA expression. A: 168 adjacent ation in human tumors. DNA methylation as a potential bio-
noncancerous tissues with unmethylated PCDH17; B: marker for tumors is of particular interest because DNA can be
64 tumors with unmethylated PCDH17; C: 127 tumors collected conveniently from tissues and body fluids [28-30]. In

with methylated PCDH17; * P<0.05 (C vs. B or C vs. A). addition, DNA methylation can be reversed by demethylation
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agents, and in the longer term may enable more individual-
ized therapies [32,33]. To the best of our knowledge, this is the
first study to demonstrate that PCDH17 methylation may be
used as a potential prognostic marker in ccRCC. Consequently,
PCDH17 methylation, if validated in future studies, could be
used for selection of ccRCC patients for adjuvant treatment
after surgery.

Conclusions

Our study indicated that PCDH17 methylation occurred more
frequently and was associated with malignant clinicopatho-
logical characteristics and poor prognosis in ccRCC patients,
suggesting that it could be used as a potential prognostic
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biomarker in this malignancy. Our study has some limitations.
The current study is limited by a relatively small number of pa-
tients. We used MSP but not quantitative MSP to detect the
methylation status of PCDH17 in ccRCC. In addition, we did
not interrogate all of the CpG sites in the promoter, although
the CpG sites used in our study are widely used in research.
These may make our results less robust. To solve these prob-
lems, future studies with larger sample size using quantitative
MSP to detect all the CpG sites in the promoter region may be
needed to confirm our findings.
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