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Abstract. Protocadherin-10 (PCDH10) is a tumor suppressor 
gene. Its expression level is downregulated by promoter 
methylation in certain types of human tumors. The aim of the 
present study was to examine the expression level and promoter 
methylation status of PCDH10 in breast cancer cells and to 
evaluate the association of PCDH10 methylation and tumor 
progression and prognosis. MethyLight was used to detect 
the methylation status of PCDH10 in breast cancer tissues 
and healthy breast tissues. Reverse transcription-quantitative 
polymerase chain reaction was used to assess the mRNA 
expression level of PCDH10, as well as to evaluate the asso-
ciation between PCDH10 methylation and clinicopathological 
features, along with patients' overall survival (OS). PCDH10 
5'‑C‑phosphate‑G‑3' (CpG) methylated sites were identified 
in tumor tissues and matched healthy tissues (n=392). Tumor 
tissues and matched healthy tissues exhibited identifiable PCR 
results, with PCDH10 gene promoter methylation identified 
in ductal carcinoma in situ (66%), invasive ductal carcinoma 
(82%), invasive ductal carcinoma with lymph node metas-
tasis (85.32%) and hereditary breast cancer tissues (72.37%). 
PCDH10 mRNA expression was significantly decreased in 
breast cancer tissues compared with healthy breast tissues 
(P=0.032). PCDH10 methylation was associated with tumor 
size (P=0.004), but not associated with other clinical factors. 
Survival analysis revealed that the patients exhibiting 
methylated-PCDH10 had significantly poorer OS times 
than patients exhibiting unmethylated-PCDH10 (P<0.0001). 
Receiver operating characteristic analysis indicated a sensi-
tivity of 75%, a specificity of 62.5%, and an area under the 
curve of 0.682 for PCDH10. Additionally, the results of the 
present study indicated that PCDH10 methylation status may 
be a useful diagnostic and prognostic evaluation biomarker for 

breast cancer. The results suggested that PCDH10 methyla-
tion is a common occurrence in primary breast cancer and is 
associated with poor survival rates among patients with breast 
cancer. 

Introduction

Breast cancer is a variable and complex disease, and is a leading 
causes of mortality (1). In the United States ~23,234 female 
fatalities are expected to occur due to invasive breast cancer 
and ~39,620 novel cases of invasive breast cancer are expected 
to be diagnosed in the next decade (2). In the United States, 
it is expected that ~12.5% of women will be diagnosed with 
breast cancer in their lifetime (2). Breast cancer cases in China 
accounted for 12.2% of global cases in 2008 (3). Data from 
the Human Genome Project and the International HapMap 
Project have enabled geneticists to study polygenic traits 
and diseases by genome-wide association study (GWAS) (4). 
An investigation of the genetic basis of common diseases is 
possible by testing for variants that are significantly associated 
with cases of disease over controls in a population. GWAS 
is widely used in genetic epidemiology, resulting in >1,600 
studies published and reports of >11,000 single nucleotide 
polymorphisms (SNPs) associated with hundreds of different 
diseases and traits (5). When interpreting GWAS results, it is 
often difficult to identify the functional variant(s) underlying 
an association (5). For example, according to GWAS, 93% of 
SNPs associated with human phenotypes are located outside of 
protein-coding regions (6). This emphasizes the requirement 
for a method of annotation of the vast non-coding sequence in 
the human genome. 

Epigenetic maps serve an important role in identifying 
specific functional variations that cause or contribute to 
a number of diseases. Previous studies have reported that 
epigenetic abnormalities may serve an important role in the 
initial stages of a number of cancer types, including colorectal 
cancer and prostate cancer (7,8). Methylation of one allele 
has been indicated to affect gene activation mutations on the 
opposite allele (9). The normal genome commonly contains 
DNA methylation of 70-80% of all 5'-C-phosphate-G-3' (CpG) 
dinucleotides (10). It has been hypothesized that this type 
of DNA methylation prevents the inappropriate transcrip-
tion of repetitive sequences (7) and maintains chromosomal 
stability (11). The remaining CpGs are grouped within short 
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DNA regions (0.2-1.0 kb in length) termed ‘CpG islands’ 
(CGIs). Human genes possess 40~50% of CGIs in or near the 
promoter and/or the first exon, whereas a lack of methylation 
exists in normal somatic cells (10). Alterations in the methyla-
tion status of DNA are the most frequent molecular changes 
observed in various types of cancer (12). Cancer studies 
focusing on genes with hypermethylated promoter CGIs have 
revealed unique profiles of hypermethylation that define each 
neoplasia (13-15). Therefore, DNA methylation may serve 
as an effective biomarker for cancer as it has been indicated 
to be associated with tissue‑specific gene silencing (13). For 
instance, hypermethylation of the glutathione S-transferase 
Pi-1 (GSTP1) gene promoter has been reported to occur in 
80-90% of patients with prostate cancer and is almost unde-
tectable in prostate tissues. Due to this high specificity, it is 
used as a diagnostic biomarker (12,16,17). 

Numerous studies have used methylation patterns as 
diagnostic and prognostic biomarkers for breast cancer (18). 
Protocadherin (PCDH)-10 is a member of the PCDH family 
and is located on the human chromosome 4q28.3. Protein 
expression of PCDH has been predominantly identified in the 
nervous system, serving an important role in signal transduc-
tion. PCDH10 promotes cell-cell adhesion via Ca2+ in tissue 
morphogenetic processes, and apoptosis by upregulating Fas 
cell surface death receptor, Caspase 8, Jun proto-oncogene, 
AP-1 transcription factor subunit, Cyclin dependent kinase 
inhibitor 1A and HIV-1 Tat interactive protein 2 (19-21). 
Evidence suggests that members of the PCDH family can 
inhibit the occurrence and progression of multiple carcinomas. 
Previous studies have characterized PCDH10 expression 
downregulation by promoter methylation, and its role as a 
tumor suppressor gene in the alimentary system and the other 
carcinomas (22-24). However, to the best of our knowledge, a 
limited number of studies, have been conducted on PCDH10 
expression in breast cancer (25,26). The expression, meth-
ylation status, biological function and clinical application of 
PCDH10 have yet to be determined.

The aim of the present study was to investigate a novel 
methylation-based diagnostic tool for breast cancer and to 
resolve the difficulties associated with the implementation 
of methylation genes as biomarkers. It was demonstrated 
that PCDH10 could be an effective prognostic biomarker 
for patients with various types of breast cancer, including 
ductal carcinoma in situ (DCIS), invasive ductal carcinoma 
(IDC) and invasive ductal carcinoma plus lymph-metastasis 
(IDC-L). The changes in methylation status of sporadic breast 
cancer and hereditary breast cancer (HpBC) were examined, 
along with overall survival (OS) rate of patients and the asso-
ciation between PCDH10 methylation and clinicopathological 
features.

Materials and methods

Patients and sample collection. A total of 392 samples of 
flash‑frozen cancerous and paired healthy breast tissues (≥5 cm 
distant from the tumor tissue) were collected from patients 
with breast cancer, who underwent mastectomy at the Harbin 
Medical University Cancer Hospital (Heilongjiang, China) 
between May 2009 and October 2012. Serum samples (1 ml) 
were obtained from 300 patients (47±18 years old) with breast 

cancer, as well as from healthy subjects (45±12 years old) at 
the Second Affiliated Hospital of Harbin Medical University 
(Heilongjiang, China) between May 2009 and October 2012. 
The breast cancer patients with other diseases were excluded 
from this study according to clinical detection. The healthy 
subjects were from patients who received physical examina-
tion and were identified as healthy. The types of benign 
breast diseases included fibroadenoma, desmoid tumors, 
benign phyllodes tumors, mastopathy, papilloma, duct ectasia 
and hamartoma. The healthy serum sample (n=300) was 
acquired from the Affiliated Tumor Prevention and Treatment 
Institution of the Harbin Medical University (Heilongjiang, 
China) between May 2009 and October 2012. All patients 
provided written informed consent for tissue and serum 
collection, in consistence with regulations of the institutional 
review board of the Harbin Medical University (Heilongjiang, 
China). The present study was completed in compliance with 
the Declaration of Helsinki and was approved by the ethics 
committee of the Harbin Medical University (Heilongjiang, 
China).

Immunohistochemistry and molecular subtypes. Tissue 
sections (8 µm) were obtained from breast tissues and stored 
at ‑25˚C. These sections were stained with 10% hematoxylin 
for 5 min and 0.5% eosin for 1 min at room temperature, and 
then were examined by two independent pathologists from 
Harbin Medical University Cancer Hospital (Harbin, China), 
who were blind to the study, to ensure the integrity of the 
tumor sample (tumor content >70%), and to verify that healthy 
tissue blocks contained no tumor cells under light microscopy 
at x100 and x400 magnifications. Malignant samples were 
categorized into four groups based on histopathology: i) DCIS; 
ii) IDC; iii) IDC-L; or iv) HpBC, included patients with a 
first‑degree relative with breast cancer, patients with bilateral 
breast tumors, and <35-year-old patients with early-onset 
breast cancer (27-31). 

The estrogen receptor (ER) mouse monoclonal antibody 
was obtained from Ventana Medical Systems, Inc. (1:200 dilu-
tion; cat. no. 760-2596; Tucson, AZ, USA) and progesterone 
receptor (PR) mouse monoclonal antibody from Dako (1:200 
dilution; cat. no. M3569; Agilent Technologies, Inc., Santa 
Clara, CA, USA). The sections were incubated with antibodies 
at 4˚C overnight. The bound antibodies were detected using 
peroxidase-conjugated goat anti-mouse IgG (ready-to-use 
secondary antibody; cat. no. TA130004; OriGene Technologies, 
Inc., Beijing, China) at 37˚C for 2 h, and the final staining was 
completed with DAB (OriGene Technologies, Inc.) at room 
temperature for 3 min. Nuclear labeling revealed that >1% of cells 
were ER- or PR-positive (32). Human epidermal growth factor 
receptor 2 (HER-2) immunohistochemistry was performed 
using the DAKO Herceptest kit (Agilent Technologies, Inc.), 
according to the manufacturer's protocol. Cases were scored 
according to the number of positive cells as follows: 0 (nega-
tive, <5%); 1+ (weak positive 6-25%); 2+ (positive, 26-50%); 
and 3+ (strong positive, >50%). Fluorescence in situ hybrid-
ization analysis for HER-2 amplification was performed 
for all samples with a score of 2+(equivocal) using the Path 
Vision kit (Abbott Pharmaceutical Co., Ltd., Lake Bluff, IL, 
USA), according to manufacturer's protocol. Samples with a 
3+ IHC score or a HER‑2 fluorescence in situ hybridization 
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amplification ratio >2.2 were considered to be HER‑2‑positive. 
Samples were divided into one of four categories, according 
to the accepted and previously validated IHC surrogate 
profiles of breast cancer (33). Mouse monoclonal antibody P53 
(1:100 dilution; cat. no. 760-2542) and Ki-67 (1:100 dilution; 
cat. no. M7240) antibodies were obtained for nuclear labeling 
from Ventana Medical Systems, Inc. The incubation process 
and secondary antibody was identical to that aforementioned. 
For P53, a labeling score of >30% was regarded as aberrant 
overexpression, which has been previously associated with 
p53 mutation (34). A cut-off point of 13% Ki67 expression 
was used to categorize high- or low-proliferation tumors (35). 
Luminal tumors were categorized as immunoreactive for ER 
and/or PR, negative for HER-2 expression or exhibiting low 
proliferation. ER+ and/or PR+ tissues that were also HER-2+ 
and/or exhibiting high proliferation were considered to be 
luminal B tumors. HER-2 subtypes were defined as ER-, 
PR-, and HER-2+. Based on published criteria, all basal-like 
cases were considered to have a triple-negative phenotype 
(ER-/PR-/HER-2-).

DNA extraction. Genomic DNA was extracted from the 
fresh-frozen primary breast tumor tissues and the matched 
healthy breast tissues. Samples were pre-treated with 20 mg/ml 
proteinase K (Promega Corporation, Madison, WI, USA) at 
55˚C overnight. DNA was extracted using the AxyPrep™ 
Multisource Genomic DNA Miniprep kit (Axygen; Corning 
Incorporated, Corning, NY, USA), according to manufac-
turer's protocol, and ~5 ml of peripheral blood was collected 
prior to the physical examination or surgery. All samples 
were analyzed in the laboratory within 4 h. Circulating free 
DNA was obtained from 1 ml of serum using the QIAamp 
UltraSens Virus kit (cat. no. 53706; Qiagen GmbH, Hilden, 
Germany). 

Bisulfite conversion and MethyLight assay by quantitative 
polymerase chain reaction (qPCR). The bisulfite conver-
sion of genomic DNA and MethyLight assay was performed 
using the EZ DNA Methylation kit (Zymo Research Corp., 
Irvine, CA, USA), according to the manufacture's protocol. 
For each bisulfite sequencing PCR (BSP) reaction, the PCR 
mixture included 1.5 mM MgCl2, 200 µM dNTP, 1 µM of 
forward and reverse primers (sequences in Table I), 2.5 units 
of Platinum Taq (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) and 1x Platinum Taq buffer to achieve 
a final reaction volume of 50 µl. The detailed method was 
described in a previous study (36). The PCR products were 
extracted using a 1% agarose gel, ligated into the pGEM-T 
vector (Promega Corporation). The proportion of PCR prod-
ucts and the conversion of Escherichia coli (strain DH5α) was 
conducted according to standardized procedures. Blue-white 
screening was used to select a minimum of 10 positive bacte-
rial clones, from which plasmid DNA was isolated using 
a QIAprep Spin Miniprep kit (Qiagen, Inc., Valencia, CA, 
USA), according the to the manufacture's protocol. Clones 
were screened by digesting 1 µg of plasmid DNA with BstZI 
(Promega Corporation) and 1% agarose gel electrophoresis 
was performed to confirm the insert and plasmid size as 
reported previously (37). Positive clones were sequenced by 
Invitrogen (Thermo Fisher Scientific, Inc.). 

The probable promoter CpG island methylated sites were 
selected to design probes for the PCDH10 gene, in accor-
dance with the results of BSP sequencing. CpG methylation 
of the PCDH10 gene was detected using methylation‑specific 
primers (Table I) and the TaqMan® MGB‑based probe fluores-
cence real-time qPCR kit (Applied Biosystems; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
TaqMan® MGB qPCR was performed with primers specific to 
the bisulfite‑converted methylated sequences of particular loci, 
as well as with globin reference primers and TaqMan® MGB 
probes (Table I). TaqMan MGB probes increased assay speci-
ficity and facilitated flexible analysis due to their small size. 
The thermocycling conditions were as follows: Denaturation 
at 96˚C for 5 min; 35 cycles of amplification at 95˚C for 
10 sec/cycle; and then 60˚C for 30 sec. The quantification of 
the methylation rate (%) at a promoter was calculated using the 
2-ΔΔCq method (38). All samples were assayed in duplicate, to 
confirm the accuracy of the 2-ΔΔCq method and the amplifica-
tion efficiency. Globin was analyzed using serial dilutions of 
DNA with a 100‑fold range and gene‑specific primers for each 
gene and globin (Table I). The ΔCq value [Cq (target gene)-Cq 
(reference gene)] was obtained for each DNA dilution and log 
DNA dilution vs. ΔCq was plotted. 

MethyLight is a high-throughput assay for DNA meth-
ylation based on real time qPCR. MethyLight requires only 
minute amounts of modest quality DNA, making it clinically 
applicable and compatible for use with small biopsies and 
paraffin-embedded tissues (39,40). Researchers have used 
percentage of methylated reference (PMR) to evaluate posi-
tive methylation. However, the cut-off value of PMR using 
MethyLight has been reported to vary among studies (41-44). 
This may be a result of not including matched normal tissue, 
but only Sss I-treated human peripheral white-blood-cell DNA 
from the same patient or from healthy subjects as a control. This 
method of comparison cannot accurately reflect the number 
of positive methylation cases, as methylation modification is 
influenced by many factor, including lifestyle, environmental 

Table I. The sequences of probes and primers used polymerase 
chain reaction and methylation analysis.

Primer Sequence

Methylation‑specific primers 
  Forward 5'-TCGTTAAATAGATACGT
 TACGC-3'
  Reverse 5'-TAAAAACTAAAAACTT
 TCCGCG-3'
  TaqMan MGB probe  5'-TGGTTAAGGGTTCGGT
 GGT-3'
Globin reference primers  
  Forward   5'-AGGTAGAAAAGGAGAA
 TGAAGATAAA-3'
  Reverse 5'-CTTTCCACTCTTTTCTC
 ATTCTCTC-3'
  TaqMan MGB probe  5'-AGGAGGATAAGGAAGA
 GGGGAAATAGG-3'
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exposures, ethnicity, age and tissue heterogeneity (40,45). The 
present study used breast cancer tissue and matched healthy 
breast tissue and methylation percentage of a particular area 
was assessed using the 2-ΔΔCq method. A value ≥1.5 (allelic 
gene methylation) was considered to be positive. MethyLight 
was also used to determine the methylation frequency of 
serum DNA (46,47). 

Statistical analysis. The levels of methylation and mRNA 
expression were analyzed using Fisher's exact test and 
Kruskal-Wallis test. Receiver operating characteristic (ROC) 
curve analysis, Mann-Whitney U test, Kaplan-Meier survival 
curves and Cox proportional hazards regression model 
were used to assess prognostic associations. All tests were 
performed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Epigenetic identification of the PCDH10 CGI as a hypermeth-
ylated sequence in breast cancer. Using bioinformatics analysis 
to identify DNA fragments (n=31) of the PCDH family, the 
proximal promoter and exon 1 of the PCDH10 gene were located 
in 4q28.3 (48). The PCDH10 gene promoter region comprises 
two classic CpG islands: CGI-1, -2133 to -854 bp from the tran-
scription start site (TSS), and CGI-2, +367 to +1972 bp from the 
TSS (Accession no. NM_032961.1). PCDH10 gene promoters in 
tumor tissue were prescreened and matched with healthy tissues 
from 6 patients with breast cancer to detect the presence of aber-
rant methylation targets and to design TaqMan® MGB detection 
probes, in order to investigate methylation status. Following 
comparison of the methylation frequency between breast cancer 
tissues and matched healthy breast tissues, it was determined 
that PCDH10 gene methylation was significantly increased 
in breast cancer. The CpG site analysis demonstrated that the 
PCDH10 promoter is a typical CGI (Fig. 1) (49).

Prevalence of PCDH10 methylation and mRNA expression in 
breast cancer tissues. PCDH10 displayed widespread meth-
ylation of the aberrant promoter CpG island. The frequency 
of PCDH10 methylation significantly increased with disease 
progression from in situ to invasive cancer. However, no 
significant difference in methylation was observed between 
IDC and IDC-L (P<0.05; Fig. 2). The results of methylation 
frequency analysis for PCDH10 are indicated in Table II. 
There was no significant difference between the frequency of 
PCDH10 gene methylation in sporadic breast cancer tissues and 
HpBC tissues (P>0.05). PCDH10 mRNA expression in breast 
cancer tissues and paired healthy breast tissues was calculated 
using the 2-ΔΔCq method (38). PCDH10 mRNA expression was 
indicated to be significantly decreased in breast cancer tissues, 
compared with matched healthy breast tissues, according to 
qPCR results (P=0.0032; Fig. 3).

Association of PCDH10 methylation with clinicopathological 
characteristics and breast cancer prognosis. The association 
between PCDH10 methylation and various clinicopathological 
features was also examined (Table III). PCDH10 methylation 
was significantly associated with tumor size (P=0.004). In 

the tumor size ≥2 cm group, the rate of PCDH10 methylation 
(76.1%) was significantly increased compared with unmethyl-
ated PCDH10 (56.6%) (P=0.004). However, no association was 
observed between PCDH10 methylation and other clinicopatho-
logical factors (Fig. 4). Patients exhibiting methylated PCDH10 
had significantly lower OS times (P<0.0001, log-rank test) 
compared with patients exhibiting unmethylated PCDH10. In 
the Cox proportional hazards regression model, univariate and 
multivariate survival analyses were applied to assess the asso-
ciation between PCDH10 methylation and clinicopathological 
features. Univariate analyses of OS rate demonstrated that tumor 
size (P<0.001), lymph node metastasis (LNM) (P<0.001), ER 
(P=0.023) and PCDH10 methylation (P=0.006) were associated 

Figure 2. Frequency of PCDH10 methylation in DCIS, IDC and IDC-L tissues. 
PCDH10, Protocadherin-10; DCIS, ductal carcinoma in situ; IDC, invasive 
ductal carcinoma; IDC-L, invasive ductal carcinoma plus lymph-metastasis. 
*P<0.05.

Figure 1. CpG site analysis of the PCDH10 promoter. CpG, 
5'-C-phosphate-G-3'; PCDH10, Protocadherin-10. 

Table II. Frequency of PCDH10 methylation in patients with 
sporadic and hereditary breast cancer. 

 Breast cancer
 tissue methylation frequency (%)
 --------------------------------------------------------------------------------
 Sporadic (n=296)
 ----------------------------------------------
Methylated gene DCIS  IDC IDC-L HpBC (n=96)

PCDH10 66 82 85.32 72.37

PCDH10, Protocadherin-10; DCIS, ductal carcinoma in situ; IDC, 
invasive ductal carcinoma; IDC-L, invasive ductal carcinoma plus 
lymph-metastasis; n, number; HpBC, hereditary breast cancer.
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with OS rate, while other factors were not associated with OS 
rate. Multivariate analysis revealed that tumor size (P<0.001), 
LNM (P<0.001) and PCDH10 methylation (P=0.012) were 
independent predictors of prognosis (Table IV).

The results of the present study demonstrated that the 
frequency of gene methylation was significantly increased 
in breast cancer tissues compared with control. Methylation 
was investigated as a possible diagnostic predictor of breast 
cancer. Identical specific probes were used to assess PCDH10 
methylation in matched serum samples using MethyLight. 
Samples included 300 age-matched healthy controls and 

300 age-matched patients with benign breast diseases. ROC 
analysis of PCDH10 indicated a sensitivity of 75%, a specificity 
of 62.5%, and an area under the curve of 0.682 (95% confidence 
interval; 0.645-0.719; P<0.001; Fig. 5). 

Discussion

Detection of hypermethylation is an important tool in the 
diagnosis of cancer and in prognostic and therapeutic guid-
ance (23,50,51). Cadherins, which serve a crucial role in cellular 
adhesion, are involved in tumorigenesis and progression (52). 

Table III. Association between PCDH10 methylation and different clinicopathological parameters. 

 Unmethylated Methylated
 PCDH10 PCDH10
 ----------------------------------- -----------------------------------
Variables Total, n n % n % χ2  P-value

Age (years)      0.798 0.372
  <45 128 60 36.1 68 30.1  
  ≥45 264 106 63.9 158 69.9  
Grade      0.168 0.682
  I+II 360 154 92.8 206 91.2  
  III 32 12 7.2 20 8.8  
Tumor size (cm)      8.325 0.004a

  <2 126 72 43.4 54 23.9  
  ≥2 266 94 56.6 172 76.1  
LNM      0.040 0.841
  Negative 214 92 55.4 122 54.0  
  Positive 178 74 44.6 104 46.0  
ER      0.221 0.638
  Negative 106 42 25.3 64 28.3  
  Positive 286 124 74.7 162 71.7  
PR      0.950 0.330
  Negative 138 52 31.3 86 38.1  
  Positive 254 114 68.7 140 61.9  
HER-2      2.276 0.131
  Negative 280 128 77.1 152 67.3  
  Positive 112 38 22.9 74 32.7  
P53      0.285 0.594
  Negative 324 140 84.3 184 81.4  
  Positive 68 26 15.7 42 18.6  
Ki-67      0.791 0.374
  <20% 198 90 54.2 108 47.8  
  ≥20% 194 76 45.8 118 52.2  
Molecular subtype      3.399 0.334
  Luminal A 226 102 61.4 124 54.9  
  Luminal B 64 24 14.5 40 17.7  
  HER-2 50 14 8.4 36 15.9  
  TNBC 52 26 15.7 26 11.5  

aP<0.05. PCDH10, Protocadherin-10; LNM, lymph node metastasis; ER, estrogen receptor; PR, progesterone receptor; TNBC, triple-negative 
breast cancer; HER-2, human epidermal growth factor receptor 2; P53, tumor protein P53; n, number; Ki-67, antigen Ki-67.
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There are three primary types of cadherin: Classical cadherins, 
desmosomal cadherins and PCDHs. E-cadherin has been 
reported to act as a tumor suppressor and to participate in 
carcinogenesis, particularly in breast and gastric cancer (53). 
PCDHs constitute one of the largest subgroups of the cadherin 
superfamily. Previous studies have indicated that various types 
of cancer are associated with abnormal promoter methylation of 
cadherin family genes (54). It has been reported that the expres-
sion of PCDH is dependent on epigenetic modifications (55). 
In addition, promoter methylation has been indicated to 
trigger inactivation of PCDH-17/20 in various types of cancer. 
Therefore, aberrant promoter methylation may be a competent 
diagnostic and prognostic biomarker for cancer (55-57).

It has been reported that PCDH10 suppresses prolifera-
tion, metastasis and invasion of cancer cells (58-60). Promoter 
methylation and transcriptional silencing of PCDH1 has 

Table IV. Cox proportional hazards assessment of prognostic factors. 

 Univariate analysis Multivariate analysis
 ------------------------------------------------------------------------- -------------------------------------------------------------------------
Variables HR 95% CI P-value HR 95% CI P-value

Age (≥45 vs. <45 years) 0.879 (0.544‑1.416) 0.591   
Grade (III vs. II+I) 0.732 (0.282-1.780) 0.482   
Tumor size (≥2 vs. <2 cm) 3.712 (2.039‑7.569) <0.00a 3.115 (1.597-6.274) <0.00a

LNM (positive vs. negative) 2.531 (1.903-4.181) <0.001a 2.337 (1.939-3.842) <0.001a

ER (positive vs. negative) 0.682 (0.464-0.929) 0.026a   
PR (positive vs. negative) 0.744 (0.539-1.197) 0.127   
Her2 (positive vs. negative) 1.547 (0.983-2.119) 0.115   
p53 (positive vs. negative) 1.411 (0.886-2.124) 0.298   
Ki-67 (positive vs. negative) 1.269 (0.846-1.692) 0.534   
PCDH10 (methylated vs. unmethylated) 1.780 (1.322-3.117) 0.006a 1.798 (1.231-3.071) 0.011a

aP<0.05. CI, confidence interval; HR, hazard ratio; PCDH10, Protocadherin‑10; LNM, lymph node metastasis; ER, estrogen receptor; PR, 
progesterone receptor; TNBC, triple-negative breast cancer; HER-2, human epidermal growth factor receptor 2; P53, tumor protein P53; Ki-67, 
antigen Ki-67.

Figure 5. Receiver operating characteristic analysis of PCDH10 expression in 
breast cancer tissues. PCDH10, Protocadherin-10; ROC, receiver operating 
characteristic. 

Figure 4. Kaplan-Meier survival curves of the overall survival rate of patients 
with methylated and unmethylated PCDH10. PCDH10, Protocadherin-10; 
OS, overall survival.

Figure 3. PCDH10 mRNA expression in breast cancer tissues and matched 
normal breast tissues. *P<0.05. PCDH10, Protocadherin-10; mRNA, microRNA.
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been reported in various types of cancer, including myeloma, 
nasopharyngeal, esophageal, colorectal, cervical, lung and 
hepatocellular carcinoma cell lines (26,61-64). As the present 
study demonstrated, silencing of PCDH10 methylation also 
occurs in breast cancer cells.

MethyLight was used in the present study to identify 
hypermethylation-silenced genes in tumor tissues. These genes 
may be candidate tumor suppressor genes (TSGs). PCDH10 
is frequently silenced by methylation in a tumor-specific 
manner (26). The results of the present study suggest that 
PCDH10 serves a critical role in cancer suppression, and 
that PCDH10 silencing is associated with tumor growth and 
progression. In addition, PCDH10 participates in nervous 
system development (26), and functions as a TSG in various 
types of cancer. Numerous studies have reported that the 
frequency of methylation significantly increases with cancer 
progression, and that methylation may be a potential prognostic 
predictor in breast cancer (47,65). 

Breast cancer tissues and paired healthy tissues were 
examined and PCDH10 methylation was identified in ~72% 
of breast cancer tissues. It was also determined that the rate 
of low PCDH10 expression rate was ~70%. DNA methyla-
tion can silence TSGs and, therefore, we hypothesized that 
decreased PCDH10 expression may be attributed to its 
methylation. Using a large sample size, it was concluded that 
PCDH10 methylation occurs in the majority of breast cancer 
cases. The present study demonstrated that PCDH10 meth-
ylation is associated with tumor size (P=0.004). In the tumor 
size ≥2 cm group, methylated PCDH10 tissues were more 
prevalent than unmethylated PCDH10 tissues. This indicates 
that DNA methylation may serve an important role in breast 
cancer. The present study, to the best of our knowledge, is 
the first to investigate the prognostic value of PCDH10 gene 
promoter methylation in patients with breast cancer. Patients 
with PCDH10 methylation exhibited notably reduced OS rates 
compared with patients exhibiting unmethylated PCDH10 
(P=0.005, log-rank test). Therefore, PCDH10 methylation is 
indicated to be independently associated with poor prognosis 
in patients with invasive breast cancer. The present study is the 
first, to the best of our knowledge, to illustrate the association 
between DNA methylation, clinicopathological characteris-
tics and survival in Chinese patients with breast cancer.

Furthermore, cell-free DNA detected in serum and 
extracted from cancer cells has been used as a non-invasive 
biomarker to facilitate diagnosis and prognostic guidance 
for various types of cancer, including gastric cancer (66,67). 
Another study also detected PCDH10 methylation in serum, 
providing further evidence of clinical relevance in other types 
of cancer, including prostate cancer (68). Methylation detec-
tion has the potential to improve the existing understanding 
of the development of cancer, including tumor differentiation, 
stage and distant metastasis. 

In conclusion, the results of the present study suggest that 
frequency of PCDH10 promoter methylation is increased 
in human breast cancer tissues, compared with adjacent 
non-tumor tissues. PCDH10 was concluded to be an impor-
tant TSG, which restricted the progression of breast cancer. 
In addition, the methylation status of PCDH10 may be a 
useful diagnostic and prognostic biomarker for breast cancer. 
However, it has been reported that environmental and lifestyle 

factors can alter the status of DNA methylation (69,70). The 
present study did not exclude the effects of smoking and 
alcohol intake on methylation, and therefore, further investiga-
tion is required to consider this factor. 
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