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Abstract. The E‑cadherin gene (CDH1) is associated with 
poor prognosis and metastasis in patients with breast cancer, 
and methylation of its promoter is correlated with decreased 
gene expression. However, there is currently no direct 
evidence that CDH1 promoter methylation indicates poor 
prognosis in patients with breast cancer. In the present study, 
methylation‑specific polymerase chain reaction (PCR) was 
applied to detect the methylation status of the CDH1 promoter 
in 137 primary breast cancer, 85 matched normal breast tissue 
and 13 lung metastasis specimens. Reverse transcription‑quan-
titative PCR was used to assess the relative expression levels 
of CDH1 mRNA, and correlation analysis between CDH1 
methylation status, and gene expression, clinicopathological 
characteristics and patient survival was performed. Meth-
ylation of CDH1 was identified in 40.9% (56/137) of primary 
breast cancer specimens, 61.5% (8/13) of lung metastasis 
specimens and none of the matched normal breast specimens. 
The downregulation of CDH1 mRNA and E‑cadherin protein 
expression were identified to be significantly correlated with 
CDH1 methylation (P<0.05). In addition, CDH1 methylation 
was significantly associated with lymph node metastasis and 
estrogen receptor status of patients (P<0.05). In univariate 
analyses, patients with CDH1 methylation exhibited poor 
overall survival (OS) and disease‑free survival (DFS; P<0.05). 
Furthermore, multivariate analyses revealed that CDH1 
methylation was an independent prognostic factor predicting 
poor OS (HR, 1.737; 95% CI, 0.957‑3.766; P=0.041) and DFS 
(HR, 2.018; 95% CI, 2.057‑3.845; P=0.033) in patients with 
breast cancer. Therefore, the present study suggests that CDH1 

promoter methylation may be correlated with breast carcino-
genesis and indicates poor prognosis in patients with breast 
cancer.

Introduction

Breast cancer is the most frequently diagnosed type of cancer 
and the leading cause of cancer mortality among women (1). 
Despite the recent trend in decreasing in mortality rates due 
to the improvements in early detection and treatment, 458,400 
mortalities were attributed to breast cancer in 2008 (1).

The development of breast cancer is generally considered to 
be a result of complex genetic and epigenetic alternations (2,3). 
Although cancer initiation and progression are predominantly 
driven by acquired genetic alterations, it is becoming clear 
that microenvironment‑mediated epigenetic perturbations 
have an important role in neoplastic development. A number 
of well‑characterized epigenetic modifications, including 
the DNA methylation of Ras association domain family 
member 1 (RASSF1), estrogen receptor 1 (ER), progesterone 
receptor (PR), retinoic acid receptor β, cyclin D2 and paired 
like homeodomain 2, and the acetylation and methylation 
of histones, are associated with aberrant gene functions and 
altered patterns of gene expression that are critical in breast 
cancer (4). In addition, secretoglobin family 3A member 1, 
O‑6‑methylguanine‑DNA methyltransferase and RASSF1 
promoter methylation had been previously considered as 
suitable biomarkers for the detection of field cancerization in 
breast cancer (5).

E‑cadherin protein is encoded by the E‑cadherin gene 
(CDH1; 16q22.1) and is the prototypical type I cadherin, a 
transmembrane glycoprotein mediating hemophilic cell‑cell 
adhesion between neighboring cells (6). The E‑cadherin‑catenin 
complex, comprised of intracellular domains of E‑cadherin 
and catenin, can activate certain signaling cascades and has an 
active role in epithelial‑mesenchymal transition (EMT) (7,8). 
During tumorigenesis, E‑cadherin has an important role in 
suppressing invasion and metastasis of breast cancer cells. As 
a result, decreased expression of E‑cadherin is associated with 
an increased aggressive behavior in clinical breast cancer (9).

Complete loss of E‑cadherin protein expression was iden-
tified in 84% of lobular breast carcinomas (10). Mutational 
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inactivation of CDH1 accompanied by loss of heterozygosity 
(LOH) of the wild‑type allele was detected in 56% of lobular 
breast carcinomas (11). Furthermore, gene knock‑out experi-
ments in mice demonstrated that CDH1 mutations were causal 
for the lobular breast cancer phenotype (12). Thus, invasive 
lobular breast carcinomas are characterized by the complete 
loss of E‑cadherin expression caused by inactivating muta-
tions and deletions.

It has also been reported that E‑cadherin protein expres-
sion is reduced or absent in breast invasive ductal carcinoma; 
however, CDH1 mutations were rare or absent (13). It is of note 
that CDH1 promoter methylation is another important mecha-
nism for inhibition of E‑cadherin protein expression. This 
mechanism has been confirmed in breast cancer cell lines, 
however, data derived from primary breast cancer tissues 
is limited  (14,15). Therefore, more research is required to 
precisely identify the correlation between CDH1 methylation 
and the prognosis of patients with breast cancer.

In the present study, the methylation status and mRNA 
expression level of CDH1 were detected in breast cancer 
tissues and the matched normal breast tissues. In addition, 
the correlation of CDH1 promoter region methylation was 
analyzed with the characteristics and prognosis of patients 
with breast cancer.

Materials and methods

Patients. A total of 245  specimens (137  primary breast 
cancers, 85  matched normal breast specimens, 13  lung 
metastasis specimens and 10 normal breast tissues corre-
sponding to benign lesions) were obtained from 160 patients 
at the First Affiliated Hospital of Xi'an Jiaotong University 
(Xi'ian, China) between March 2007 and October 2009. The 
specimens were resected and frozen in liquid nitrogen imme-
diately after surgery. This study was approved by the Ethics 
Committee of Xi'an Jiaotong University First Affiliated 
Hospital and each participant signed an informed consent 
document. The patients were accrued consecutively and the 
inclusion criteria were no previous histological diagnosis of 
breast cancer. All patients had undergone segmental resec-
tion or mastectomy and none had received radiotherapy 
or chemotherapy prior to surgery. The evidence of cancer, 
including the lymph node metastasis, tumor size and status of 
ER, PR, human epidermal growth factor receptor‑2 (Her‑2), 
tumor protein 53 (p53), Ki‑67 and E‑cadherin, was based on 
documented medical records. The clinical tumor node metas-
tasis (TNM) stage was determined according to American 
Joint Committee on Cancer staging manual (16). Histological 
grading was made according to the Elston‑Ellis modifica-
tion of Scarff‑Bloom‑Richardson grading system (17). The 
137  patients with primary breast cancer were followed 
up for 72 months to determine overall survival (OS) and 
disease‑free survival (DFS).

Reverse transcription‑quantitative polymerase chain reac‑
tion (PCR). Following mechanical tissue homogenization, 
total RNA was isolated from the fresh clinical specimens 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA), according to the manufacture's 
protocol. Concentration and purity of total RNA were assessed 

using a NanoDrop 1000 Spectrophotometer (Thermo Fisher 
Scientific, Inc., Wilmington, DE, USA). Approximately 1 µg 
of total RNA from each sample was reverse‑transcribed into 
single strand cDNA (final volume, 10 µl) using PrimeScript RT 
Master Mix (Takara Biotechnology Co., Ltd., Dalian, China), 
according to the manufacturer's protocol.

The following primers were used for amplification: 
Forward, 5'‑GAG​TCA​ACG​GAT​TTG​GTC​GT‑3' and reverse, 
5'‑TTG​ATT​TTG​GAG​GGA​TCT​CG‑3' for GAPDH (140‑bp 
fragment); and forward, 5'‑TGC​TCT​TGC​TGT​TTC​TTC​GG‑3' 
and reverse, 5'‑TGC​CCC​ATT​CGT​TCA​AGT​AG‑3' for CDH1 
(423‑bp fragment). The reaction was performed using Takara 
Taq DNA Polymerase Hot Start Version (Takara Biotechnology 
Co., Ltd.) in a total volume of 25 µl, containing 0.125 µl Takara 
Taq HS (5 U/µl), 0.25 µl of each pair of primers (20 µM), 
cDNA template 2 µl, 2 µl dNTP Mixture (2.5 mM each) and 
2.5 µl 10X PCR Buffer. The amplification was conducted 
by performing 35 cycles of denaturation at 94˚C for 30 sec, 
annealing at 56˚C for 30 sec and extension at 72˚C for 1 min in 
a PTC‑200 thermal cycler (Bio‑Rad Laboratories), according 
to the manufacturer's protocol. The post‑amplification specific 
PCR products were separated on a 2.5% Biowest Regular 
Agarose G‑10 (Gene Company Ltd., Chi Wan, Hong Kong) 
and analyzed using electrophoresis.

The primers for target gene (CDH1) and internal control 
gene [β‑actin (ACTB)] were as follows: Forward, 5'‑CAG​
CAC​GTA​CAC​AGC​CCT​AA‑3' and reverse, 5'‑ACC​TGA​GGC​
TTT​GGA​TTC​CT‑3' for CDH1; and forward, 5'‑TTC​TAC​
AAT​GAG​CTG​CGTG​TG‑3' and reverse, 5'‑GGG​GTG​TTG​
AAG​GTC​TCA​AA‑3' for ACTB. qPCR was conducted in a 
total reaction volume of 25 µl, containing 2 µl cDNA, 12.5 µl 
SYBR Premix Ex Taq  II (Tli RNaseH Plus, 2X; Takara 
Biotechnology Co., Ltd.), 8.5 µl dH2O and 1.0 µl of each 
pair of primers (10 µM). The amplification was performed 
as follows: Pre‑denaturation at 95˚C for 30 sec, followed by 
40 cycles of 95˚C for 5 sec and 60˚C for 30 sec, according 
to the manufacturer's protocol. The quantification cycle (Cq) 
was automatically calculated using iQ5 Optical System Soft-
ware version 2.1 (Bio‑Rad Laboratories, Hercules, CA, USA). 
Relative expression levels of the target gene were determined 
using internal control (ACTB). Data were analyzed using the 
quantitative threshold cycle (2‑ΔΔCq) method (18). All ampli-
fication reactions were performed in triplicate. The CDH1 
mRNA expression level was detected by qPCR, and the 
change fold relative expression level was calculated as a ratio 
of the average expression level of normal control tissues, from 
patients with benign lesions.

DNA extraction and treatment with sodium bisulfite. Genomic 
DNA was isolated from tissues using a TIANamp Genomic 
DNA kit (Tiangen, Beijing, China), according to the manu-
facturer's protocol. DNA concentrations and purity were 
measured by a NanoDrop 1000 Spectrophotometer (Thermo 
Fisher Scientific, Inc.).

The conversion of DNA by sodium bisulfite was performed 
according to the following established protocol. Initially, 2 µg 
of genomic DNA were denatured with 3 M NaOH at 42˚C 
for 30 min (final concentration, 0.3 M NaOH), followed by 
incubation with freshly prepared 2.5 M sodium bisulfite (cat 
no. S9000) and 1 M hydroquinone (pH 5.0; cat no. H9003; 
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Sigma‑Aldrich, St.  Louis, MO, USA) to a total volume 
of 520 µl at 55˚C for 16 h. The DNA was purified with the 
Wizard DNA Clean‑Up System (Promega, Madison, WI, 
USA), according to the manufacturer's protocol. Modification 
of the DNA was terminated by the addition of 5.5 µl NaOH 
(3 M) at room temperature for 15 min. The precipitation was 
conducted through the addition of 33 µl ammonium acetate 
(10 M, pH 7.0), 270 µl ethanol and 4.0 µl glycogen (10 µg/µl; 
Invitrogen; Thermo Fisher Scientific, Inc.), at ‑20˚C for 12 h. 
The modified DNA was resuspended in 30 µl elution buffer 
and stored at ‑20˚C.

Methylation‑specific‑PCR (MS‑PCR). The sodium bisul-
fite‑converted DNA was amplified from 50 ng with Takara Taq 
Hot Start Version (Takara Biotechnology Co., Ltd.), using the 
following protocols. The polymerase chain reaction amplifica
tion was performed using Takara Taq Hot Start Version 
(Takara Biotechnology Co., Ltd.), with a total reaction volume 
of 25 µl (composition as above). The cycling conditions were as 
follows: 38 cycles of denaturation at 94˚C for 30 sec, annealing 
at 60˚C (unmethylated) or 62˚C (methylated) for 30 sec and 
extension at 72˚C for 1 min, according to the manufacturer's 
protocol. The post‑MS‑PCR products were separated on 3.0% 
Regular Agarose (Biowest) and analyzed using electropho-
resis. DL500 DNA Marker (Takara Biotechnology Co., Ltd.) 
was the molecular weight marker. The following primers were 
used for amplification: Sense, 5'‑TTA​GGT​TAGA​GGG​TTAT​
CGC​GT‑3' and antisense, 5'‑TAA​CTAA​AAA​TTC​ACC​TAC​
CGA​C‑3' for a 116‑bp fragment corresponding to the CDH1 
methylated sequence; and sense, 5'‑TAA​TTT​TAG​GTT​AGA​
GGG​TTA​TTG​T‑3' and antisense, 5'‑CAC​AAC​CAA​TCA​
ACA​ACA​CA‑3' for a 97‑bp fragment corresponding to the 
CDH1 unmethylated sequence. Regardless of whether the 
unmethylated allele was amplified, positivity was determined 
as a sample with a methylated allele. All other samples were 
classified as negative.

Statistical analysis. Descriptive analyses, such as mean, 
standard deviation, median, frequency, and percentage, were 
performed to explore the clinicopathological characteristics 

and methylation status. Pearson's χ2 test for categorical vari-
ables and Student's t‑test for continuous variables were used 
for comparing clinical factors between tumors demonstrating 
hypermethylation versus no hypermethylation. Bonferroni 
correction was applied to adjust P‑values for the multiple 
comparisons. Kaplan‑Meier survival curves and log‑rank 
statistics were employed to evaluate DFS and OS. Multivariate 
regression analysis was performed using the Cox proportional 
hazards model. All statistical analyses were performed using 
SPSS software (version 18.0; SPSS Inc., Chicago, IL, USA). 
Reported P‑values were two‑sided, and P<0.05 indicated a 
statistically significant difference.

Results

Patient characteristics. The present study analyzed 
160 patients. At the time of diagnosis, patients with breast 
cancer ranged in age from 34 to 71 years old (mean age, 
50.2±11.0 years; median age, 51 years). The age of patients 
with benign lesions ranged from 25 to 58 years (mean age, 
39.8±11.9 years; median age, 38 years). Other histopathological 
features of the primary breast cancer patients are shown in 
Table I.

Methylation analyses. A group of representative examples of 
MS‑PCR analysis from breast cancer and matched normal 
breast tissues are shown in Fig. 1. As shown, two of the five 
breast cancer samples exhibited promoter methylation posi-
tivity, while no methylation band was observed in matched 
normal tissues. The presence of a methylated band was the 
standard for methylation positivity.

The methylation frequency of the CDH1 promoter in breast 
cancer tissues was 42.7% (56/137 primary cancer and 8/13 
lung metastasis), significantly higher than that 0% (0/85) in the 
normal breast tissues (P<0.001; Fig. 2). Furthermore, the meth-
ylation status was significantly associated with lymph node 
metastasis (P=0.022) and ER expression (P=0.018) in patients 
with breast cancer. However, no statistically significant differ-
ences between CDH1 promoter methylation frequency and age 
(≤50 vs. >50 years), TNM stage, histological grade, histological 

Figure 1. Representative example of methylation‑specific polymerase chain reaction for E‑cadherin gene promoter sequence in (A) breast cancer samples and 
(B) matched normal tissues samples. Lanes M and U correspond to specific amplification products for methylated (116 bp) and unmethylated (97 bp) alleles, 
respectively. Marker, DL500 DNA Marker. The presence of a methylated allele amplicon was used as standard for methylation positivity. Two of the five breast 
cancer samples exhibited promoter methylation and no methylation was observed in matched normal tissues.
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type, PR, Her‑2, p53 or Ki‑67 status were identified in patients 
with breast cancer (Table I).

Notably, 60.7% (34/56) of primary carcinoma samples 
with CDH1 methylation showed negative expression of 
E‑cadherin. However, only 29.6% (24/81) of primary 
carcinoma samples without CDH1 methylation showed nega-
tive expression of E‑cadherin. Therefore, positive CDH1 

methylation of appears to be significantly correlated with 
decreased E‑cadherin expression (P<0.001). However, there 
were a number of discrepancies in the data; for example, 
22  samples with positive CDH1 promoter methylation 
showed positive expression of E‑cadherin, while 24 samples 
showed negative expression of E‑cadherin without CDH1 
methylation (Table I).

Table I. Association between CDH1 methylation and clinical variables in patients with breast cancer.

	 Methylation status of CDH1
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Sample size, n	 Positive, n (%)	 Negative, n (%)	 P‑value

Age, years				    0.341
  ≤50	 58	 21 (36.2)	 37 (63.8)	
  >50 	 79	 35 (44.3)	 44 (55.7)	
Histological grade				    0.410a

  I	 26	   8 (30.7)	 18 (69.2)	
  II	 64	 26 (40.6)	 38 (59.4)	
  III	 47	 22 (46.8)	 25 (53.2)	
TNM stagec				    0.258b

  I	 17	   5 (29.4)	 12 (70.6)	
  II	 81	 32 (39.5)	 49 (60.5)	
  III	 39	 19 (48.7)	 20 (51.3)	
  IV	 13	   8 (61.5)	 5 (38.5)	
Lymph node metastasis				    0.022
  Positive	 77	 38 (49.4)	 39 (50.6)	
  Negative	 60	 18 (30.0)	 42 (70.0)	
Histological type				    0.052
  Ductal	 106	 48 (45.3)	 58 (54.7)	
  Lobular	 31	 8 (25.8)	 23 (74.2)	
ER				    0.018
  Positive 	 96	 33 (34.4)	 63 (65.6)	
  Negative	 41	 23 (56.1)	 18 (43.9)	
PR				    0.407
  Positive	 67	 25 (37.3)	 42 (62.7)	
  Negative	 70	 31 (44.3)	 39 (55.7)	
Her‑2				    0.284
  Positive	 36	 12 (33.3)	 24 (66.7)	
  Negative	 101	 44 (43.6)	 57 (56.4)	
p53				    0.634
  Positive 	 53	 23 (43.4)	 30 (56.6)	
  Negative	 84	 33 (39.3)	 51 (60.7)	
Ki‑67				    0.379
  Positive	 82	 36 (43.9)	 46 (56.1)	
  Negative	 55	 20 (36.4)	 35 (63.6)	
E‑cadherin				    <0.001
  Positive	 79	 22 (27.8)	 57 (72.2)	
  Negative	 58	 34 (58.6)	 24 (41.4)	

CDH1, E‑cadherin gene; TNM, tumor node metastasis; ER, estrogen receptor; PR, progesterone receptor; Her‑2, human epidermal growth 
factor receptor‑2; p53, tumor protein 53. Bonferroni correction was applied for statistical adjustment of each P‑value due to a larger number 
of groups (statistically significant aP<0.017, bP<0.008). cData derived from 137 primary breast cancer patients and 13 metastatic patients. The 
TNM stage was the only information included in the present study for the metastatic patients, as other data for these patients were collected in 
various institutions and may not be accurate.
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After a median follow‑up of 72 months, OS and DFS data of 
the patients with primary breast cancer (n=137) were compared 
between methylated and unmethylated CDH1 promoter 
sequences by univariate Kaplan‑Meier analysis using log‑rank 
statistics. CDH1 methylation in primary breast cancer was 

significantly associated with poor OS (5‑year survival: 64.3% 
in the methylated group vs. 80.0% in the unmethylated group, 
P=0.032) and DFS (5‑year survival: 53.6% in the methylated 
group vs. 72.8% in the unmethylated group, P=0.017), as indi-
cated by the Kaplan‑Meier survival curves (Fig. 3). To verify 
whether CDH1 methylation was an independent prognostic 
factor, multivariate Cox regression analysis was conducted 
with various factors, including tumor size, lymph node metas-
tasis, histological grade, and ER, PR and Her‑2 status. CDH1 
methylation in breast carcinoma represented an independent 
and strong risk factor for OS (HR, 1.737; 95% CI, 0.957‑3.766; 
P=0.041) and DFS (HR, 2.018; 95% CI, 2.057‑3.845; P=0.033) 
(Table II).

Gene expression analyses. qPCR was used to quantitatively 
detect the relative expression level of CDH1 mRNA. The 
mean expression level of normal breast specimens derived 
from benign lesion patients was used as a baseline to calculate 
relative expression level change fold. By conducting RT‑PCR 
in advance, a series of electrophoretograms were obtained to 

Figure 3. (A)  OS (P=0.032) and (B)  DFS (P=0.017) were analyzed by 
Kaplan‑Meier survival analysis, according to the methylation status of the 
primary tumor. OS, overall survival; DFS, disease‑free survival.

  A

  B

Figure 4. Reverse transcription‑polymerase chain reaction analysis of 
E‑cadherin gene mRNA levels in breast cancer samples and matched normal 
tissues. The normal tissues exhibited higher expression levels of CDH1 mRNA 
than the matched primary cancer tissues. E, CDH1 mRNA (423 bp); G, internal 
control GAPDH (140 bp); C, cancer sample; N, matched normal sample. 

Figure 5. Relative expression level of E‑cadherin gene (CDH1) mRNA 
was detected by reverse transcription‑quantitative polymerase chain reac-
tion analysis in primary breast cancer, lung metastatic cancer and matched 
normal breast tissue samples. The average expression level of CDH1 in 
normal breast tissue derived from patients with benign lesions was used as 
the control and the relative expression level was calculated as the ratio of 
the control. The bars and error bars represent the mean±standard deviation. 
The matched normal tissues exhibited higher expression (0.99±0.12) than the 
metastatic (0.56±0.36) and primary (0.67±0.34; P<0.001) cancer samples; 
however, no significant difference was observed between the primary and 
metastatic cancer (P>0.05). P<0.001, primary cancer vs. normal breast and 
metastasis cancer vs. normal breast.

Figure 2. Frequency of E‑cadherin gene methylation in primary breast 
cancer (40.9%), metastatic lung cancer (61.5%) and matched normal tissues 
(0%). The frequency of matched normal samples was decreased compared 
with the other groups (P<0.001; primary cancer  vs.  normal breast and 
metastasis cancer vs. normal breast), while no significant difference was 
identified between the primary and metastatic cancer groups (P=0.150; pri-
mary cancer vs. metastasis cancer). 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intuitively present differences in expression between cancer 
and normal groups (Fig. 4).

Relative expression levels of CDH1 mRNA in primary 
breast cancer tissues (0.67±0.34) were significantly lower 
than the matched normal tissues (0.99±0.12; P<0.001; Fig. 5). 
However, the mRNA levels varied considerably among breast 
cancer samples, with certain samples even exhibiting a higher 
expression level than the matched normal samples (Fig. 6). 
Relative expression of CDH1 mRNA was significantly lower 
in metastasis specimens (0.56±0.36) compared with primary 
cancer (P=0.831) and normal breast (P<0.001) tissues (Fig. 5).

Significant correlation was observed between CDH1 
methylation and decreased expression of CDH1 mRNA: The 

mRNA levels of CDH1 were significantly lower in the CDH1 
methylated group (0.55±0.31) compared with the unmethyl-
ated group (0.74±0.29; P=0.020). However, the methylation of 
CDH1 did not necessarily result in a corresponding downregu-
lation of CDH1 mRNA expression (Fig. 6).

Discussion

The present study investigated the promoter methylation 
status and expression levels of CDH1 in breast cancer tissues 
and matched normal breast tissues. The methylation status 
of CDH1 was detected by MS‑PCR at a sensitivity level of 
1/1,000 requiring only small quantities of DNA sample (19).

In breast cancer, the incidence of CDH1 promoter methyla-
tion ranges between 21 and 72% (20‑25). In agreement with 
this, the current study identified CDH1 promoter hypermethyl-
ation in 42.7% of patients with breast cancer (40.9% in primary 
cancer and 61.5% in lung metastasis). The differences in the 
methylation incidence observed in previous studies may result 
from different tissue specimen preservation (for example, 
fresh tissues and formalin‑fixed paraffin embedded tissues). 
Developments in DNA methylation detection methods, such 
as quantitative MS‑PCR, may also contribute to the variable 
detectable rate. Additionally, the clinical samples included in 
the previous studies vary in clinical stage, histological grade, 
histological type, metastatic status and familial breast cancer 
status, possibly leading to variable results.

Several previous studies have demonstrated an associa-
tion between CDH1 methylation or abnormal expression of 
E‑cadherin and breast cancer progression  (23,26,27). A 
previous experiment in breast cancer cell lines also confirmed 
that CDH1 promoter methylation regulates gene expression 
level (14). In the present study, CDH1 methylation was corre-
lated with the expression level of CDH1 mRNA in matched 

Figure 6. Relative expression level of E‑cadherin gene messenger RNA 
in methylated and unmethylated breast cancer subgroup, according to 
reverse transcription‑quantitative polymerase chain reaction. The data is 
presented as an interquartile range. The unmethylated subgroup exhibited 
higher expression level than the methylated subgroup (P=0.020). P=0.020, 
Methylated vs. Unmethylated subgroups.

Table II. Multivariate Cox regression analysis of CDH1 promoter methylation with regard to OS and DFS of patients.

	 DFS	 OS
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Tumor size			   0.336			   0.074
  T1‑2 vs. T3‑4	 1.842	 0.531‑6.393		  1.730	 0.950‑3.050
Lymph node metastasis			   0.015			   0.045
  N0 vs. N1‑3	 0.294	 0.110‑0.789		  1.937	 0.997‑3.776
Histological grade			   0.579			   0.305
  I/II vs. III	 1.266	 0.550‑2.917		  0.635	 0.267‑1.512
ER status			   0.274			   0.224
  Negative vs. positive	 0.602	 0.243‑1.494		  0.623	 0.267‑1.364
PR status			   0.026			   0.380
  Negative vs. positive	 3.938	 1.177‑13.176		  1.450	 0.633‑3.321
Her‑2 status			   0.437			   0.763
  Negative vs. positive	 1.580	 1.499‑5.005		  1.134	 0.501‑2.565
CDH1 methylation			   0.033			   0.041
  Negative vs. positive	 2.018	 1.057‑3.854		  1.737	 0.957‑3.766

CDH1, E‑cadherin gene; DFS, disease‑free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; 
PR, progesterone receptor; Her‑2, human epidermal growth factor receptor‑2.
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breast cancer and normal tissues. Consistent with previous 
studies, the incidence of CHD1 promoter methylation in the 
primary cancer samples (40.9%) was significantly different 
from that in the matched normal tissues (P<0.001), and the 
CDH1 mRNA levels were significantly lower than in the 
matched normal specimens (P<0.001). Furthermore, the 
current study analyzed the association between CDH1 meth-
ylation status and the expression levels in the breast cancer 
group. The analysis demonstrated that CDH1 methylation 
was significantly correlated with the downregulation of 
CDH1 mRNA (P=0.020) and E‑cadherin expression levels 
(P<0.001). The aforementioned results suggest that abnormal 
promoter methylation is one of the mechanisms of down-
regulating CDH1 expression and may correlate with breast 
carcinogenesis.

However, CDH1 promoter methylation was not uniformly 
associated with the downregulation of CDH1 expression 
levels in the current study. In the unmethylated subgroup of 
the breast cancer samples, 24 samples exhibited absent expres-
sion of E‑cadherin and downregulation of CDH1 mRNA. 
Various studies have demonstrated that CDH1 expression can 
be repressed by mechanisms other than promoter methyla-
tion, such as changes in chromatin structure, LOH at 16q22.1, 
inactivating gene mutations, specific transcriptional factors, 
and translational and post‑translational regulation (28,29). 
By contrast, 5 samples of the methylated subgroup presented 
CDH1 mRNA expression levels that were comparable with 
the normal breast group, as well as positive E‑cadherin 
expression. The presence of an unmethylated band in these 
specimens indicated that the high CDH1 mRNA expression 
level resulted from a large proportion of unmethylated cells 
in the specimen, and the presence of a methylated band was 
caused by a small number of methylated cells due to intratu-
moral heterogeneity.

In all samples exhibiting CDH1 methylation, unmethylated 
alleles invariably coexisted with methylated alleles. These 
unmethylated alleles may reflect the contribution of normal 
breast cells mixed in the samples. In addition, the unmethyl-
ated alleles may be derived from cancer cells only possessing 
unmethylated bases in the promoter region, as stated above. 
Considering that DNA methylation is a dynamic and reversible 
regulation mechanism, it is not unforeseen that not all cyto-
sines in the gene promoter region were methylated or not all 
bases in one chain of DNA molecule were methylated (hemi-
methylation) by DNA methyltransmethylase 3 (DNMT3) (30). 
Hemimethylation also occurs during DNA replication if the 
maintenance mechanism of methylation based on DNMT1 is 
disrupted (9,31,32). Above all, the dynamic features of epigen-
etic regulation and complicacy of gene expression regulation 
are responsible for the inconformity of CDH1 promoter hyper-
methylation and the decreased expression of CDH1 observed 
in the current study.

Consistent with previous studies, the present study 
revealed CDH1 methylation to be significantly associated with 
ER‑negative samples (23,33). Promoter hypermethylation is 
common in numerous cancer‑related genes, such as RASSF1, 
ESR1, PGR, APC, GSTP1, BRCA, CDH13 and RARB, which 
also exhibit promoter hypermethylation and decreased gene 
expression in breast cancer (3,34,35). The correlation between 
ER expression and CDH1 methylation may result from the 

coexistence of ER and CDH1 promoter methylation, as stated 
in a previous study (25).

Furthermore, lymph node metastasis was identified to be 
significantly correlated with CDH1 methylation (P<0.05) in 
the current study. As patients with metastasis lesions rarely 
undergo surgery, only a small number of metastasis specimens 
were included in the present study. The incidence of meth-
ylation in metastasis was higher than that in primary cancer 
samples (P>0.05) and normal samples (P<0.001). The current 
findings indicate that CDH1 hypermethylation predominates 
in breast cancer cases with a more aggressive phenotype. 
The traditional view is that distant metastatic lesions are 
accompanied by a higher frequency of gene methylation, 
however, the majority studies do not deny the existence of 
unmethylated cases (36). Studies have shown that promoter 
hypermethylation of CDH1 independent of any gene muta-
tion is associated with EMT and downstream events, such as 
aggressiveness, invasion and metastasis (37,38). Cancer cells 
may undergo EMT then migrate to a secondary site in the 
body where they occasionally undergo mesenchymal‑epithe-
lial transition (MET), reverting back to a more epithelial 
phenotype (39). Therefore, it should not be surprising that 
CDH1 hypermethylation and downregulation of CDH1 
mRNA were not found in 5 distant metastasis lesions in the 
current study.

Notably, an association between CDH1 methylation 
status and clinical outcome was observed in the present 
study. CDH1 methylation in primary cancer indicated poor 
prognosis, and may be an independent prognostic factor for 
the OS and DFS of patients with breast cancer. However, the 
results may be considered weak as different postoperative 
treatments and a limited number of patients were included. 
Therefore, further investigations are required to determine 
the impact of CDH1 methylation on the prognosis of patients 
with breast cancer.

Loss of E‑cadherin protein expression is most frequent in 
infiltrating lobular tumor types and is commonly a bi‑allelic 
event resulting from any combination of gene promoter 
hypermethylation, mutation or allelic loss  (40,41). While 
ductal cancer frequently presents with varying levels of 
expression, the mechanism involved in ductal breast cancer 
may be different from the lobular tumor types (13). However, 
the frequency of CDH1 methylation demonstrated no signifi-
cant difference between lobular tumors and ductal tumors 
in the present study, although the methylation percentage in 
ductal cancer was larger than the lobular (P=0.052). This 
may be a reflection of sample selection, as the majority of 
cases analyzed in the present study were infiltrating ductal 
tumors.

No significant association was identified between CDH1 
methylation, and age, clinical stage, histological grade or 
Her‑2, PR, P53 or Ki67 status, although the majority of these 
parameters have been reported to be correlated with gene 
methylation status  (21,22,25). The observation difference 
may result from disparate sample types. For example, patients 
with invasive breast cancer (stage  II, grade  II) accounted 
for majority of the total cases. Also, different standards 
for grouping cases based on these parameters may lead to 
different outcomes (21,33). Additionally, more samples and 
a more effective methylation detection method may aid in 
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uncovering the association between CDH1 methylation and 
breast cancer.

In conclusion, the present study demonstrated that CDH1 
promoter methylation may be correlated with breast carcino-
genesis and indicate poor prognosis in patients with breast 
cancer.
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