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Abstract. The correlation between the expression of DNA 
methyltransferase‑1 (DNMT1) and estrogen receptor α (ERα), 
as well as the methylation status of ERα, was analyzed to 
investigate the clinical significance of DNMT1 and ERα in 
breast cancer. Substance P immunohistochemistry and reverse 
transcription‑polymerase chain reaction (RT-PCR) were 
utilized to detect the protein and mRNA expression levels of 
DNMT1 and ERα in 112 breast cancer and 20 normal breast 
specimens. Methylation specific PCR was utilized to detect the 
methylation status of ERα in ERα‑positive and ‑negative breast 
cancer specimens and 20 normal breast specimens. The results 
of the present study revealed that DNMT1 protein and mRNA 
levels were low in normal breast specimens (10.00 and 46.05%, 
respectively) and ERα‑positive breast cancer specimens (15.00 
and 48.68%, respectively), compared with increased levels in 
ERα‑negative breast cancer specimens (81.11 and 88.89%, 
respectively; P<0.05). The methylation rate of ERα was highest 
in ERα‑negative breast cancer specimens (86.11%) compared 
with normal breast specimens and ERα‑positive breast cancer 
specimens (10.00 and 36.84%, respectively; P<0.05). Positive 
expression of ERα protein was observed to be associated with 
progesterone receptor expression (P<0.05), however, no such 
association was observed for age, menopause state, tumor size, 
number of positive nodes, Tumor‑Node‑Metastasis stage or 
tumor type (P>0.05). The protein and mRNA expression levels 
of DNMT1 were negatively correlated with ERα expression 

(P<0.05). DNMT1 expression was positively correlated with 
methylation of ERα (P<0.05), and was positively correlated 
with the methylation of CpG islands of ERα, indicating that 
the detection of DNMT1 expression may be significant for the 
diagnosis and typing of breast cancer.

Introduction

Breast cancer is a significant threat to the health of the majority 
of women, and is the most frequently observed malignancy in 
women. In the previous 10 years, breast cancer incidence has 
increased by 47%, reaching 25/10,000,000 (2). Breast cancer 
has become one of the leading causes of cancer‑associated 
mortality, particularly in developed countries (3). Clinically, 
the positive or negative expression of estrogen receptor α 
(ERα) is a significant prognostic indicator in breast cancer (4). 
ERα‑positive breast cancer is associated with increased rates 
of disease‑free survival and an overall improved prognosis (5). 
However, a previous study identified that 1/3 breast cancer 
cases exhibited negative ERα expression, which was associated 
with poor histological differentiation, more negative clinical 
outcomes and a lack of response to endocrine therapy (6).

A number of mutations in the ERα gene have been identified 
and demonstrated to be involved in negative ERα expression 
and estradiol binding (7). However, mutation of the ERα gene 
has rarely been observed in breast cancer, suggesting that there 
may be alternative mechanisms other than genetic changes 
underlying negative ERα expression (8,9). Increasing evidence 
has revealed that epigenetic changes occur frequently and 
may be associated with the development and progression of 
breast cancer (10). Epigenetic alterations in cancer may result 
in promoter methylation of certain tumor suppressor genes, 
leading to gene silencing (11). DNA methylation is catalyzed 
by DNA methyltransferases (DNMTs), which have a signifi-
cant role in the maintenance of genomic stability (12,13). The 
aberrant expression of DNMTs and disruption of DNA 
methylation patterns has been observed to be associated with 
breast cancer (14). DNMT1 has been identified as important 
for maintenance of methylation (15). In ERα‑negative breast 
cancer cell lines, the expression levels and activity of DNMT1 

The correlation between DNMT1 and ERα expression and the 
methylation status of ERα, and its clinical significance  

in breast cancer
WEIJIE ZHANG1*,  ZHIWEI CHANG1*,  KE SHI2*,  LIJIE SONG1,  LI CUI3,  ZHIJUN MA1,  XIANGKE LI1,   

WANG MA1  and  LIUXING WANG1

1Department of Oncology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan 450052;  
2Department of Biochemistry and Molecular Biology, Henan Medical College, Zhengzhou, Henan 451191;  

3Department of Pathology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, Henan 450052, P.R. China

Received November 12, 2014;  Accepted October 26, 2015

DOI: 10.3892/ol.2016.4193

Correspondence to: Professor Liuxing Wang, Department of 
Oncology, The First Affiliated Hospital of Zhengzhou University, 
1 Jianshe East Road, Zhengzhou, Henan 450052, P.R. China
E-mail: wangliuxing2246@126.com

*Contributed equally

Key words: breast cancer, DNA methyltransferase  1, estrogen 
receptor α, methylation



ZHANG et al:  THE EXPRESSION OF DNMT1 AND ERα IN BREAST CANCER1996

were observed to be increased 2‑ to 10‑fold, in accordance 
with the methylation level  (16). These results indicated a 
potential association between ERα‑negative expression and 
hypermethylation of the ERα gene (17,18).

Substance P (S‑P) immunohistochemistry and reverse 
transcription‑polymerase chain reaction (RT‑PCR) were 
employed to investigate the protein and messenger (m)
RNA levels of DNMT1 and ERα in 112 breast cancer and 
20  normal breast specimens. The methylation status of 
ERα was detected using methylation specific (MS)‑PCR in 
ERα‑positive or ERα‑negative breast cancer specimens and 
20 normal breast specimens. The correlation between the 
expression of DNMT1 and ERα, and the methylation status of 
ERα in breast cancer, was investigated.

Materials and methods

Human tissue samples. Patient clinicopathological data was 
obtained from the Breast Surgery Department of The First 
Affiliated Hospital of Zhengzhou University (Zhengzhou, 
China) between January and June 2013, including 112 speci-
mens from sporadic breast cancer cases and 20  normal 
breast specimens, with patient ages ranging from 32‑78 years 
(median age, 58.6  years). Written informed consent was 
obtained from all patients and the study was approved by the 
ethics committee of Zhengzhou University. The histological 
grades of the specimens were as follows: grade Ⅰ, 30 cases; 
grade II, 50 cases; and grade Ⅲ, 32 cases. Each specimen 
was isolated and immediately stored on ice. One half of each 
section was embedded in paraffin and underwent S‑P immu-
nohistochemistry, and the remaining half was frozen in liquid 
nitrogen for RNA or DNA isolation. Pathological diagnoses 
of all specimens were clear, and patients had received no 
treatment prior to their surgery.

S‑P immunohistochemistry. Tissue samples from breast 
cancer and normal breast specimens were studied using S‑P 
immunohistochemistry. Slides were deparaffinized using 
xylol, rehydrated in a graded alcohol series and subsequently 
stained with hematoxylin and eosin (Beijing Solarbio Science 
& Technology Co., Ltd., Beijing, China). For immunostaining, 
endogenous biotin activity was blocked using the SP‑9000 
kit (ZSGB‑BIO, Beijing, China). An immunostaining assay 
was performed using two primary antibodies: anti‑DNMT1 
mouse monoclonal antibody (cat. no. ab134148; 1:500; Abcam, 
Cambridge, MA, USA) and anti‑ER mouse monoclonal 
antibody (cat. no. ab32063; 1:500; Abcam). Samples were 
incubated with primary antibody at 37˚C for 1 h. Polyclonal 
goat anti‑rabbit immunoglobulin G (cat. no. A0277; 1:1,000; 
Beyotime Biotech, Jiangsu, China) was used as a secondary 
antibody, and was incubated with samples for 30 min at room 
temperature. Slides were washed three times between steps 
using Tris‑buffered saline. Immunoreactions were visualized 
by a streptavidin‑biotin complex using the 3,3'‑Diaminoben-
zidine Chromogenic kit (ZSGB‑BIO). The specimens were 
counterstained using hematoxylin.

RNA isolation and analysis of semi‑quantitative RT‑PCR. 
Total cell RNA was extracted from breast cancer and 
normal breast tissue specimens using TRIzol® reagent 

(Gibco; Thermo Fisher Scientific, Waltham, MA, USA). The 
A260/A280 absorption of isolated RNA was analyzed using 
a UV-VIS spectrophotometer (UV-2450; Shimadzu Corpora-
tion, Kyoto, Japan) to evaluate the purity and concentration 
of RNA. A Thermoscript™ RT‑PCR System (Fermentas; 
Thermo Fisher Scientific) was employed to synthesize 
complementary DNA using 1 µg RNA. The ERα gene was 
amplified using the following primers: Forward,  5'‑TGA​TGA​
AAG​GTG​GGA​TAC​GAA​A‑3' and reverse, 5'‑GGC​TGT​TCT​
TCT​TAG​AGC​GTT​TG‑3', to create a 168 bp product. The 
DNMT1 gene was amplified using the following primers: 
Forward, 5'‑CTA​CCA​GGG​AGA​AGG​ACA​GG‑3' and reverse, 
5'‑CTC​ACA​GAC​GCC​ACA​TCG‑3', to create a 152  bp 
product. The β‑actin gene was amplified using the following 
primers: forward, 5'‑AGG​CAT​TGT​GAT​GGA​CTC​CG‑3') and 
reverse, 5'‑AGT​GAT​GAC​CTG​GCC​GTC​AG‑3', to create a 
301 bp product, which was utilized as an internal control. The 
program was monitored and processed using the GeneAmp® 
PCR System 9700 (Applied Biosystems; Thermo Fisher 
Scientific), and the thermal cycling conditions used were as 
follows: an initial heating cycle of 95˚C for 5 min, 35 cycles 
of 94˚C for 30 sec, annealing at 65˚C (β‑actin) for 45 sec or 
54˚C (ERα, DNMT1) for 30 sec, 72˚C for 90 sec and a final 
5 min extension step at 94˚C. The targeted PCR products were 
loaded onto 1.5% agarose gels and confirmed using electro-
phoresis and sequencing. The relative gene expression data 
was analyzed using the 2-∆∆Cq method.

MS‑PCR. Genomic DNA from breast cancer and normal breast 
tissues was isolated using a DNA Extraction kit (Axygen; 
Corning Life Sciences, Corning, NY, USA), followed by 
treatment with sodium bisulfite using the CpGenome™ DNA 
Modification kit (Epigentek Group, Inc., Farmingdale, NY, 
USA) according to the manufacturer's protocol. MS‑PCR was 
conducted using the GeneAmp® PCR System 9700.

The unmethylated DNA of ERα was amplified using the 
following primers: Forward, 5'‑GGG​GTT​GGA​TGT​AGT​
GGT​TTA​T‑3' and reverse, 5'‑TAA​AAC​TAC​AAA​TAC​CCA​​
CCA‑3', to create a 170 bp product. Thermal cycling condi-
tions used were as follows: An initial heating cycle of 94˚C for 
5 min, 35 cycles of 94˚C for 30 sec, 58˚C for 45 sec, 72˚C for 
90 sec and a final 5 min extension step at 72˚C. The MS‑PCR 
products were loaded onto 2% agarose gels and resolved by 
electrophoresis. The band intensities of the reaction products 
were examined using vision work software LS 6.6a (UVP, 
Inc., Upland, CA, USA).

Statistical analysis. All experiments were performed in 
triplicate and data were analyzed using SPSS version 17.0 
(SPSS, Inc., Chicago, IL, USA). The χ2 test and Spearman 
rank correlation coefficient analysis were engaged to assess 
the univariate association between the correlation of expres-
sion of DNMT1 with ERα, as well as the methylation status 
of ERα and its clinical significance. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Differential ERα protein expression is observed in normal 
and cancerous breast tissue. As revealed in Fig.  1, ERα 
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expression is primarily observed in the nucleus, and partially 
in the cytoplasm; however, ERα was only stained in the 
cytoplasm in ERα‑negative breast cancer samples. The rate 

of ERα protein positive expression was 95.00% in 20 cases of 
normal breast tissue, while expression decreased significantly 
to 67.85% in breast cancer tissue (χ2=6.197; P=0.013).

Table I. The expression of DNMT1 and ERα and the methylation status of ERα and its clinical significance in breast cancer.
 
	 ERα	 DNMT1
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Item	 n	 Cases (%)	 χ2	 P‑value	 Cases (%)	 χ2	 P‑value
 
Age, years			   0.320	 0.571		  0.627	 0.428
  <60	 51	 36 (70.59)			   28 (54.90)
  ≥60	 61	 40 (65.57)			   38 (62.30)
Menopause state			   0.021	 0.885		  0.490	 0.484
  Pre	 54	 37 (6852)			   30 (55.56)
  Post	 58	 39 (67.24)			   36 (66.67)
Tumor size, cm			   0.774	 0.679		  0.482	 0.786
  <2.0	 21	 13 (61.90)			   12 (57.14)
  2‑5	 53	 38 (71.70)			   33 (62.26)
  >5	 38	 25 (65.79)			   21 (55.26)
Number of positive nodes			   0.109	 0.947		  1.295	 0.523
  0‑3	 63	 42 (66.67)			   40 (63.49)
  4‑9	 42	 29 (69.05)			   22 (52.38)
  >9	   7	 5 (71.43)			   4 (57.14)
Tumor‑Node‑Metastasis stage			   0.383	 0.944		  0.722	 0.868
  pT1	 10	 7 (70.00)			   6 (60.00)
  pT2	 46	 31 (67.39)			   28 (60.87)
  pT3	 44	 29 (65.91)			   24 (54.55)
  pT4	 12	 9 (75.00)			   8 (66.67)
Tumor type			   0.030	 0.985		  0.102	 0.950
  Infiltrative ductal carcinoma	 79	 54 (68.35)			   47 (59.49)
  Infiltrative lobular carcinoma	 18	 12 (66.67)			   10 (55.56)
  Other	 15	 10 (66.67)			   9 (60.00)
Progesterone receptor			   11.069	 0.001		  0.319	 0.572
  Positive	 74	 58 (78.38)			   45 (60.81)
  Negative	 38	 18 (47.37)			   21 (55.26)
Human epidermal growth factor‑2			   3.210	 0.073		  2.842	 0.092
  Positive	 34	 19 (55.88)			   26 (76.47)
  Negative	 78	 57 (73.08)			   50 (64.10)
 
DNMT1, DNA methyltransferase‑1; ERα, estrogen receptor α.
 

Figure 1. Protein expression of ERα (Substrate P, x400 magnification; hematoxylin and eosin stained). Positive expression of ERα protein in (A) normal 
breast specimen and (B) breast cancer specimen. (C) Negative expression of ERα protein in breast cancer specimen. ER, estrogen receptor. All images are 
representative.
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Differential DNMT1 protein expression is observed in normal 
and cancerous breast tissue. DNMT1 was characterized 
by yellow or brown staining in the nucleus and cytoplasm 
in ERα‑negative breast cancer tissue, with weaker staining 
observed in paracarcinoma tissue (Fig. 2). The rate of DNMT1 
protein positive expression was 10.00% in normal breast tissue 
(n=20), 46.05% in ERα‑positive breast cancer tissue (n=76) 
and 81.11% in ERα‑negative breast cancer tissue (n=36). The 
difference between the three groups was statistically significant 
(χ2=31.960; P<0.0001).

Expression of DNMT1 is associated with ERα expression and the 
methylation status of ERα. According to the clinicopathological 
data of breast cancer patients (Table  I), positive expression 
of ERα protein was associated with progesterone receptor 
expression (PR; P<0.05), but not with age, menopause state, 
tumor size, number of positive nodes, Tumor‑Node‑Metastasis 
(TNM) stage and tumor type (P>0.05). The protein and mRNA 
expression levels of DNMT1 were negatively correlated with the 
expression of ERα (P<0.05), but positively correlated with the 
methylation of ERα (P<0.05).

Figure 3. ERα messenger RNA expression in normal breast specimens and 
breast cancer specimens. 1-3: 1, normal breast specimens; 2, ERα‑positive 
breast cancer specimens and 3, ERα‑negative breast cancer specimens.
(β‑actin, 301 bp; ERα, 168 bp). Normal breast tissue exhibited a higher posi-
tive expression rate of ERα mRNA when compared with ERα‑positive breast 
cancer specimens. *P<0.0001. ER, estrogen receptor.

Figure 4. DNMT1 messenger RNA expression in normal breast specimens 
and breast cancer specimens. 1, normal breast specimens; 2, ERα‑positive 
breast cancer specimens and 3, ERα‑negative breast cancer specimens. 
(β‑actin, 301 bp; DNMT1, 152 bp). The ERα‑negative breast cancer group 
(n=36) exhibited the highest expression rate of DNMT1, when compared 
with the normal breast tissue (n=20) and ERα‑positive breast cancer (n=76) 
groups. *P<0.0001. ER, estrogen receptor; DNMT, DNA methyltransferase.

Figure 5. Methylation status of ERα in normal breast specimens and breast 
cancer specimens. 1, normal breast specimens; 2, ERα‑positive breast 
cancer specimens; 3, ERα‑negative breast cancer specimens; 4, H2O. The 
ERα‑negative breast cancer group (n=36) exhibited the highest methylation 
rate when compared with the normal breast tissue (n=20) and ERα‑positive 
breast cancer (n=76) groups. *P<0.0001. M, methylated band (170bp); U, 
unmethylated band (170bp); ER, estrogen receptor.

Figure 2. Protein expression of DNMT1 (Substrate P, x400 magnification; hematoxylin and eosin stained). Negative expression of DNMT1 protein in 
(A) normal breast specimen and (B) ERα‑positive breast cancer specimen. (C) Positive expression of DNMT1 protein in ERα‑negative breast cancer specimen. 
ER, estrogen receptor; DNMT, DNA methyltransferase. All images are representative.
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The positive expression rate of ERα mRNA was 100.00 
and 70.54% in normal breast and breast cancer specimens, 
respectively (χ2=7.857; P=0.005; Fig. 3). The positive rate 
of DNMT1 expression was 15.00, 48.68 and 88.89% in 
the normal breast tissue group (n=20), ERα‑positive breast 
cancer group (n=76) and ERα‑negative breast cancer group 
(n=36), respectively, and the difference between the three 
groups was statistically significant (χ2=30.794; P<0.0001; 
Fig.  4). The mRNA expression levels of DNMT1 were 
negatively correlated with ERα expression in normal breast 
and breast cancer specimens [Coefficient of rank correlation 
(rs)=-0.470; P<0.0001].

The present study used the MS‑PCR method to detect the 
methylation status of ERα in the normal breast tissue group 
(n=20), ERα‑positive breast cancer group (n=76) and 
ERα‑negative breast cancer group (n=36). The results of the 
present study revealed that the hypermethylation rates were 
10.00, 36.84 and 86.11%, respectively (χ2=36.292; P<0.0001; 
Fig. 5). Correlation analysis of Spearman rank revealed that 
DNMT1 expression and the methylation status of ERα were 
significantly positively correlated in breast cancer (rs =663; 
P<0.0001).

In conclusion, the results of the present study indicated 
that DNMT1 protein and mRNA expression levels were 
negatively correlated with the expression of ERα, but posi-
tively correlated with methylation of ERα.

Discussion

Currently, there is an increasing risk of developing breast 
cancer for woman globally according to the present estimates 
of breast cancer incidence  (19). Cumulative evidence has 
provided an extensive understanding of the underlying factors 
that contribute to the development of breast cancer (20). In 
recent years, epigenetic regulation, rather than loss of hetero-
zygosity or homozygous deletion, has been considered to be 
a significant cause of transcriptional silencing (21). Epigen-
etic changes of gene happened within a defined region with 
high frequency (22). The low expression and inactivation of 
cancer suppressor genes is caused by hypermethylation in 
CpG islands of gene promoters (11). Notably, in the ERα gene 
there is a cluster of sites for methylation‑sensitive restriction 
endonucleases in the CpG island of the promoter and first 
exon (23). Hypermethylation of the ERα gene has been well 
studied in breast cancer cell lines or tissues, and leads to the 
loss of expression of ERα (24). Studies have demonstrated that 
methylation of the ERα gene is not present in normal breast 
tissue samples and ERα‑positive breast cancer cell lines; 
however, extensive methylation is exhibited in ERα‑negative 
breast cancer cell lines (10,12). Epigenetic changes may be 
responsible for inactivation of the ERα gene.

In eukaryotic cells, the DNMT family includes DNMT1, 
DNMT2, DNMT3a and DNMT3b. These enzymes transfer 
methyl cytosine nucleotides to the first five carbon atoms in 
DNA using S‑methionine as a methyl donor (13). The expres-
sion and activity levels of DNMTs are two important factors 
that affect the level of genomic methylation. DNMT1 is an 
essential member of the DNMT family. It has been demon-
strated that DNMT1 is associated with the methylation of a 
number of tumor suppressor genes (18).

In the present study, the positive rates of DNMT1 protein and 
mRNA were low in normal breast specimens and ERα‑positive 
breast cancer specimens, which were 10.00 and 46.05, and 15.00 
and 48.68%, respectively. DNMT1 protein and mRNA levels 
were increased in ERα‑negative breast cancer specimens, and 
were 81.11 and 88.89%, respectively (P<0.05). The positive 
expression of ERα protein was associated with PR expression 
(P<0.05), but not with age, menopause state, tumor size, number 
of positive nodes, TNM stage and tumor type (P>0.05). The 
protein and mRNA expression levels of DNMT1 were nega-
tively correlated with the expression of ERα (P<0.05). However, 
the mRNA expression levels of DNMT1 were positively 
correlated with methylation of ERα (P<0.05). The methylation 
rates of ERα were increased in normal tissue, ERα‑positive and 
ERα‑negative breast cancer specimens, and were 10.00, 36.84 
and 86.11%, respectively (P<0.05).

In conclusion, the protein and mRNA expression levels of 
DNMT1 were negatively correlated with the expression of ERα 
in breast cancer specimens, and the expression of DNMT1 was 
positively correlated with the methylation of CpG islands in the 
ERα gene. The protein expression of DNMT1 was increased 
in ERα‑negative breast cancer compared with normal breast 
tissue and ERα‑positive breast cancer, which may be signifi-
cant for the diagnosis and typing of breast cancer.
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