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Abstract. Chromodomain helicase DNA binding protein 5 
(CHD5) has been identified as a tumor suppressor in mouse 
models. Downregulation of CHD5 gene expression is 
frequently observed in breast cancer cells and tissues. This may 
be explained by deletions or other mutations; however, alterna-
tive mechanisms require investigation. Therefore, the present 
study evaluated whether CHD5 aberrant methylation has a role 
in primary breast tumors. A total of 389 patients with primary 
breast cancer (including 252 paraffin‑embedded specimens and 
137 fresh‑frozen samples) were enrolled in the present study. 
In the current study, reverse transcription‑polymerase chain 
reaction (RT‑PCR) and nested‑methylation‑specific PCR were 
used to analyze the mRNA expression and promoter methyla-
tion of CHD5 genes in a large cohort of breast cancer patients, 
and to investigate their associations with the clinicopatho-
logical features of tumors. CHD5 expression was significantly 
suppressed in breast cancer tissues compared with normal 
breast tissues when analyzed by RT‑PCR. Furthermore, DNA 
methylation of CHD5 was more prevalent in breast tumors 
than in normal tissues. CHD5 mRNA levels correlated with 
the degree of CHD5 methylation in breast cancer tissues. 
Clinicopathological correlation analysis revealed that CHD5 
promoter methylation was associated with estrogen receptor 
and progesterone receptor status. Thus, downregulation of 

CHD5, mediated by abnormal methylation, may contribute to 
the development and progression of breast cancer.

Introduction

Breast cancer is considered to be one of the most common 
malignances in women (1). Its occurrence and development is 
a multi‑step process, which results from progressive accumu-
lation of genetic and epigenetic alternations (2). Chromosomal 
loss, which leads to the inactivation of tumor suppressor genes, 
is one of the most common genetic alterations detected in 
human breast cancer (3). Previous publications have reported 
that human chromosome 1p36 is a region that is consistently 
deleted in human cancer (4‑6), and chromodomain helicase 
DNA binding protein 5 (CHD5) is located on the short arm 
of this human chromosome (1p) (7). As a tumor suppressor, 
CHD5 is involved in proliferation, apoptosis and senescence 
via the p19ARF/p53 signaling pathway (8). CHD5 belongs to 
the chromodomain helicase DNA binding domain family, 
which includes nine members (CHD1‑9) and is a subclass of 
the SWItch/sucrose non‑fermentable proteins (9). Although 
CHD5 is involved in key cellular processes, the disrupted 
regulation of its expression has not been fully elucidated. To 
date, homozygous deletion or mutation cannot totally explain 
the loss of CHD5 expression, and additional mechanisms 
require investigation.

Impairment in chromatin remodeling activity, mediated by 
aberrant promoter methylation of candidate genes, including 
the CHD family, may be important in cancer pathology (10). 
During carcinogenesis, DNA methylation increases at 
promoters in selected CpG islands, but is lost at the majority 
of other genomic regions, resulting in silencing of tumor 
suppressor genes (11‑13). These changes in DNA methylation 
are not due to any alteration in the DNA sequence (14). CHD5, 
as an ATP‑dependent chromatin‑remodeling enzyme, has 
been observed to exhibit aberrant methylation of CpG islands 
in human cancer cell lines and primary tumors, particularly 
gliomas and colon and breast carcinomas (10,15). The present 
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study focused on DNA methylation analysis of CHD5 protein, 
in order to elucidate an epigenetic mechanism of aberrant 
gene silencing. CHD5 expression was investigated using 
semi‑quantitative reverse transcription‑polymerase chain 
reaction (RT‑PCR) in 137 fresh breast cancer specimens, as 
well as in corresponding normal tissues. In addition, CHD5 
methylation was detected by nested‑methylation specific PCR 
(MSP) in 389 sporadic breast cancer tissues. The association 
between CHD5 expression, CHD5 methylation status and 
several clinicopathological features of breast cancer tissues was 
also analyzed. The present study performed DNA methylation 
analysis of CHD5 protein, in order to elucidate an epigenetic 
mechanism of aberrant gene silencing in breast carcinoma.

Materials and methods

Tissue samples. All tissue samples were collected from 
surgical specimens of patients who underwent a mastectomy 
at the Affiliated Hospital of Qingdao University, (Qingdao, 
China) between January 2011 and January 2012. All patients 
provided informed consent and all procedures were approved 
by the hospital's ethics board. The patients were unrelated 
Chinese women, aged 26‑86 years (mean, 52.3±10.6 years), 
with sporadic breast cancer. The present study analyzed a total 
of 389  tumor samples (252 paraffin‑embedded tissues and 
137 fresh‑frozen tissues), which constituted >50% of a tumor 
area. In addition, the present study analyzed fresh‑frozen 
normal tissues from the same patients, located at least 5 cm 
away from the tumor sites. These tissues were collected 
following reconfirmation by a senior pathologist from the 
Affiliated Hospital of Qingdao University. The histological 
grade of each tumor was determined according to the modified 
Bloom‑Richardson criteria (16), and Tumor‑Node‑Metastasis 
stages were determined using the official classification 
method (17).

Cell culture. Human breast cancer cell lines MDA‑MB‑231 
(CHD5‑negative) and MCF‑7 (CHD5‑positive) were obtained 
from Peking Union Medical College (Beijing, China). The cell 
lines were maintained in RPMI‑1640 (Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) and supplemented with 
10% fetal bovine serum (GE Healthcare Life Sciences, Logan, 
UT, USA) at 37˚C in a humidified atmosphere with 5% CO2.

RNA isolation and RT‑PCR analysis. Total RNA was isolated 
using an RNAfast kit (Fastagen, Shanghai, China). RT‑PCr 
was performed using the Access RT‑PCR System (Promega 
Corporation, Madison, WI, USA). The PCR cycling conditions 
were as follows: 35 cycles of 95˚C for 30 sec, 60˚C for 40 sec 
and 72˚C for 40 sec, followed by a final extension at 72˚C for 
5 min The primer sequences were as follows: CHD5 forward, 
5'‑TCA​AGA​CAA​ACG​TGT​TCA​AGT​C‑3' and reverse, 5'‑ATT​
CAA​GTG​TTC​TTC​CAC​ACA​GC‑3'; and GAPDH forward, 
5'‑CAA​GGT​CAT​CCA​TGA​CAA​CTT​TG‑3' and reverse, 
5'‑GTC​CAC​CAC​CCT​GTT​GCT​GTA​G‑3'. The PCR products 
were resolved by gel electrophoresis on 2% agarose gels, 
visualized under UV light and quantified using the JS‑380 
Gel Imaging Analysis System (Shanghai Peiqing Science and 
Technology, Co., Ltd., Shanghai, China). The CHD5 expres-
sion levels were normalized to GAPDH.

Bisulfite genomic sequencing analysis and nested‑MSP. 
Genomic tumor DNA was isolated from the MDA‑MB‑231 
and MCF‑7 breast cancer cell lines or tissue samples using 
phenol‑chloroform. Unmethylated cytosines in the DNA were 
to uracils using bisulfite in the EZ DNA Methylation‑Gold™ 
kit (Zymo Research, Irvine, CA, USA). Previous studies have 
revealed that the region surrounding the transcription start sites 
(+1) of genes may regulate their expression (18). The present 
study selected the region from ‑651 to ‑232 as the target frag-
ment. The primers were designed by Methyl Primer Express 
version 1.0 software (Thermo Fisher Scientific, Inc.) using 
GenBank NM_015,557 (CHD5) as the reference sequence 
(outside primer: Sense, 5'‑AGA​AAT​TTT​GAG​GTA​GAG​ATG​
GG‑3', antisense, 5'‑ACT​TCA​ACA​CCA​ACT​AAA​AAC​CA‑3', 
418  bp; methylated primer: Sense, 5'‑GGT​TTC​GGC​GTT​
TGT​GAA​TC‑3', antisense, 5'‑AAC​TTA​ACG​AAC​CCG​AAC​
GC‑3', 180 bp; unmethylated primer: Sense, 5'‑TGG​GTT​TTG​
GTG​TTT​GTG​AAT​T‑3'; antisense, 5'‑CAA​AAC​TTA​ACA​
AAC​CCA​AAC​AC‑3', 187 bp). First‑round amplifications were 
performed in 25 µl reactions using PerfectShot Ex Taq (Takara 
Bio, Inc., Otsu, Japan), including 10 pmol outside primer and 
30 ng modified DNA, and the following cycle parameters: 95˚C 
for 5 min, 35 cycles at 95˚C for 30 sec, 52˚C for 40 sec and 72˚C 
for 40 sec, followed by a final extension at 72˚C for 5 min. PCR 
products (1 µl) were subjected to second‑round amplifications 
using methylated and unmethylated primers, with the above 
cycle parameters. The PCR products were resolved by electro-
phoresis on 2.5% agarose gels, visualized under UV light and 
quantified using the JS‑380 Gel Imaging Analysis System.

Statistical analysis. RT‑PCR results are presented as the 
mean  ±  standard deviation, and a Student's t‑test was 
performed. Promoter methylation data were analyzed using 
the χ2 test in SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA), 
and potential correlations with clinicopathological data were 
studied using unconditional logistic regression to estimate 
odds ratios (OR) and 95% confidence intervals (CI). The model 
was adjusted for age during diagnosis. P<0.05 was considered 
to indicate a statistically significant difference.

Results

CHD5 mRNA levels in breast tumors and normal tissues. CHD5 
mRNA was not detected or decreased in 92/137 fresh‑frozen 
tumor samples and in 31/137 normal tissues (Fig. 1A). There-
fore, downregulation of CHD5 expression was significantly 
increased in tumor tissue compared with corresponding normal 
tissue (χ2=54.894; P<0.001). In addition, CHD5 mRNA levels 
were significantly reduced in cancer specimens (0.38±0.02) 
compared with normal tissue (0.65±0.06; P<0.001; Fig. 1B).

Correlation between CHD5 promoter methylation and 
CHD5 expression. A correlation analysis revealed that loss 
of CHD5 expression was correlated with CHD5 methylation. 
Fig. 1C shows that the difference in CHD5 expression levels 
between tissues in which CHD5 was methylated and tissues 
in which CHD5 was unmethylated was statistically significant 
for cancerous and normal tissue samples. However, a small 
number of normal tissue samples exhibited CHD5 expression 
and promoter methylation (Table I).
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Silencing of CHD5 is associated with promoter 
hypermethylation. Sodium bisulfite sequencing was performed 
on a 418 bp fragment with 39 CpG dinucleotides located within 
the ‑651 to ‑232 island (Fig. 2A). The CHD5‑negative cell 
line, MDA‑MB‑231, demonstrated hypermethylation of the 
CpG dinucleotides (Fig. 2B). By contrast, the CHD5‑positive 
cell line MCF‑7, exhibited lower levels of CpG dinucleotide 
methylation.

Nested‑MSP analysis in primary breast tissues. The present 
study used nested‑MSP analysis to study the methylation 
status of CpG islands. CHD5 promoter methylation was 

detected in 105/389 (27.1%) primary breast tumor samples 
(data not shown), 61/252 paraffin‑embedded tissue samples 
(data not shown), 44/137  fresh‑frozen tumor samples and 
20/137 normal tissue samples (Table  I). Therefore, CHD5 
promoter methylation was observed more frequently in breast 
cancer tissue samples compared with corresponding normal 
tissue samples (χ2 =8.590; P=0.003), as confirmed by nested 
methylation‑specific PCR (Fig. 3).

Correla t ion bet ween promoter methyla t ion and 
clinicopathological characteristics. The associations between 
individual gene methylation status and clinicopathological 

Figure 1. (A) CHD5 expression analysis was performed using reverse transcription‑semi‑quantitative PCR in breast tumor tissues and corresponding normal 
tissues. NC represents the PCR reaction without DNA. The GAPDH gene was used as an internal control. (B and C) The PCR products were scanned and 
analyzed using the Peiqing JS‑380 Gel Imaging Analysis System following agarose gel electrophoresis. The IA score for each band was derived from the 
formula IA = average absorbance x area (mm2), and the CHD5 relative expression of each sample was represented in the following way: CHD5 IA/GAPDH 
IA. *P<0.05. CHD5, chromodomain helicase DNA binding protein 5; MW, molecular weight; T, breast tumor tissue; N, corresponding normal tissue; PCR, 
polymerase chain reaction; GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase; IA, integral absorbance; NC, negative control.

  A

  B   C

Table I. Association between CHD5 methylation and expression.

	 CHD5 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
CHD5 methylation status	 +	 ‑	 χ2	 P‑value

Tumor sample			   4.513	 0.034
  +	 9	 35	
  ‑	 36	 57		
Normal sample			   6.673	 0.010
  +	 3	 17	
  ‑	 103	 14		

CHD5, chromodomain helicase DNA binding protein 5.
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features of breast cancer are evaluated in Table II. Table II 
shows that the highest levels of CHD5 methylation were 
observed in breast tumor samples with either (or both) estrogen 
receptor (ER)/progesterone receptor (PR) negative status [OR, 
0.47; 95% CI, 0.24‑0.92; P=0.023; OR, 0.50; 95%CI, 0.29‑0.87; 
P=0.028).

Discussion

Evidence that CHD5 functions as a tumor suppressor in 
human cancer has been observed in studies of neuroblas-
toma, in which CHD5 mRNA expression was downregulated 
potentially via promoter methylation in tumors (19). Further-
more, it also has been reported that aberrant CHD5 promoter 
methylation was detected in gastric, colorectal, ovarian and 
lung cancer (20‑23). However, to the best of our knowledge, 
the role of CHD5 promoter methylation status in breast 
cancer has not been evaluated. In the present study, the 
expression of CHD5 was detected at a transcriptional level. 
The results revealed that CHD5 mRNA was downregulated 
in 92/137 breast tumors and 31/137 normal tissues. There-
fore, downregulation of CHD5 expression was significantly 
more frequent in tumors compared with corresponding 
normal tissues (P<0.001). To the best of our knowledge, aber-
rant CHD5 promoter methylation could additionally explain 
low expression levels or silencing that are not caused by 
chromatin deletion or other mutations. Mulero‑Navarro and 
Esteller (10) reported that CHD5 was silenced by aberrant 
promoter CpG island methylation in human cancer. However, 
this study mainly focused on cancer cell lines and limited 

cases of primary tumors (10). Based on the above research, 
the present study selected 389  cases of breast primary 
tumors (including 252 paraffin embedded specimens and 
137 fresh‑frozen cases), determined the methylation status 
and investigated the correlation between CHD5 methylation 
and expression levels and clinicopathological characteristics.

There is increasing evidence that promoter meth-
ylation of tumor suppressor genes has a significant role in the 
pathogenesis of tumors, including breast tumors (10,24). In the 
present study, MSP revealed aberrant CHD5 promoter meth-
ylation in 105/389 breast tumor samples, 44/137 fresh‑frozen 
tumor samples and 20  normal tissue samples. CHD5 
methylation was more frequent in breast tumors compared 
with normal tissues (P=0.003). Furthermore, the difference in 
CHD5 expression levels between tissues in which CHD5 was 
methylated and tissues in which CHD5 was unmethylated was 
statistically significant for the tumor samples (P=0.034) and 
for the corresponding normal tissues (P=0.010). However, a 
small number of normal samples exhibited CHD5 expression 
and aberrant promoter methylation. A potential explanation 
for this result is that samples may have already undergone 
premalignant mutations affecting CHD5, as this process has 
been previously observed in tumor suppressor genes in certain 
breast tumors (25,26). The results of the present study suggest 
that aberrant DNA methylation may affect CHD5 expression. 
Furthermore, it is possible that the observed aberrant meth-
ylation of the CHD5 promoter in breast tumors is critical for 
tumorigenesis.

To additionally characterize the aberrant CHD5 
promoter methylation in tumor samples, the present study 

Figure 3. Nested methylation‑specific PCR was used to analyze CHD5 methylation in breast cancer tissues and corresponding normal breast tissues. Genomic 
DNA from breast tissues treated with sodium bisulfite was amplified using methylated and unmethylated primers. MC and UC human genomic DNA were 
used as the positive control for methylated and unmethylated reactions, respectively. A blank control (NC) containing all PCR components without template 
DNA was also included in all PCR reactions. PCR, polymerase chain reaction; CHD5, chromodomain helicase DNA binding protein 5; T, breast cancer tissue; 
N, corresponding normal breast tissues; M, methylated; U, unmethylated; MC, universal methylated; UC, universal unmethylated; MW, molecular weight.

Figure 2. Methylation status of the CHD5 gene in the fragment from ‑651 to ‑232. (A) The CpG island of CHD5 surrounding the transcription start site. A 
fragment of 418 bp (‑651 to ‑232), encompassing 39 CpG dinucleotides with the CpG island, was selected for methylation analysis. (B) The bisulfite genomic 
sequencing of 8 individual clones was analyzed in MDA‑MB‑231 and MCF‑7 breast cancer cell lines. The 39 dinucleotides are numbered in agreement with 
the sequence. The open circles represent the unmethylated dinucleotides, while the gray or blank circles represent various percentages of methylation. CHD5, 
chromodomain helicase DNA binding protein 5.

  A

  B
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evaluated potential associations between CHD5 methylation 
status and various clinicopathological parameters. CHD5 
was more frequently methylated in breast tumor samples with 
ER/PR (or both) negative status than in samples with ER/PR (or 
both) positive status. The ER/PR status has been recognized as 

a prognostic factor in patients with breast carcinoma, and has 
been noted to be a predictive marker for the response to treat-
ment with endocrine therapy (27). The presence of ER and PR 
is predictive of the response to treatment with the anti‑estrogen 
drug tamoxifen (28). Previous studies have provided evidence 

Table II. Clinicopathological features of the 389 patients with primary breast tumors according to the methylation status of 
CHD5.

		  CHD5
		 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Clinical data	 Samples, n	 M	 OR (95% CI)	 P‑value

Menopausal status
  Pre‑	 227	 54	 1.00
  Post‑	 162	 33	 0.58 (0.24‑1.43)	 0.4251
Tumor size (cm)
  <1.0	 7	 1	 1.00
  1.0‑1.9	 136	 27	 1.65 (0.15‑17.98)	 0.7170
  2‑3	 200	 46	 2.34 (0.22‑25.42)	 0.5890
  ≥3.1	 46	 13	 3.20 (0.27‑37.46)	 0.4350
Differentiation
  Well	 32	 6	 1.00
  Moderate	 207	 50	 1.33 (0.45‑3.90)
  Poor	 150	 31	 1.25 (0.42‑3.79)	 0.6467
Lymph node status
  Negative	 238	 55	 1.00
  Positive	 151	 32	 0.87 (0.50‑1.53)	 0.6583
Metastatic disease at presentation
  Negative	 303	 67	 1.00
  Positive	 86	 20	 1.07 (0.56‑2.04)	 0.8223
TNM stage
  0/Ⅰ	 87	 15	 1.00	
  Ⅱ	 216	 52	 1.51 (0.77‑2.95)	 0.1950
  Ⅲ/Ⅳ	 86	 20	 1.35 (0.63‑2.91)	 0.3250
ER status
  Negative	 242	 45	 1.00
  Positive	 147	 42	 0.47 (0.27‑0.82)	 0.0230
PR status
  Negative	 205	 43	 1.00
  Positive	 184	 44	 0.67 (0.38‑1.19)	 0.4876
ER/PR status
  Both negative	 187	 33	 1.00
  Either positive	 73	 22	 1.50 (0.24‑0.92)	 0.0280
  Both positive	 129	 32	 0.65 (0.38‑1.12)	 0.1220
p53 status
  Wild‑type	 160	 36	 1.00
  Mutant	 229	 51	 1.09 (0.62‑1.91)	 0.6337
C‑erbB‑2 status
  Negative	 270	 58	 1.00
  Positive	 119	 29	 1.60 (0.89‑2.90)	 0.5287
Ki67 proliferation index, %
  <10	 28	 9	 1.00
  10‑32	 217	 44	 0.85 (0.31‑2.33)	 0.1510
  ≥33	 144	 34	 0.85 (0.30‑2.41)	 0.3400

CHD5, chromodomain helicase DNA binding protein 5; OR, odds ratio; CI, confidence interval; TNM, tumor‑node‑metastasis; ER, estrogen receptor; PR, 
progesterone receptor; M, methylated.
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that ER and PR expression patterns are influenced by changes in 
the chromatin structure during transcription (29,30). The present 
study demonstrated that CHD5 exhibited aberrant CpG island 
methylation in primary tumors of breast carcinoma. CHD5 
is located at human chromosome 1p36, which is recurrently 
deleted in human breast cancer (4‑6). Furthermore, the results 
provided evidence that there is a correlation between aberrant 
CHD5 promoter methylation and ER and PR status. Although 
a previous study reported that CHD5 protein expression signifi-
cantly correlated with ER/PR status in breast tumors (31), further 
research is required, as this has been reported infrequently. 
Therefore, it is possible that ER/PR status may be involved in the 
association between CHD5 methylation and breast cancer risk. 
Further studies are required to investigate whether the CHD5 
methylation status may have a role in predicting the response of 
breast cancer with ER/PR negative status to therapy.

In conclusion, the present study indicated that promoter 
methylation and downregulation of CHD5 at the RNA level 
were common in breast cancer, and CHD5 downregulation 
occurred in part as a result of promoter methylation. In addition, 
the results of the present study provide evidence that CHD5 
methylation is correlated with ER/PR status. Such knowledge 
may assist in understanding the mechanism underlying the 
pathophysiology of breast cancer with ER/PR negative status.
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