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Abstract: p125 is one of four subunits of human DNA polymerases – DNA Pol δ as well as 

one of p53 target protein encoded by POLD1. However, the function and significance of p125 

and the role that p53 plays in regulating p125 expression are not fully understood in breast 

cancer. Tissue sections of human breast cancer obtained from 70 patients whose median age 

was 47.6 years (range: 38–69 years) with stage II–III breast cancer were studied with normal 

breast tissue from the same patients and two human breast cell lines (MCF-7 and MCF-10A). 

p53 expression levels were reduced, while p125 protein expression was increased in human 

breast cancer tissues and cell line detected by Western blot and quantitative reverse transcriptase-

polymerase chain reaction. The methylation level of the POLD1 gene promoter was greater in 

breast cancer tissues and cells when compared with normal tissues and cells. In MCF-7 cell 

model, p53 overexpression caused a decrease in the level of p125 protein, while the methyla-

tion level of the p125 gene promoter was also inhibited by p53 overexpression. To further 

investigate the regulating mechanism of p53 on p125 expression, our study focused on DNA 

methyltransferase 1 (DNMT1) and transcription factor Sp1. Both DNMT1 and Sp1 protein 

expression were reduced when p53 was overexpressed in MCF-7 cells. The Sp1 binding site 

appears to be important for DNMT1 gene transcription; Sp1 and p53 can bind together, which 

means that DNMT1 gene expression may be downregulated by p53 through binding to Sp1. 

Because DNMT1 methylation level of the p125 gene promoter can affect p125 gene transcrip-

tion, we propose that p53 may indirectly regulate p125 gene promoter expression through the 

control of DNMT1 gene transcription. In conclusion, the data from this preliminary study have 

shown that p53 inhibits the methylation of p125 gene promoter by downregulating the activities 

of Sp1 and DNMT1 in breast cancer.
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Introduction
The American Cancer Society has estimated that 231,840 new cases of invasive breast 

cancer will be diagnosed and that 40,290 of these women will die from breast cancer 

in 2015 in the USA.1 Breast cancer is now the most common cancer in women in 

developed countries, and in the USA, up to 12% women will develop invasive breast 

cancer over the course of their lifetime.2 It is now known that “atypical” changes in the 

breast duct and lobular epithelium may be the basis for the development of carcinoma 

in situ and that it is a risk factor for invasive breast carcinoma, mainly adenocarcinoma 

of either ductal or lobular type.3
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The p53 molecule can bind to DNA and regulate gene 

expression to prevent instability of the genome that may 

result in mutations.4 The growth of malignant tumor cells, cell 

invasion, cell senescence, and apoptosis (programmed cell 

death) can be regulated by p53.5–7 For human breast cancer, 

tumor development, growth, invasion, and metastasis is 

associated with p53 expression.8–10 Mutated p53 is found in 

nearly 30% of breast cancer cases and is usually diagnosed 

with some tumor subtypes, p53 has become recognized 

as a cancer biomarker in breast cancer and other forms of 

malignancy.11 However, its mechanisms in breast cancer are 

still not fully understood.

p125 is one of four subunits of human DNA polymerases, 

DNA Pol δ, as well as one of p53 target protein encoded by 

POLD1.12,13 p125 is reported to be one of the DNA poly-

merases that can help cancer cells tolerate DNA damage,14,15 

and human p125 modulates cell cycle progression and 

therefore promotes the cancer proliferation.15 p125 is a tran-

scription target of p53 which responds to DNA damage; it is 

able to repress the Sp1-stimulated POLD1 (p125 gene) gene 

promoter activities and therefore repress the expression of 

p125.9 However, the function and significance of p125 and 

the role that p53 plays in regulating p125 expression are not 

fully understood in breast cancer.

Here, in the present study, we noticed that increased meth-

ylation of p125 gene promoter, increased expression of p125 

and decreased p53 expression are related with breast cancer 

tissue. We propose that p53 may indirectly regulate p125 

expression through the control of DNA methyltransferase 1 

(DNMT1) gene transcription since p53 is able to repress 

the Sp1 upregulated DNMT1 expression in lung cancer.7 

We explored to understand if p53 inhibits the methylation 

of p125 gene promoter by downregulating the activities of 

Sp1 and DNMT1 in breast cancer, thus inhibiting breast 

cancer progression. However, the reason that increase of 

p125 expression is associated with the methylation of p125 

gene promoter and if the methylation is aberrant will need 

to be further explored.

Materials and methods
Tissue samples and patients
This study included the participation of 70 women 

patients. The median age of the patients was 47.6 years 

(range: 38–69 years). All of the malignant tissues were 

from stage II to III tumors, according to the International 

Federation of Gynecology and Obstetrics classification. All 

patients provided consent for the use of their specimens for 

this study. This research study and patient participation were 

approved by the Institute Research Ethics Committee of the 

Affiliated Tumor Hospital of Guangxi Medical University.

Tumor samples were obtained during routine breast sur-

gery, including mastectomy and wide excision specimens. 

Tumor tissue for diagnosis was selected by the breast patholo-

gist, who also selected “normal” (without macroscopic breast 

abnormality) breast tissue, which was from the same breast 

quadrant. Routine diagnostic breast tissue was formalin-fixed 

and paraffin-embedded, sectioned, stained with hematoxylin 

and eosin, and examined microscopically by the pathologist 

to confirm the diagnosis of primary breast carcinoma (adeno-

carcinoma), ductal or lobular carcinoma, in situ or invasive 

carcinoma, and tumor grade. The pathologist also confirmed the 

presence of invasive breast carcinoma in the samples of breast 

tissue used in this research study and confirmed the absence of 

tumor in the “normal” breast tissue sampled. For comparison of 

gene and protein levels in the normal and tumor tissue sections, 

70 tissue sections were examined for each patient studied.

cell culture
MCF-7 (human breast adenocarcinoma cell line) and 

MCF-10A (normal human mammary epithelial cells) were 

purchased from American Type Culture Collection (ATCC, 

Manassas, VA, USA). The cells were cultured in Dulbecco’s 

Modified Eagle’s Medium supplemented with 10% fetal 

bovine serum at 37°C with antibiotics, and were maintained 

in a humidified environment containing 5% CO
2
.

cell counting
MCF-7 cells were incubated in 10% Cell Counting Kit-8 

(CCK-8) (Dojindo, Kumamoto, Japan) diluted in Dulbecco’s 

Modified Eagle’s Medium at 37°C until a visual color con-

version occurred. Following transfection, cell proliferation 

rates were determined at 0, 24, 48, 72, 96 hours. A microplate 

reader (set at 450 nm) was used to measure the absorbance of 

each well. All experiments were performed in triplicate.

Western blot analysis
Cells were lysed in radioimmunoassay precipitation buf-

fer (Boston Bioproducts, Ashland, MA, USA) containing a 

protease inhibitor cocktail (Hoffman-La Roche Ltd., Basel, 

Switzerland). Protein concentrations were determined using the 

bicinchoninic acid protein assay kit (Thermo Fisher Scientific, 

Waltham, MA, USA). Samples of cell lysate supernatant (20 μg 

protein) were separated by sodium dodecyl sulfate polyacrylam-

ide gel electrophoresis and electrotransferred to nitrocellulose 

membranes. The membranes were then probed at 4°C overnight 

with a panel of antibodies with the following dilutions: p53 
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(Cell Signaling Technology, Danvers, MA, USA, 1:1,000), Sp1 

(AbCam, Cambridge, MA, USA, 1:1,000), DNMT1 (AbCam, 

1:1,000), and p125 (Proteintech, Rosemont, IL, USA, 1:1,000). 

Secondary antibodies were used at a 1:10,000 dilution. Immune 

complexes were detected by incubation with enhanced chemi-

luminescence Western blotting substrate (Thermo Fisher Scien-

tific), followed by exposure to X-ray film. Anti-glyceraldehyde 

3-phosphate dehydrogenase (GAPDH) polyclonal antibodies 

(Sigma, 1:2,000) were incubated with the same membrane 

following membrane stripping and re-staining.

coimmunoprecipitation assay
Sp1 antibody (Abcam, 10 μg) was diluted in 400 μL lysate/

washing buffer (25 mM Tris [pH 7.4], 150 mM NaCl, 1 mM 

ethylenediaminetetraacetic acid, 1% [v/v] Nonidet P-40, 5% 

[v/v] glycerol, and 0.25 mM phenylmethylsulfonyl fluoride). 

Then, 50 μL of 5% (w/v) bovine serum albumin-blocked 

Dynabeads (Beyotime, Shanghai, People’s Republic of 

China) were added, and the mixture was incubated with 

gentle rotation for 2 hours at room temperature. After the 

bead–antibody complexes had been centrifuged, they were 

collected and washed three times. Then, 200 μg of nucleo-

proteins were added, and the mixture was incubated with 

gentle rotation overnight at 4°C, followed by centrifugation. 

After the precipitates had been washed five times, they 

were suspended in 50 μL of sodium dodecyl sulfate loading 

buffer and denatured by heating. Finally, the samples were 

separated using sodium dodecyl sulfate polyacrylamide gel 

electrophoresis and analyzed using a p53 antibody (Cell 

Signaling Technology, 1:1,000) and Western blot assay.

Quantitative reverse transcription-
polymerase chain reaction
Total RNA was prepared from cells and breast tissues 

using the RNeasy Mini Kit (Qiagen, Hilden, Germany) and 

reverse-transcribed using an iScript cDNA Synthesis Kit 

(Bio-Rad Laboratories Inc., Hercules, CA, USA). Quantita-

tive reverse transcriptase-polymerase chain reaction (qRT-

PCR) was performed using the SYBR Green qPCR Master 

Mixes (Qiagen). The primer sequences for the p53 were 

5′-TGGAGAGGAGGTCGGCAAAATCAA-3′ (forward) 

and 5′-GACTGCGGGAACCTGAGCCTAAAT-3′ (reverse); 

for the p125 gene promoter:

5′-GCTCCGCTCCTACACGCTCAA-3′ (forward) and 

5′-GGTCTGGTCGTTCCCATTCTGC-3′ (reverse); for the 

GAPDH: 5′-GACCCCTTCATTGACCTCAAC-3′ (forward) 

and 5′-CTTCTCCATGGTGGTGAAGA-3′ (reverse). Data 

were derived from triple reactions for each sample.

luciferase reporter gene assays
MCF-7 cells (1.5×105) were plated onto a six-well plate and 

grown overnight. The pGL-3 vector with DNMT1 promoter 

reporter plasmid was constructed. PSF-SV40 promoter 

plasmid was used as the control vector. The medium was 

changed 5 hours following transfection using FuGENE 6 

Transfection Reagent (Promega Corporation, Fitchburg, 

WI, USA). Forty-eight hours after transfection, cells were 

collected in reporter lysis buffer (Promega).

Aliquots (10 μL) of cell extract were used for luciferase 

assays using 50 μL of substrate solution. Luciferase activity 

was measured by a luminometer with settings of 3 seconds 

delay time and 10 seconds integration time. Relative 

luciferase units were evaluated after normalization against 

protein concentration of each sample. Values were taken as 

the mean ± standard deviation of relative luciferase activity 

from triplicate samples in three separate experiments.

electrophoretic mobility shift assays 
To prepare the double-stranded DNA oligonucleotides for 

electrophoretic mobility shift assays, single-stranded forward 

and reverse oligonucleotides were annealed by heating to 

95°C and cooled slowly to room temperature in annealing 

buffer (10 mM Tris–HCl, pH 7.5, 1 mM MgCl
2
, and 50 mM 

NaCl). Oligonucleotides (double-stranded oligonucleotides) 

were employed either as probes following the 5′-end labeling 

using [γ-32P]adenosine triphosphate and T4 polynucleotide 

kinase or as unlabeled competitors.

DNA binding reactions were performed by preincu-

bating the nuclear extract (20 μg of protein) with 2 μg of 

poly(dI-dC)⋅poly(dI-dC) in binding buffer (10 mM Tris–

HCl, pH 7.5, 50 mM NaCl, 1 mM MgCl
2
, 0.5 mM ethyl-

enediaminetetraacetic acid, 0.5 mM dithiothreitol, and 4% 

glycerol) for 15 minutes on ice followed by the addition of 

~50 fmol of 32P-labeled probe and an additional 30 minutes 

incubation at room temperature. In competition experiments, 

a 100-fold molar excess of an unlabeled competitor (wild-

type or mutant ds-oligonucleotide) was preincubated with 

the extract before the addition of the labeled probe.

For supershift assays, nuclear extract in binding buffer 

(without dithiothreitol) was preincubated with a Sp1 antibody 

Sp1 (AbCam, Cambridge, MA, USA) or nonimmune rabbit 

immunoglobulin for 60 minutes on ice, and then with poly(dI-

dC)⋅poly(dI-dC) for 15 minutes before incubation with the radio-

labeled probe. Two micrograms of antibody were used in each 

supershift assay. Subsequently, the samples were resolved on 

5% polyacrylamide gels in 0.5× TBE buffer (45 mM Tris-borate, 

1 mM ethylenediaminetetraacetic acid, pH 8.3). Electrophoresis 
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was performed at 180 V for 2 hours at room temperature. After 

electrophoresis, the gels were autoradiographed by exposure to 

storage phosphor screens for 24–72 hours at −20°C.

apoptosis analysis
Harvested cells were suspended in 1X Annexin-V binding 

buffer and stained with Annexin-V-PE Apoptosis Detection 

Kit (eBioscience, San Diego, CA, USA) and 7-aminoactino-

mycin D (7-AAD) (Thermo Fisher Scientific) for 15 minutes 

at room temperature. A FACS-Calibur multivariable flow 

cytometer (BD Biosciences) was used with data analyzed 

using BD Cell Quest Pro Version 3.3 software (Becton, 

Dickinson and Company, Franklin Lakes, NJ, USA).

cell cycle analysis
Cells were harvested, and single cell suspensions were 

prepared in wash buffer. Cells were washed twice and resus-

pended at 2×106 cells/mL. An aliquot of 1 mL of cells were 

placed in a 15 mL polypropylene tube on ice and allowed to 

cool, followed by the addition of 3 mL cold (−20°C) absolute 

ethanol. The cells were fixed for at least 1 hour at 4°C.

Cells were washed twice with phosphate-buffered saline, 

and 1 mL of propidium iodide (40 μg/mL propidium iodide 

in phosphate-buffered saline) staining solution was added 

to the cell pellet and mixed well. Stained samples could be 

stored for up to a week at 4°C when protected from light. 

Cell cycle analysis of MCF-7 cells was performed by flow 

cytometry by a standard procedure.

cell invasion assays
For the invasion assays, 1×105 cells in serum-free medium 

were seeded onto the trans-well migration chambers with 

8 μm pore size (EMD Millipore, Billerica, MA, USA), 

the upper chamber of which was coated with Matrigel 

(Sigma-Aldrich Co., St Louis, MO, USA). Media contain-

ing 20% fetal bovine serum were added to the lower cham-

ber. After 24 hours, the noninvading cells were removed 

with cotton wool, and invasive cells located on the lower 

surface of the chamber were stained with May–Grünwald–

Giemsa (MGG) stain (Sigma-Aldrich). Microscopic cell 

counts were performed. Experiments were performed in 

triplicate.

Pyrosequencing
A DNA methylation assay was performed using standard 

bisulfite pyrosequencing technology. Briefly, PCR was car-

ried out in a 25 μL reaction mix containing 50 ng bisulfite-

converted DNA mixture using the following PCR program: 

95°C for 15 minutes, then 44 cycles of 95°C for 30 seconds 

followed by 56°C for 30 seconds, and 72°C for 30 seconds, 

with a final extension at 72°C for 10 minutes.

The biotinylated PCR products were purified and converted 

into single strands to act as a template for the pyrosequencing 

reaction as recommended by the manufacturers (Qiagen). 

Then, 0.3 nM of pyrosequencing primer was annealed to 

the purified single-stranded PCR product and pyrosequenc-

ing was conducted on a PyroMark Q96 MD sequencing and 

quantification platform (Qiagen). The intra- and interassay 

coefficients of variation were 0.7% and 1.4%, respectively. 

This assay amplifies a promoter region of the p125 gene 

promoter containing five CpG sites (regions of DNA con-

taining a cytosine nucleotide next to a guanine nucleotide): 

(GGGYGAGGTTATTTYGGAAGTTGAGAGAGG GGG

YGGGGTTTGTTTTGTAGTYGAATAAGYGGGG).

In each tumor sample, the overall p125 gene promoter 

methylation level was the average relative amount of cytosine 

in the five CpG sites.

statistical analysis
Data from all experiments were presented as mean ± standard 

deviation of at least three independent experiments performed 

in duplicate for each construct. Statistical analysis of the 

results were carried out using two-way analysis of variance 

as well as Student’s t-test.

Results
p53 inhibits proliferation, cell invasion, 
and promotes apoptosis in McF-7 cells
The expression levels of p53 in human breast cancer tis-

sue and cells were analyzed using qRT-PCR and Western 

blotting. The result showed that p53 expression was 

reduced in tumor tissues compared with normal breast 

tissues (Figure 1A and B). In addition, we observed that 

the MCF-10A cells derived from the normal breast tissue 

showing higher p53 levels than MCF-7 cells (Figure 1C 

and D), which is consistent with previously published 

findings that functions of p53 work as an antioncogene 

in human breast cancer.16,17 The cell model (MCF-7/p53) 

showed MCF-7 cells with p53 overexpression (Figure 2A). 

Overexpression of p53 inhibited the growth of MCF-7 

cell, which was assessed and analyzed by using the Cell 

Counting Kit-8 (CCK-8) assay (Figure 2B). The transwell 

assay results showed that the invasion ability of MCF-7 

cells was reduced when p53 was overexpressed (Figure 2C 

and D). Figures 2C and D and 3 show that overexpression 

of p53 protein induced apoptosis in MCF-7 cells, which 

confirms previously published data.16,17 Overexpression 

of p53 in MCF-7 cells resulted in minimal effects on the 
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Figure 1 p53 expression in human breast cancer tissue, breast normal tissue, McF-7 cells, and McF-10a cells.
Notes: (A) Western blot analysis of p53 expression using different tissues, including human breast cancer tissues (T) and normal breast tissues (n). gaPDh is included as 
loading control. (B) qPcr analysis of p53 expression using human breast cancer (tumor) and normal breast tissues (normal). ****P,0.0001. (C) Western blot analysis of 
p53 expression using McF-10a and McF-7 cell lines. gaPDh is included as a loading control. (D) qPcr analysis of p53 expression using McF-10a and McF-7 cell lines. 
**P,0.01.
Abbreviations: gaPDh, glyceraldehyde 3-phosphate dehydrogenase; qPcr, quantitative polymerase chain reaction.

Figure 2 The effects of p53 on cell proliferation and invasion of McF-7 cells.
Notes: (A) Western blot analysis of p53 expression using McF-7 and McF-7/p53 cells. gaPDh was included as a loading control. (B) cell counting Kit-8 assay was used to 
detect McF-7 cell proliferation after overexpression of p53. The mean values ± standard errors were derived from triplicate experiments. *P,0.05. (C) images of transwell 
assay result using wild-type McF-7 cells and McF-7/p53 cells (×40 magnification). (D) Data for transwell assay results. shown are mean values ± standard errors derived 
from triplicate experiments. **P,0.01.
Abbreviations: gaPDh, glyceraldehyde 3-phosphate dehydrogenase; OD, optical density; h, hours.
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cell cycle (Figure 3A and B). Flow cytometry showed that 

overexpression of p53 promoted MCF-7 cell apoptosis 

(Figure 3C and D).

The expression of p125 was increased in 
breast cancer tissue and inhibited by p53
The results of this study showed that the expression of p125 

protein was increased in breast cancer tissue compared with 

normal breast tissues (Figure 4A and B). The expression lev-

els of p125 were reduced in MCF-7/p53 cells when compared 

with the wild-type MCF-7 cells (Figure 4C and D).

The methylation of p125 gene promoter 
was increased in human breast cancer 
tissue and cells
Figure 5A shows the p125 methylation levels, revealing a sig-

nificant decrease in some “normal” and tumor tissue sections, 

however, increase in some others. Although there is an overall 

increase of methylation levels in tumor tissue, the presence of 

in situ carcinoma, nonmacroscopically visible or microscopic 

foci of tumor may explain the variations in these findings. The 

methylation levels of the p125 gene promoter were greater in 

the human breast cancer cell line (MCF-7) than in the normal 

breast cell line (MCF-10A) (Figure 5B). The methylation 

level of the p125 gene promoter was inhibited when p53 was 

overexpressed in MCF-7 cells (Figure 5C).

p53 inhibits the sp1 to suppress the 
activity of DnMT1
Both DNMT1 and Sp1 expressions were inhibited by p53 

(Figure 6A and B). The coimmunoprecipitation assay showed 

that p53 could bind to Sp1 in MCF-7 and MCF-7/p53 cells 

with the overexpression of p53 (Figure 6C). The Sp1 binding 

site of the DNMT1 gene promoter appeared to be important 

for DNMT1 transcription. As we used the luciferase reporter 

gene assay to study gene expression at the transcriptional 

level, it was observed that the promoter activity was reduced 

with mutant Sp1 binding site (Figure 6D and E). The above 

results indicated that DNMT1 promoter activity was pro-

moted by Sp1 binding to the Sp1 binding site on DNMT1 

gene promoter. Figure 6F further confirmed that Sp1 binds 

to DNMT1 promoter, which indicates that DNMT1 is regu-

lated by Sp1, which confirms the previous publications in 

lung cancer.18

Figure 3 The effects of p53 on the cell apoptosis and cell cycle in McF-7 cells.
Notes: (A) Cell cycle assay by flow cytometry using wild-type MCF-7 and MCF-7/p53 cells. (B) Data for cell cycle assay results. There are no significant differences in the 
cell cycle findings in wild-type MCF-7 compared with MCF-7/p53 cells. (C) Representative apoptosis assay using flow cytometry, wild-type MCF-7, and MCF-7/p53 cells. (D) 
Data for apoptosis assay results. **P,0.01.
Abbreviations: 7-aaD, 7-amino-actinomycin; ll, lower left; lr, lower right; Q1, quarter 1; Ul, upper left; Ur, upper right.
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Figure 4 The p125 expression patterns in human breast cancer tissues and cells.
Notes: (A) Western blot analysis of p125 expression using different tissues, including human breast cancer tissues (T) and normal breast tissues (n). gaPDh is included as 
loading control. (B) qrT-Pcr analysis of p125 expression using human breast cancer (tumor) and normal breast tissues (normal). ****P,0.0001. (C) Western blot analysis 
of p125 expression using McF-7 and McF-7/p53 cells. gaPDh is included as a loading control. (D) qrT-Pcr analysis for p125 expression using McF-7 and McF-7/p53 cells. 
**P,0.01.
Abbreviations: gaPDh, glyceraldehyde 3-phosphate dehydrogenase; qrT-Pcr, quantitative reverse transcription-polymerase chain reaction.

Figure 5 The p125 gene promoter methylation levels in human breast cancer tissue and cells.
Notes: (A) analysis of methylation level of p125 gene promoter showed by pyrosequencing assay using the human breast cancer (tumor) and normal breast tissue (normal). 
****P,0.0001. (B) analysis of methylation level of p125 gene promoter using the pyrosequencing assay in McF-10a and McF-7 cell lines. **P,0.001. (C) analysis of 
methylation level of p125 gene promoter using pyrosequencing assay in McF-7 and McF-7/p53 cells. **P,0.01.
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Discussion
The incidence and mortality of breast cancer have been 

increasing for last 50 years. The World Health Organiza-

tion has reported that breast cancer is the leading cause of 

death in women, accounting for 23% of all cancer deaths in 

2012.19,20 The p53 gene is reported to be the most frequently 

mutated gene in cancer, being altered in ~50% of human 

malignancy. The p125 catalytic subunit of DNA polymerase 

δ is associated with DNA replication and genomic stability; 

p125 expression has been shown to participate in the classical 

DNA repair pathway and also with tumor progression.21

The p53 protein is a breast cancer biomarker and is 

associated with breast cancer invasion and metastasis.20,22 

The metastatic potential of human breast cancer could be 

reduced by the loss of p53.22 In this study, p53 is able to 

inhibit cell proliferation, cell invasion, and promotion apop-

tosis in breast cancer cell line MCF-7. p53 expressing levels 

were reduced, while p125 protein expression was increased 

in human breast cancer tissues and cell line detected by 

Western blot and qRT-PCR. To determine whether p53 

could regulate p125 expression, the MCF-7 cell model was 

used. In this model, p53 overexpression caused p125 protein 

Figure 6 p53 inhibits the sp1 suppressed DnMT1 gene promoter activity.
Notes: (A) Western blot analysis using sp1 and DnMT1 protein antibody in McF-7 and McF-7/p53 cells. gaPDh is included as loading control. (B) Quantification of the 
protein bands (OD ratio over gaPDh). **P,0.01. (C) coimmunoprecipitation assay is used to detect the interaction between p53 and sp1 in wild-type McF-7 and McF-7/
p53 cells. (D) Primer sequence of wild-type and mutant DnMT1 gene promoter used in luciferase reporter gene assays. There is a classical sp1 binding site (red) among 
DnMT1 gene promoter. The mutant site (blue) is among the sp1 binding sequence. (E) The luciferase reporter activity was inhibited when mutant DnMT1 gene promoter 
was used, in comparison to use of a wild-type promoter. Data were collected from three independent experiments. **P,0.01. (F) The interaction between sp1 and DnMT1 
gene promoter was analyzed by electrophoretic mobility shift assays. lane 1, free labeled probe; lane 2, nuclear protein from McF-7 and labeled probe; lane 3, nuclear 
protein from McF-7 and labeled probe with nonlabeled wild-type probe as competitor; lane 4, nuclear protein from McF-7 and labeled probe with nonlabeled mutant probe 
as competitor; lane 5, nuclear protein from McF-7, probe labeled and sp1 primary antibody.
Abbreviations: DnMT1, Dna methyltransferase 1; gaPDh, glyceraldehyde 3-phosphate dehydrogenase; OD, optical density; WT, wild-type.
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decrease, while the methylation level of the p125 gene 

promoter was also inhibited by p53 overexpression. The 

methylation level of the p125 gene promoter was greater in 

breast cancer tissues and cells when compared with normal 

tissues and cells. The results of this present study indicate 

that p53 plays a critical role that can regulate p125 protein 

expression as well as the methylation level of the promoter 

in human breast cancer.

To further investigate the mechanism of how p53 

regulates p125 expression, our study focused on DNMT1, 

DNA methyltransferase, and transcription factor Sp1. Both 

DNMT1 and Sp1 protein expressions were reduced when 

p53 was overexpressed in MCF-7 cells. The Sp1 binding 

site appears to be important for DNMT1 gene transcription; 

Sp1 and p53 can bind together, which means that DNMT1 

gene expression may be downregulated by p53 through 

binding to Sp1. Because DNMT1 methylation level of the 

p125 gene promoter can affect p125 gene transcription, 

we proposed that p53 may indirectly regulate p125 gene 

promoter expression through the control of DNMT1 gene 

transcription.

Usually, genes with high levels of methylation in their 

promoter region are transcriptionally silent.23 However, 

the data from this study have shown that both p125 protein 

expression level and methylation level of p125 gene promoter 

are increased in breast cancer tissues and cell lines. These 

findings reflect the different mechanisms of regulation of 

methylation, and expression of only five CpG sites inter-

rogated in this pyrosequencing analysis may not reflect a 

direct effect on transcription.

Conclusion
The data from this study have shown that p53 inhibits the 

methylation of p125 gene promoter by downregulating the 

Sp1 and DNMT1 activities in breast cancer. However, the 

reasons to explain why increased expression of p125 is 

associated with the methylation of p125 gene promoter and 

if the methylation is aberrant in breast cancer will need to 

be further explored.
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