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Introduction

Breast cancer is associated with numerous genomic 
alterations including the dysregulation of tumor sup-
pressor genes via epigenetic alterations, hemizygous 
deletion, and gene mutation.1 Hypermethylation of the 
promoter region of tumor suppressor genes is believed 
to be correlated with the downregulation of gene 
expression and has been causally linked with carcino-
genesis in many tumors, including breast cancer.2–6 
Runt-related transcription factor 3 (RUNX3), encoded 
by the RUNX3 gene, was first recognized as a tumor 
suppressor gene in gastric cancer owing to the causal 
relationship between the loss of RUNX3 and gastric 
carcinogenesis and progression.7 RUNX3 is located at 

1p36, a region of frequent genomic loss in various 
human cancers, including stomach, breast, and lung 
carcinoma.8 Several studies have found that hyper-
methylation of the RUNX3 gene promoter region is the 
main mechanism of this downregulation.9,10

Previous research has focused on the role of 
RUNX3 promoter methylation in carcinogenesis; how-
ever, the correlation of RUNX3 promoter methylation 
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with breast cancer and the subtypes of breast cancer 
is still not completely understood.11–14 Considering that 
breast cancer is highly heterogeneous, different mech-
anisms may be involved in the tumorigenesis of differ-
ent subtypes of breast cancers. Former studies have 
shown that RUNX3 plays a role as a tumor suppressor 
gene in breast cancer by targeting the estrogen recep-
tor (ER), which induces the proteasome-mediated 
degradation of ER and thus reducing its activity, affect-
ing the expression of downstream genes.15 However, 
the correlation between the hypermethylation status of 
the RUNX3 gene promoter and ER status in breast 
carcinoma is still not fully clear.

Since promoter hypermethylation is a major factor 
in the inactivation of RUNX3 in breast cancer and 
since RUNX3 may work as a tumor suppressor by tar-
geting ER, we hypothesized that the function of 
RUNX3 promoter hypermethylation may be associ-
ated mainly with ER-positive breast cancer. To investi-
gate whether RUNX3 promoter methylation is related 
to ER status in breast cancer, we examined the meth-
ylation status of the RUNX3 gene promoter and 
RUNX3 protein expression in cell lines and in 
ER-positive and ER-negative breast cancer tissue 
samples, and examined RUNX3 mRNA expression in 
cell lines. Also, we investigated the effects of DNA 
methyltransferase inhibitor 5-aza-2′-deoxycytidine 
(5-Aza-CdR) on RUNX3 expression and gene pro-
moter methylation in the ER-positive breast cancer cell 
line MCF7. Furthermore, we studied the relationship 
between RUNX3 promoter hypermethylation and clini-
copathologic features in ER-positive and ER-negative 
human breast cancer specimens.

Materials and Methods

Cell Lines and Culture Conditions

The human breast cancer cell lines MCF7 and SKBR3 
and the human normal breast cell line MCF10A were 
obtained from the Cell Bank at the Chinese Academy 
of Sciences (Shanghai, China), and were authenti-
cated by morphology test under microscope. All cell 
lines were maintained in Roswell Park Memorial 
Institute-1640 medium (Gibco-BRL, Tokyo, Japan) 
supplemented with 10% fetal bovine serum at 37C in 
a humidified atmosphere of 5% carbon dioxide and 
95% air.

Human Tissue Specimens and Patient 
Information

Formalin-fixed, paraffin-embedded (FFPE) archival 
tissue samples of 113 invasive breast carcinomas 

were obtained from the Department of Pathology at 
the Affiliated Hospital of Xuzhou Medical College 
(Xuzhou, Jiangsu, China). The 113 cases were from 
years 2008 and 2011, and included 68 ER-positive and 
45 ER-negative cases. Clinicopathologic information 
was acquired from the pathology medical records. All 
cases were reviewed and confirmed independently by 
two pathologists using the World Health Organization 
system. The study was approved by the Ethics 
Committee of the First Affiliated Hospital of Xuzhou 
Medical College, informed consent was waived for this 
study.

Immunocytochemistry (ICC) Analysis

Cells were grown on microscope coverslips and were 
treated with 4% paraformaldehyde for 15 min, washed 
with phosphate-buffered saline solution, fixed on the 
slide with neutral gum, and treated with 1% Triton 
X-100. We then followed the streptavidin-peroxidase 
method using a standard kit (SP9000, Zhongshan 
Biotech, Beijing, China). The cells on the microscope 
coverslips were incubated overnight at 4C with anti-
ER monoclonal antibody (1:250; ZA-0102, Zhongshan 
Biotech). Diaminobenzidine (ZLI-9018, Zhongshan 
Biotech) was used to visualize the immunoreaction. 
Immunoreactivity was evaluated blindly by two inde-
pendent pathologists using light microscopy. The per-
centage of positive cells was calculated by counting 
the number of positive cells among 100 cells.

Western Blot Analysis

Whole-cell proteins were extracted from complete cell 
lysates using radioimmunoprecipitation assay lysis 
buffer (P0013B, Beyotime Institute of Biotechnology, 
Shanghai, China), and the protein concentrations of 
the lysates were determined with an Enhanced bicin-
choninic acid (BCA) Protein Assay kit (P0010, Beyotime 
Institute of Biotechnology). Then, we boiled the sam-
ples in sodium dodecyl sulfate sample buffer for 5 min 
before subjecting them to sodium dodecyl sulfate 
polyacrylamide gel electrophoresis. After blocking the 
blot in 3% bovine serum albumin for 2 hr at room 
temperature, we blotted the polyvinylidene difluo-
ride membrane with anti-glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) monoclonal antibody 
(1:10,000; MB001, Bioworld Technology, St Louis Park, 
MN) and anti-RUNX3 monoclonal antibody (1:5,000; 
D234-3, R3-5G4, Medical and Biological Laboratories 
Co. Ltd, Nagoya, Japan). Secondary antibody IRDye 
800CW goat antimouse immunoglobulin G (1:10,000; 
926-32210, LI-COR, Lincoln, NE) was incubated with 
the blot for 2 hr in the dark at room temperature. After 
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washing the blot extensively, we obtained images 
using the Odyssey infrared fluorescence imaging sys-
tem (LI-COR).

Reverse-transcriptase Polymerase Chain 
Reaction Analysis (RT-PCR)

Total cellular RNA was extracted from the three cell 
lines (MCF10A, MCF7, and SKBR3) with TRIzol 
reagent (15596-026, Life Technologies, NY), and we 
performed reverse transcription (RT) on cDNA from 2 
µg of total RNA in 20-µL reactions using a TIANscript 
RT kit (KR104, TIANGEN, Beijing, China), following 
the manufacturer’s instructions. Primer sequences to 
amplify RUNX3 and β-actin were as follows: sense for 
RUNX3, 5-GAGTTTCACCCTGACCATCACTGTG-3 
(869 base pairs); antisense for RUNX3, 5-GCCCATC 
ACTGGTCTTGAAGGTTGT-3 (869 base pairs)16; 
sense for β-actin, 5-GAGCTACGAGCTGCCTGACG-3 
(466 base pairs); and antisense for β-actin, 5-CCTAG 
AAGCATTTGCGGTGG-3 (466 base pairs)17. These 
primer sequences were identical to the endogenous 
human target genes as confirmed by a Basic Local 
Alignment Search Tool search. The PCR, containing 
templates (2 µL), sense and antisense primer (1 µL 
each), double-distilled water (8.5 µL), and Taq poly-
merase (12.5 µL), were performed in a thermal cycler 
(GeneAmp RCR System 9600; Life Technologies, NY). 
Initial denaturation was performed at 94C for 3 min 
and was followed by 35 amplification cycles (30 sec at 
94C and 58C, 1 min at 72C). Final elongation was per-
formed at 72C for 5 min, and β-actin was used as a 
control. PCR products were analyzed on 2% agarose 
gels.

Methylation-specific PCR Assay (MSP)

Genomic DNA was obtained from cell lines and FFPE 
tissues using a TIANamp Genomic DNA kit (DP304, 
TIANGEN) and a QIAamp DNA FFPE Tissue kit 
(56404, Qiagen, Dusseldorf, Germany), respectively, 
according to the manufacturers’ instructions. To evalu-
ate demethylation levels of the RUNX3 gene promoter 
we used MSP to analyze DNA extracted from different 
cells based on sequence differences between methyl-
ated and unmethylated DNA after sodium bisulfite 
modification (EZ DNA Methylation-Gold kit, D5005, 
Zymo Research, Irvine, CA), according to the manufac-
turer’s instructions. The primer pairs specific for methyl-
ated (M) and unmethylated (U) RUNX3 DNA were as 
follows13: M-sense primer 5-ATAATAGCGGTCGTTAG 
GGCGTCG-3; M-antisense 5-GCTTCTACTTTCCCGC 

TTCTCGCG-3; U-sense primer 5-ATAATAGTGGTTG 
TTAGGGTGTTG-3; and U-antisense 5-ACTTCTAC 
TTTCCCACTTCTCACA-3. The size of the PCR ampli-
fication product for both the methylated and the 
unmethylated reactions was 115 base pairs, according 
to analysis using ZymoTaqPreMix (E2003, Zymo 
Research). DNA from normal lymphocytes treated with 
or without CpG methyltransferase (Sigma-Aldrich, St. 
Louis, MO) was used as the positive control for methyl-
ated and unmethylated alleles, respectively. PCR prod-
ucts were separated on a 2% agarose gel and visualized 
by ultraviolet transillumination. The experiment was 
repeated three times.

Immunohistochemical (IHC) Analysis

Four-microns FFPE tissue sections were treated for 
heat epitope retrieval for 2 min in citrate buffer, pH 6.0 
(ZLI-9065, ZSGB-BIO, Beijing, China). RUNX3 mono-
clonal antibody was used for IHC reaction (1:300, 
clone R3-6E9, Medical and Biological Laboratories 
Co., Ltd, Nagoya, Japan), using the streptavidin-per-
oxidase method (kit SP9000, ZSGB-BIO). 3,3′-diami-
nobenzidine-based detection (ZLI-9019, ZSGB-BIO) 
was used to detect the immunoreaction in the sec-
tions.18 A positive reaction was indicated by a reddish-
brown precipitate in the nucleus or cytoplasm for 
RUNX3. RUNX3 immunoreactivity was classified as 
negative when the sample had less than 10% positive 
cells and as positive when the sample had 10% or 
more positive cells.12,19 Two pathologists indepen-
dently scored the slides for IHC analysis.

Cell Proliferation Assay

Cellular proliferation was analyzed using a cell 
counting kit (CCK-8; Beyotime Institute of 
Biotechnology). MCF7 cells were trypsinized and 
seeded in 96-well plates at a density of 2,000 cells 
per well and were cultured for 24 hr. Then, the cells 
were treated with 0.5 μmol/L, 1.0 μmol/L, 2.0 μmol/L, 
4.0 μmol/L, or 8.0 μmol/L 5-Aza-CdR. Each concen-
tration was applied to six identical wells. Untreated 
tumor cells (no 5-Aza-CdR) were used as a control 
group. The plates were incubated at 37C in 5% car-
bon dioxide for 24 hr, 48 hr, or 72 hr each, and the 
remaining procedures were performed following the 
manufacturer’s protocol. Cell proliferation was mea-
sured by an enzyme-linked immunosorbent assay 
and the results determined by optical density (OD) 
measured at 495 nm. The growth inhibition rate was 
calculated using the following formula: Inhibition 
rate (%) = (Average OD value of experimental group 
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– Average OD value of control group) / Average OD 
value of experimental group × 100%. Each experi-
ment was repeated three times.

Migration and Invasion Assays

Migration and invasion assays were performed in a 
transwell chamber (8-μm pore size, Corning 
Incorporated, Corning, NY), according to the manufac-
turer’s instructions. Cell culture inserts for the invasion 
assay were precoated with matrigel (BD Biosciences, 
Bedford, MA) for 4 hr at 37C. Cells, treated with 2.0 
μmol/L and 4.0 μmol/L concentrations of 5-Aza-CdR, 
respectively, were seeded into the upper chamber con-
taining serum-free medium (200 µL) at a density of 
1.5×105 cells/well, while 500 µL of complete medium 
was added to the lower chamber as a chemotaxin. After 
culture for 24 hr, non-invading cells were removed with 
a cotton swab. Cells that migrated to the lower surface 
of the membrane were fixed in 4% paraformaldehyde 
for 30 min and then were stained with crystal violet. Five 
random fields were selected for cell counting under a 
light microscope at 200× magnification. The migration 
assay procedure was similar except that matrigel was 
not used. The experiments were performed in triplicate.

Effect of 5-Aza-CdR on RUNX3 Methylation 
Status, Protein and mRNA Expression, and 
Proliferation, Migration, and Invasion in MCF7 
Cells

MCF7 cells were treated with various concentrations 
of 5-Aza-CdR (0.5 μmol, 1.0 μmol, 2.0 μmol, 4.0 μmol, 
and 8.0 μmol) for 48 hr, then RUNX3 gene promoter 
methylation was identified by MSP assay, RUNX3 pro-
tein and mRNA expression were detected by western 
blot and RT-PCR.

MCF7 cells were treated with different concentra-
tions of 5-Aza-CdR (0.5 μmol/L, 1.0 μmol/L, 2.0 μmol/L, 
4.0 μmol/L, or 8.0 μmol/L) for 24 hr, 48 hr, and 72 hr, 
and then CCK-8 assay and migration and invasion 
assays were performed to detect the effect of 5-Aza-
CdR on proliferation, and invasion on MCF7 cells. This 
assay was done in triplicate.

Statistical Analysis

The results were expressed as means ± standard 
deviations. Statistical analyses were performed with 
one-way analysis of variance or with the χ2 test, the phi 
coefficient was used as measure for correlation, using 
the SPSS 16.0 software package. The p values less 
than 0.05 were considered statistically significant.

Results

Expression of ER and RUNX3 in Breast Cancer 
Cell Lines

As shown in Fig. 1A, the expression of ER was 
undetectable in MCF10A and SKBR3 cells but was 
detected in MCF7 cells via ICC analysis. The expres-
sion of RUNX3 protein was detected in only normal 
breast epithelial cells (MCF10A) by western Blot 
(Fig. 1B). As expected, the mRNA of RUNX3 was 
detected, by RT-PCR, only in MCF10A cells (Fig. 
1C). The results confirmed that the MCF7 cell line 
was ER-positive and SKBR3 cell line was 
ER-negative. RUNX3 protein and mRNA expressed 
in the cell line of normal breast epithelium (MCF10A) 
but not breast cancer cells (MCF7, SKBR3), and the 
RUNX3 protein level was corresponded with RUNX3 
mRNA levels in both normal and neoplastic breast 
cell lines.

RUNX3 Expression in ER-positive and ER-
negative Breast Cancer Tissue Samples

We used IHC analysis to evaluate RUNX3 expres-
sion in 113 human breast cancer tissue samples, 
including 68 ER-positive and 45 ER-negative cases. 
RUNX3 showed exclusive nucleus-enriched staining 
in the normal breast duct epithelial cells, but pre-
sented a cytoplasmic or a combined cytoplasmic and 
nuclear staining pattern in the tumor cells (Fig. 2). 
Forty-eight out of the 113 samples were positive for 
RUNX3, including 18/68 (27%) ER-positive and 
30/45 (67%) ER-negative cases. The positive rate of 
RUNX3 expression was significantly lower in the 
ER-positive tissues than in the ER-negative cases 
(p<0.01; Table 1).

Hypermethylation of the RUNX3 Gene 
Promoter in Cell Lines and Breast Cancer 
Tissues

To investigate whether the silencing of the RUNX3 
gene in breast cancer cell lines was associated with 
hypermethylation of the RUNX3 gene promoter, we 
performed MSP analysis on all three cell lines. We 
found that hypermethylation of the RUNX3 gene pro-
moter occurred in MCF7 cells, but not in MCF10A and 
SKBR3 cells (Fig. 3A).

Also, we performed an MSP assay on all 113 breast 
cancer tissue samples, to determine whether the 
RUNX3 hypermethylation in breast cancer tissue was 
consistent with that in the breast cancer cell lines. The 
results showed that 66 out of the 113 (58%) cases had 
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Figure 1.  ER and RUNX3 expression in normal and breast cancer cells. (A) ER was positive in MCF7 cell line, negative in MCF10A and 
SKBR3 cells (Immunocytochemistry, ×400). (B) RUNX3 protein was detected in MCF10A cell line but not in MCF7 and SKBR3 cells 
(western blot, GAPDH acted as an internal control). (C) RUNX3 mRNA was positive in MCF10A cell line but not MCF7 and SKBR3 cells 
(RT-PCR, β-actin as an internal control).Scale bars, 50 μm. Abbreviations: ER, estrogen receptor; RUNX3, Runt-related transcription 
factor 3; GAPDH, anti-glyceraldehyde 3-phosphate dehydrogenase; RT-PCR, reverse-transcriptase polymerase chain reaction analysis; 
SP, streptavidin-perosidase assay.

Figure 2.  RUNX3 expression in ER-negative breast cancer. RUNX3 expressed in both nucleus and cytoplasm of tumor cells in 
ER-negative breast cancer, while lymphocytes showed nuclear positivity (used as internal positive control; Immunocytochemistry, ×400). 
Abbreviations: RUNX3, Runt-related transcription factor 3; ER, estrogen receptor.
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RUNX3 hypermethylation, including 56/68 (82%) 
ER-positive cases, and 10/45 (22%) ER-negative 
cases. A significant difference of RUNX3 gene pro-
moter hypermethylation rate was found between 
ER-positive and ER-negative groups (p<0.01; Fig. 3B, 
Table 1).

In the RUNX3-positive cases, 31% (15/48) pre-
sented RUNX3 promoter hypermethylation, while 79% 
(51/65) of the RUNX3-negative cases showed RUNX3 
promoter hypermethylation. Negative correlation was 
found between RUNX3 protein expression and RUNX3 
gene promoter hypermethylation (Phi = –.673, 
p<0.001; Table 2).

Correlation Between Hypermethylation of the 
RUNX3 Gene Promoter and Clinicopathologic 
Parameters

We analyzed the relationship between hypermethyl-
ation of the RUNX3 gene and the clinicopathologic 
parameters of the 113 breast cancer tissue samples 
(Table 3). In ER-positive tumors, RUNX3 promoter 
hypermethylation was associated with the presence 
of lymph node metastasis and clinical stage; while in 
ER-negative cases RUNX3 methylation was associ-
ated only with clinical stage. In ER-positive samples, 
the tumors with metastasis in less than 3 lymph 

Table 1.  Relationship of RUNX3 Protein Expression and RUNX3 Gene Promoter Methylation to ER in 113 Breast Cancer Samples.

Group n

RUNX3 Protein

p

RUNX3 Hypermethylation

pPositive (%) Negative Methylation (%) No-methylation

ER-positive 68 18 (27) 50 <0.01a 56 (82) 12 <0.01a

ER-negative 45 30 (67) 15 10 (22) 35  
Total 113 48 (42) 65 66 (58) 47  

Abbreviations: RUNX3, Runt-related transcription factor 3; ER, estrogen receptor.
ap value compared with ER-negative group.

Figure 3.  Methylation status of RUNX3 gene promoter in breast cell lines and breast cancer tissues. (A) MSP analysis of the RUNX3 
gene promoter in normal and breast cancer cell lines. Methylated products were found in MCF7 cells, but not in MCF10A and SKBR3 
cells. (B) MSP analysis of the RUNX3 gene promoter in breast cancer tissues. RUNX3 methylated in sample 1, unmethylated in sample 
2, incomplete methylation was seen in sample 3. Abbreviations: RUNX3, Runt-related transcription factor 3; MSP, Methylation-specific 
Polymerase Chain Reaction; MC, denotes methylated control; UC, denotes unmethylated control; MT, methylated tissue; UT, unmethyl-
ated tissue; IMT, incomplete methylated tissue.
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nodes had a higher positive rate of hypermethylation 
than tumors with more than 3 lymph nodes metasta-
sis (p<0.05), and tumors with an early clinical stage 
(I and II) also had a higher positive rate of RUNX3 
hypermethylation than advanced-stage tumors (III) 
(p<0.05).

5-Aza-CdR on the Methylation Status of 
RUNX3 in MCF7 Cells

To confirm whether the hypermethylation status of the 
RUNX3 gene promoter could be reversed, we per-
formed an MSP assay on MCF7 cells treated with dif-
ferent concentrations of 5-Aza-CdR. The experimental 
data revealed that the promoter regions of RUNX3 
were heavily methylated in MCF7 cells. However, after 
5-Aza-CdR treatment, the methylation levels of the 

RUNX3 gene promoter decreased gradually as doses 
of 5-Aza-CdR increased, and meanwhile the demeth-
ylated levels increased (Fig. 4; p<0.05).

5-Aza-CdR Increased RUNX3 Protein and 
mRNA Expression Levels in MCF7 Cells

To examine the effect of 5-Aza-CdR on the expression 
of RUNX3, we tested the protein and mRNA expres-
sion with western blot and RT-PCR on the MCF7 cells 
after treatment with 5-Aza-CdR. Compared with the 
control group, RUNX3 protein expression significantly 
increased with the increase of 5-Aza-CdR concentra-
tion (Fig. 5A; p<0.05). Consistently, RT-PCR analysis 
results showed that RUNX3 mRNA expression also 
significantly increased with increased 5-Aza-CdR con-
centrations (Fig. 5B; p<0.05).

Table 2.  Relationship Between RUNX3 Protein Expression and Promoter Methylation in 113 Breast Cancer Samples.

RUNX3 Protein n Methylation (%) No-methylation p Value

Positive 48 15 (31) 33 <0.001a

Negative 65 51 (79) 14  
Total 113 66 (58) 47  

Abbreviation: RUNX3, Runt-related transcription factor 3
ap value compared with RUNX3-negative group.

Table 3.  Relationship Between RUNX3 Promoter Methylation Status and Clinicopathological Parameters in 113 Breast Cancer 
Samples.

Variables n

ER-positive Breast 
Cancer

χ2 p n

ER-negative Breast 
Cancer

χ2 pM UM M UM

Age (years)
  <56 38 29 9 2.16 0.14 25 4 21 1.26 0.26
  ≥56 30 27 3 20 6 14  
Tumor size (cm)
  ≤2 27 22 5 1.11 0.66 22 6 16 2.71 0.19
  2–5 34 29 5 18 2 16  
  >5 7 5 2 5 2 3  
Axillary lymph nodes affected
  0–3 57 50 7 4.89 0.03 9 4 5 1.81 0.18
  >3 11 6 5 36 6 30  
Histological grade
  I 7 5 2 1.31 0.54 6 2 4 0.82 0.79
  II 31 25 6 21 4 17  
  III 30 26 4 18 4 14  
Clinical stage
  I + II 40 37 3 5.29 0.02 30 4 26 2.72 0.01
  III 28 19 9 15 6 9  

Abbreviations: RUNX3, Runt-related transcription factor 3; ER, estrogen receptor; M, cases with RUNX3 promoter hypermethylated; U, cases with 
RUNX3 promoter nonmethylated.
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5-Aza-CdR Suppressed Proliferation, Migration, 
and Invasion in MCF7 Cells

To investigate the influence of demethylation of the 
RUNX3 gene promoter on breast cancer, we treated 
ER-positive MCF7 cells with different concentrations 
of 5-Aza-CdR and detected the effects of 5-Aza-CdR 
on MCF7 cell growth with a CCK-8 assay. The results 
revealed that 5-Aza-CdR significantly suppressed the 
proliferation of MCF7 cells in a dose- and time-depen-
dent manner (Fig. 6A, Table 4). We then determined 
the effect of 5-Aza-CdR on MCF7 cell migration and 
invasion. The migration assay revealed that 5-Aza-
CdR inhibited the motility potential of MCF7 cells by 
40% (with the 2.0 μmol/L concentration) and 61% 
(with the 4.0 μmol/L concentration). The 5-Aza-CdR 
inhibited the invasive ability of MCF7 cells by 54% 
(with the 2.0 μmol/L concentration) and 75% (with the 
4.0 μmol/L concentration) (Fig. 6B).

Discussion

In this study, we analyzed RUNX3 gene promoter 
methylation status, mRNA expression and protein 

expression on breast cell lines and breast cancer tis-
sues. In addition, we correlated the results with ER 
expression and clinicopathological features on the 
breast cancer tissues. Our results showed that RUNX3 
protein and mRNA expressed on the normal breast 
cell line MCF10A, but not on the breast cancer cell 
lines MCF7 or SKBR3. RUNX3 hypermethylation was 
detected in ER-positive breast cancer cell line MCF7 
but not in ER-negative breast cell line SKBR3 or in 
normal breast cell line MCF10A. On the tissue sam-
ples, RUNX3 expression was significantly higher in 
ER-negative breast cancers than that in ER-positive 
group, while RUNX3 hypermethylation was detected 
in most of the ER-positive tumors but only in a small 
subset of the ER-negative tumors (p<0.05). We noted 
that although RUNX3 promoter hypermethylation was 
not detected in ER-negative SKBR3, this cell line 
showed RUNX3-negative, suggesting that the corre-
lation of RUNX3 expression and promoter hypermeth-
ylation was cellular context-dependent. These results 
suggest that RUNX3 hypermethylation, which was 
consistent with RUNX3 downregulation, occurs mainly 
in ER-positive breast cancer. Epigenetic RUNX3 

Figure 4.  Effect of 5-Aza-CdR on RUNX3 methylation in MCF7 cell line for 48 hr. The hypermethylation of RUNX3 reduced gradually 
in MCF7 cell line treated with 0.5, 1.0, 2.0, 4.0, and 8.0 μM 5-Aza-CdR, respectively (MSP assay). Abbreviations: RUNX3, Runt-related 
transcription factor 3; 5-Aza-CdR, 5-Aza-2′-deoxycytidine; MSP, Methylation-specific Polymerase Chain Reaction; MC, denotes methyl-
ated control; UC, denotes unmethylated control. *p<0.05 (compared with control group).



RUNX3 Methylation in ER-positive Breast Cancer	 717

Figure 5.  Effect of 5-Aza-CdR on RUNX3 expression in MCF7 cell line for 48 hr. (A) RUNX3 protein expression increased gradually 
along with the increase of 5-Aza-CdR concentration (western blot, GAPDH as an internal control). (B) RUNX3 mRNA expression 
increased gradually along with the increase of 5-Aza-CdR concentration (RT-PCR, β-actin was an internal control). Abbreviations: 
RUNX3, Runt-related transcription factor 3; 5-Aza-CdR, 5-Aza-2′-deoxycytidine; GAPDH, anti-glyceraldehyde 3-phosphate dehydroge-
nase; RT-PCR, reverse-transcriptase polymerase chain reaction analysis. *p<0.05 (compared with control group).



718	 Liu et al. �Liu et al.﻿

Figure 6.  The 5-Aza-CdR inhibits proliferation, migration, and invasion of MCF7 cell line. (A) Growth-inhibiting rate increased gradu-
ally along with the increase of 5-Aza-CdR concentration and time (CCK-8 analysis). (B) The migration ability of MCF7 cell line reduced 
gradually along with the increase of 5-Aza-CdR concentration (Transwell migration analysis). (C) The invasion ability of MCF7 cell line 
reduced gradually along with the increase of 5-Aza-CdR concentration (Transwell invasion analysis). Scale bars, 50 μm. Abbreviation: 
5-Aza-CdR, 5-Aza-2′-deoxycytidine. *p<0.05 (compared with control group).
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downregulation has been found in various types of 
solid tumor,8,9,16 and plays an important role in the 
inactivation of RUNX3 in breast cancer.14,16–18 The 
hypermethylation of RUNX3 is known as an early 
event in breast carcinogenesis.13 The study presented 
here tested the hypothesis that RUNX3 hypermethyl-
ation is associated with breast cancer mainly in 
ER-positive subtype. Our findings that RUNX3 protein 
and mRNA can be detected in MCF10A but not in 
MCF7 or SKBR3 cells suggest that RUNX3 is indeed 
inactive in breast cancer cells. Hypermethylation of 
RUNX3 gene promoter found in MCF7 cells but not in 
SKBR3 cells, furthermore, suggests that gene pro-
moter methylation is not the only mechanism that 
inactivates RUNX3 in breast cancer and that, in 
ER-negative breast cancer, other mechanisms such 
as deletion or mutation could be responsible for the 
downregulation of RUNX3. Moreover, our results sug-
gest that, in ER-positive breast cancer, gene promoter 
methylation could be a mechanism involved in RUNX3 
inactivation.

To confirm the above results in human breast can-
cer tissues, we analyzed 113 breast cancer tissue 
specimens. Our results showed that RUNX3 protein 
was expressed in 48/113 (42%) breast cancers, and 
RUNX3 hypermethylation was found in 66/113 (58%) 
breast cancers. Our results are similar to Lau’s17 and 
Hwang’s16 findings, which showed a rate of hyper-
methylation of the RUNX3 gene promoter approxi-
mately 50% in both tissue and cell lines, also showing 
a higher methylation rate than observed by Kim et al.,19 
which found only 25% of RUNX3 methylation in breast 
cancer. Also, we found that RUNX3 protein expression 
was significantly lower in the ER-positive samples 
(18/68, 27%) than in the ER-negative samples (30/45, 
67%; p<0.01), and RUNX3 promoter methylation was 
significantly more frequent in the ER-positive cases 
(56/68, 82%) than the ER-negative samples (10/45, 
22%; p<0.01). RUNX3 promoter methylation showed a 
negative correlation with RUNX3 protein expression in 

the tissue specimens (p<0.05). Interestingly, we found 
RUNX3 was mainly positive in nuclei in normal breast 
tissue while positive in both nuclei and cytoplasm in 
neoplastic tissues, suggesting that not only promoter 
methylation but also cytoplasm translocation might 
play critical roles in RUNX3 regulation. This phenom-
enon has been reported by other groups.2,13,17 Overall, 
these data confirm that RUNX3 promoter methylation 
is a key mechanism of RUNX3 downregulation in 
ER-positive breast cancer in tissue level.

The analysis of clinicopathologic parameters 
indicated that RUNX3 methylation was associated with 
clinical stage in both ER-positive and ER-negative 
breast cancers and with lymph node metastasis in 
ER-positive breast cancers. In ER-positive breast 
cancer, RUNX3 promoter hypermethylation was 
associated with more favorable prognostic factors 
such as lower clinical stage and fewer affected lymph 
nodes. This implies that detection of the methylation 
status of the RUNX3 gene promoter may be of 
prognostic value for patients with ER-positive breast 
cancer. However, this hypothesis must be verified with 
a large cohort study.

As an epigenetic mechanism of tumor suppressor 
gene silencing, DNA hypermethylation can be reversed 
by methylation inhibitors.20 5-Aza-CdR, a nucleoside 
analog and specific DNA methyltransferase inhibitor, 
has shown antitumoral activity in patients with leuke-
mia and myelodysplastic syndrome.21,22 Although 
much has been learned about 5-Aza-CdR and anti-
methylation, few reports have been published about 
either RUNX3 inactivation owing to promoter hyper-
methylation in breast cancer or the potential reversal 
of hypermethylation to restore the biological function 
of RUNX3. Given the heterogeneous subtypes of 
breast cancer differ greatly in pathogenesis, clinical 
and pathologic features, treatment response, and 
prognosis, further research is necessary to profile 
RUNX3 epigenetic dysregulation in different subtypes 
of breast cancer. Our results indicate that methylation 

Table 4.  The Inhibition Rate of Proliferation of MCF7 Cells Treated With 5-Aza-CdR ( x s± , %).

5-Aza-CdR 
Concentration

Exposure Time

24 hr 48 hr 72 hr

0.5 μmol/L 3.45 ± 0.51* 4.79 ±1.48* 8.04 ± 0.94*
1.0 μmol/L 5.86 ± 0.87* 10.83 ± 2.83* 19.35 ± 1.56*
2.0 μmol/L 8.74 ± 0.99* 23.77 ± 2.24* 40.67 ± 1.62*
4.0 μmol/L 26.77 ± 0.87* 45.61 ± 1.43* 67.94 ± 1.47*
8.0 μmol/L 47.97 ± 1.31* 69.34 ± 1.96* 83.36 ± 1.76*
IC

50
8.42 4.52 2.54

Abbreviations: 5-Aza-CdR: 5-Aza-2′-deoxycytidine; IC
50

, half maximal inhibitory concentration.
*p<0.05 (compared with control group [0 μM/L]).
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inhibitor 5-Aza-CdR reverse the downregulation of the 
RUNX3 gene by gene promoter methylation in a dose-
dependent fashion, and suppressed proliferation, 
migration and invasion in MCF7 cells. This implicates 
that gene promoter methylation is responsible for the 
RUNX3 downregulation observed in ER-positive 
breast cancer, and hints that reversion of RUNX3 gene 
methylation in ER-positive breast cancers may be a 
new potential therapeutic target. Further studies are 
needed to confirm this hypothesis.

Our data also showed that hypermethylation of 
RUNX3 gene promoter was associated with prognos-
tic parameters, like stage and lymph node metastasis. 
Overall, our study strongly suggest that RUNX3 epi-
genetic dysregulation may play an important role in 
mainly ER-positive breast carcinogenesis. Also, our in 
vitro data and clinicopathologic data showed a correla-
tion between RUNX3 gene promoter methylation and 
the invasiveness of breast cancer tumors. Our findings 
suggest that RUNX3 epigenetic alterations could be a 
prognostic marker for breast cancer and a potential 
therapeutic target that could reverse the malignant 
potential of ER-positive breast cancer. Further research 
on larger cohorts of patients to explore the role of 
RUNX3 in both ER-positive and triple-negative breast 
cancer is needed to understand the clinical and mech-
anistic role of RUNX3 in breast carcinogenesis.
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