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Abstract: Runt-related transcription factor 3 (RUNX3) is a tumor suppressor gene, its
inactivation due to hypermethylation related to carcinogenesis. The aim of this study was
to investigate the effects of 5-aza-2’-deoxycytidine (5-Aza-CdR) on cell proliferation and
apoptosis by demethylation of the promoter region and restoring the expression of RUNX3 in
the breast cancer MCF-7 cell line. MCF-7 cells were cultured with different concentrations
(0.4-102.4 umol/L) of 5-Aza-CdR in vitro. MTT assay was used to determine the proliferation
of MCF-7 cells. Flow cytometry and Hoechst staining were used for analyzing cell apoptosis.
The methylation status and expression of RUNX3 in mRNA and protein levels were measured by
methylation-specific polymerase chain reaction (PCR [MSP]), reverse transcription (RT)-PCR,
and Western blot. It was shown that the RUNX3 gene downregulated and hypermethylated in
MCE-7 cells. 5-Aza-CdR induced demethylation, upregulated the expression of RUNX3 on both
mRNA and protein levels in cancer cells, and induced growth suppression and apoptosis in vitro
in a dose- and time-dependent manner. The results demonstrate that RUNX3 downregulation
in breast cancer is frequently due to hypermethylation, and that 5-Aza-CdR can inhibit cell
proliferation and induce apoptosis by eliminating the methylation status of RUNX3 promoter
and restoring its expression.
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Introduction

Breast cancer is one of the most frequently diagnosed cancers and also the leading cause
of cancer death in women. Breast cancer accounted for 23% of the total new cases of
cancer and nearly 14% of the total cancer deaths in 2008.! In the People’s Republic of
China, female breast cancer ranks as the sixth most common cause of cancer mortality
and accounts for 5.90% of all female deaths from cancer.? The mortality rate increased by
99.99% in the past 30 years.? Various factors have been found to relate to the development
and progression of breast cancer, including activation of oncogenes, inactivation of tumor
suppressor genes, exposure to hormones, and others. Runt-related transcription factor 3
(RUNX3) is located on 1p36. Itis 30.31 kb in size, composed of five exons, and a known
regulator of major developmental pathways, and has recently been reported as a candidate
tumor suppressor related to apoptosis.® Its inactivation due to DNA hypermethylation
has been found in various types of solid tumor, including pancreatic,* bladder,’ gastric,°
colorectal,” lung,® and others. Kim et al’ and Suzuki et al' first proved that RUNX3
hypermethylation was a characteristic of breast cancers. Its hypermethylation has been
seen in both primary tumors and in the adjacent normal breast tissue, indicating that
hypermethylation of RUNX3 is an early event in breast carcinogenesis.'!
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As an epigenetic mechanism of gene silencing of tumor
suppressors, DNA hypermethylation can be reversed by
DNA methylation inhibitors.!? 5-aza-2’-deoxycytidine
(5-Aza-CdR), a nucleoside analog, and specific DNA meth-
yltransferase inhibitors have shown antineoplastic activity
in patients with leukemia and myelodysplastic syndrome. >4
Furthermore, its potential to increase chemotherapy sensitiv-
ity in cancer cells in vitro has also been proved.'>'® Though
much progress has been achieved in methylation-related
research, few reports are available related to RUNX3 inac-
tivation due to hypermethylation in breast cancer and how
to reverse RUNX3 hypermethylation to restore its biologi-
cal effect as a tumor suppressor. In the present study, the
demethylative effect of 5-Aza-CdR and biological effect
of RUNX3 gene in the breast cancer MCF-7 cell line were
investigated.

Materials and methods

Reagents

The following reagents were used: fetal bovine serum ([FBS]
Gibco; Life Technologies, Carlsbad, CA, USA); Roswell Park
Memorial Institute (RPMI) medium (Gibco RPMI 1640; Life
Technologies); 3-(4,5-Dimethylthiazol-2-yl1)-2,5-diphenyltet-
razolium bromide ([MTT] Sigma-Aldrich, St Louis, MO,
USA); propidium iodide ([PI] Sigma-Aldrich); dimethyl
sufloxide ([DMSO] Sigma-Aldrich); annexin V-fluorescein
isothiocyanate (FITC)/PI apoptosis detection kit (BD Biosci-
ences, San Jose, CA, USA); RUNX3 monoclonal antibody
(Santa Cruz Biotechnology Inc, Dallas, TX, USA); TRIzol
Reagent (Life Technologies); reverse transcription (RT)-
polymerase chain reaction (PCR) kit (Ampliqon, Odense,
Denmark); 5-Aza-CdR (Sigma-Aldrich); and Hoechst 33258
(Sigma-Aldrich).

Cell line and cell culture

Breast cancer MCF-7 cell line was purchased from Shanghai
Institute of Cell Biology, Chinese Academy of Sciences
(Shanghai, People’s Republic of China) and cultured in
RPMI 1640 enriched with 1% penicillin/streptomycin and
10% FBS. Cell culture plates were maintained in humidified
incubators at 37°C in a 5% CO, atmosphere. The cells were
harvested for analysis by trypsinization.

MTT assay

The viability of the MCF-7 cells was assessed using MTT assay
as described previously.'” After treatment, cells were seeded
in a 96-well plate at a density of 1 x 10* cells/well, cultured

for 12 hours, then treated with different concentrations (0.4,
1.6, 6.4,25.6,102.4 umol/L) 5-Aza-CdR for 0—72 hours. At
the end of the treatment, MTT 50 pg/10uL was added and
the cells were incubated for another 4 hours. After removal
of the supernatant, 200 uL. DMSO was added to each well.
After shaking the plate for 10 minutes, cell viability was
assessed by measuring the absorbance at 490 nm using an
enzyme-labeling instrument (ELX800, Bio-Tek, Winooski,
VT, USA); all measurements were performed three times.

Flow cytometry (FCM) analysis

for apoptosis

The apoptotic cells were determined using FCM analysis
by annexin V-FITC and PI combined staining as previ-
ously described." The samples were washed with PBS two
times and adjusted to 1 x 10°¢ cells /mL. The suspensions
(100 uL) were added to each Falcon tube (12 mm X 75 mm,
polystyrene round-bottom), and then the cells were stained
with 40 ug/mL annexin V-FITC (10 uL) and 20 pug/mL PI
(10 puL). After incubation for 20 minutes in the dark at room
temperature, 4°C PBS (400 uL) was added to each tube and
analyzed under FCM (BD Biosciences) within 30 minutes.
These assays were done three times.

Detection of apoptosis

with Hoechst staining

MCEF-7 cells were harvested by centrifugation at 800 rpm
for 5 minutes, washed with PBS, and fixed with 1% glutar-
aldehyde for 1 hour at room temperature. Fixed cells were
washed with PBS and stained with 200 uM Hoechst 33258
for 10 minutes, and changes in the nuclei of cells, after stain-
ing with Hoechst 33258, were observed using a fluorescence
microscope (Olympus BX60; Olympus Corp, Tokyo, Japan).

Cell cycle analysis by FCM

FCM analysis was used to evaluate the cell-cycle phase dis-
tribution of MCF-7 cells. After the cells became adherent,
5-Aza-CdR at concentrations of 0.4, 1.6, 6.4, 25.6, and
102.4 umol/L, was added, with incubation for 48 hours.
Cells were harvested and fixed in 70% ice-cold ethanol and
incubated overnight at 4°C. The fixed cells were washed with
PBS, then resuspended in 1 mg/mL ribonuclease ([RNase]
Sigma-Aldrich), stained with 50 pg/mL PI and incubated
at 37°C for 30 minutes in the dark. The stained cells were
analyzed for DNA content by a FACScan FCM (BD, Franklin
Lakes, NJ, USA) and cell-cycle phase distributions were ana-
lyzed with Cell Quest™ Pro software (BD Biosciences).

submit your manuscript

412

Dove

OncoTargets and Therapy 2013:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

RUNX3 gene promoter demethylation induces apoptosis in MCF-7 cell line

Methylation-specific PCR (MSP)

and RT-PCR

Methylation of RUNX3 was determined by MSP, and non-
methylation of RUNX3 by RT-PCR." A 24-hour MSP kit (QIA-
GEN, Hilden, Germany) was used to determine the methylation
status of the RUNX3 gene promoter in genomic DNA extracted
from MCF-7 cells. Pre-denatured for 15 minutes at 95°C,
denatured for 20 seconds at 95°C, renaturated for 40 seconds
at 60°C, and extended 60 seconds at 72°C. Final elongation
was performed for 3 minutes at 72°C. The primer sequence
for methylation was 5-TTACGAGGGGCGGTCGTACGC
GGG-3’ and antisense for methylation was 5-AAAACGAC
CGACGCGAACGCCTCC-3" (220 bp). The primer sequence
for non-methylation was 5’-TTA TGAGGGGTGGTTG-
TATGTGGG-3’ and antisense for non-methylation was
5-AAAACAACC AACACAAACACCTCC-3’ (212 bp). The
amplified PCR products were visualized under 2% agarose
gel electrophoresis and an ethidium bromide imaging system.
Water was substituted for DNA as a blank control.

Western blot analysis

As previously described,® after treatment with different
concentrations of 5-Aza-CdR for 48 hours, cells were har-
vested and prepared by suspending 1 x 10° cells in 100 mL
whole-cell lysis buffer, then disrupted by sonication and
extracted by radioimmunoprecipitation assay (RIPA) lysis
buffer 72 hours after transfection. Forty micrograms of
total protein was added to each well and loaded onto 12%
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) then
electrotransferred to Amershand Hybond ECL nitrocellulose
membrane (GE Healthcare, Little Chalfont, UK ) in Tris-
glycine buffer at 100 Volts for 1.5 hours.

Membranes were incubated overnight at 4°C with anti-
RUNX3 monoclonal antibody (dilution: 1/400) and anti-B-actin
monoclonal antibody (dilution: 1/200), respectively. After
being washed with PBS at room temperature, it was incubated
with secondary antibodies (dilution: 1/1000) for 2 hours, then
washed with PBS twice and colored by ECL. It was visualized
for the relative expression of protein in gray scale by Image-
Pro Plus software (v 6.0; Media Cybernetics, Rockville, MD,
USA) according to the manufacturer’ instructions. The protein
expression intensity of RUNX3 was calculated by the ratio of
the photodensity of RUNX3 and B-actin.

Statistical analysis
All data were expressed as mean + standard error of the
mean (SEM). Statistical analyses were performed with

one-way analysis of variance (ANOVA) using the statistical
software SPSS (v 13.0; IBM Corporation, Armonk, NY,
USA). P-values less than 0.05 were considered statistically
significant.

Results
5-Aza-CdR inhibits proliferation

in breast cancer MCF-7 cells

In the present study, MCF-7 cells were treated with dif-
ferent concentrations of 5-Aza-CdR. MTT assay was used
to examine the inhibiting effect of 5-Aza-CdR on MCF-7
cell growth. The effects of 5-Aza-CdR (0.4, 1.6, 6.4, 25.6,
and 102.4 umol/L) on cell growth after 72 hours are shown
in Figure 1. The inhibitory rate of 5-Aza-CdR was as
high as 58.63% = 4.82% when the cells were treated with
102.4 umol/L 5-Aza-CdR for 72 hours. MTT assay showed
that 5-Aza-CdR significantly suppressed the proliferation of
MCF-7 cells in a dose- and time-dependent manner, with cell
numbers markedly reduced compared to control.

FCM analysis for cell apoptosis

To demonstrate the apoptosis-inducing effect of 5-Aza-CdR,
FCM analysis was used with annexin V-FITC and PI com-
bined staining. Apoptosis was observed after treatment with
different concentrations of 5-Aza-CdR for 48 hours.

Viable apoptotic cells were rarely seen in the normal
control group, while in the 5-Aza-CdR groups, apoptotic cell
numbers gradually increased in a time-dependent manner
(Figure 2). The apoptotic rates in the blank control group
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Figure | Growth-inhibiting effects of 5-Aza-CdR on MCF-7 cells.

Notes: MCF-7 cells were treated with different concentrations of 5-Aza-CdR for
0-72 hours. Cell viability was determined by MTT assay, performed in triplicate.
Dose- and time-dependent inhibition of cell growth could be observed after
72 hours (P < 0.05, one-way ANOVA).

Abbreviations: 5-Aza-CdR, 5-aza-2’-deoxycytidine; ANOVA, analysis of variance;
MTT, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; h, hours.
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Figure 2 FCM analysis for apoptosis after treatment by annexin V-FITC and Pl
staining on MCF-7 cells. After treatment with different doses of 5-Aza-CdR for
48 hours, apoptosis induction was observed. Apoptotic cells were differentiated
from viable or necrotic ones by combined application of annexin V-FITC and PI.
This assay was performed in triplicate. (A) Blank control group; (B) 0.4 pumol/L
5-Aza-CdR group; (C) 1.6 umol/L 5-Aza-CdR group; (D) 6.4 umol/L 5-Aza-CdR
group; (E) 25.6 umol/L 5-Aza-CdR group; (F) 102.4 pumol/L 5-Aza-CdR group.
(G) comparison of all groups.

Notes: *P < 0.05; **P < 0.01 versus control group.

Abbreviations: 5-Aza-CdR, 5-aza-2’-deoxycytidine; FCM, flow cytometry; FITC,
fluorescein isothiocyanate; P, propidium iodide.

and 0.4, 1.6, 6.4,25.6, and 102.4 umol/L 5-Aza-CdR groups
were 4.32% £ 1.15%, 9.26% + 2.24%, 16.53% + 4.12%,
25.35% + 4.98%, 37.64% + 6.32%, and 53.56% * 7.83%,
respectively.

Measurement of apoptosis of MCF-7
cells by Hoechst 33258 staining

To confirm the apoptosis-inducing effect of 5-Aza-CdR,
we observed the cells with Hoechst 33258 staining using
a fluorescence microscope. The dye stains condense chro-
matin of apoptotic cells more brightly than chromatin of
normal cells. As shown in Figure 3, few apoptotic cells
were observed in the control group (Figure 3A), while
morphological changes of cell apoptosis, including con-
densation of chromatin and nuclear fragmentation, were

observed in the 5-Aza-CdR-treated groups (Figure 3B-D).
The percentages of apoptotic cells in the control group and
0.4, 6.4, and 102.4 umol/L 5-Aza-CdR-treated groups were
2.52% = 1.37%, 6.65% £ 2.52%, 18.75% *+ 4.68%, and
49.32% =+ 6.08%, respectively. Furthermore, apoptotic cell
numbers gradually increased in a dose-dependent manner.

5-Aza-CdR arrests the cell cycle

We analyzed the effects of 5-Aza-CdR on the cell-cycle
distributions using FCM. As shown in Figure 4, in the 5-Aza-
CdR-treated groups, the percentage of cells at the S phase
significantly decreased, while increasing at the G2/M phase.
The results suggest that 5-Aza-CdR can induce cell-cycle
arrest at the G2/M phase in MCF-7 cells.

5-Aza-CdR inhibits RUNX3 methylation

in MCF-7 cells with MSP assay

To confirm whether 5-Aza-CdR inhibits RUNX3 methylation
in MCF-7 cells, the methylation of RUNX3 was determined
using MSP assay. MSP results show that the promoter
regions of RUNX3 were heavily methylated in MCF-7 cells.
However, after 5-Aza-CdR treatment, the levels of unm-
ethylated RUNX3 increased gradually along with increasing
doses of 5-Aza-CdR in MCF-7 cells (Figure 5) (P < 0.05).

5-Aza-CdR increases the expression
of RUNX3 in both mRNA

and protein levels

To examine whether 5-Aza-CdR increases the expression of
RUNX3, we tested the mRNA and protein expression with
RT-PCR and Western blot analysis. Compared with the con-
trol group, RUNX3 mRNA expression significantly increased
in the 5-Aza-CdR-treated group (Figure 6A) (P < 0.05). At
the same time, Western blot results showed that RUNX3
protein expression also significantly increased in the 5-Aza-
CdR-treated group (Figure 6B) (P < 0.05). Furthermore,
the enhancement effects were in a dose-dependent manner
(Figure 6C) (P < 0.05).

Discussion

Downregulation of the tumor suppressor RUNX3 is related to
a variety of solid cancers. It was first reported by Li et al that
the expression of RUNX3 was downregulated in both gastric
carcinoma cell lines and gastric carcinoma tissues.” Up to
now, it was reported that the RUNX3 gene was downregu-
11,21

lated in a variety of malignancies, including breast cancer.
It has been reported that RUNX3 was downexpressed in
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(5 D

Figure 3 Cell apoptosis observed by Hoechst 33258 staining using a fluorescence microscope (200x). Values represent mean + SD from three independent experiments.
(A) Blank control group; (B) 0.4 umol/L 5-Aza-CdR group; (C) 6.4 umol/L 5-Aza-CdR group; (D) 102.4 umol/L 5-Aza-CdR group.

Notes: The arrows represent the apoptotic cells.
Abbreviations: 5-Aza-CdR, 5-aza-2’-deoxycytidine; SD, standard deviation.

50% of breast cancer cells (n = 19), and hypermethylation
of RUNX3 was observed in 52% of primary breast cancers
(n = 44) and negatively expressed in the matched adjacent
breast epithelium.? Jiang et al reported that the expression of
RUNX3 in breast cancer was much lower than that in normal
breast tissues and breast fibroadenoma, and associated with
a more favorable prognosis with reduced recurrence and
better survival rates in breast cancer patients.”® Chen et al
demonstrated that the protein level of RUNX3 was overex-
pressed in normal breast tissues and widely downregulated
in more than 85% of breast cancers.? In vitro, RUNX3 stable
overexpression significantly suppressed the invasive capability
of MDA-MB-231 breast cancer cells.?* RUNX3 inactivation is
considered to be an early event in breast cancer progression,

and the decrease of expression starts to appear in ductal
carcinoma in situ, and remains at a similar frequency in
invasive ductal carcinoma.''?! These studies provide evidence
of RUNX3 as a tumor suppressor gene in breast cancer,
and silencing of tumor suppressor genes confers a selective
proliferative advantage to corresponding cells, mediates
invasiveness, and facilitates metastasis.

RUNX3 is inactivated in breast cancer by multiple mecha-
nisms, including reduced copy number, promoter hyper-
methylation, and protein mislocalization.?'>* Epigenetic
investigations have reported that DNA hypermethylation
plays an important role in the inactivation of RUNX3.252¢ In
this study, MSP showed that the promoter region of RUNX3
was heavily methylated in MCF-7 breast cancer cells, while
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Figure 4 Effects of 5-Aza-CdR on the cell cycle of MCF-7 cells by FCM.

Notes: The cell cycle distributions in MCF-7 cells were determined by Pl staining and FCM analysis after treatment with 0.4—102.4 umol/L 5-Aza-CdR for 48 hours. A = Blank
control group; B = 0.4 umol/L 5-Aza-CdR group; C = |.6 pmol/L 5-Aza-CdR group; D = 6.4 umol/L 5-Aza-CdR group; E = 25.6 umol/L 5-Aza-CdR group; F = 102.4 umol/L
5-Aza-CdR group. Results presented were representative of three independent experiments. *P < 0.05; **P < 0.01 versus control group.

Abbreviations: 5-Aza-CdR, 5-aza-2’-deoxycytidine; FCM, flow cytometry; GO/G1, gap0/gap| phase. G2/M, gap2/mitosis phase; Pl, propidium iodide; S, synthesis phase.
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Figure 5 Effect of 5-Aza-CdR on RUNX3 demethylation in MCF-7 cells. MCF-7 cells
were treated with various concentrations of 5-Aza-CdR (0.4, 1.6, 6.4, 25.6, and
102.4 pmol/L) for 48 hours, and then RUNX3 methylation was identified by MSP assay.
This assay was done in triplicate. (A) RUNX3 methylation in each group. (B) Relative
expression level of RUNX3 methylation. A = Control group; B = 0.4 umol/L
5-Aza-CdR group; C = 1.6 umol/L 5-Aza-CdR group; D = 6.4 umol/L 5-Aza-CdR
group; E = 25.6 umol/L 5-Aza-CdR group; F = 102.4 umol/L 5-Aza-CdR group.
Notes: Values represent means + SEM. *P < 0.05; **P < 0.01 versus blank con-
trol group.

Abbreviations: 5-Aza-CdR, 5-aza-2’-deoxycytidine; MSP, methylation-specific poly-
merase chain reaction; RUNXS3, runt-related transcription factor 3; SEM, standard
error of the mean.
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unmethylated RUNX3 was scarcely expressed, indicating that
hypermethylation may contribute to the downregulation of
RUNX3, in accordance with prior results reported by other
authors. 22

With the understanding of hypermethylation in cancer,
many methods have been tested to reverse the DNA methy-
lative status so as to improve the treatment efficiency for
cancer.?” 5-Aza-CdR, a specific DNA methyltransferase
inhibitor, has been approved for the treatment of cancer,?
and has demonstrated excellent results.'* In myelodysplastic
syndrome treatment, 5-Aza-CdR induced a high response rate
at optimal doses and has been shown to prolong survival in
clinical research.'*? In breast cancer, 5-Aza-CdR has shown
antineoplastic characteristics and the ability to induce apop-
tosis, increasing the chemosensitivity and radiosensitivity
in cancer cell lines.'>'%3% In this study, RT-PCR and Western
blot results show that 5-Aza-CdR treatment can significantly
reverse the hypermethylation status of the Runx3 promoter
region and promote expression of the RUNX3 gene in both
mRNA and protein levels in MCF-7 cancer cell lines in a
dose-dependent manner, indicating that demethylation by
5-Aza-CdR contributes to the reactivation of RUNX3, thus
resulting in an increase of apoptosis and G2/M cell arrest and
a decrease of proliferation of MCF-7 cells in a dose- and time-
dependent manner. These findings suggest that demethylation
may restore the tumor suppressor activity of RUNX3.
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Figure 6 Effects of 5-Aza-CdR on RUNX3 mRNA and protein expression in MCF-7 cells. MCF-7 cells were treated with various concentrations of 5-Aza-CdR (0.4, 1.6, 6.4,
25.6, and 102.4 pmol/L) for 48 hours. The mRNA and protein expression of RUNX3 were determined by RT-PCR (A) and Western blot analysis (B) respectively. These
assays were done in triplicate. | = Control group; 2 = 0.4 umol/L 5-Aza-CdR group; 3 = 1.6 umol/L 5-Aza-CdR group; 4 = 6.4 umol/L 5-Aza-CdR group; 5 = 25.6 umol/L
5-Aza-CdR group; 6 = 102.4 pmol/L 5-Aza-CdR group. (C). Relative expression level of RUNX3. Values represent means + SEM.

Notes: *P < 0.05; **P < 0.01 versus blank control group.

Abbreviations: 5-Aza-CdR, 5-aza-2’-deoxycytidine; bp, base pair; GAPDH, phosphoglyceraldehyde dehydrogenase; RT-PCR, reverse transcription polymerase chain

reaction; RUNX3, runt-related transcription factor 3; SEM, standard error of the mean.
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Conclusion

The RUNX3 gene was found to be hypermethylated in
MCF-7 cells. 5-Aza-CdR induces demethylation and
reactivates the RUNX3 gene to restore its anticancer ability

in the breast cancer MCF-7 cell line.
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