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Abstract. The aim of the present study was to investigate the 
effects of RNA interference with prostaglandin-endoperoxide 
synthase 2 (COX-2) gene on the proliferation and apoptosis of 
breast cancer MCF-7 cells, as well as the underlying mecha-
nism. The present study constructed the eukaryotic expression 
vector of the targeted COX-2 gene, transfected the MCF-7 
cells and screened the stably expressed clone. Changes in the 
COX-2 gene expression in breast cancer MCF-7 cells prior to 
and following transfection were examined; the proliferation 
and apoptosis of MCF-7 cells were analyzed. Furthermore, 
changes in the protein levels of survivin, B-cell lymphoma 2 
(Bcl-2) and Bcl-2-associated X (Bax) genes were detected. 
RNA interference mediated by a lentiviral expression vector 
significantly decreased the protein expression levels of the 
COX-2 gene, and therefore, the proliferation and growth of 
breast cancer MCF‑7 cells was significantly suppressed and 
the apoptotic rate increased. Of note, the mRNA and protein 
expression levels of survivin and Bcl-2 decreased, while those 
of Bax increased following COX-2 silencing. RNA interfer-
ence markedly deactivated the COX-2 gene, suppressed the 
proliferation of breast cancer MCF-7 cells, and, to a certain 
extent, enhanced the induced spontaneous apoptosis, which is 
regulated by the Bax gene. These results provided evidence for 
the potential applications of RNA interference of the targeted 
COX-2 gene in gene therapy for the treatment of breast cancer.

Introduction

At present, breast cancer is one of the most common malignant 
types of cancer in females worldwide and continues to be one 
of the main diseases threatening the health of females (1,2). 
The underlying mechanism, prevention and treatment of 
breast cancer, however, remains poorly understood, and basic 
and effective measures for its treatment are lacking world-
wide. Although marked achievements have been made in 
comprehensive treatment, the general curative effect remains 
to be improved. With the progression in the fields of the 
molecular biology of cancer and associated disciplines, gene 
therapy of breast cancer is considered to be a novel treatment 
option alongside the traditional methods, including surgery, 
radiotherapy, chemotherapy and endocrinotherapy (3,4). RNA 
interference (RNAi), an evolutionarily-conserved cellular 
defense mechanism mediated by small interfering RNA, 
stably, specifically and effectively initiates gene silencing with 
low cytotoxicity following transcription, and is therefore a 
method that has been widely applied in studies on functional 
genome and gene therapy (5,6). Prostaglandin-endoperoxide 
synthase 2 (COX-2), an inductive enzyme that is not expressed, 
or expressed at markedly low levels, in normal tissues, and 
which is increased in pathological states, has been closely 
associated with the development of breast cancer (7,8). The 
present study successfully constructed the lentiviral expres-
sion vector of the short hairpin RNA (shRNA) of the targeted 
COX-2 gene, which was then applied silence COX-2 in the 
breast cancer cell line MCF-7, allowing the investigation of 
the mechanism and effect of COX-2 on the proliferation and 
apoptosis of the MCF-7 cells.

Materials and methods

Materials. The breast cancer cell lines MCF-7 and 293T 
were purchased from Shanghai Cell Bank (Chinese 
Academy of Science, Shanghai, China). pSPAX2, pMD2G 
and pLVX-shRNA1 vectors were from Clontech (Mountain 
View, CA, USA), and plasmid DNA extraction kits (Qiagen, 
Valencia, CA, USA), Opi-MEM, Escherichia coli DH5α 
and Taq DNA polymerase (Invitrogen Life Technologies, 
Carlsbad, CA, USA), T4 DNA ligase, BamHI and EcoRI 
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restriction endonuclease (New England Biolabs, Ipswich, MA, 
USA), liposome Lipofectamine 2000, Dulbecco's modified 
Eagle's medium (DMEM) culture medium, fetal calf serum 
and trypsin (Invitrogen Life Technologies), gel retrieve kits 
(Qiagen, Hilden, Germany), KOD hi-fi enzyme PCR kits 
(Toboyo, Osaka, Japan), Taq enzyme (Toyobo, Osaka, Japan) 
and DNA ladder (Fermentas, Burlington, ON, Canada) were 
used.

Cell culture. The breast cancer MCF-7 cells were cultured in 
DMEM containing 10% fetal calf serum, which was placed 
in a thermostat with 5% CO2 at 37˚C. The cells were digested 
and passaged with 0.25% lipase every 2-3 days, and cells in 
the exponential growth phase were selected to be used in the 
experiments.

Design and screening of shRNA of targeted COX‑2. Based 
on the COX-2 mRNA sequence in Genbank and the prin-
ciples of shRNA design, the target sequence and three pairs 
of COX-2-targeting shRNA were designed (Table I). The 
shRNAs were synthesized by Shanghai Hanbio Co., Ltd. 
(Shanghai, China), and then transfected into 293T cells 
with Lipofectamine 2000 according to the manufacturer's 
instructions; the results were observed under a fluorescence 
microscope (BX50; Olympus, Tokyo, Japan) 24 h following 
transfection, and the cell collection and protein abstraction 
were conducted 36 h thereafter. The most efficient shRNA was 
selected via western blot analysis.

Construction and transfection of lentiviral expression 
vector of COX‑2‑shRNA. The most efficient shRNA 
was selected as the interference target out of the three 
pairs in Table I. A double-stranded DNA fragment was 
synthesized in vitro, with cohesive termini of BamHI 
and EcoRI restriction enzymes and an internal hairpin 
sequence of 5'-CCATTCTCCTTGAAAGGACTTTTCAAG 
AGAAAGTCCTTTCAAGGAGAATGG-3'. The fragment 
was ligated into pGC-LV and transfected with Escherichia coli 
DH5α. Following amplification, screening and selection, the 
positive clone was sequenced by Invitrogen Life Technologies. 
The plasmid was extracted and the lentiviral expression vector 
of COX-2-shRNA was recombined. The breast cancer MCF-7 
cells transfected with the COX-2-shRNA lentiviral vector 
were defined as group COX‑2‑shRNA; those transfected with 
the empty vector and those without any treatment were named 
as the mock and blank groups, respectively.

Extraction of general RNA and quantitative polymerase 
chain reaction (qPCR) detection. The general RNA of each 
cell group was extracted with TRIzol, reverse-transcribed 
into cDNA and subjected to qPCR according to the manu-
facturers' instructions of the KOD hi_fi enzyme PCR kit 
(Toboyo) and the  PCR kit supplied by Invitrogen Life 
Technologies. The COX-2 and GAPDH primers (as the 
internal control) were synthesized by Shanghai Hanbio Co., 
Ltd. As for COX-2, the forward primer was 5-CCCTTGG 
GTGTCAAAGGTAA-3', while the reverse primer was 
5'-GCCCTCGCTTATGATCTGTC-3'; for GAPDH, the 
forward primer was 5'-AGAAAATCTGGCACCACACC-3' 
while the reverse was 5'-AGAGGCGTACAGGGATAGCA-3'. 

The reaction conditions of the two-step PCR were: 45 cycles 
of pre‑denaturation at 95˚C for 15 sec, denaturation at 95˚C 
for 15 sec and annealing at 60˚C for 30 sec. Following PCR, 
the mixture was denatured for 1 min at 95˚C, cooled to 55˚C 
at which the double strands of DNA combined sufficiently. 
From 55‑95˚C, each elevation of 0.5˚C was kept for 4 sec. The 
light absorption value was recorded using an absorption reader 
(AG 22331; Eppendorf, Hamburg, Germany) and the melting 
curve was plotted. Through the 2�ΔΔCt method, quantitative 
analysis was performed with the ratio of the target gene to 
GAPDH.

Detection of protein expression by western blot analysis. A 
total of 72 h following transfection, the cells were collected; 
the general proteins were extracted, quantified by the bicin-
choninic acid assay and normalized. A standard curve of 
absorbance, vs. micrograms protein was constructed and vice 
versa. This was used to determine the concentrations of the 
original samples from the quantity of protein, volume/sample, 
and dilution factor

(Thermo Fisher Scientific, Rockford, IL, USA). The sample 
load was 30 µg extracted protein per lane. Protein purified 
by 10% SDS‑PAGE was transferred to a polyvinylidene fluo-
ride membrane following electrophoresis. The protein was 
blocked with 5% skimmed milk powder at 4˚C. The primary 
monoclonal antibodies (Cell Signaling Technology, Inc., 
Danvers, MA, USA), COX-2 (1:500), survivin (1:800), B-cell 
lymphoma 2 (Bcl-2) (1:800), Bcl-2-associated X (Bax) (1:800)  
and GAPDH (1:4,000), were added and the mixture was 
subsequently incubated overnight at 4˚C with agitation. 
Following washing the membrane for 10 mins three times, 
the horseradish peroxidase-conjugated antibody II (1:4,000) 
was added for a 2-h incubation. The protein bands were 
detected (the colored membranes) using an enhanced chemi-
luminescence (ECL) system (Pierce Biotechnology, Inc., 
Rockford, IL, USA) and exposed to an X‑ray film. The gray 
membranes were scanned with the image analytical system 
(Image J software, National Institutes of Health, Bethesda, 
MD, USA).

Detection of cell proliferation by MTT assay. The breast 
cancer MCF-7 cells at exponential growth phase were inocu-
lated into the 96-well plates (100 µl/well, 1x104/well) inside 
a thermostat at 37˚C with 5% CO2 and saturated humidity. 
An MTT assay, in which 20 µl MTT reagent was added and 
then placed in a CO2 incubator for 4 h (Sigma, St. Louis, MO, 

Table I. COX-2-shRNA sequence.

shRNA number Sequence

COX-2 shRNA-1 GCTGAATTTAACACCCTCTAT
COX-2 shRNA-2 GCAGATGAAATACCAGTCTTT
COX-2 shRNA-3 CCATTCTCCTTGAAAGGACTT

COX-2, prostaglandin-endoperoxide synthase 2; shRNA, small 
hairpin RNA.
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USA) was performed following incubation for 2, 24, 48 and 
72 h, respectively. The optical density (OD) value at 570 nm 
wavelength was detected with a microplate spectrophotometer 
(Type 550; R&D Systems, Minneapolis, MN, USA). The mean 
value of five wells was the final OD value. The cell prolifera-
tion curve was plotted with the time on the horizontal axis and 
the OD value on the vertical axis. The growth inhibition rate 
of cancer cells was calculated using the following formula: 
Growth inhibition rate = (1 � OD value of COX-2-shRNA/OD 
value of blank) x 100.

Detection of cancer cell apoptosis via flow cytometry. The 
breast cancer MCF-7 cells of each group were digested and 
centrifuged for 5 min with the supernatants discarded. The 
cells were then washed with cold phosphate-buffered saline 
(PBS) and suspended again in 100 µl binding buffer solution. 
The cell concentration was adjusted to 1x106/ml, 2 µl of the 
Annexin V-fluorescein isothiocyanate (FITC; 20 µg/ml) was 
added and the sample was thoroughly mixed. The mixture 
was incubated in the dark at room temperature for 15 min and 
then diluted with 400 µl PBS. 2 min prior to flow cytometric 
analysis (FACSCalibur; Becton-Dickinson, Franklin Lakes, 
NJ, USA), 1 µl propidium iodide (PI) (50 µg/ml) was added. 
Another sample without Annexin V-FITC or PI served as a 
negative reference.

Statistical analysis. The data were processed by SPSS 16.0 
statistical software (SPSS, Inc., Chicago, IL, USA). Quantitative 
data were expressed as the mean ± standard deviation. The 
significant difference among the groups was assessed using 
analysis of variance. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Screening outcome of COX‑2‑shRNA lentiviral expression 
vectors. As shown in Fig. 1A, the vectors for COX-2-targeting 
shRNAs, COX-2-shRNA-1, 2 and 3, were effectively transfected 
into the MCF-7 cells, as demonstrated by green fluorescence. 

The outcomes of the qPCR and western blot analyses 
demonstrated that shRNA-1 had no evident interference effect; 
shRNA-2 exerted a significant effect, and shRNA‑3 was most 
efficient at downregulating COX-2 (Fig. 1B and C). Therefore, 
the expression vector of the shRNA plasmid was recombined 
based on the shRNA-3 sequence. This COX-2-shRNA plasmid 
was transfected into the MCF-7 cells and screened and ampli-
fied by G418 for further study.

Effects of COX‑2‑shRNA on COX‑2 mRNA in MCF‑7 cells. 
qPCR analysis suggested that following transfection of 
MCF-7 cells with the RNAi expression vector, the COX-2 
mRNA expression of the breast cancer MCF-7 cells in 
COX‑2‑shRNA was significantly lower than that in the blank 
and mock groups (P<0.05), while there was no significant 
difference among the blank and mock groups (Fig. 2A). 
Results of the western blot analysis were consistent with those 

Figure 1. (A) Empty vector as well as COX‑2‑shRNA‑1, 2, 3 plasmids were effectively transfected into the breast cancer MCF‑7 cells (magnification x100). 
(B) The efficiency of COX‑2 interference was assessed by quantitative polymerase chain reaction (*P<0.05, vs. vector). (C) Efficiency of COX‑2 interference 
detected by western blot analysis. COX-2, prostaglandin-endoperoxide synthase 2; shRNA, small hairpin RNA.

Figure 2. (A) The COX-2 mRNA expression in the breast cancer cell line 
MCF‑7 was significantly decreased in the COX‑2‑shRNA‑transfected group. 
(B) The COX-2 protein expression in MCF-7 cells decreased eminently in 
the COX-2-shRNA-transfected group. COX-2, prostaglandin-endoperoxide 
synthase 2; shRNA, small hairpin RNA.
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of the qPCR, as the protein expression decreased eminently 
in the COX-2-shRNA group as compared with that in the 
blank and mock groups (Fig. 2B).

Effects of COX‑2‑shRNA on the proliferation and growth 
of breast cancer MCF‑7 cells. The cell growth curves were 
plotted based on the OD values of the COX-2-shRNA, blank 
and mock groups. The original OD values for these three groups 
were 0.0986±0.0076, 0.0994±0.0186 and 0.1037±0.0134, 
respectively, and were not significantly different from each 
other (P>0.05). On Day three, however, the OD values were 
0.4949±0.0308, 0.6628±0.0245 and 0.6545±0.0155, with no 
significant difference between the blank and mock groups 
(P>0.05). The cell growth rate in the COX-2-shRNA group 
had declined evidently compared with that in the blank and 
mock groups (P<0.05), with growth inhibition rates of 24.47, 
22.19 and 25.34% at 24, 48 and 72 h following COX-2 gene 
interference (Fig. 3).

Effects of COX‑2‑shRNA on apoptosis of MCF‑7 cells. Flow 
cytometric analysis indicated that the apoptotic rates were 
3.43±0.90 and 4.17±1.33% in the mock and blank groups, 
respectively, demonstrating no significant difference (P>0.05), 
while that in the COX-2-shRNA group was 22.70±4.33%, 
which was significantly higher than that of the other groups 
(P<0.01; Fig. 4).

Changes in survivin, Bcl‑2 and Bax levels following COX‑2 
gene interference. qPCR analysis demonstrated that following 
transfection, the mRNA expression levels of survivin and 
Bcl‑2 in the COX‑2‑shRNA group were significantly lower 
than those in the blank and mock groups (P<0.05), while the 
mRNA expression of Bax was higher (P<0.05). No signifi-
cant difference was observed in the expression of survivin, 
Bcl-2 and Bax between the blank and mock groups (P>0.05; 
Fig. 5A). In terms of protein expression of survivin, Bcl-2 and 
Bax, the western blot analysis revealed results consistent with 
those of the qPCR (Fig. 5B).

Discussion

At present, the incidence rate of breast cancer in western 
developed countries remains at a stable high level, ranking first 
among the various types of female malignant tumor; in Asia, 
particularly in Japan, Singapore and the coastal cities of China, 
the rate is increasing (9,10). The pathogenesis of breast cancer, 
however, has not been completely elucidated. Although novel 
anti-cancer drugs are constantly emerging and the existing 
strategies are being improved, the efficacy and safety are not 
sufficient. The prevention and treatment lack basic and effective 
measures, and therefore, further studies on breast cancer preven-
tion and treatment are required (11,12). The modern molecular 
biology of cancer demonstrates that the onset and development 

Figure 3. The MTT assay demonstrates that the cell growth rate in COX-2-shRNA-transfected cells declines evidently compared with that in the blank and 
mock-transfected groups. *P<0.05 compared with the mock and blank groups. COX-2, prostaglandin-endoperoxide synthase 2; shRNA, small hairpin RNA.

Figure 4. Annexin X and PI staining followed by flow cytometric analysis indicates that the rate of apoptosis of breast cancer MCF‑7 cells transfected with 
COX-2-shRNA is evidently higher than that of blank or mock-transfected cells. COX-2, prostaglandin-endoperoxide synthase 2; shRNA, small hairpin RNA; 
PI, propidium iodide; FITC, fluorescein isothiocyanate..
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of breast cancer constitute a complex biological process with 
participation of multiple genes, function of multiple factors 
and composition of multiple stages. Breast cancer is a genetic 
disease, and therefore, the activation of a cancer gene or the 
deactivation of an anti-cancer gene leads to the abnormal prolif-
eration, differentiation and apoptosis of cells. It is therefore the 
key mechanism underlying the onset and development of breast 
cancer, and one of the important mechanisms of the drug resis-
tance of cancer cells. Therefore, studies investigating novel cell 
targets to treat cancer, and in particular, further improving the 
clinical curative effect of breast cancer treatment, are gaining 
increasing attention (13,14).

Numerous studies have demonstrated that COX-2 is closely 
associated with the onset of cancer and its probable function in 
breast cancer development has been attracting significant atten-
tion (15,16). The correlation between COX-2 and breast cancer 
was first revealed in 1983 by Bennett et al (17), who discovered 
that the prostaglandin (PG), the product of the enzymatic 
reaction of COX-2, was higher in breast cancer tissues than 
in normal tissues. Spizzo et al (18) identified that the positive 
expression rate of COX-2 in 212 breast cancer samples was 
48.6%. Denkert et al (19) further revealed the associations 
between COX-2 expression and high nuclear grade, enlarged 
tumors, negative state of estrogen receptor (ER) and proges-
terone receptor (PR), and HER‑2 gene amplification. The study 
also revealed that COX-2 is closely correlated with lymphatic 
metastasis. Previous studies (20,21) with large samples 
supported the evidence that COX-2 is highly expressed in 
breast cancer, differently in benign tumors, and not at all or 

at low levels in normal tissues, which fully demonstrated the 
close correlation between COX-2 and breast cancer. Numerous 
studies have revealed the complex mechanism of COX-2 
inducing breast cancer: The overexpression of COX-2 increases 
PG product, which stimulates cell proliferation leading to the 
formation of a tumor (22,23); COX-2 overexpression also leads 
to apoptosis resistance in cancer cells, while the suppression of 
its activity induces apoptosis (24). Through catalysis, COX-2 
overexpression produces more prostaglandin E2 (PGE2) and 
inhibit the anti-tumor immunity to facilitate the growth of 
cancer cells (25). Singh and Lucci (26) proved that with COX-2 
overexpression in breast cancer, PGE2 inhibits the functions of 
dendritic cells (DCs), and thus significantly reduces the expres-
sion of the co-stimulation molecules B7 and CD40, therefore 
preventing DC phagocytosis and antigen presence, improving 
the tumor's immunotolerance and facilitating its escape from 
immunological surveillance. COX-2 regulates the cell cycle, 
as its continuous over-expression is followed by an evident 
prolongation of the G1 phase and decreased activity of cyclin 
D1, retinoblastoma protein 1 kinase and cyclin-dependent 
kinase 4, thus prohibiting apoptosis. The prolongation of the 
cell cycle strengthens the adherence to the extracellular matrix, 
while abnormal prolongation causes a series of mutations 
and telomutations, which promote the formation of tumors. 
Furthermore, COX-2 functions in strengthening the attack 
and metastasis of the tumor, assisting the formation of tumor 
vessels, and enhancing the drug resistance characteristics of 
cancer cells (27-29).

In the present study, qPCR and western blot analyses 
were adopted to prove that following transfection of breast 
cancer MCF-7 cells with a COX-2-shRNA lentiviral vector, 
the COX-2 transcription and translation were significantly 
decreased, indicating the successful construction of the 
COX-2-shRNA lentiviral vector. The results suggested 
that in the COX-2-shRNA group, the expression of COX-2 
mRNA and protein were lowered significantly and the prolif-
eration and growth of breast cancer MCF-7 cells were notably 
suppressed. Flow cytometric analysis demonstrated that the 
apoptotic rate of MCF-7 cells was evidently increased. A study 
by Kundu et al (30) indicated that the growth inhibition of 
breast cancer cell strains induced by a COX-2 suppressor was 
associated with a change in the cell morphology. This change 
was recovered following medicine withdrawal. Compared with 
the blank and mock groups, the cell count in the G0/G1 phase 
significantly increased and that in the S phase decreased. 
This result indicated the importance of the COX-2 gene in the 
transition of MCF-7 cells from G1 phase to S phase, and that 
following silencing COX-2 expression, the suppression of cell 
proliferation should be the result of both an increase in apop-
tosis and a loss in function of promoting cell division. COX-2 
overexpression may lead to apoptosis resistance of cancer cells 
and the suppression of COX-2 activity may induce apoptosis, 
which has been proved in numerous different transfection 
studies of cancer cells. In numerous cases, apoptosis suppres-
sion is another mechanism promoting the proliferation and 
growth of cancer cells, but the anti-apoptosis of COX-2 has 
remained to be fully elucidated (31,32). The majority of studies 
agree on the following aspects: (i) COX-2 increases the expres-
sion of Bcl-2, which is a key anti-apoptosis and anti-oxidation 
protein. The expression of the apoptosis proteins Bax and 

Figure 5. (A) The mRNA expression of survivin and Bcl-2 in COX-2-shRNA-
transfected cells was significantly lower, while the mRNA expression of 
Bax was higher than that in the blank or mock groups (*P<0.05, vs. blank 
group). (B) The protein expression of survivin and Bcl-2 in COX-2-shRNA-
transfected cells was significantly decreased, while the mRNA expression 
of Bax was higher than that in the blank or mock groups. COX-2, prosta-
glandin-endoperoxide synthase 2; shRNA, small hairpin RNA; Bcl-2, B-cell 
lymphoma 2; Bax, Bcl-2-associated X.
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Bcl-2-extra large are decreased through the suppression of lipid 
over‑oxidation. Studies have confirmed that the Bcl‑2 expres-
sion may be lowered by a COX-2 suppressor. In the cancer 
tissues of transgenic rats, O'Mahony et al (33) observed 
that the over-expression of COX-2 caused both a significant 
reduction of apoptosis and changes in levels of anti-apoptotic 
and pro-apoptotic proteins; (ii) COX-2 reduced apoptosis 
through weakening and suppressing the nitric oxide signaling 
pathway; (iii) COX-2 suppressed apoptosis via decreasing 
sphingosine. Furthermore, Orlov et al (34) discovered that 
the prostaglandin compounds, which are products of COX-2-
mediated reactions, increase the concentration of cyclic 
adenosine monophosphate (cAMP), which leads to the apop-
tosis-resistance of cancer cells, while a COX-2 suppressor 
decreased cell division and increased apoptosis. In the 
present study, the expression of COX-2 mRNA and protein 
in the COX‑2‑shRNA group was decreased significantly, and 
levels of survivin and Bcl-2 were greatly reduced, while Bax 
levels were increased. Therefore, one of the main anti-breast 
cancer mechanisms of the silencing of COX-2 expression 
by RNA interference is considered to be the suppression of 
survivin and Bcl-2 and the increase of Bax gene activity, 
which led to the decrease of apoptosis resistance of MCF-7 
cells and the increase in sensitivity of breast cancer cells to 
apoptotic factors (35,36).

In conclusion, the present study proved that RNA inter-
ference effectively silenced the expression of the COX-2 
gene, suppressed proliferation and induced apoptosis of 
breast cancer cells, with the important function of control-
ling the activity of apoptosis-associated genes. The specific 
mechanism underlying this effect requires further study, but 
clinically, this evidence may have extensive applications for 
the development of novel strategies in COX-2 targeted gene 
therapy for cancer (37,38).
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