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Abstract. The present study aimed to investigate the role 
and the molecular mechanisms underlying the effects of 
microRNA‑21 (miR‑21) on the proliferation, apoptosis and 
colony formation of cervical cancer cells, and to examine the 
role of miR‑21 in mediating the sensitivity of cervical cancer 
cells to paclitaxel (PTX). Reverse transcription‑quantitative 
polymerase chain reaction was employed to determine the 
level of miR‑21 in various cervical cancer and normal cervical 
cells. The results revealed that the expression levels of miR‑21 
in cervical cancer cells were markedly higher when compared 
with normal cervical cells. Subsequently, a miR‑21 inhibitor 
or negative control (NC) was transfected into cervical 
cancer cells. Cell viability, colony formation and apoptosis 
were then analyzed using an MTT assay, crystal violet and 
Annexin V‑fluorescein isothiocyanate/propidium iodide 
staining, respectively. The protein expression level of B‑cell 
lymphoma‑2 (Bcl‑2), Bcl‑2‑associated X (Bax), programmed 
cell death 4 (PDCD4), survivin, c‑myc, phosphatase and tensin 
homolog (PTEN) and phosphorylated (p)‑AKT were deter-
mined by western blot analysis. The sensitivity of cervical 
cancer cells to PTX (25, 50 and 100 µg/ml) was character-
ized using an MTT assay. The results demonstrated that the 
miR‑21 inhibitor promoted apoptosis of cervical cancer cells 
and suppressed their proliferation and colony formation when 
compared with the NC. In addition, the expression levels of 
Bcl‑2, survivin, c‑myc and p‑AKT were significantly down-
regulated in cells transfected with the miR‑21 inhibitor, 
whilst the expression levels of Bax, PDCD4 and PTEN were 
significantly upregulated. Furthermore, the miR‑21 inhibitor 
significantly enhanced the inhibition efficacy of PTX at a range 
of concentrations in cervical cancer cells. It was concluded 

that inhibition of miR‑21 suppressed cell proliferation and 
colony formation through regulating the PTEN/AKT pathway, 
and improved PTX sensitivity in cervical cancer cells. The 
results of the present study may contribute to the development 
of miRNA‑based cervical cancer therapy in the future.

Introduction

Cervical cancer is a common gynecological malignant disease 
with the second highest morbidity and the third‑highest 
mortality rates among female patients with malignant 
tumors (1). Chemotherapy combined with surgery is a common 
method of treatment, with paclitaxel (PTX) as the primary 
chemotherapeutic agent used to treat patients with cervical 
cancer. However, a side effect of PTX is severe toxicity, and 
drug resistance may occur. Therefore, increasing PTX sensi-
tivity and efficacy is an important aim for the treatment of 
patients with cervical cancer.

The age of onset of cervical cancer is becoming increas-
ingly younger (2,3). The prognosis of patients in the advanced 
stages of the disease is very poor, with a low five‑year survival 
rate (2,3). Thus, the early diagnosis of cervical cancer based 
on specific high‑performance biomarkers may be an effec-
tive approach to reduce morbidity and mortality and improve 
prognosis. MicroRNAs (miRNAs) are endogenous non‑coding 
RNAs with highly‑conserved sequences. miRNAs bind to 
the 3'‑untranslated region of target mRNA sequences and 
subsequently repress their translation and expression (4). In 
addition, miRNAs are closely correlated with the development 
and progression of cervical cancer (5,6). They serve impor-
tant roles in regulating the proliferation, apoptosis, invasion 
and metastasis of cervical cancer cells. Previous studies have 
demonstrated that miRNAs such as miR‑21, miR‑218, miR‑10a, 
miR‑196a, miR‑132, and miR‑148a increase the sensitivity 
of cervical cancer cells to chemotherapeutic agents, such as 
PTX (5‑8). Therefore, miRNAs may provide an alternative 
strategy for the early diagnosis and prognosis of cervical 
cancer (5,6).

miR‑21 is the only miRNA that is highly expressed in 
540 samples of human solid tumors including those of the 
lung, breast, stomach, prostate, colon and pancreas (9). It has 
been confirmed to function as an oncogene during cancer 
pathogenesis  (9). Zeng et al  (5) demonstrated that miR‑21 
was overexpressed in cervical intraepithelial neoplasia tissues 
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and in cervical cancer tissues through reverse transcrip-
tion‑quantitative polymerase chain reaction (RT‑qPCR) assay 
analysis, which was ~6‑fold higher when compared to normal 
tissues. Deftereos et al (10) reported that miR‑21 was highly 
expressed in invasive cervical carcinomas when compared 
with cervical intraepithelial neoplasia tissues. Lui et al (11) 
determined the expression of 166 miRNAs in normal cervical 
cells and cervical cancer cells, which indicated that miR‑21 
demonstrated the most significant upregulation in cervical 
cancer cells. These results indicate that miR‑21 may be 
extensively involved in the development and progression of 
cervical cancer. In the current study, the effects of silenced 
miR‑21 expression on the proliferation, colony formation and 
apoptosis of cervical cancer cells were explored. Furthermore, 
the sensitivity of cervical cancer cells to PTX following forced 
miR‑21 downregulation was investigated.

Materials and methods

Materials and cell culture. The Annexin V‑fluorescein 
isothiocyanate (FITC)/propidium iodide (PI) apoptosis 
detection kit, Hoechst 33258 staining kit, radioimmunopre-
cipitation assay buffer, enhanced chemiluminescence solution, 
and the bicinchoninic acid (BCA) assay kit were purchased 
from Beyotime Institute of Biotechnology (Haimen, China). 
Lipofectamine™ 2000, TRIzol reagent, and the SuperScript 
III One‑Step RT‑PCR kit were purchased from Invitrogen; 
Thermo Fisher Scientific, Inc. (Waltham, MA, USA). MTT 
reagent and trypsin were purchased from Gibco; Thermo 
Fisher Scientific, Inc. PTX (lot no. 10382‑201102; purity 99.6%) 
was purchased from the National Institute for the Control 
of Pharmaceutical and Biological Products (Beijing, China). 
Rabbit anti‑B‑cell lymphoma‑2 (Bcl‑2), anti‑Bcl‑2‑associated 
X (Bax), anti‑survivin, and anti‑c‑myc monoclonal antibodies 
were obtained from Epitomics (cat. nos. 1017‑1, 1063‑1, 2463‑1 
and 1472‑1, respectively; Burlingame, CA, USA). Rabbit 
anti‑programmed cell death 4 (PDCD4), anti‑phosphate and 
phosphatase and tensin homolog (PTEN), anti‑Ser/Thr protein 
kinase (AKT) and anti‑phosphorylated (p)‑AKT monoclonal 
antibodies were purchased from Cell Signaling Technology, 
Inc. (cat. nos.  9535, 5384, 4685, and 12178, respectively, 
Danvers, MA, USA).

Cervical cell lines, C‑33A, CaSki, SiHa, HeLa and ME‑180 
(cat. nos.  TCHu176, TCHu137, TCHu113, TCHu187 and 
TCHu180, respectively) were obtained from The Cell Bank of 
Type Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China). The normal cervical epithelial squamous 
cell line H8 was purchased from the Institute of Basic Medical 
Sciences of the Chinese Academy of Medical Sciences, 
(Beijing, China). Cells were cultured in Dulbecco's Modified 
Eagle's medium (Hyclone; GE Healthcare Life Sciences, 
Logan, UT, USA) supplemented with 10% (v/v) fetal bovine 
serum (Hyclone; GE Healthcare Life Sciences).

Preparation of miRNA. miR‑21 antisense oligonucleotide 
(asOGC); (5'‑UCA​ACA​UCA​GUC​UGA​UAA​GCU‑3') and 
the negative control (NC; 5'‑GAU​GUU​GAA​ACA​UCA​
GUC​UGA‑3') were synthesized by Shanghai GenePharma 
Co., Ltd., (Shanghai, China). The quantity of miRNA and 
Lipofectamine™ 2000 used for gene transfection was 

established according to the manufacturer's instructions 
(Invitrogen; Thermo Fisher Scientific, Inc.). HeLa cells were 
seeded in 96‑well plates at a density of 5x103 cells/well. When 
cells reached 50% confluence, they were transfected with 
miR‑21 asOGC or NC using Lipofectamine™ 2000. Cells 
were harvested for analysis at 48 h following transfection.

miR‑21 levels in normal cervical cells and cervical cancer 
cells. Total RNA from normal and cancer cells was extracted 
using TRIzol reagent according to the manufacturer's 
instructions (Invitrogen; Thermo Fisher Scientific, Inc.) in an 
RNase‑free environment. RNA was reverse transcribed into 
cDNA and subsequently amplified by PCR using the One‑Step 
RT‑PCR kit (Invitrogen; Thermo Fisher Scientific, Inc.). 
Primers (20 µM; Sangon Biotechnology Co., Ltd., Shanghai, 
China; Table I) were added into the PCR reaction mixture 
(total volume, 25 µl). The thermal cycling parameters included 
35 cycles of denaturation for 45 sec at 94˚C, annealing for 45 sec 
at 59˚C and elongation for 60 sec at 72˚C. The PCR product 
(5 µl each lane) was separated by gel electrophoresis on a 2% 
(w/v) agarose gel. Electrophoresis strips were examined with 
Quantity One software v.4.6.2 (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA) using a gel imaging system (ChemiDoc™ 
XRS; Bio‑Rad Laboratories, Inc.).

Cell viability. At 48 h following transfection, 20 µl MTT 
(5 mg/ml) was added to each well, and cells were cultured 
for a further 4 h. The culture media was then discarded and 
150 µl dimethyl sulfoxide was added to each well. Plates were 
agitated to thoroughly dissolve the crystals, before the absor-
bance was read at 560 nm using a microplate reader (Infinite 
M200; Tecan Trading AG, Zurich, Switzerland). The relative 
cell viability was calculated by comparing the absorbance 
values of treated cells with the untreated control cells.

Colony formation. At 48 h following transfection of HeLa cells 
with miR‑21 asOGC or NC, cells were fixed with 10% (w/v) 
formaldehyde and stained with 0.1% (w/v) crystal violet for 
30 min at room temperature. The staining solution was then 
discarded carefully and each well was washed with water. The 
plates were then inverted on absorbent paper to dry. Finally, 
the cells were visualized in five fields under a fluorescence 
microscope (AF6000, Leica Microsystems GmbH, Wetzlar, 
Germany). Results were expressed as the average number of 
cells in every visual field.

Cell apoptosis with Annexin V‑FITC/PI staining. The Annexin 
V‑FITC/PI apoptosis detection kit was utilized to evaluate 
cell apoptosis according to the manufacturer's instructions 
(Beyotime Institute of Biotechnology). At 48  h following 
transfection of HeLa cells with miR‑21 asOGC and NCs, 
cells were digested with 0.25% (w/v) trypsin (without EDTA), 
washed with phosphate‑buffered saline (PBS), and collected 
by centrifugation at 800 x g for 5 min at room temperature. 
Cells were the resuspended in 500 µl binding buffer, 5 µl 
Annexin V‑FITC stain and 5 µl PI, before they were incubated 
for 10 min at room temperature in the dark. Cell apoptosis 
was evaluated using a flow cytometer with CellQuest Pro v.5.2 
software (BD FACScan; BD Biosciences, Franklin Lakes, NJ, 
USA).
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Cell apoptosis with Hoechst 33258 staining. The Hoechst 
33258 kit was employed to evaluate cell apoptosis according 
to the manufacturer's instructions (Beyotime Institute of 
Biotechnology). At 48 h following transfection, cells were 
fixed with 4% (w/v) paraformaldehyde for 15 min at room 
temperature, then washed three times with PBS, before they 
were incubated with Hoechst 33258 (10 µg/ml) for 15 min 
at room temperature in the dark. Finally, cells were washed 
three times with PBS and observed in five fields of view under 
a fluorescence microscope. Results were expressed as the 
average number of cells in every visual field.

Western blot analysis. At 48 h following transfection, cells were 
collected and lysed in radioimmunoprecipitation assay buffer. 
Lysates were agitated using a vortex for 30 sec every 10 min. 
Following 40 min, the supernatant was carefully separated from 
the mixture by centrifugation at 7,000 x g for 10 min at 4˚C to 
obtain total protein. The protein concentration was determined 
using a BCA kit. Proteins were loaded (20 µg per lane) to 
perform SDS‑PAGE (10% separation gel, 5% concentrated gel) 
electrophoresis and transferred to a polyvinylidene difluoride 
membrane using a wet transfer methodology. Membranes were 
blocked with 5% (w/v) non‑fat milk buffer at room temperature 
for 1 h, then incubated with primary antibodies (dilution 1:100) 
overnight at 4˚C, and then rinsed with PBS and incubated with 
a secondary antibody buffer (dilution 1:100) for 2 h at room 
temperature. Following a further rinse with PBS, enhanced 
chemiluminescence solution was added to the membrane, which 
was then exposed using a gel imaging system (ChemiDoc™ 
XRS; Bio‑Rad Laboratories, Inc.). Quantity One software v4.6.2 
(Bio‑Rad Laboratories, Inc.) was employed to determine the 
gray values of proteins. GADPH served as the internal control.

PTX sensitivity. At 48 h following transfection, cells were 
trypsinized to produce single‑cell suspensions and seeded in 
96‑well plates at a density of 5x103 cells/well. After 24 h, cells 
were incubated with 25, 50, and 100 µg/ml PTX for a further 
48 h. Cell viability was evaluated with an MTT assay using the 
aforementioned procedures.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation (n=6). Statistical analysis was performed using 
a Student's t‑test with SPSS software (version 17.0; SPSS, Inc., 
Chicago, IL, USA). P<0.05 was considered to indicate a statis-
tically significant difference.

Results

miR‑21 expression levels in normal cervical cells and cervical 
cancer cells. miR‑21 levels in normal cervical cells and 
cervical cancer cells were evaluated by RT‑qPCR analysis 
and the results are shown in Fig. 1. miR‑21 levels in cervical 
cancer cell lines HeLa, CaSki, SiHa, C‑33A and ME‑180 were 
2.8‑4.0‑fold higher when compared with the normal cervical 
cell line, H8 (P<0.01 for each comparison; Fig. 1). Among the 
five cervical cancer cell lines, HeLa cells exhibited the highest 
expression levels of miR‑21 (Fig. 1).

Effect of miR‑21 asOGC on the viability of cervical cancer 
cells. The viability of HeLa cells transfected with the miR‑21 

asOGC or the miR‑21 NC was determined by MTT assay. 
As demonstrated in Table II, compared with the NC, miR‑21 
asOGC transfection reduced the proliferation of HeLa cells 
(P=0.007).

Effect of miR‑21 asOGC on the colony formation of 
cervical cancer cells. As demonstrated in Table III, miR‑21 
asOGC‑transfected HeLa cells exhibited a significant reduc-
tion in colony number when compared with NC‑transfected 
cells (P=0.002).

Effect of an miR‑21 asOGC on the apoptosis of cervical 
cancer cells. The number of apoptotic HeLa cells transfected 
with miR‑21 asOGC or NC was evaluated by Annexin 

Figure 1. miR‑21 expression levels in cervical cancer cells (HeLa, CaSki, 
SiHa, C‑33A, and ME‑180) and normal cervical cells (H8) as determined by 
reverse transcription‑quantitative polymerase chain reaction. **P<0.01 vs. H8 
cells. miR‑21, microRNA‑21.

Table II. Viability of HeLa cells transfected with the miR‑21 
asOGC or the miR‑21 NC.

Group	 Cell viability

miR‑21 NC	 0.68±0.04
miR‑21 asOGC	 0.40±0.01a

aP<0.01 vs. miR‑21 NC.

Table  I. Primers used for reverse transcription‑quantitative 
polymerase chain reaction analysis.

Gene	 Primer (5'‑3')

miR‑21	 F: GCCGCTAGCTTATCAGACTGATGT
	 R: GTGCAGGGTCCGAGGT
GADPH	 F: AGCCACATCGCTCAGACA
	 R: TGGACTCCACGACGTACT

miR‑21, microRNA‑21; F, forward; R, reverse.
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V‑FITC/PI staining (Fig. 2A) and Hoechst 33258 staining 
(Fig. 2B). Following transfection of cells with the miR‑21 
asOGC, the late apoptosis ratio of HeLa cells was significantly 
enhanced when compared with the NC group (P=0.001; 
Fig. 2A). Similarly, Hoechst 33258 staining revealed signifi-
cantly more apoptotic HeLa cells with the miR‑21 asOGC 
(38.89±3.22%; Fig. 2B) compared with the NC (5.29±0.42%; 
P=0.001; Fig. 2B). The results of the present study, therefore, 
suggest that suppression of miR‑21 expression induces apop-
tosis in cervical cancer cells.

Effect of miR‑21 asOGC on the expression of PDCD4, Bax, 
Bcl‑2, survivin, c‑myc and PTEN/AKT in cervical cancer 
cells. The expression of signaling molecules in HeLa cells 
transfected with an miR‑21 asOGC or a NC was assessed by 
western blot analysis, as demonstrated in Fig. 3. As an internal 
control, similar GADPH protein band densities were observed 
between the two groups, thus confirming the reliable evalua-
tion of the western blotting results.

Notably, a significant increase in the protein expression 
levels of PDCD4 and Bax were observed in HeLa cells trans-
fected with the miR‑21 asOGC when compared with cells 
transfected with the NC (P=0.003 and P=0.002, respectively; 
Fig. 3A). Conversely, a significant reduction in Bcl‑2 expres-
sion was observed in cells transfected with the miR‑21 asOGC 
when compared with the NC group (P=0.002; Fig. 3A).

Compared with the NC group, HeLa cells expressed 
significantly lower levels of survivin and c‑myc following 
transfection with the miR‑21 asOGC (P=0.004 and P=0.003, 
respectively; Fig. 3B), which demonstrated that the miR‑21 
asOGC downregulated the expression of survivin and c‑myc 
in cervical cancer cells. Similar levels of AKT protein expres-
sion were observed in the miR‑21 asOGC‑transfected HeLa 
cells and the NC‑transfected cells (Fig. 3C).

However, significantly increased levels of PTEN and 
decreased levels of p‑AKT were detected in HeLa cells 
transfected with the miR‑21 asOGC when compared with 
those transfected with the NC (P=0.002 and P=0.004, respec-
tively; Fig. 3C). Therefore, transfection of an miR‑21 asOGC 
into cervical cancer cells increased the levels of PTEN and 
decreased the phosphorylation of AKT.

Effect of an miR‑21 inhibitor on the sensitivity of cervical 
cancer cells to PTX. The sensitivity of HeLa cells to PTX was 
evaluated using an MTT assay and the results are presented 
in Fig. 4. Compared with the NC group, transfection of cells 
with the miR‑21 asOGC significantly reduced the viability of 
HeLa cells following incubation with 25, 50 and 100 µg/ml 

PTX by 54‑63% (P=0.005, P=0.006 and P=0.007, respec-
tively; Fig. 4), which suggests that the miR‑21 asOGC was 
capable of enhancing the sensitivity of cervical cancer cells 
to PTX.

Discussion

The human papillomavirus (HPV) is one of the most impor-
tant causes of cervical cancer, and chromosome 17q23.3 is the 
most common integration site for the viral genome (7,12). The 
subsequent genetic and epigenetic alterations exert signifi-
cant effects on tumorigenesis involving miRNA sequences 
localized near the integration site (7,12). A previous study 
demonstrated that miR‑21, located in the FRA17B fragile 
region of 17q23.3, exhibits the highest expression levels in 
HPV16‑positive cervical cancer tissues (12). In addition, it was 
demonstrated to be overexpressed in cervical cancers when 
compared with normal cervical tissues (5,10,11). Furthermore, 
investigations involving miRNA chip screening of 363 tumor 
samples, including breast cancer, colon cancer, lung cancer, 
pancreatic cancer, prostate cancer and gastric cancer, as well 
as 177 corresponding normal tissue samples, demonstrated 
that miR‑21 was the only miRNA with upregulated expres-
sion in all tumor samples (9). These results suggested that 
miR‑21 was overexpressed in cervical cancer, as well as a 
number of additional cancer tissues. Therefore, miR‑21 may 
be considered to be an oncogenic miRNA sequence. In the 
present study, miR‑21 was demonstrated to be overexpressed 
in various cervical cancer cells when compared with normal 

Table III. Colony formation in HeLa cells transfected with the 
miR‑21 asOGC or the miR‑21 NC.

Group	 Cell colony number

miR‑21 NC	 152.4±114.7
miR‑21 asOGC	 58.4±5.7a

aP<0.01 vs. miR‑21 NC.

Figure  2. Apoptosis of HeLa cells transfected with miR‑21 antisense 
oligonucleotide or NC, which was assessed by (A) Annexin V fluorescein 
isothiocyanate/propidium iodide staining and (B) Hoechst 33258 staining. 
**P<0.01 vs. miR‑21 NC. miR‑21, microRNA‑21; NC, negative control; FITC, 
fluorescein isothiocyanate; PI, propidium iodide.
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cervical cells, which was consistent with the findings of 
a previous report  (11). These results provided additional 
evidence to suggest that miR‑21 may be oncogenic in cervical 
cancer, and may present a novel target for the diagnosis and 
treatment of patients with cervical cancer. In addition, as the 
highest expression of miR‑21 was observed in the HeLa cell 
line, these cells were therefore selected as a model cervical 
cancer cell line for the subsequent investigations.

In the present study, an miR‑21 asOGC was applied as an 
miR‑21 inhibitor to downregulate intracellular miR‑21 levels 
in cervical cancer cells. It was demonstrated that transfec-
tion of the miR‑21 asOGC suppressed the proliferation and 
colony formation, and enhanced apoptosis of HeLa cells. 
This result was in accordance with previous reports, where 
an miR‑21 inhibitor was observed to suppress the prolifera-
tion and promote apoptosis of cervical, pancreatic, breast and 
prostate cancer cells, as well as tongue squamous carcinoma 
cells (13‑15).

The balance between cell proliferation and apoptosis 
strongly influences tumor development and progression (16,17). 

If cell apoptosis is inhibited, cell hyperplasia may occur. 
Mutant cells that are unable to undergo apoptosis, may 
proliferate uncontrollably, leading to tumorigenesis (16,17). 
Therefore, the inhibition of cell proliferation and induction of 
cell apoptosis may be an effective strategy for cancer therapy. 
Cell proliferation and apoptosis are regulated by related 
genes, such as the Bcl‑2 family, which has been extensively 
investigated (16,17). Bcl‑2 promotes the proliferation of cancer 
cells (16,17). In addition, Bcl‑2 is overexpressed in cervical 
cancer cells and is closely correlated with the development and 
progression of cervical cancer (18). Bax belongs to the Bcl‑2 
family and forms dimers with Bcl‑2 to regulate the balance 
between cell proliferation and apoptosis. Bax expression is 
downregulated, or even completely absent in cervical cancer 
cells, and its gene polymorphism [BAX‑248G>A (rs4645878)] 
is intensively correlated with the progression of cervical 
cancer (19). Therefore, the upregulation of Bax expression 
and downregulation of Bcl‑2 expression observed in miR‑21 
asOGC‑transfected cells in the present study, may have been 
responsible for the increased apoptosis and reduction in 
cell proliferation of cervical cancer cells. A previous report 
revealed that altered regulation of miR‑21 promoted cancer cell 
apoptosis by influencing diverse target genes associated with 
cell apoptosis, including Bcl‑2, PDCD4 and PTEN (20). In the 
present study, a miR‑21 asOGC elevated Bax expression and 
reduced Bcl‑2 expression in HeLa cells. In previous studies, a 
downstream target gene of miR‑21, PDCD4, was determined 
to be a tumor suppressor gene (21,22). Its expression is absent 
in multiple cancers, including cervical cancer, and is closely 
associated with tumor development and progression (22). In 
addition, miR‑21 has been demonstrated to promote the prolif-
eration of cervical cancer cells via downregulation of PDCD4 
expression (21). Therefore, suppression of miR‑21 expression 
may inhibit the proliferation of HeLa cervical cancer cells (21), 
Colo206f colorectal cancer cells  (23) and T89  G glioma 
cells (24), due to elevation of PDCD4 expression. The present 
study demonstrated that, following a reduction of intracellular 
miR‑21 levels by transfection with a miR‑21 asOGC, PDCD4 
levels and cancer cell apoptosis was increased.

Figure 3. Qualitative and quantitative western blot analysis of (A) Bax, Bcl‑2, PDCD4, (B) survivin, c‑myc and (C) PTEN, AKT and p‑AKT in HeLa cells 
transfected with a miR‑21 antisense oligonucleotide or NC. **P<0.01 vs. miR‑21 NC. Bax, Bcl‑2‑associated X; Bcl‑2, B‑cell lymphoma 2; PDCD4, programmed 
cell death protein 4; PTEN, phosphatase and tensin homolog; p‑AKT, phosphorylated AKT; miR‑21, microRNA‑21; NC, negative control.

Figure 4. The sensitivity of HeLa cells transfected with miR‑21 NC and 
a miR‑21 antisense oligonucleotide to different concentrations of PTX, 
which was evaluated using an MTT assay. **P<0.01 vs. miR‑21 NC. miR‑21, 
microRNA‑21; NC, negative control; PTX, paclitaxel; OD, optical density.
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Survivin, a regulator of cell mitosis, is a member of an apop-
tosis‑suppressing protein family (25). To date, it is currently 
the most effective apoptosis‑suppressing protein (25). The 
positive expression of survivin is correlated with clinical 
stage, lesion size, and degree of tumor differentiation (26). 
Overexpression of survivin has been demonstrated to elevate 
intracellular levels of the proto‑oncogene c‑myc, which 
subsequently accelerates tumorigenesis (26). Moreover, the 
expression of c‑myc in cervical cancer tissues is notably 
higher when compared with that in normal cervical tissues, 
and c‑myc is involved in the level of pathological differentia-
tion and clinical stage of cancer tissues (27). Therefore, the 
decreased level of survivin and c‑myc observed in miR‑21 
asOGC‑transfected HeLa cells in the present study, may 
have led to inhibition of the proliferation of HeLa cells and 
may prevent tumor progression. The results of the current 
study demonstrated that miR‑21 asOGC induced apoptosis 
and inhibited the proliferation of cervical cancer cells likely 
through the upregulation of Bax and PDCD4 and downregu-
lation of Bcl‑2, survivin and c‑myc.

As a novel tumor suppressor gene, PTEN is a downstream 
target gene of miR‑21, which is expressed at a low level, 
deleted, or mutated in a number of cancers (28). It dephosphor-
ylates phosphatidyl inositol triphosphate into phosphatidyl 
inositol bisphosphate, and subsequently negatively regulates 
the phosphatidylinositol‑3‑kinase (PI3K)/AKT signaling 
pathway  (29). Among the various signaling pathways 
that regulate tumor cell proliferation and apoptosis, the 
PI3K/AKT pathway is an anti‑apoptotic pathway (29). This 
signaling pathway mediates cancer cell apoptosis, tumor 
angiogenesis, invasion and metastasis by regulating a 
variety of downstream target proteins. The positive rate of 
PTEN in cervical cancer tissues is significantly lower than 
that in normal cervical tissues, and its positive expression 
is associated with low clinical stage and reduced lymphatic 
metastasis  (30). Numerous heterozygotes are deleted in 
cervical cancer tissues, which are located in D10S198 and 
D10S192 sites (31). It has been suggested that inactivation 
of the PTEN gene and inhibition of protein expression may 
promote the progression of cervical cancer (32,33). However, 
the PI3K/AKT signaling pathway is abnormally activated in 
cervical cancer tissues (34). Tao et al (35) utilized oligonucle-
otides to inhibit the expression of miR‑21 in HCT116 human 
colon cancer cells, and demonstrated that the proliferation 
and metastasis of these cells was suppressed by upregulation 
of PTEN expression. Therefore, overexpression of miR‑21 in 
cervical cancer cells may inhibit the expression of PTEN and 
facilitate the proliferation and metastasis of cervical cancer 
cells (36). In the present study, when the expression of miR‑21 
was downregulated by an miR‑21 asOGC in HeLa cells, the 
expression of PTEN was increased and the levels of p‑AKT 
were significantly reduced. This may have been responsible 
for the observed increase in apoptosis and decrease in prolif-
eration of miR‑21 asOGC‑transfected HeLa cells.

In addition, the miR‑21 asOGC was capable of enhancing 
the sensitivity of HeLa cells to PTX at a series of increasing 
concentrations. This indicated that the miR‑21 asOGC 
increased the therapeutic efficacy of PTX in vitro. PTX is a 
major chemotherapeutic agent for the treatment of cervical 
cancer, however it leads to severe side effects, including 

arrest of bone marrow function, anaphylactic reaction and 
damage to the liver and kidneys (37). Therefore, the dose 
of PTX is strictly controlled to alleviate the painful side 
effects, which may, however, compromise the efficacy (37). 
The results of the current study demonstrated that a miR‑21 
asOGC significantly enhanced the sensitivity of cervical 
cancer cells to PTX, and improved its efficacy, even at a low 
dose. Therefore, a miR‑21 inhibitor could be applied as an 
adjuvant agent for the treatment of cervical cancer. However, 
the detailed mechanisms of action require further investiga-
tion.

In conclusion, miR‑21 may serve an important role in 
the development and progression of cervical cancer. In the 
present study, cervical cancer cells exhibited high levels of 
miR‑21 expression when compared with a normal cervical 
tissue cell line, which may underlie the aggressive biological 
behaviors of cervical tumors. Following the transfection of 
a miR‑21 asOGC into cervical cancer cells, apoptosis of 
cervical cancer cells was increased, while their proliferation 
and colony formation was suppressed. This may have been 
through regulation of the PTEN/AKT signaling pathway, 
where Bcl‑2, survivin and c‑myc were negatively regulated, 
and Bax and PDCD4 were positively regulated. In addition, 
the miR‑21 asOGC improved the sensitivity of cervical 
cancer cells to PTX. These findings may serve as guidelines 
for the development of miRNA‑based agents and therapeu-
tics for the treatment of cervical cancer.
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