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Abstract. The oncogenic miR-21 has been widely recognized 
to promote the development and progression of various types 
of malignant tumors, but not cervical cancers. The aim of this 
study was to examine the expression of miR-21 and PTEN in 
cervical cancer specimens using quantitative PCR. The miR-21 
level was then manipulated in the cervical cancer lines and the 
regulation of miR-21 on the proliferation, migration and inva-
sion of cervical cancer cells was determined. Additionally, we 
determined the role of PTEN in the miR-21-regulated prolifer-
ation, migration and invasion of cervical cancer cells. miR-21 
was upregulated in the cervical cancer specimens, negatively 
correlating with the PTEN mRNA level. Transfection of the 
miR-21 mimics was markedly promoted, whereas the miR-21 
inhibitor suppressed the proliferation, migration and invasion 
of cervical cancer cells, with a significant inhibition of PTEN 
expression. In addition, the overexpression of PTEN markedly 
inhibited the proliferation and migration of the cervical cancer 
cells. The present study showed the upregulation of miR-21 
in invasive cervical cancers, and confirmed the promotion of 
miR-21 with regard to the proliferation, migration and invasion 
in cervical cancer cells via inhibiting the PTEN expression. To 
the best of our knowledge, this is the first study to confirm that 
the miR-21/PTEN pathway promotes cervical cancer.

Introduction

Cervical cancer remains the second leading malignancy 
for women worldwide (1,2), although the incidence of this 
type of cancer is on the decrease in developed countries due 
to early diagnosis. Nevertheless, cervical cancer remains 
a serious health issue for women in developing countries, 
such as China, where diagnostic programs are not well 

established. Moreover, local recurrence remains challenging 
for those patients with cervical cancers (particularly at the 
advanced stage) (3), even though such therapies as surgery, 
chemotherapy and/or radiotherapy have been utilized.

Persistent cervical infection with high-risk human papillo-
mavirus (HPV), particularly with HPV type 16 or 18, contributes 
to the development of cervical cancer (4-6). The early oncop-
roteins of HPVs E5, E6 and E7 are known to contribute to 
tumor progression, such as the proliferation, migration and 
invasion of cervical cancer cells (7). Accumulating evidence 
has identified molecular mechanisms involved in cervical 
cancer. Molecules such as vascular endothelial growth 
factor-C (VEGF-C) (8), Src homology-2 domain containing 
protein, tyrosine phosphatase-2  (SHP-2)  (9), or CD147 
isoform-4 (CD147-4) (10) are known to promote the prolifera-
tion, migration or invasion of cervical cancers by activating 
focal adhesion kinases (8), through inhibition of interferon-β 
production  (9), or with an upregulated expression of the 
cancerous inhibitors PP2A (CIP2A), polo-like kinase (PLK) 
and cyclin D1 but a downregulated p27 expression (10). By 
contrast, tumor‑suppressive molecules, such as Beclin1 (11) 
and histone deacetylase (HDAC) 10 (12) have been confirmed 
to inhibit the invasion and migration of cervical cancer cells 
by decreasing the expression of VEGF and matrix metallo-
proteinase (MMP)-9 proteins (11), or through the inhibition of 
MMP‑2 and ‑9 expression (12).

A type of non-coding RNA with ~22 nucleotides, known as 
microRNAs (miRNAs) (13), has been found to be important in 
the development and progression of cervical cancers (14-16). 
Dysregulated miRNAs, such as miR-135a (17), miR-10a (18), 
or miR-205 (19) promote cell growth, migration and invasion 
in human cervical cancer cells, by regulating β-catenin (17), 
by targeting CHL1 (18), or by downregulating CYR61 and 
CTGF  (19). Some tumor‑suppressive microRNAs, such as 
miR-218 (20), miR-372 (21), or miR-214 (22) are also deregu-
lated in cervical cancers and contribute to cancer progression. 
In addition, the oncogenic miR-21 has been widely recognized 
to play a role in non-small cell lung cancers (NSCLCs) (23,24), 
as well as colorectal (25), ovarian (26), breast (27) and esopha-
geal cancers  (28). Accumulating evidence shows that the 
promoting role of miR-21 in NSCLCs or in colorectal cancers 
occurs through the modulation of the phosphatase and the 
tensin homolog (PTEN) signaling pathway (24,25). Moreover, 
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miR-21 has been demonstrated to be deregulated in cervical 
cancers, with a marked association with the worsening clinical 
diagnosis of cervical cancers (29).

In the present study, we examined the expression of miR-21 
and PTEN in cervical cancer specimens, and investigated 
the regulation of miR-21 and PTEN on the proliferation and 
migration of the cervical cancer CaSki and HeLa cells. We 
also determined the regulation of miR-21 on the PTEN expres-
sion. The present study demonstrated the regulation of miR-21 
on the progression of the cervical cancer cells.

Materials and methods

Human tissue specimens. The 36 invasive cervical cancer and 
21 normal human cervical tissue specimens were collected 
using surgical resection prior to radiotherapy or chemotherapy. 
The tissue specimens were stored at -80˚C prior to utilization. 
Utilization of the cervical cancer specimens and normal 
cervical tissues was approved by the Hospital Internal Review 
Board (IRB) in our hospital.

Cell culture and recombinant plasmid transfection. The 
CaSki and HeLa cervical cancer cell lines were purchased 
from the American Type Culture Collection (Manassas, 
VA, USA) and grown, respectively, in RPMI-1640 medium 
(Sigma-Aldrich, St. Louis, MO, USA) or Eagle's minimum 
Essential medium (EMEM; Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco, 
Rockville, MD, USA). The two cell types were incubated 
at 37˚C, with 5% CO2. miR-21 mimics, miR-21 inhibitor or 
miRNA control (Qiagen, Valencia, CA, USA) were utilized 
to manipulate the miR-21 level. Then, 25 or 50 nM miR-21 
mimics, miR-21 inhibitor or miRNA control were trans-
fected with Lipofectamine 2000 (Invitrogen) into the CaSki 
or HeLa cells.

To overexpress PTEN in the CaSki cells, we constructed 
a recombinant plasmid, PTEN-pcDNA3.1 (+) by cloning the 
PTEN (GenBank accession no. NG_007466.1) coding sequence 
into a eukaryotic expression vector, pcDNA3.1 (+) (Invitrogen). 
To overexpress the PTEN in the CaSki cells, the cells were 
transfected with the PTEN‑pcDNA3.1 (+) or CAT-pcDNA3.1 (+) 
plasmid. The post-transfected cells  were then cultured for 
24 h to determine PTEN expression at the mRNA and protein 
levels. For the proliferation assay, the PTEN‑overexpressed 
cells [CaSki PTEN (+)] or the CAT-overexpressed cells (CaSki 
control) were cultured for 24, 48 or 72 h. For the colony‑forming 
assay, the CaSki PTEN (+) cells or the CaSki control cells were 
cultured for 48 h.

RNA extraction and reverse transcripatse‑quantitative PCR 
(RT-qPCR). Cellular mRNA was extracted from cervical 
cancer specimens or from cell samples using TRIzol reagent 
(Thermo Fisher Scientific, Waltham, MA, USA). cDNA from 
each sample was synthesized with the Superscript First-Strand 
Synthesis System for the RT-PCR kit (Gibco-BRL, Grand 
Island, NY, USA) with a random Uni-12 primer. The PTEN 
mRNA was quantified by RT-qPCR performed using a TaqMan 
Assay based on real-time detection in a LightCycler  2.0 
(Roche Diagnostics GmbH, Mannheim, Germany). The 
PTEN mRNA level in each sample was normalized to β-actin. 

miRNA extraction was performed using the mirVana miRNA 
Isolation kit (Ambion, Austin, TX, USA). Quantification of 
the miR-21 level in the cervical cancer specimens and cell 
samples was conducted using the mirVana RT-qPCR miRNA 
Detection kit (Ambion), with the U6 small nuclear RNA used 
as the internal control. The ∆∆Ct method was used for relative 
quantification (30), and the PTEN mRNA or the miR-21 level 
was expressed as a relative value to the control group.

CCK-8 assay, cell colony-forming assay and proliferation. 
The Cell proliferation was examined using the CCK-8 assay. 
Briefly, CaSki or HeLa cells post‑transfected with miR-21 
mimics, miR-21 inhibitor or miR-21 control were incubated in 
CCK-8 (Dojindo, Kumamoto, Japan). Absorbance at 450 nm 

Figure 1. miR-21 level is upregulated in the cervical cancer (CC) specimens 
and negatively correlated with the PTEN mRNA level. The expression of (A) 
miR-21 and (B) relative PTEN mRNA was examined in the normal cervical 
tissues (n=21) and CC samples (n=36). (C) Negative correlation of upregu-
lated miR-21 with downregulated PTEN mRNA level in the CC specimens. 
**P<0.01 and ***P<0.001, statistically significant.
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of the treated cells was detected following incubation at 37˚C, 
with 5% CO2, for 24, 36 or 48 h. For the cell colony‑forming 
assay, 300 CaSki or HeLa cells were incubated in 12-well 
plates at 37˚C, 5% CO2, and were then transfected with or 
without 50 nM miR-21 mimics, miR-21 inhibitor or miRNA 
control. Following 48-h post-incubation, the cells were stained 
with crystal violet (0.005%) for 20 min and the colony numbers 
were recorded using Image J software.

Cell migration and invasion assay. The ability of cell migra-
tion was examined by the wound-healing assay. The cells 
were seeded in 12-well plates and cultivated to a confluence 
of 85%. The 85% confluent HeLa cells were then transfected 
with miR-21 mimics, miR-21 inhibitor or miR-21 control and 
were scratched with Cell Scrapers (Corning Inc., Corning, NY, 
USA), 6 h post-transfection. Cell growth was observed at 0, 24 
and 48 h. The HeLa cells that migrated across the baseline were 
counted under an optical microscope. Cell invasion was exam-
ined by the Matrigel‑coated Transwell assay. Briefly, the cells 
were seeded at a density of 1x105 cells in serum-free medium 
on the upper chamber with the a non-coated membrane (8 µm 
pore size; Millipore, Zug, Switzerland). The lower chamber 
contained medium with 20% FBS as a chemoattractant. The 
cells in the upper chamber were discarded using cotton wool 
after 24 h and the migratory cells in the lower chamber were 

counted under an optical microscope. The experiments were 
repeated in triplicate.

Statistical analysis. Data are presented as the mean ± SEM. 
Statistical analysis was performed using the SPSS 18.0 soft-
ware (IBM SPSS, Armonk, NY, USA). Correlations between 
the miR-21 and PTEN mRNA level in cervical cancer speci-
mens were analyzed using the Spearman's rank correlation. 
PTEN expression at the mRNA or the protein levels, miR-21 
expression, the colony-forming and the migratory cells between 
the two groups were analyzed using the Student's t-test. The 
cell proliferation difference among miR-21 mimics, miR-21 
inhibitor and miRNA control groups was analyzed by the 
two-way ANOVA test. P≤0.05 was considered to indicate a 
statistically significant difference.

Results

miR-21 is overexpressed in invasive cervical cancer speci‑
mens, in association with a reduced PTEN expression. The 
miR-21 level in the cervical cancer specimens was examined 
using RT-qPCR, compared to the normal cervical tissues. 
Thirty-six invasive cervical cancer patients with an average 
diagnosis age of 52 years were included in the study. Of the 36 
subjects, 28 were HPV-positive and 8 were HPV-negative. The 

Figure 2. miR-21 manipulations with miR-21 mimics or miR-21 inhibitor promote or inhibit the proliferation of CaSki or HeLa cells in vitro. (A) The up‑ or 
downregulation of miR-21 by transfection with miR-21 mimics or with miR-21 inhibitor in the CaSki and HeLa cells. The miR-21 level was examined using 
RT-qPCR, 24 h following transfection with 25 nM miR-control, miR-21 mimics or miR-21 inhibitor. (B) CCK-8 assay for the relative proliferation of the CaSki 
or HeLa cells, 24 h following transfection with 25 nM miR-control, miR-21 mimics or miR-21 inhibitor. Growth curve of the (C) CaSki or (D) HeLa cells, 
following transfection with 25 nM miR‑control, miR-21 mimics or miR-21 inhibitor, examined by the CCK-8 assay. Each value was averaged for three 
independent results. *P<0.05, **P<0.01 and ****P<0.0001, statistically significant differences. CCK-8, Cell Counting Kit-8.
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mean value of miR-21 was 2.14±0.19 in the 36 samples from 
patients with cervical cancer and 1.00±0.09 in the healthy 
controls (P<0.001, Fig. 1A). No significant difference was 
identified in the miR-21 level between the HPV-positive and 
-negative samples. Thus, miR-21 was confirmed to be signifi-
cantly upregulated in the invasive cervical cancer specimens. 
It has been indicated that the tumor‑suppressive phosphatase 
and tensin homolog (PTEN) (31) is downregulated in cervical 
cancers (29,32,33). To investigate the association of the upreg-
ulated miR-21 level with the downregulated PTEN in cervical 
cancers, we examined the expression of PTEN mRNA. As 
shown in Fig. 1B, there was a significant reduction of PTEN 
mRNA in the invasive cervical cancer specimens (P<0.01). 
Downregulation of PTEN correlated with the miR-21 upregu-
lation in the specimens  (R2=0.2713, P=0.0011, Fig.  1C). 
Thus, miR-21 overexpression was confirmed in the  invasive 

cervical cancer specimens, in association with the PTEN 
downregulation.

Manipulation of the miR-21 level regulates the proliferation of 
cervical cancer cells. To identify the regulation of miR-21 on 
the proliferation of the cervical cancer cells, we manipulated 
the miR-21 level in the CaSki and HeLa cells by transfecting 
the cells with miR-21 mimics, miR-21 inhibitor or miRNA 
control. There was a significant increase or reduction in the 
miR-21 level in the CaSki or HeLa cells post-transfected with 
miR-21 mimics or miR-21 inhibitor (P<0.01 or P<0.0001 for 
the miR-21 inhibitor or miR-21 mimics in the CaSki or HeLa 
cells, Fig. 2A). Proliferation of the CaSki and HeLa cells 
following transfection with miR-21 mimics, miR-21 inhibitor 
or miRNA control was assessed using the CCK-8 assay. In 
the CaSki or HeLa cells, the miR-21 mimics promoted cell 

Figure 3. miR-21 manipulations with miR-21 mimics or miR-21 inhibitor regulate the colony formation of the CaSki or HeLa cells. (A) Colony forming of 
the CaSki cells following transfection with or without 50 nM miR-21 mimics or miR-control. (B) Counting of colonies formed by the CaSki cells following 
transfection with miR-21 mimics or with miR-control. (C) Colony formation by the HeLa cells following  transfection with or without 50 nM miR-21 mimics 
or miR-control. (D) Counting of colonies formed by HeLa cells following transfection with miR-21 mimics or with miR-control. (E) Colony formation by the 
HeLa cells following transfection with or without 50 nM miR-21 mimics or miR-control. (F) Counting of colonies formed by the CaSki cells following trans-
fection with miR-21 mimics or with miR-control. The experiments were performed in triplicate. *P<0.05, **P<0.01, statistical significance. ns, not significant.
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proliferation instead of miRNA control (P<0.01 and P<0.05 
for the CaSki and HeLa cells, respectively, Fig. 2B), whereas 
the miR-21 inhibitor transfection inhibited the proliferation of 
the CaSki and HeLa cells (both P<0.05, Fig. 2B). There was 
also a time dependence in the regulation on the proliferation 
of the CaSki (Fig. 2C) or HeLa cells (Fig. 2D).

To confirm the proliferation regulation by miR-21 manipu-
lation, we performed a colony formation assay of the CaSki and 
HeLa cells transfected with miR-21 mimics, miR-21 inhibitor 
or miRNA control. Fig. 3A shows that, the CaSki cells formed 
more colonies following transfection with 50 nM miR-21 
mimics as compared to the control miRNA (Fig. 3B, P<0.01). 
The promotion of colony formation by the miR-21 mimics 
transfection was reconfirmed in HeLa cells and the transfec-
tion with the miR-21 mimics promoted more colonies in HeLa 
cells than the transfection with control miRNA (Fig. 3C and D, 
P<0.01). On the other hand, the miR-21 inhibitor suppressed 
colony formation in the CaSki cells with a transfection 

concentration of 50 nM (Fig. 3E and F, P<0.05). These findings 
demonstrated that upregulated miR-21 enhanced the prolifera-
tive ability and colony formation of cervical cancer cells.

Manipulation of miR-21 level regulates the migration and 
invasion of cervical cancer cells. To identify the oncogenic 
promotion of miR-21, the migration and invasion of the 
cervical cancer cells were evaluated using the wound-healing 
and Transwell assays. Firstly, the difference in the migration 
of HeLa cells post‑transfected with 50 nM miR-21 mimics, 
miR-21 inhibitor or control miRNA using a wound-healing 
assay was determined. Fig. 4A shows that there were more 
HeLa cells migrating across the baseline in the miR-21 mimics 
transfection group as compared to that in the control miRNA 
transfection group (P<0.01, Fig.  4B), whereas the miR-21 
inhibitor reduced HeLa cell migration as compared to that in 
the control group (P<0.01, Fig. 4B). In addition, we investi-
gated cell invasion using the Transwell assay. Fig. 4C shows 

Figure 4. miR-21 manipulations with miR-21 mimics or miR-21 inhibitor regulates the migration of HeLa cells. (A) The wound-healing assay was performed 
on HeLa cells, 0 or 48 h following transfection with miR-21 inhibitor, miR control or miR-21 mimics. Cell migration was depicted following incubation at 
0, or 48 h following cell scratch. The solid lines show the edges at the initiation of the experiments. (B) Migratory cell counting of the HeLa cells following 
transfection with miR-21 inhibitor, miR control or miR-21 mimics. (C) Cell invasion was determined by the Matrigel-coated Transwell assay. The cells that 
crossed the Matrigel‑coated filter were fixed, stained and counted. Data are presented as the mean ± SEM for three independent experiments. Statistical 
significance was shown as **P<0.01. ns, not significant.
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that the invaded cells in the miR-21 mimics transfection group 
were significantly more than those in the control miRNA 
group  (P<0.01), whereas the invaded cells in the miR-21 
inhibitor transfection group were significantly less than those 
in the control miRNA group (P<0.01). Collectively, miR-21 
promoted the migration and invasion of cervical cancer cells.

miR-21 mimics transfection significantly downregulates the 
PTEN level in cervical cancer cells. To identify the mecha-
nism involved in the promotion of miR-21 to the proliferation 
of the CaSki or HeLa cells, and to investigate the regulation 
of PTEN expression by miR-21 in the cervical cancer cells, 
we examined PTEN expression at the mRNA and protein 
levels in the CaSki and HeLa cells following transfection with 
miR-21 mimics or miRNA control. PTEN was downregulated 
at the mRNA level in the CaSki cells by transfection with 
25 or 50 nM miR-21 mimics (P<0.05 for 25 nM or P<0.01 for 
50 nM, Fig. 5A). This downregulation in the PTEN mRNA 
was confirmed in the HeLa cells, where transfection with 
50 nM miR-21 mimics significantly downregulated PTEN 
mRNA in the HeLa cells (P<0.05, Fig. 5A). By contrast, there 
was no regulation of the PTEN mRNA level by the control 
miRNA transfection (Fig. 5A and B). To reconfirm the PTEN 

downregulation by miR-21, we analyzed PTEN expression 
at the protein level which was examined in cells following 
transfection with miR-21 mimics or miRNA control. Fig. 5C 
shows that transfection with 50 nM miR-21 mimics, instead 
of the 50 nM control miRNA reduced PTEN expression at 
the protein level (P<0.05). Furthermore, the PTEN reduction 
by transfection with 50 nM miR-21 mimics was observed in 
the HeLa cells (P<0.01, Fig. 5D). Therefore, miR-21 mimics 
transfection significantly downregulated the PTEN level in the 
cervical cancer cells.

PTEN overexpression inhibits cervical cancer cell prolife
ration. To determine whether miR-21-promoted cervical 
cancer proliferation was mediated by the downregulation of 
PTEN, we overexpressed PTEN with a eukaryotic expres-
sion vector, pcDNA3.1(+), in the CaSki cells. Then, we 
examined the proliferation of CaSki cells with PTEN over-
expressed [CaSki PTEN(+)] or CaSki cells transfected with 
CAT-pcDNA3.1(+) (CaSki control) using the CCK-8 assay. 
Figs. 6A and B shows that there was a significantly overex-
pressed PTEN at the mRNA (Fig. 6A) and protein (Fig. 6B) 
levels in the CaSki PTEN(+) cells, compared to the CaSki 
control cells. Furthermore, the CCK-8 assay indicated that, 

Figure 5. miR-21 mimics transfection inhibits PTEN expression at the mRNA and protein levels. PTEN mRNA level in the (A) CaSki or (B) HeLa cells 24 h 
following transfection with 25 or 50 nM miR-21 mimics. (C and D) PTEN at the protein level in the (A) CaSki or (B) HeLa cells 48 h following transfection with 
25 or 50 nM miR-21 mimics or miR control. The experiments were performed in triplicate. *P<0.05 and **P<0.01, statistically significant. ns, not significant.
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from 24 to 72 h following incubation, the CaSki PTEN(+) 
cells grew to a significantly lower level than the CaSki control 
cells (Fig. 6C, P<0.05 for 24 or 72 h and P<0.01 for 48 h). As 
shown in Fig. 6D and E, the colony‑forming assay confirmed 
the lower proliferation of CaSki PTEN(+) cells, compared to 
the CaSki control cells (P<0.01). These results indicated that 
the overexpression of PTEN inhibited the proliferation of 
cervical cancer cells.

Discussion

Increased miR-21 has been identified in various types of 
cancer (34-38), such as colorectal (25), hepatocellular (35) and 
breast cancers (27,36,37). It has been reported that miR-21 

expression increased with worsening clinical diagnosis in 
cervical cancers  (29). The cytoplasmic expression of the 
programmed cell death 4 (PDCD4) protein, which is a known 
target of miR-21 (39), was also significantly lower in women 
with invasive cervical carcinoma (ICC) (29). However, there 
was no significant correlation between miR-21 overexpres-
sion and PDCD4 downregulation. Thus, there may be other 
target molecules for miR-21 in invasive cervical cancers. The 
PTEN gene is mutated or abrogated in a wide range of human 
cancers (40-42). The tumor suppressive PTEN inhibits cell 
migration and invasion by directly dephosphorylating two 
key tyrosine‑phosphorylated proteins, thereby antagonizing 
the interactions of integrins with the extracellular matrix 
and integrin-triggered signaling pathways  (43,44). The 

Figure 6. PTEN overexpression promotes the proliferation and colony formation of HeLa cells. PTEN at the (A) mRNA or (B) protein level in the mock HeLa 
cells. HeLa cells were transfected with CAT-pcDNA3.1 or PTEN-pcDNA3.1 plasmids. (C) Proliferation difference between the PTEN-overexpressed and 
control HeLa cells. (D) Colony formation by the PTEN-overexpressed or control HeLa cells. (E) Counting of colonies formed by the PTEN-overexpressed 
or control HeLa cells. The results are the average of three independent experiments. *P<0.05, statistically significant difference. **P<0.01; ns, not significant.
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dephosphorylating role of PTEN is also necessary in a lipid 
signal transduction pathway (45). Therefore, PTEN performs 
as a unique tumor suppressor through the inhibition of lipid 
phosphatase and protein tyrosine phosphatase activities, 
thus negatively regulating cell proliferation and invasion. 
The tumor suppressive PTEN gene has also been reported to 
mutate or to decrease in expression in cervical cancers (32,46). 
However, its role in the proliferation or invasion of cervical 
cancers needs to be determined in detail.

In the present study, we found that miR-21 was overex-
pressed, whereas PTEN was downregulated in the invasive 
cervical cancer specimens, and that miR-21 overexpression 
was associated with the downregulated PTEN in such cervical 
cancer specimens. To recognize the oncogenic role of miR-21 
in the cervical cancer cells, we manipulated miR-21, with 
miR-21 mimics or miR-21 inhibitor in the CaSki and HeLa 
cervical cancer cell lines, and examined the regulation of 
miR-21 on cell proliferation and migration. Results in the 
present study confirm that the proliferation of CaSki or HeLa 
cells was promoted by transfection with miR-21 mimics, 
whereas proliferation was inhibited by transfection with the 
miR-21 inhibitor, in a time-dependent manner. Furthermore, 
the migration and invasion of the cervical cancer cells was 
evaluated by the wound-healing and Transwell assays, 
following miR-21 manipulation. The results show that there 
were more HeLa cells migrating across the baseline in the 
miR-21 mimics transfection group, in comparison to the 
control miRNA transfection, whereas the miR-21 inhibitor 
reduced HeLa cell migration, compared to that in the control 
group. In addition, the Transwell assay indicated that the 
invaded cells were more in the miR-21 mimics transfection 
group than in the control miRNA group. Collectively, miR-21 
promoted the proliferation, migration and invasion of the 
cervical cancer cells.

Given the regulation by miR-21 on PTEN expression in 
various types of cancer (24,25,47), PTEN expression at the 
mRNA and protein levels was also examined in the CaSki 
or HeLa cells following transfection with miR-21 mimics 
or miRNA control. The results show that PTEN was down-
regulated at the mRNA and protein levels in the CaSki or 
HeLa cells by miR-21 mimics transfection, in comparison to 
the control miRNA transfection. Therefore, miR-21 mimics 
transfection significantly downregulated the PTEN level in 
the cervical cancer cells. Moreover, to identify the association 
of miR‑21-promoted cervical cancer, proliferation and inva-
sion were mediated by the downregulation of PTEN. We then 
overexpressed PTEN in the CaSki cells and investigated the 
regulation of CaSki cell proliferation by PTEN overexpres-
sion. The results show that the manipulated upregulation of 
the PTEN expression at the mRNA and protein levels in the 
CaSki cells significantly reduced cell proliferation.

In summary, the present study has shown the upregula-
tion of miR-21 in invasive cervical cancers and confirms 
the promotion of miR-21 to the proliferation, migration and 
invasion in the CaSki or HeLa cervical cancer cells by down-
regulating the tumor‑suppressive PTEN expression. To the 
best of our knowledge, this is the first study to confirm that the 
miR-21/PTEN pathway promotes cervical cancers, suggesting 
that the miR-21/PTEN pathway may be an effective target for 
cervical cancer treatment.
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