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Abstract. Human papillomaviruses (HPVs) have important 
roles in the development and progression of cervical cancer, 
but the underlying mechanisms are yet to be fully elucidated. 
MicroRNA-130a (miR-130a) has previously been reported 
to promote cervical cancer growth. However, the underlying 
molecular mechanisms by which miR-130a promotes cervical 
cancer progression have remained largely elusive. In the 
present study, polymerase chain reaction and western blot 
analyses were performed to examine the expression levels of 
miR-130a and associated proteins. A wound healing assay and 
a Transwell assay were applied to study cell migration and 
invasion. A luciferase reporter gene assay was performed to 
confirm the targeting associations of miR‑130a. It was observed 
that miR‑130a was significantly upregulated in cervical cancer 
tissues compared with that in adjacent non-tumorous tissues. 
High expression of miR-130a was significantly associated 
with lymph node metastasis and an advanced clinical stage 
of cervical cancer. Furthermore, the expression of miR-130a 
was also higher in HPV(+) cervical cancer cell lines compared 
with that in HPV(‑) cells. Knockdown of HPV18 E6 signifi-
cantly inhibited the expression of miR-130a in HeLa cervical 
cancer cells. Furthermore, knockdown of miR-130a reduced 
the migration and invasion of HeLa cells. Tissue inhibitor of 
metalloproteinase 2 (TIMP2), an antagonist of matrix metal-
loproteinase 2 (MMP2), was identified as a novel, direct target 
gene of miR-130a. The expression of TIMP2 was negatively 
mediated by miR-130a, and HPV18 E6 inhibited the expression 
of TIMP2 in HeLa cells. Furthermore, knockdown of TIMP2 
rescued the suppressive effects of miR-130a downregulation 
on the migration and invasion of HeLa cells. In summary, the 
present study suggests that HPV18 E6 promotes the expres-
sion of miR-130a, which further inhibits the expression of 

TIMP2 and promotes cervical cancer cell invasion. Therefore, 
HPV/miR-130a/TIMP2 signaling may be a potential target for 
the prevention of cervical cancer metastasis.

Introduction

Cervical cancer is one of the most common gynecological 
malignant tumors, and mainly occurs in developing countries, 
including China (1,2). It has been well-established that human 
papillomavirus (HPV) infection is significantly associated 
with the development of cervical cancer (3). Furthermore, 
certain oncogenes and tumor suppressors have also been iden-
tified to have key roles in cervical cancer (4‑6). Elucidation of 
the molecular mechanisms underlying cervical cancer growth 
and metastasis is beneficial for the development of novel 
therapeutic strategies for this disease.

MicroRNAs (miRs), a class of small non-coding RNAs, 
can directly bind to the 3' untranslated region (UTR) of their 
target mRNAs, and cause RNA degradation or translation 
inhibition (7,8). Through mediating the expression of their 
target genes, miRs are involved in various cellular biological 
processes, including cell proliferation, differentiation, migra-
tion and invasion, as well as tumorigenesis (9-11). A large 
number of miRs have been demonstrated to have promoting 
or suppressive roles in various human cancer types, including 
cervical cancer, and certain miRs are strongly associated with 
HPV (12,13). For instance, HPV16 E7 increases the expression 
of miR-27b, which further promotes the proliferation and inva-
sion of cervical carcinoma cells via directly suppressing the 
expression of peroxisome proliferator-activated receptor γ (14).

miR-130a has recently been demonstrated to be involved in 
various common human cancer types, including hepatocellular 
carcinoma, ovarian cancer, glioblastoma, prostate carcinoma, 
leukemia and cervical cancer (15). Feng et al (16) reported 
that miR-130a was regulated by nuclear factor (NF)-κB and 
promoted cervical cancer cell growth by inhibiting the expres-
sion of phosphatase and tensin homolog (PTEN). However, the 
exact role of miR-130a in cervical cancer metastasis, as well as 
its regulation and the underlying mechanisms, have remained 
to be determined.

Tissue inhibitor of metalloproteinases 2 (TIMP2) is a 
member of the TIMP gene family, which are natural inhibitors 
of the matrix metalloproteinases (MMPs), a group of pepti-
dases involved in the degradation of the extracellular matrix 
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and thus cancer metastasis (17). TIMP2 was reported to be 
associated with cervical cancer invasion (18). However, the 
regulatory roles of TIMP2 in cervical cancer have remained 
to be fully elucidated.

The present study mainly aimed to explore the regulatory 
roles of miR-130a in cervical cancer metastasis and the under-
lying mechanisms. Furthermore, the possible link between 
HPV E6, miR-130a and TIMP2 in cervical cancer cells was 
assessed.

Materials and methods

Tissue collection. This study was approved by the Ethics 
Committee of the First Affiliated Hospital of Xinxiang 
Medical University (Weihui, China). Cervical cancer tissues 
and matched adjacent normal tissues were collected from 
56 cervical cancer patients at the First Affiliated Hospital 
of Xinxiang Medical University (Weihui, China) between 
September 2014 and May 2016. These cervical cancer patients 
were aged between 43 and 67 years (mean age, 55.7 years). 
Written informed consent was obtained from all patients. 
None of these patients received any radiation therapy or 
chemotherapy prior to surgery. After resection the tissues 
were immediately snap-frozen in liquid nitrogen and stored in 
liquid nitrogen until use.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from tissues and cell 
lines using TRIzol reagent (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). A High-Capacity cDNA Reverse 
Transcription kit (cat. no. 4368813; Thermo Fisher Scientific, 
Inc.) was used to convert 1 µg RNA into complementary 
(c)DNA according to the manufacturer's protocol. For detection 
of miR-130a expression, the MiRNA qPCR Detection kit (cat. 
no. AMPR-0200; GeneCopoeia, Inc., Rockville, MD, USA) 
was used for amplification of cDNA on an ABI 7500 fluores-
cent qPCR machine (Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. U6 was used as the internal 
reference. The primers for miR-130a (cat. no. HmiRQP0156) 
and U6 (cat. no. HmiRQP9001) were purchased from Fulengen 
(Guangzhou, China). For detecting the mRNA expression, 
SYBR Green qPCR Master mix (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) was used according to the manufacturer's 
protocol. GAPDH was utilized as the internal reference. 
The primer sequences were as follows: HPV18 E6, forward 
5'-AGG CGA TTA AGT TGG GTA-3' and reverse 5'-CGG TAG 
GCG TGT ACG GTG-3'; TIMP2, forward 5'-AAG CGG TCA 
GTG AGA AGG AAG-3' and reverse 5'-GGG GCC GTG TAG 
ATA AAC TCT AT-3'; GAPDH, forward 5'-GGA GCG AGA 
TCC CTC CAA AAT-3' and reverse 5'-GGC TGT TGT CAT 
ACT TCT CAT GG-3'. The thermocycling conditions were as 
follows: Initial denaturation at 95˚C for 3 min and 35 cycles 
of denaturation at 95˚C for 15 sec and annealing/elongation at 
60˚C for 30 sec. A melting curve analysis was performed to 
detect products. The relative expression was analyzed using 
the 2-ΔΔCq method (19).

Cell culture. The SiHa (HPV16+), Caski (HPV16+), HeLa 
(HPV18+) and C33A (HPV-) human cervical cancer cell lines 
were purchased from the Cell Bank of the Chinese Academy 

of Sciences (Shanghai, China). C33A cells were cultured in 
RPMI1640 medium (Thermo Fisher Scientific, Inc.) with 10% 
fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.), and 
CaSki, SiHa and HeLa cells were cultured in Dulbecco's modi-
fied Eagle's Medium (DMEM; Thermo Fisher Scientific, Inc.) 
with 10% FBS at 37˚C in a humidified atmosphere containing 
5% CO2.

Cell transfection. HeLa cells were transfected with nega-
tive control inhibitor (anti-NC; cat. no. CmiR-AN0001-SN; 
Fulengen), miR-130a inhibitor (anti-miR-130a; cat. 
no. HmiR-AN0156-SN-10; Fulengen), scrambled miRNA 
mimics (miR-NC; cat. no. CmiR0001-MR04; Fulengen), 
miR-130a mimics (cat. no. HmiR0170-MR04; Fulengen), 
NC small interfering (si)RNA (cat. no. sc-37007; Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA), HPV18 E6 siRNA 
(cat. no. 3262; Dharmacon; Thermo Fisher Scientific, Inc.), 
or co-transfected with miR-130a inhibitor and TIMP2 
siRNA (cat. no. sc-29506; Santa Cruz Biotechnology, Inc.), 
or co-transfected with miR-130a inhibitor and NC siRNA 
using Lipofectamine® 2000 (Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instruction.

Western blot analysis. Cells were lysed in cold (4˚C) radioim-
munoprecipitation assay buffer (Thermo Fisher Scientific, 
Inc.) for 30 min. The protein concentration was examined 
using a Pierce BCA Protein Assay Kit (Thermo Fisher 
Scientific, Inc.). Subsequently, 50 µg protein was separated 
by 10% SDS‑PAGE and then transferred to a polyvinylidene 
fluoride membrane (Thermo Fisher Scientific, Inc.). The 
membrane was blocked in 5% non‑fat dried milk in (PBS) 
at room temperature for 4 h. Subsequently, the membrane 
was incubated with mouse anti-HPV18 E6 antibody (1:500 
dilution; cat. no. ab20192; Abcam, Cambridge, MA, USA), 
rabbit anti-human TIMP2 antibody (1:500 dilution; cat. 
no. ab180630; Abcam), or rabbit anti-human GAPDH antibody 
(1:500 dilution; cat. no. ab9485; Abcam) for at room tempera-
ture 3 h, and then incubated with goat anti-mouse secondary 
antibody (1:5,000 dilution; cat. no. ab97035; Abcam) or 
goat anti-rabbit secondary antibody (1:5,000 dilution; cat. 
no. ab7090; Abcam) at room temperature for 1 h. According 
to the manufacturer's instructions, the immune complex on 
the polyvinylidene fluoride membrane was detected using an 
Enhanced Chemiluminescence Western Blotting Kit (Thermo 
Fisher Scientific, Inc.). The protein expression was determined 
using Image-Pro Plus software 6.0 (Media Cybernetics, Inc., 
Rockville, MD, USA).

Wound healing assay. HeLa cells were cultured to full conflu-
ence in 6-well plates. Mitomycin C (10 µg/ml; Sigma-Aldrich; 
Merck KGaA, Darmstadt, Germany) was used to treat cells at 
37˚C for 2 h to inhibit cell proliferation. Cells were washed 
with DMEM for 3 times. A wound was created by scraping the 
cell monolayer with a 200-µl pipette tip. After washing with 
DMEM twice, the cells were incubated in DMEM supple-
mented with 1% FBS for 24 h. Subsequently, the wound was 
observed under a microscope (Olympus, Tokyo, Japan).

Transwell assay. Matrigel® pre-coated Transwell cham-
bers (BD Biosciences, Franklin Lakes, NJ, USA) were used 
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to study cell invasion. HeLa cells (105 cells) in serum-free 
DMEM were seeded in the upper chambers, and DMEM with 
10% FBS was added to the lower chamber. After incubation 
at 37˚C for 24 h, the Transwell chambers were rinsed with 
1% PBS. Cells on the upper surface were removed with a 
cotton-tipped swab, and the chamber was then stained with 
0.1% crystal violet (Thermo Fisher Scientific, Inc.) at room 
temperature for 10 min. The invaded cells were counted under 
an inverted microscope (Olympus).

Bioinformatics analysis. TargetScan software 7.1 (http://www.
targetscan.org) was used to predict the potential target genes 
of miR-130a.

Luciferase reporter gene assay. The wild-type (WT) 
sequence of the 3'UTR of TIMP2 containing miR-130a 
binding sites and the mutant-type (MT) sequence of the 
3'UTR of TIMP2 lacking these miR-130a binding sites 
were amplified by PCR and individually subcloned into the 
psiCHECK-2 vector (Promega Corp., Madison, WI, USA). 
Lipofectamine® 2000 was used to co-transfect HeLa cells 
with WT or MT TIMP2 3'UTR luciferase reporter gene 
plasmid, and miR-NC or miR-130a mimics, respectively. 
In the control group, HeLa cells were transfected with WT 
(or MT) plasmids, without miR mimic (or miR-NC). After 
transfection for 48 h, the luciferase activity was determined 
using the Dual-Luciferase Reporter Assay System (Promega 
Corp.). The firefly luciferase activities were normalized to 
Renilla luciferase activity.

Statist ical analysis. Values are expressed as the 
mean ± standard deviation. SPSS 19.0 (IBM Corp., Armonk, 
NY, USA) was used to perform statistical analysis. Differences 
were analyzed using Student's t-test or one-way analysis of 
variance followed by a post-hoc Tukey's test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑130a is upregulated in cervical cancer and induced 
by HPV18 E6. n the present study, the expression levels of 
miR‑130a were first examined in cervical cancer tissues. The 
results indicated that miR‑130a was significantly upregulated 
in cervical cancer tissues compared with that in adjacent 
non-tumorous tissues (Fig. 1A). The cervical cancer patients 
included in the present study were then subdivided into a high 
miR-130a expression group and a low miR-130a expression 
group by using the mean value of miR-130a expression as the 
cutoff value. Further investigation revealed that high expres-
sion of miR-130a was significantly associated with lymph 
node metastasis and advanced clinical stage (Table I). These 
results suggest that the increased expression of miR-130a may 
contribute to the malignant progression of cervical cancer.

The expression of miR-130a was then examined in 4 
common cervical cancer cell lines, namely SiHa (HPV16+), 
Caski (HPV16+), HeLa (HPV18+) and C33A (HPV-). The 
results indicated that the expression of miR-130a was 
significantly higher in HPV+ cervical cancer cell lines when 
compared with that in HPV-C33A cells (Fig. 1B). To further 

Table I. Association between miR-130a expression and clinicopathological characteristics of patients with cervical cancer.

 miR-130a expression
 ---------------------------------------------------------------------------
Variables Total (n=56) Low (n=30) High (n=26) P-value

Age (years)     0.786
  <55 22 11 11 
  ≥55 34 19 15 
Tumor size (cm)    0.399
  ≤4 cm 38 22 16 
  >4 cm 18 8 10 
Differentiation    0.191
  Well/moderate 44 26 18 
  Poor 12 4 8 
Clinical stage     0.025
  I/II 37 24 13 
  III/IV 19 6 13 
Lymph node metastasis    0.009
  No 40 26 14 
  Yes 16 4 12 
Distant metastasis     0.086
  No 50 29 21 
  Yes 6 1 5 

miR, microRNA.
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examine the association between HPV and miR-130a, HeLa 
cells were transfected with HPV18 E6 siRNA to knockdown 
its expression. After transfection, the mRNA and protein 
levels of HPV18 E6 were significantly decreased compared 
with those in the NC siRNA group (Fig. 1C and D). Of note, 
the miR-130a levels were also reduced after inhibition of 
HPV18 E6 (Fig. 1E). These results suggest that in HeLa cells, 
the expression of miR-130a is mediated by HPV18 E6.

Knockdown of miR‑130a inhibits HeLa‑cell migration 
and invasion. As miR-130a was highly expressed in HeLa 
cells, this cell line was transfected with miR-130a inhibitor 
to reduce its expression. After transfection, the expres-
sion of miR‑130a was significantly downregulated in the 
anti-miR-130a group compared with that in the anti-NC 
group (Fig. 2A). The role of miR-130a in HeLa-cell migra-
tion and invasion was then studied. A wound healing assay 
indicated that knockdown of miR‑130a caused a significant 

decrease in HeLa-cell migration (Fig. 2B). Similarly, the 
Transwell assay demonstrated that inhibition of miR-130a 
significantly repressed HeLa‑cell invasion (Fig. 2C). These 
results suggest that miR-130a has a promoting role in 
cervical cancer metastasis.

TIMP2 is a direct target gene of miR‑130a. Potential target 
genes of miR-130a in HeLa cells were then investigated. By 
using a Targetscan bioinformatics prediction, TIMP2 was 
identified as a putative target gene of miR-130a (Fig. 3A). 
To verify this prediction, luciferase reporter gene plasmids 
driven by a WT or MT sequence of the TIMP2 3'UTR were 
constructed (Fig. 3B), which were employed in a luciferase 
reporter gene assay. As presented in Fig. 3C, the luciferase 
activity in HeLa cells transfected with WT TIMP2 3'UTR 
luciferase reporter plasmid was significantly reduced in the 
presence of miR-130a, while it was not reduced in the group 
transfected with the MT TIMP2 3'UTR luciferase reporter 

Figure 1. (A) RT-qPCR was performed to examine the miR-130a expression in cervical cancer tissues compared with that in adjacent non-tumorous tissues. 
**P<0.01 vs. Adjacent. (B) RT-qPCR was performed to examine the miR-130a expression in several cervical cancer cell lines, including SiHa (HPV16+), Caski 
(HPV16+), HeLa (HPV18+) and C33A (HPV-). **P<0.01 vs. C33A. (C and D) HeLa cells were transfected with HPV18 E6 siRNA or NC siRNA. After transfec-
tion, (C) RT-qPCR and (D) western blot analysis were performed to examine the mRNA and protein expression of HPV18 E6, respectively, and (E) qPCR was 
performed to examine the expression of miR-130a. **P<0.01 vs. NC siRNA. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; HPV, 
human papillomavirus; siRNA, small interfering RNA; miR, microRNA; NC, negative control.RETRACTED
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plasmid and miR-130a (Fig. 3C). These results indicate that 
TIMP2 is a direct target gene of miR-130a in HeLa cells.

The expression of TIMP2 is regulated by miR‑130a in HeLa 
cells. Next, the effect of miR-130a on the expression of TIMP2 
in HeLa cells was assessed. The results indicated that the mRNA 
and protein levels of TIMP2 were significantly increased after 
knockdown of miR-130a in HeLa cells (Fig. 4A and B). To 
further confirm these results, HeLa cells were transfected with 
miR-130a to upregulate its expression. After transfection, the 
expression of miR‑130a was significantly higher than that in 
the miR-NC group (Fig. 4C). Of note, the mRNA and protein 
levels of TIMP2 were significantly reduced after overexpres-
sion of miR-130a (Fig. 4D and E). Therefore, the expression 
of TIMP2 is negatively regulated by miR-130a in HeLa cells.

HPV18 E6 regulates TIMP2 expression through miR‑130a. 
The effect of HPV18 E6 knockdown on the expression of 
TIMP2 expression in HeLa cells was then assessed. As 
presented in Fig. 5A and B, the mRNA and protein levels of 
TIMP2 were significantly increased in the HPV18 E6 siRNA 
group, when compared with those in the NC siRNA group. 
Based on these and the above results, it was suggested that 
HPV18 E6 inhibits the expression of TIMP2 via upregulating 
miR‑130a. To further confirm this speculation, HeLa cells 
were co-transfected with HPV18 E6 siRNA and miR-133a 

mimics. After transfection, the expression of miR-130a was 
significantly increased in the HPV18 E6 siRNA+miR‑133a 
group compared with that in the HPV18 E6 siRNA+miR-NC 
group (Fig. 5C). Furthermore, the mRNA and protein expres-
sion of TIMP2 was significantly reduced in the HPV18 E6 
siRNA+miR-133a group compared with that in the HPV18 E6 
siRNA+miR-NC group (Fig. 5D and E). Therefore, HPV18 
E6 negatively regulates the expression of TIMP2 through 
mediation of miR-130a in HeLa cells.

TIMP2 is involved in the miR‑130a‑induced migration and 
invasion of HeLa cells. As TIMP2 is an antagonist of MMP2, 
it was speculated that miR-130a may exert its promoting 
effect on HeLa cell migration and invasion via inhibition of 
TIMP2 expression. To verify this speculation, HeLa cells were 
co-transfected with miR-130a inhibitor and TIMP2 siRNA. 
After transfection, the mRNA and protein levels of TIMP2 were 
significantly reduced in the anti‑miR‑130a+TIMP2 siRNA 
group when compared with those in the anti-miR-130a+NC 
siRNA group (Fig. 6A and B). Furthermore, the migration 
and invasion of HeLa cells was significantly increased in the 
anti-miR-130a+TIMP2 siRNA group compared with that in 
the anti-miR-130a+NC siRNA group (Fig. 6C and D). These 
results demonstrate that knockdown of TIMP2 attenuated, 
at least partly, the suppressive effects of miR-130a inhibition 
on the migration and invasion of HeLa cells, suggesting that 

Figure 2. HeLa cells were transfected with NC inhibitor or miR-130a inhibitor. (A) Reverse transcription-quantitative polymerase chain reaction was performed 
to examine the miR‑130a expression. Furthermore, (B) a wound healing assay (magnification, x40) and (C) a Transwell assay (magnification, x400) were 
performed to examine cell migration and invasion, respectively. **P<0.01 vs. NC inhibitor. miR, microRNA; NC, negative control.
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Figure 4. (A and B) HeLa cells were transfected with NC inhibitor or miR-130a inhibitor, and (A) RT-qPCR and (B) western blot analysis were performed to 
examine the mRNA and protein expression of TIMP2, respectively. **P<0.01 vs. NC inhibitor. (C-E) HeLa cells were transfected with miR-NC or miR-130a 
mimics. (C) RT-qPCR was performed to examine the expression of miR-130a. (D) RT-qPCR and (E) western blot analysis were used to examine the mRNA 
and protein expression of TIMP2, respectively. **P<0.01 vs. miR-NC. NC, negative control; TIMP, tissue inhibitor of metalloproteinases; miR, microRNA; 
RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

Figure 3. (A) TIMP2 was predicted to be a target gene of miR-130a. (B) The luciferase reporter gene plasmid containing WT or MT of TIMP2 3'UTR was 
obtained. (C) The luciferase activity was significantly reduced in the presence of miR‑130a in HeLa cells transfected with WT TIMP2 3'UTR luciferase 
reporter plasmid, but not reduced when transfected with the MT TIMP2 3'UTR luciferase reporter plasmid. **P<0.01 vs. Control. NC, negative control; 
WT, wild type; MT, mutant type; UTR, untranslated region; TIMP, tissue inhibitor of metalloproteinases; miR, microRNA; hsa, Homo sapiens.
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the promoting role of miR-130a in HeLa cell migration and 
invasion is mediated through inhibition of the expression of 
TIMP2.

Discussion

The molecular mechanisms underlying miR-130a expression 
in cervical cancer as well as the regulatory roles of miR-130a 
in cervical cancer metastasis have remained largely elusive. 
In the present study, it was observed that miR-130a was 
significantly upregulated in cervical cancer tissues compared 
with that in adjacent non-tumor tissues. High expression 
of miR‑130a was significantly associated with lymph node 
metastasis and advanced clinical stage in cervical cancer 
patients. Furthermore, the expression of miR-130a was also 
higher in HPV+ cervical cancer cell lines compared with 
that in HPV-cervical cancer cells. Knockdown of HPV18 E6 
significantly inhibited the expression of miR‑130a in HeLa 
cervical cancer cells. In addition, knockdown of miR-130a 

reduced the migration and invasion of HeLa cells. TIMP2, an 
antagonist of MMP2, was identified as a novel and direct target 
gene of miR-130a. The expression of TIMP2 was negatively 
regulated by miR-130a, and HPV18 E6 inhibited the expres-
sion of TIMP2 in HeLa cells at least partly by upregulating 
miR-130a. Furthermore, knockdown of TIMP2 rescued the 
suppressive effects of miR-130a inhibition on the migration 
and invasion of HeLa cells.

HPV infection has been demonstrated to modulate the 
expression of certain miRs in cervical cancer (20,21). For 
instance, HPV E5, E6 and E7 directly or indirectly lead to the 
dysregulation of multiple miRs, including miR-34a, miR-218, 
miR-29a and miR-146a, which contributes to the initiation 
and progression of cervical cancer (22). Kong et al (20) 
reported that HPV E7 promotes the expression of miR-21 
in HeLa cervical cancer cells, which further potentiated 
HeLa cell proliferation and invasion. In turn, certain miRs 
also regulate the expression of HPV genes (22,23). For 
instance, Zhang et al (23) reported that miR-129-5p reduces 

Figure 5. (A and B) HeLa cells were transfected with HPV18 E6 siRNA or NC siRNA, and (A) RT-qPCR and (B) western blot analysis were performed to 
examine the mRNA and protein expression of TIMP2, respectively. **P<0.01 vs. NC siRNA. (C-E) HeLa cells were co-transfected with HPV18 E6 siRNA 
and miR-133a mimics, or with HPV18 E6 siRNA and miR-NC. (C) RT-qPCR was performed to examine the expression of miR-130a. (D) RT-qPCR and 
(E) western blot analysis were applied to examine the mRNA and protein expression of TIMP2, respectively. **P<0.01 vs. HPV18 E6 siRNA+miR-NC. NC, 
negative control; TIMP, tissue inhibitor of metalloproteinases; miR, microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; HPV, 
human papillomavirus; siRNA, small interfering RNA.
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the expression of HPV18 E6 and E7 by targeting signaling 
protein 1 in cervical cancer cells. In the present study, it was 
indicated that the expression of miR‑130a was significantly 
increased in cervical cancer tissues compared with that in 
adjacent normal tissues, and in HPV+ cervical cancer cell 
lines compared with that in HPV-cervical cancer cells. In 
addition, the present study was the first, to the best of our 
knowledge, to demonstrate that the expression of miR-130a 
was induced by HPV18 E6 in HeLa cells. This interaction 
should be assessed further in future studies. In addition, 
high expression of miR-130a was revealed to be signifi-
cantly associated with lymph node metastasis and advanced 
clinical stage in cervical cancer patients. Consistent with 
the clinical data, knockdown of miR-130a significantly 
decreased the migration and invasion of HeLa cells, which 
further suggests that miR-130a may contribute to cervical 
cancer metastasis.

miRs function through mediating the expression of 
their target genes (7). Zhang et al (24) reported that low 
concentrations of tumor necrosis factor (TNF)-α stimulated 
NF-κB activity and then induced miR-130a expression, while 
miR-130a directly targets TNF-α, and thus forms a negative 

feedback regulation of NF-κB/miR-130a/TNF-α/NF-κB in 
cervical cancer. Feng et al (16) demonstrated that miR-130a 
promoted cervical cancer cell growth by targeting PTEN. 
However, other target genes of miR-130a in cervical cancer still 
remain to be elucidated. In the present study, TIMP2 was iden-
tified as a novel target gene of miR‑130a in HeLa cells. MMPs 
have a key role in cancer metastasis (25). As an endogenous 
inhibitor of MMPs, TIMP2 has been reported to be frequently 
deregulated in certain human cancer types, including cervical 
cancer (17,26,27). MMP2 and TIMP2 expression was signifi-
cantly associated with an advanced stage and poor survival of 
cervical cancer patients (26). The serum levels of TIMP2 were 
also reported to be associated with the outcome of cervical 
cancer patients undergoing radiochemotherapy (28). In addi-
tion, the present study indicated that the expression of TIMP2 
was regulated by HPV18 E6. Similarly, Cardeal et al (29) 
also reported that HPV 16 oncoproteins induced an imbal-
ance between MMPs and TIMP2 in primary keratinocytes, 
which was suggested to be a possible implication in cervical 
carcinogenesis.

Further investigation in the present study indicated that 
knockdown of TIMP2 partly attenuated the suppressive 

Figure 6. HeLa cells were co-transfected with miR-130a inhibitor and TIMP2 siRNA, or with miR-130a inhibitor and NC siRNA. (A) reverse transcrip-
tion-quantitative polymerase chain reaction and (B) western blot analysis were performed to examine the mRNA and protein expression of TIMP2, respectively. 
(C) A wound healing assay (magnification, x40) and (D) a Transwell assay (magnification, x400) were performed to examine cell migration and invasion, 
respectively. **P<0.01 vs. miR-130a inhibitor+NC siRNA. siRNA, small interfering RNA; NC, negative control; TIMP, tissue inhibitor of metalloproteinases; 
miR, microRNA.
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effects of miR-130a inhibition on the migration and invasion 
of HeLa cells, suggesting that miR-130a promotes HeLa cell 
migration and invasion at least in part through inhibiting the 
expression of TIMP2. In addition to miR-130a, miR-20a was 
also reported to promote cervical cancer proliferation and 
metastasis in vitro and in vivo by targeting TIMP2 (30).

In summary, the results of the present study suggest that 
HPV18 E6 promotes the expression of miR-130a, which in turn 
directly inhibits the expression of TIMP2 and promotes cervical 
cancer cell invasion. Therefore, HPV/miR-130a/TIMP2 
signaling may regarded as a potential target for the prevention 
of cervical cancer metastasis.
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