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MicroRNA-130a-3p promotes the proliferation and inhibits the
apoptosis of cervical cancer cells via negative regulation of RUNX3
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Abstract. Aberrant expression of microRNAs (miRs) has been
reported in various types of cancer. The aim of the present
study was to investigate the role and underlying molecular
mechanism of miR-130a-3p in cervical cancer (CC). The
expression of miR-130a-3p in CC tissues and cell lines (CaSki
and SiHa) was measured via reverse transcription-quantitative
PCR. SiHa and CaSki cells were transfected with miR-130a-3p
mimics and a miR-130a-3p inhibitor, respectively. The
proliferation, apoptosis and migration and invasion abilities
of CC cells were then measured using MTT, flow cytometry,
wound-healing and Transwell assays, respectively. TargetScan
and dual-luciferase reporter gene assays were performed to
analyze the association between miR-130a-3p and its predicted
target gene Runt-related transcription factor 3 (RUNX3). In
addition, a xenograft tumor model was established in mice to
evaluate the impact of miR-130a-3p on tumor growth in vivo.
The expression of miR-130a-3p was markedly upregulated in
CC tissues and cell lines compared with normal tissues and
cells. Transfection with miR-130a-3p mimics significantly
promoted the proliferation, migration and invasion, and inhib-
ited the apoptosis of SiHa cells. Treatment of CaSki cells with
a miR-130a-3p inhibitor resulted in opposite effects to those of
miR-130a-3p mimics. RUNX3 was identified as the target gene
of miR-130a-3p, and overexpression of RUNX3 eliminated the
tumor-promoting effect of miR-130a-3p mimics on CC cells.
Overexpression of miR-130a-3p also promoted tumor growth
in mice. In conclusion, miR-130a-3p promoted proliferation,
migration and invasion, and inhibited the apoptosis of CC
cells via targeting RUNX3, suggesting a novel treatment target
for CC.
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Introduction

Cervical cancer (CC) frequently occurs in women over the
age of 15 years and is the second leading cause of cancer-
associated mortality (1). Although the morbidity and mortality
rates of CC have been decreasing over the past 30 years, the
S5-year survival rate of patients with CC at an advanced stage
remains <40% (2,3). At present, the treatments for patients
with CC primarily include surgery, radiotherapy and chemo-
therapy (4). Despite their wide application in clinical practice,
the outcome remains unsatisfactory, which is mainly due to
the metastasis of CC (5). Therefore, there is an urgent need
to search for effective therapeutic strategies by exploring the
mechanisms underlying CC.

MicroRNAs (miRNAs/miRs) are a class of small RNA
molecules 21-25 nucleotides in length, which serve important
roles in several biological processes, such as cell proliferation,
migration, invasion and tumorigenesis via regulating specific
target genes (6-8). Abnormal dysregulation of miRNAs and
their targets has also been associated with the development
of CC. For example, miR-106a has been reported to enhance
cell migration and invasion, and increased matrix metal-
loproteinase expression in CC cells via targeting TIMP
metallopeptidase inhibitor 2 (TIMP2) (9). In addition,
miR-149 has been suggested to inhibit the proliferation and
promote the apoptosis of CC cells via targeting GIT1 (10).
miR-130a has emerged as an important miRNA in the devel-
opment and progression of numerous types of malignancy,
including hepatocellular carcinoma (HCC), ovarian cancer,
glioblastoma, prostate carcinoma and CC (11). Kong ez al (12)
demonstrated that miR-130a-3p may be a therapeutic target for
breast cancer. Liu et al (13) further suggested that upregula-
tion of miR-130a-3p expression suppressed the migration and
invasion of HCC cells through downregulating expression of
its target gene SMAD4. However, the biological function of
miR-130a-3p in CC remains unclear.

Runt-related transcription factor 3 (RUNX3) is located
at chromosome 1p.13-p36.11, and has been demonstrated
to have an anti-tumor role in numerous types of cancer (14).
Huang et al (15) revealed that RUNX3 exerted a tumor-
inhibiting effect on breast cancer via modulating estrogen
receptor-o.. RUNX3 has also been reported to inhibit the
tumorigenesis of HCC by suppressing cancer stem cells in a
jagged 1-mediated manner (16). RUNX3 may also have a major
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role in the cellular processes of tumorigenesis and metastasis,
including epithelial-mesenchymal transition (EMT) (17),
adhesion (18), invasion (19) and apoptosis (20). Zhen et al (21)
revealed that overexpression of RUNX3 suppressed the prolif-
eration, migration and invasion of CC cells, thus suggesting
that RUNX3 may function as a tumor suppressor in CC.
However, the regulatory relationship between miR-130a-3p
and RUNX3 in CC remains unclear.

In the present study, the expression of miR-130a-3p
was evaluated in both CC tissues and cell lines. Functional
experiments were performed to analyze the regulatory role of
miR-130a-3p in CC in vitro, and in vivo using a mouse xeno-
graft model. Furthermore, the target genes of miR-130a-3p
were assessed with a focus on the association with RUNX3 in
the CC models. The findings of the present study highlighted
miR-130a-3p as a promising biomarker and therapeutic target
for CC.

Materials and methods

Clinical specimens. A total of 50 paired CC tissues and
adjacent normal tissues (within 5 cm of the tumors) were
obtained from patients with CC (age range, 35-66 years; mean
age, 46.1+4.9 years) via surgical resection from April 2017
to July 2018 at Changle County People's Hospital (Weifang,
China). All CC tissues were confirmed via histopathological
examination. The inclusion criterion was first-time diagnosis.
The exclusion criteria included the presence of other types of
malignant tumor and patients who had received CC treatment
before admission. The clinicopathological features of the
patients were recorded, including age, tumor size, tumor grade,
Federation of Gynecology and Obstetrics (FIGO) stage (22),
lymphatic metastasis and depth of cervical invasion. Informed,
written consent was obtained from all patients, and the study
received approval from the ethics committee of Changle
County People's Hospital (approval no. 2016013; Weifang,
China).

Cell lines and culture. Normal human cervical epithelial
cells (Ectl/E6E7) and CC cell lines (CaSki and SiHa) were
purchased from The Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences. The cells were cultured in
RPMI-1640 medium (HyClone; GE Healthcare life Sciences)
supplemented with 10% FBS (HyClone; GE Healthcare life
Sciences) in an incubator (MCO-15AC; SANYO Electric Co.,
Ltd.) at 37°C and 5% CO, with saturated humidity.

Reverse transcription-quantitative PCR (RT-qPCR). Total
RNA was extracted from the tissues and cells using TRIzol®
Plus RNA Isolation reagents (Invitrogen; Thermo Fisher
Scientific, Inc.). RNA (1 ug) was reverse transcribed into
cDNA at 42°C for 45 min using a miScript II RT kit (Qiagen
GmbH). The qPCR reaction was performed using an ABI
7500HT Fast Real-Time PCR system (Applied Biosystems;
Thermo Fisher Scientific, Inc.) with SYBRGreen master mix
(CoWin Biosciences). The reaction conditions were as follows:
95°C for 3 min, followed by 40 cycles at 95°C for 15 sec and
60°C for 30 sec, and a final extension step at 72°C for 1 min.
The mRNA/miRNA expression levels were calculated using
the 222 method (23). The primer sequences are listed in
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Table 1. U6 or B-actin was used as the internal reference for
detection of miR-130a-3p or RUNX3, respectively.

Cell transfection. When SiHa or CaSki cells reached 80%
confluence, they were seeded into 6-well cell culture plates
(6x10° cells/well). miR-130a-3p mimics (cat. no. B01001),
miR-130a-3p inhibitor (cat. no. BO3001) and corresponding
negative controls [NCs; mimics-NC (cat. no. B04004) and
inhibitor-NC (cat. no. B04006)] were synthesized by Shanghai
GenePharma Co., Ltd. miR-130a-3p mimics or mimics-NC
(20 nM) were transfected into SiHa cells, and miR-130a-3p
inhibitor or inhibitor-NC (20 nM) were transfected into CaSki
cells using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.). Cells without transfection were considered as
the mock group. In addition, pcDNA3.1-RUNX3 (pcDNA3.1,
carrying the RUNX3 coding sequence) and pcDNA3.1-NC
(empty vector), synthesized by Sangon Biotech Co., Ltd.,
were co-transfected in SiHa cells (20 nM) with miR-130a-3p
mimics/mimics-NC (20 nM) using Lipofectamine® 2000.
After transfection for 48 h at 37°C, the cells were collected for
follow-up experiments.

Dual-luciferase reporter gene assay. TargetScan release 5.2
(http://www.targetscan.org) was used to predict the presence
of a binding site for miR-130-3p on the RUNX3 sequence.
Based on this prediction, the 3'-untranslated region (UTR)
of RUNX3 containing wild-type (Wt) or mutated (Mut)
binding sites were synthesized by Shanghai GenePharma
Co., Ltd., and were then inserted into the PsiCHECK-2
vector (Promega Corporation) to obtain RUNX3-Wt and
RUNX3-Mut, respectively. SiHa cells (2x10° cells/well)
were co-transfected with RUNX3-Mut/RUNX3-Wt and
miR-130a-3p mimics/mimics-NC (Shanghai GenePharma
Co., Ltd.) using Lipofectamine® 2000. Following 48 h of
incubation at 37°C, Renilla and firefly luciferase activities
were detected using a Dual-Luciferase Reporter assay system
(Promega Corporation), according to the manufacturer's
protocol. Firefly luciferase activity was normalized to Renilla
luciferase activity.

Western blotting. Total proteins were extracted from SiHa
or CaSki cells using RIPA lysis buffer (Beyotime Institute
of Biotechnology) and quantified using a Bicinchoninic
Acid Protein Assay kit (Thermo Fisher Scientific, Inc.). The
protein samples (40 ug) were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis on 10% gels and
electroblotted onto a polyvinylidene fluoride membrane. The
membrane was blocked with 5% skim milk in Tris-buffered
saline containing 0.1% Tween 20 (TBST) for 1 h at room
temperature and incubated with anti-GAPDH (1:1,000;
cat. no. ab9485; Abcam) and anti-RUNX3 (1:1,000; cat.
no. ab224641; Abcam) antibodies at 4°C overnight. After three
washes with TBST, the membrane was incubated with a horse-
radish peroxidase-conjugated goat anti-rabbit IgG secondary
antibody (1:10,000; cat. no. 7074; Cell Signaling Technology,
Inc.) for 1 h at 25°C. Protein bands were visualized using a
chemiluminescent substrate kit (Invitrogen; Thermo Fisher
Scientific, Inc.) and analyzed using Gel-Pro Analyzer software
(version 4.0; Media Cybernetics, Inc.). GAPDH was used as
the internal reference.
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Name of primer

Sequences

miR-130a-3p
U6
RUNX3

[(-actin

Forward: 5'-GATGCTCTCAGTGCAATGTTA-3'
Reverse: 5'-CTCTGTCTCTCGTCTTGTTGGTAT-3'
Forward: 5'-CTCGCTTCGGCAGCACA-3'

Reverse: 5'-AACGCTTCACGAATTTGCGT-3'
Forward: 5'-TCTGTAAGGCCCAAAGTGGGTA-3'
Reverse: 5'-ACCTCAGCATGACAATATGTCACAA-3'
Forward: 5'-ACACCTTCTACAATGAGCTG-3'
Reverse: 5'-CTGCTTGCTGATCCACATCT-3'

RUNX3, Runt-related transcription factor 3; miR, microRNA.

MTT assay. Cells were seeded into 96-well plates
(6x10° cells/well, 200 pl/well) and were incubated at 37°C. At
0, 24, 48 and 72 h of culture, 20 ul MTT reagent (5 mg/ml;
Sigma-Aldrich; Merck KGaA) was added to each well. After
4 h of incubation at 37°C, 150 ul dimethyl sulfoxide was added
to terminate the reaction. The optical density at 450 nm (OD ,5,)
was detected using a microplate reader (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The growth curves were drawn
as a plot of the OD value over time. This experiment was
performed in triplicate and was repeated three times.

Annexin V-propidium iodide (PI) double staining assay. To
detect the early apoptosis of CC cells resulting from the various
treatments, cells (1x10°) were suspended in 500 ul binding buffer
and then stained with 5 4l Annexin V-enhanced green-fluorescent
protein and 5 ml PI using the eBioscience™ Annexin V-FITC
apoptosis detection kit (Invitrogen; Thermo Fisher Scientific,
Inc.) at 25°C for 10 min in the dark. Subsequently, apoptosis
was detected using a FACScan flow cytometer (version 2.0;
BD Biosciences) and the data were analyzed using CellQuest
version 5.1 software (BD Biosciences).

Wound-healing assay. Cells were seeded into 6-well plates
(1x10%well). When cells reached 90% confluence, a scratch
was created using a 10-ul pipette tip. After 48 h of culturing in
serum-free medium, the wound gaps were observed under an
inverted light microscope (magnification, x200) and measured
using ImagelJ software (version 1.46; National Institutes of
Health). The relative migration rate was calculated as (original
gap distance-gap distance at 48 h)/original gap distance x100
and normalized to that of the mock group. This experiment
was performed in triplicate and was repeated three times.

Transwell invasion assay. The upper chamber of Transwell
inserts was precoated at 37°C for 30 min with Matrigel
(BD Biosciences) according to the manufacturer's instructions
1 day before the experiment. The cells (1x10°) were resus-
pended in serum-free medium and then transferred onto the
Matrigel-coated upper chamber, and RPMI 1640 containing
10% FBS was added to the lower chamber. After incubation
for 24 h at 37°C, the non-invaded cells in the upper chamber
were scraped off with cotton swabs, and the cells that invaded
the lower inserts were fixed with 90% ethanol and stained

with Coomassie brilliant blue at 37°C for 30 min. The stained
cells were imaged and counted in five random fields under an
inverted light microscope (magnification, x200). The number
of invading cells was calculated by normalizing to that of the
mock group. This experiment was performed in triplicate and
was repeated three times.

Xenograft tumor mouse model. All experimental procedures
with mice were performed according to the Chinese legislation
regarding research with experimental animals. The animal
study received approval from the Ethics Committee of Changle
County People's Hospital (approval no. 2016013). The healthy
male BALB/c nude mice (weight, 20+2 g; age, 4 weeks; n=15)
were obtained from Shanghai Experimental Animal Center
of Chinese Academy of Sciences. The animals were housed
in a sterile environment at a controlled temperature of 20°C
and 40% relative humidity, under a 12-h light/dark cycle with
free access to food and water. Subsequently, the mice were
randomly divided into three groups: Mock, mimics-NC and
miR-130a-3p mimics (n=5/group). The mock and transfected
SiHa cells at the logarithmic growth phase (1x107 cells/nude
mice, 200 ul) were resuspended in PBS and injected into the
intradermal left axilla of the mice. The longest diameter (L)
and the shortest diameter (W) of the xenograft tumors were
measured with a Vernier caliper every 7 days after injection,
and the tumor volume was calculated using the following
formula: V=L x W?/2. At the end of week 4, the mice were
anesthetized by an intraperitoneal injection of 50 mg/kg
pentobarbital sodium and were then sacrificed by cervical
dislocation. The xenograft tumors were dissected completely
and weighed.

Statistical analysis. Statistical analysis was performed
using SPSS 22.0 statistical software (IBM Corp.) and Prism
v7.01 (GraphPad Software, Inc.). Data are presented as the
mean + standard deviation. A paired Student's t-test was used
to compare differences between two groups. One-way analysis
of variance followed by Tukey's post-hoc test was applied
for analyzing more than two groups. Differences in clinico-
pathological features between patients with CC with high or
low expression of miR-130a-3p were determined by > test
(group size >5) or Fisher's exact test (group size <5). Pearson's
correlation analysis was used to determine the correlation
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Table II. Association between miR-130a-3p expression and clinicopathological features of patients with cervical cancer.
Clinicopathological features Total no. of cases ~ High miR-130a-3p (n=17)  Low miR-130a-3p (n=23) P-value
Age (years) 0.45
<55 23 9 14
=55 17 8 9
Tumor size (cm) 0.08
<4 18 5 13
>4 22 12 10
Tumor grade 0.21
G1/G2 20 7 13
G3 20 10 10
FIGO stage 0.003*
/11 23 4 19
v 17 13 4
Lymph node metastasis 0.0009*
No 24 5 19
Yes 16 12 4
Depth of cervical invasion (mm) 0.02442
<2/3 25 7 17
=2/3 15 10 6

The difference between high and low groups was determined by % test (group size >5) or Fisher's exact test (group size <5); *P<0.05. FIGO,

Federation of Gynecology and Obstetrics; miR, microRNA.
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Figure 1. miR-130a-3p expression is upregulated in CC tissues. (A) RT-qPCR was used to measure the relative expression levels of miR-130a-3p in patients with
CC (n=40). (B) Receiver operating characteristic curve was used to evaluate the diagnostic value of miR-130a-3p in CC. CC, cervical cancer; miR, microRNA.

between the expression levels of miR-130a-3p and RUNX3 in
CC tissues. The diagnostic analysis was performed through
receiver operating characteristic (ROC) curve analysis with
healthy controls as true negative cases and patients with CC
as true positive cases. All experiments were conducted in
triplicate, with =3 independent experiments. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-130a-3p expression is upregulated in CC. The expression
levels of miR-130a-3p were significantly higher in the tumor

tissues compared with in the normal tissues of patients with
CC (P<0.0001; Fig. 1A). Patients with CC were then divided
into two groups (high and low expression) according to the
median miR-130a-3p expression levels (3.901). As indicated
in Table II, high expression of miR-130a-3p in patients with
CC exhibited strong associations with FIGO stage (P=0.003),
lymph node metastasis (P=0.0009) and depth of cervical
invasion (P=0.0244), but not with age, tumor size or tumor
grade. The area under the ROC curve value for discriminating
between CC and normal tissues was 0.938 (95% confidence
interval, 0.888-0.988), and the sensitivity and specificity were
82.5 and 92.5%, respectively (Fig. 1B).
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Figure 2. miR-130a-3p promotes the proliferation and inhibits the apoptosis of CC cells. (A) Relative expression of miR-130a-3p in CC cell lines determined
by RT-qPCR. “P<0.01 vs. Ectl/E6E7. (B) Efficiency of transfection assessed by RT-qPCR. (C) OD,s, value of SiHa and CaSki cells detected by MTT assays.
(D) Flow cytometry was used to detect the apoptosis of SiHa and CaSki cells. “P<0.01, "“P<0.001 vs. mimics-NC; ”P<0.01 vs. inhibitor-NC;. CC, cervical
cancer; miR, microRNA; RT-qPCR, reverse transcription-quantitative PCR; OD, optical density; NC, negative control; PI, propidium iodide.

miR-130a-3p enhances the proliferation and suppresses the
apoptosis of CC cells. As revealed in Fig. 2A, the expression
levels of miR-130-3p were significantly higher in CaSki and
SiHa cells than in normal cervical epithelial cells (Ectl/E6E7)
(P<0.01). RT-qPCR further revealed that the expression levels
of miR-130-3p were significantly elevated in the miR-130a-3p
mimics group compared with in the mimics-NC group
(P<0.001; Fig. 2B). The proliferation detected via MTT
analysis was also significantly increased in the miR-130a-3p
mimics group compared with that in the mimics-NC group
(P<0.05; Fig. 2C). As demonstrated in Fig. 2D, apoptosis of
the miR-130a-3p mimics group was significantly reduced

compared with that of the mimics-NC group (P<0.01). All of
the effects observed in the miR-130-3p mimics group were the
opposite of those observed in the miR-130a-3p inhibitor group.

miR-130a-3p promotes the migration and invasion abilities
of CC cells. As demonstrated in Fig. 3A, the relative migra-
tion rate of cells in the miR-130a-3p mimics group was
significantly enhanced compared with that of the cells in the
mimics-NC group (P<0.01). The relative number of invasive
cells was also significantly enhanced in the miR-130a-3p
mimics group compared with that in the mimics-NC group
(P<0.01; Fig. 3B). The opposite effects were observed in the
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Figure 3. miR-130a-3p promotes the migration and invasion abilities of cervical cancer cells. (A) Wound-healing assays were used to assess the relative
migration rate of SiHa and CaSki cells. Magnification, x200. (B) Number of invasive cells was detected by a Transwell assay. Magnification, x200. “P<0.01
vs. mimics-NC; #P<0.01 vs. inhibitor-NC. miR, microRNA; NC, negative control.

miR-130-3p inhibitor group. Transfection with mimics-NC
or inhibitor-NC did not affect the relative migration rate or
relative number of invasive cells.

RUNX3 is a target gene of miR-130a-3p. As shown in Fig. 4A,
the relative mRNA expression levels of RUNX3 were reduced
in CC tissues compared with in normal tissues (P<0.0001).
Pearson's correlation analysis revealed a negative correlation

between the expression levels of miR-130a-3p and RUNX3
in CC tissues (r=-0.57; P=0.0001; Fig. 4B). Consistently,
compared with in normal Ectl/E6E7 cells, the mRNA expres-
sion levels of RUNX3 were significantly reduced in CaSki and
SiHa CC cells (P<0.01; Fig. 4C).

TargetScan predicted a binding site for miR-130a-3p at
the 3'-UTR of RUNX3 (Fig. 4D). The miR-130a-3p mimics
significantly decreased the luciferase activity of RUNX3-Wt
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Figure 4. miR-130a-3p directly targets RUNX3. (A) Relative mRNA expression levels of RUNX3 in CC tissues, as determined by RT-qPCR. (B) Pearson's
correlation analysis was used to detect the correlation between the expression levels of miR-130a-3p and RUNX3. (C) Relative mRNA expression levels of
RUNX3 in CC cell lines, as determined by RT-qPCR. “P<0.01 vs. Ectl/E6E7. (D) TargetScan was used to predict the binding site between RUNX3 and
miR-130a-3p. (E) Dual-luciferase reporter gene assays were used to detect the luciferase activity of SiHa cells co-transfected with miR-130a-3p mimics
or mimics-NC, and RUNX3-Wt or RUNX3-Mut. “P<0.01 vs. mimics-NC. (F) Relative protein expression of RUNX3, as determined via western blotting.
"P<0.01 vs. inhibitor-NC; “P<0.01 vs. mimics-NC. RUNX3, Runt-related transcription factor 3; CC, cervical cancer; miR, microRNA; RT-qPCR, reverse
transcription-quantitative PCR; NC, negative control; Wt, wild-type; Mut, mutated.

compared with the mimics-NC, but did not influence the lucif-
erase activity of RUNX3-Mut (P<0.01; Fig. 4E). As indicated
in Fig. 4F, the relative protein expression of RUNX3 was
significantly downregulated by miR-130a-3p upregulation
and upregulated by miR-130a-3p downregulation compared
with the mimics-NC groups (P<0.01). Transfection with
mimics-NC or inhibitor-NC did not influence the luciferase
activity or relative protein expression of RUNX3. These
findings suggested that RUNX3 may represent a target gene
of miR-130a-3p.

RUNX3 eliminates the tumor-promoting effects of
miR-130a-3p on CC cells. Western blot analysis revealed that
the relative protein expression of RUNX3 was significantly
enhanced in the pcDNA3.1-RUNX3 group compared with
that in the pcDNA3.1-NC group (P<0.01). However, transfec-
tion with pcDNA3.1-NC did not influence the relative protein
expression of RUNX3 (Fig. 5A). In addition, the OD,,
value, relative migration rate and relative number of inva-
sive cells were significantly increased in the pcDNA3.1-NC
+ miR-130a-3p mimics group, and were significantly
decreased in the RUNX3 + mimics-NC group compared with
those in the pcDNA3.1-NC + mimics-NC group (P<0.05;
Fig. 5B, D and E). However, the overexpression of RUNX3
reversed the promoting effects of miR-130a-3p mimics on the

proliferation, migration and invasion of SiHa cells. The results
of the double staining assay for apoptosis revealed the opposite
pattern to those of the MTT assay (P<0.05; Fig. 5C).

miR-130a-3p promotes tumor growth in nude mice. To
confirm the effect of miR-130a-3p on CC tumorigenesis, SiHa
cells transfected with mimics-NC or miR-130a-3p mimics
were injected into the intradermal left axilla of nude mice. As
shown in Fig. 6A and B, the tumor volume and weight were
significantly increased in the miR-130a-3p mimics group
compared with in the mimics-NC group (P<0.05). Moreover,
the relative expression levels of miR-130a-3p in tumor xeno-
graft tissues were elevated in the miR-130a-3p mimics group
in comparison with those in the mimics-NC group (P<0.001;
Fig. 6C), whereas the relative mRNA expression levels of
RUNX3 were significantly reduced in the miR-130a-3p
mimics group in comparison with those in the mimics-NC
group (P<0.01; Fig. 6D).

Discussion

miRNAs function as oncogenes or anti-tumor genes and serve
critical roles in tumor progression (10). Numerous oncomiRs
have been discovered in CC to date, including miR-21 (24),
miR-10a (25) and miR-133b (26). In the present study, it
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Figure 5. RUNX3 overexpression eliminates the effects of miR-130a-3p on cervical cancer. (A) Western blotting was performed to assess the overexpression
efficiency of RUNX3 in pcDNA3.1-RUNX3-transfected SiHa cells. “P<0.01 vs. pcDNA3.1-NC. (B) MTT assays were used to detect the OD,5, value of SiHa
cells. (C) Apoptosis of SiHa was examined using flow cytometry. (D) Relative migration rate was analyzed by wound-healing assays. Magnification, x200.
(E) Number of invasive cells was assessed by Transwell assays. Magnification, x200. "P<0.05, “P<0.01 vs. NC + mimics-NC; “P<0.05 vs. NC + miR-130a-3p
mimics; ¥P<0.05 vs. RUNX3 + mimics-NC. RUNX3, Runt-related transcription factor 3; miR, microRNA; NC, negative control; OD, optical density.

was revealed that the expression levels of miR-130a-3p were
significantly increased in CC tissues compared with in adja-
cent normal tissues, indicating that miR-130a-3p may be an
oncogene in CC. Abnormal expression of miR-130a has been
reported to be closely associated with tumor progression.
Chen et al (27) reported that upregulation of miR-130a expres-
sion was associated with the TNM stage and lymph node
metastasis of colorectal cancer. Yin et al (28) demonstrated
that upregulation of miR-130a was significantly associated
with lymph node metastasis and an advanced clinical stage
of CC. Consistent with these previous studies, the present
study demonstrated that high expression of miR-130a-3p was
significantly associated with the FIGO stage, lymph node

metastasis and depth of cervical invasion in patients with
CC. These findings further support that miR-130a-3p may
act as a tumor promoter in CC. It was therefore hypothesized
that the upregulation of miR-130a-3p expression may have
clinical value in the prediction of CC. This hypothesis was
supported by the ROC curve revealing the diagnostic value of
miR-130a-3p for CC. The current findings demonstrated that
miR-130a-3p may be a potential biomarker for the diagnosis
and prognosis of CC.

To further confirm the oncogenic effect of miR-130a-3p
on CC, a series of functional experiments were performed
to identify the regulatory role of miR-130a-3p on CC cells.
As expected, it was demonstrated that overexpression of
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Figure 6. miR-130a-3p promotes tumor growth in mice. (A) Tumor morphology at week 4 and tumor volume at different time points. (B) Tumor weight in mice
at week 4. Reverse transcription-quantitative PCR was used to examine the relative mRNA expression levels of (C) miR-130a-3p and (D) RUNX3 in tumors.
“P<0.05, "P<0.01, "“P<0.001 vs. mimics-NC. RUNX3, Runt-related transcription factor 3; NC, negative control; miR, microRNA.

miR-130a-3p enhanced the proliferation, migration and inva-
siveness, and inhibited the apoptosis of CC cells. A previous
study demonstrated that the miR-130 family (miR-130b,
miR-301a and miR-301b) promoted the migration and invasion
of bladder cancer cells via negative regulation of phosphatase
and tensin homolog (PTEN) (18). Jiang et al (29) revealed that
miR-130a promoted the proliferation, migration and invasion
of gastric cancer cells via targeting RUNX3, and Yin et al (28)
verified that miR-130a enhanced the proliferation and invasion
of CC cells via modulating TIMP2. In accordance with the
results of these previous studies, in the present study it was
concluded that the upregulation of miR-130a-3p contributed to
the progression of CC. Therefore, silencing miR-130a-3p may
represent a potential therapeutic strategy for CC.

miRNAs exert their functions via regulating the expres-
sion of corresponding target genes. For example, miR-130a has
been reported to enhance the migration, invasion and EMT of
osteosarcoma cells through suppressing PTEN (30). miR-130a
may also promote cell proliferation, migration and invasion

via targeting RUNX3 in gastric cancer (29). In the present
study, RUNX3 was identified as a target gene of miR-130a-3p.
Supporting this result, a negative correlation was observed
between the expression levels of miR-130a-3p and RUNX3
in CC tissues. RUNX3 is mapped on human chromosome
1p36, and has been reported to serve as an anti-tumor gene
in lung (31), bladder (32) and gastric cancer (33). Li et al (21)
revealed that knockdown of RUNX3 promoted the prolif-
eration, migration and invasiveness of CC cells. Similarly,
Gao et al (34) reported that upregulation of RUNX3 inhibited
the proliferation of CC cells. Consistent with these previous
studies, it was demonstrated in the present study that the
expression levels of RUNX3 were significantly decreased in
CC cell lines. Moreover, RUNX3 overexpression eliminated
the tumor-promoting effects of miR-130a-3p on the prolifera-
tion, migration, invasiveness and apoptosis of CC cells. These
results indicated that miR-130a-3p may promote the tumori-
genesis of CC through targeting RUNX3. The present in vivo
assay further confirmed this hypothesis.
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RUNX3 can also be regulated by promoter methyla-
tion (35). Aberrant methylation of CpG islands of RUNX3 has
been demonstrated to reduce the expression levels of RUNX3
in a variety of human malignancies (36-38). However, in the
present study, the methylation status of RUNX3 in CC tissues,
cells or xenografts was not analyzed; this will be considered
in our future work.

In conclusion, miR-130a-3p was highly expressed in
CC tissues and cells, and exhibited high diagnostic value.
miR-130a-3p promoted the proliferation, migration and
invasiveness, and inhibited the apoptosis of CC cells through
targeting RUNX3. The results of the present study proposed
miR-130a-3p as a promising therapeutic target for the treat-
ment of CC and provided new research directions to further
understand the pathogenesis of CC.
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