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Abstract. Cervical cancer is the most common gynecological
cancer in women worldwide. Human papillomavirus (HPV)
is required but not sufficient for developing cervical cancer.
HPV E6 and E7 proteins are able to directly interact with
certain nuclear receptors; however, whether steroid hormone
receptors mediate cervical carcinogenesis is not completely
understood. The present study demonstrated via immuno‑
histochemistry that estrogen receptor α (ERα) and androgen
receptor (AR) expression were decreased in a sequential
manner from healthy cervical tissues to cervical intraepi‑
thelial neoplasia tissues and further to cervical cancer (CC)
tissues, whereas microRNA (miR)‑130a‑3p expression levels
were higher in CC tissues compared with healthy tissues.
Both ERα and AR were direct targets of miR‑130a‑3p, as
determined by performing luciferase reporter assays and
western blotting. Functionally, compared with the corre‑
sponding control groups, miR‑130a‑3p knockdown, ERα
overexpression and AR overexpression significantly inhibited
CC cell proliferation and invasion, as demonstrated by the
results obtained from the Cell Counting Kit‑8 and Transwell
assays in vitro. In addition, antagomiR‑130a decreased tumor
size and weight in vivo compared with control antagomiR as
determined via the xenograft tumor growth assay. Therefore,
the results suggested that miR‑130a‑3p might contribute to
tumor progression by suppressing ERα and AR, and serve
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as a promising candidate target for the treatment of patients
with CC.
Introduction
Cervical cancer (CC) is the most common gynecological
cancer in women worldwide (1). In 2019, 13,170 new cases
were diagnosed and 4,250 disease‑related deaths were
predicted in the USA (1). Furthermore, 530,000 new cases are
diagnosed yearly worldwide and 20‑25% of cases are reported
in China (2). Although CC also occurs during perimenopause,
unlike endometrial cancer or ovarian cancer, there are few
reports on the association between steroid hormone recep‑
tors and CC (3). Several in vitro studies have investigated
the interactions between estrogen/progesterone and human
papillomavirus (HPV), but the results are controversial (4,5).
Estrogen serves a major role in several hormone‑dependent
malignancies (6). Estrogen and its analogs can activate
estrogen‑responsive genes by binding to estrogen receptor α
(ERα) (7). Previous genomic studies have identified frequent
mutations of the ERα gene (ESR1) in CC (8,9). Additionally,
it has been demonstrated that viral‑codified E6 and E7
proteins could directly interact with androgen receptor
(AR) (10). However, to the best of our knowledge, the role
of ERα and AR in cervical carcinogenesis is not completely
understood.
MircoRNAs (miRNAs/miRs) are a class of short, highly
conserved, non‑coding RNAs that regulate gene expression
by inhibiting translation or inducing mRNA degradation at
the post‑transcriptional level (11). The aberrant expression
of miRNAs has been reported in various tumors (12), such
as endometrial cancer (13), ovarian cancer (14), and CC (15).
Our previous study demonstrated that miR‑107‑5p could
promote tumor proliferation and invasion by targeting ERα
in endometrial carcinoma (16); therefore, it was hypothesized
that specific miRNAs may control ERα and AR expression
post‑transcriptionally during CC progression.
The aim of the present study was to investigate the
expression of miR‑130a‑3p, ERα and AR in healthy cervical
and CC tissues, and to explore whether miR‑130a‑3p could
contribute to tumor progression by suppressing ERα and AR.
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Materials and methods
Clinical samples. The present study was approved (approval
no. GKLW 2017‑125) by the Human Investigation Ethical
Committee of the International Peace Maternity & Child
Hospital Affiliated to Shanghai Jiao Tong University School
of Medicine (Shanghai, China). Written informed consent
was obtained from all patients. A total of 60 female patients
(45‑68 years old) who underwent radical hysterectomy with
lymph node dissection for CC at the International Peace
Maternity & Child Health Hospital Affiliated to Shanghai Jiao
Tong University School of Medicine between August 2014 and
April 2017 were included in the present study. The stages and
histological grades of the tumors were determined according
to the criteria of the Federation International of Gynecology
and Obstetrics Surgical staging system (2018) (17). A total
of 20 healthy cervical tissue samples (female subjects;
44‑56 years old) were obtained from patients who underwent
a hysterectomy to treat other diseases between April 2015 and
April 2017 such as myoma or adenomyosis. In addition, 20
cervical intraepithelial neoplasia (CIN) I, 20 CIN II and 30
CIN III tissue samples (female subjects; 34‑53 years old) were
collected from patients who underwent a cervical biopsy or
loop electrosurgical excision procedure between October 2015
and April 2017. All the tissues were collected from each patient
or healthy control at the International Peace Maternity & Child
Health Hospital Affiliated to Shanghai Jiao Tong University
School of Medicine and immediately snap‑frozen in liquid
nitrogen until further use. All the tissues were pathologically
reviewed by two pathologists before use.
Immunohistochemistry (IHC). All tissue sections (4‑µm thick)
were processed for IHC as previously described (18,19). The
following primary antibodies were used for IHC: Anti‑ERα
(cat. no. ab75635; 1:200; Abcam) and AR (cat. no. ab74272;
1:250; Abcam).
The expression of ERα and AR was evaluated in terms
of staining intensity: (Negative), 1 (weak), 2 (medium) or 3
(strong). The extent of staining was scored as 0 (0%), 1 (1‑25%),
2 (26‑50%), 3 (51‑75%) or 4 (76‑100%), according to the
percentage of positively stained areas in relation to the whole
tumor area. The final staining score (0‑12) was calculated by
multiplying the intensity score and the extent score (19). The
final staining score was used to evaluate the expression of ERα
and AR.
Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA was extracted from frozen tissues using TRI Reagent
(Molecular Research Center). Total RNA was reverse tran‑
scribed into mature miRNA using the TaqMan MicroRNA
Reverse Transcription kit (Applied Biosystems; Thermo
Fisher Scientific, Inc.), using the following RT temperature
protocol: 42˚C for 15 min; 85˚C for 5 sec. Subsequently, qPCR
was performed using TaqMan MicroRNA assay primers
(Applied Biosystems; Thermo Fisher Scientific, Inc.) with
TaqMan Universal PCR Master mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.) and an ABI Prism 7000
Sequence Detection system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The thermocycling conditions were as
follows: 95˚C for 3 min; 95˚C for 30 sec and 60˚C for 30 sec for

35 cycles; 72˚C for 5 min and maintenance at 4˚C for further
use. The sequences of the primers used for qPCR are provided
in Table I. miRNA expression levels were normalized to the
internal reference gene U6. Relative gene expression was
quantified using the 2‑ΔΔCq method (20).
Western blotting. Cells were harvested and proteins were
extracted using Mem‑PER Eukaryotic Membrane Protein
Extraction Reagent (Pierce; Thermo Fisher Scientific, Inc.)
containing complete mini cocktail, NE‑PER Nuclear and
Cytoplasmic Extraction Reagents (Pierce; Thermo Fisher
Scientific, Inc.) and protease inhibitor cocktail. A total of 20 µg
proteins (determined using the BCA method) were separated
via 8% SDS‑PAGE and transferred onto PVDF membranes.
The membranes were blocked for 1 h at room temperature
with 5% skimmed milk in TBS. Subsequently, the membranes
were incubated with rabbit polyclonal primary antibodies
targeted against: ERα (cat. no. ab75635; 1:1,000; Abcam), AR
(cat. no. ab74272; 1:1,000; Abcam) and β‑actin (cat. no. 4970;
1:2,000; Cell Signaling Technology, Inc.) in 10 ml of 5%
skimmed milk and incubated at 4˚C overnight. After washing,
the membranes were incubated with a horseradish perox‑
idase‑conjugated goat anti‑rabbit IgG secondary antibody
(cat. no. 7074; 1:5,000; Cell Signaling Technology, Inc.) for
1 h at 37˚C. The results were visualized using an enhanced
chemiluminescence kit (ECL kit; Pierce; Thermo Fisher
Scientific, Inc.) using Kodak XAR‑5 film (Sigma‑Aldrich;
Merck KGaA). β‑actin was used as the loading control.
Cell culture and transfections. Human HeLa and SiHa CC cell
lines, and 293T cells were obtained from The Cell Bank of
Type Culture Collection of the Chinese Academy of Sciences.
Cells were cultured in DMEM/F12 (cat. no. 11030; Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS
(cat. no. 16000‑44; Gibco; Thermo Fisher Scientific, Inc.)
at 37˚C with 5% CO2.
miR‑130a inhibitor (miR‑130ai), miR‑130a inhibitor negative
control (NC; miR‑130ai NC), miR‑130a mimic (miR‑130am) and
miR‑130a mimic negative control (miR‑130am NC) were synthe‑
sized by Shanghai GenePharma Co., Ltd. The oligo sequences
are provided in Table I. For transfection, cells were seeded
into 6‑well plates at 70‑80% confluence and grown overnight.
Subsequently, HeLa or SiHa cells were transfected with 100 nM
miR‑130ai, miR‑130am, miR‑130ai NC or miR‑130am NC using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions. Transfection
efficiency of miR‑130ai and miR‑130am was assessed via
RT‑qPCR after 24 h (Fig. S1A and B). For vector transduc‑
tion, ERα‑overexpression vector (Ubi‑MCS‑3FLAG‑ESR1),
AR‑overexpression vector (Ubi‑MCS‑3FLAG‑AR) and
empty vector were purchased from Shanghai GeneChem
Co., Ltd. HeLa and SiHa cells were transfected with
1 µg/ml Ubi‑MCS‑3FLAG‑ESR1, Ubi‑MCS‑3FLAG‑AR
or empty vector using Lipofectamine® 2000 according to
the manufacturer's instructions. Transfection efficiency of
Ubi‑MCS‑3FLAG‑ESR1 and Ubi‑MCS‑3FLAG‑AR were
confirmed via western blotting after 48 h (Fig. S1C and D).
Cell Counting Kit‑8 (CCK‑8) and cell clonogenic assays. To
assess cell proliferation using the CCK‑8 assay at 70‑80%
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Table I. Oligo sequences used in the present study.
Identifier

Sequence (5'→3')

miR‑130a

F: TTGCGATTCTGTTTTGTGCT
R: GTGGGGTCCTCAGTGGG
F: AGAGCCTGTGGTGTCCG
R: CATCTTCAAAGCACTTCCCT
F: AUGCCCUUUUAACAUUGCACUG
R: UAGUGCAAUAGUAUCGUCGAGAC
F: CAGUACUUUUGUGUAGUACAA
R: GUCCUGAGAAGGCUAGCAUAGAU
F: CAGUGCAAUGUUAAAAGGGCAU
R: AUAGCCCUGUACAAUGCUGCUUU
F: UUCUCCGAACGUGUCACGUTT
R: ACUUUGACAAUACUAUAGUGGAA
F: TAAACGCGTGTAACGTGAATACCAC
R: TCGATGCGTAACGATGTTCCTCAGTG
F: TATTACCGATACGGAAAAGCAATGT
R: TGAAGCAACGGAAATGCATAGA
F: TACGAAAAACTTGAATGACAATAC
R: GAAAATGAACTTGAGACAAATG
F: GCGATGACACTGCTCCTATAGCGAAT
R: TGGGATCCCACTGCTCCCATGGCTTA

U6
miR‑130a inhibitor
miR‑130a inhibitor NC
miR‑130a mimic
miR‑130a mimic NC
ESR1‑3'UTR‑WT
ESR1‑3'UTR‑MT
AR‑3'UTR‑WT
AR‑3'UTR‑MT

miR, microRNA; NC, negative control; UTR, untranslated region; WT, wild‑type; MT, mutant; F, forward; R, reverse.

conf luence, transfected cells were serum‑starved for
24 h at 5% CO2, 37˚C and then cultured in 96‑well plates
(1x103 cells/well). Subsequently, at selected time points
(24, 48, 72, 96 and 120 h), 20 µl CCK‑8 reagent (Dojindo
Molecular Technologies, Inc.) were added in each well, and
incubated at 37˚C for 2 h to measure the rate of cell prolifera‑
tion. Absorbance was measured at a wavelength of 490 nm using
a SpectraMax 190 microplate reader (Bio‑Rad Laboratories,
Inc.). For the cell clonogenic survival assays, transfected cells
were seeded (2x103 cells/plate) into 6‑well plates. Following
culture for 2 weeks at 5% CO2, 37˚C, cell colonies (‑50 cells are
visible from one cell) were fixed in 2% formaldehyde in PBS
for 2 min and the stained with 0.5% crystal violet for 30 min
(both at room temperature). Colonies were visually counted.
Transwell invasion assay. Cells were plated (2x105 cells/well)
in serum‑free medium in Transwell chambers (8‑µm pore
size; BD Biosciences) pre‑coated with Matrigel (4˚C for 2 h).
Complete DMEM/F12 medium containing 10% FBS was
added to 24‑well plates as a chemoattractant (lower chamber).
After 24 h of incubation at 5% CO2, 37˚C, the cells were
fixed with 4% paraformaldehyde for 1 h at room temperature.
The cells on the apical side of each insert were removed by
mechanical scraping. The cells that migrated to the basal side
of the membrane were stained with 0.1% crystal violet at room
temperature and visualized under a Leica DMI 3000B light
microscope (Leica Microsystems, Inc.; magnification, x200).
Luciferase assays. By searching for potential miRNAs,
the miR‑130a‑3p targeting site was identified within the

3'untranslated region (UTR) of ESR1 and AR, as detected by
three software algorithms (TargetScan v3.1, targetscan.org;
Pictar, pictar.mdc‑berlin.de; and MiRanda, miranda.org). To
examine whether miR‑130a‑3p could modulate ERα and AR
expression, a DNA fragment comprising a partial wild‑type
(WT) 3'UTR of ESR1or AR was constructed, as well as a
corresponding mutant (MT) 3'UTR of ESR1 or AR. The plas‑
mids were synthesized and cloned into the pGL3‑REPORT
luciferase vector (Promega Corporation) containing the
luciferase gene to generate pGL3‑ESR1/AR‑3'UTR‑WT and
pGL3‑ESR1/AR‑3'UTR‑MT. 293T cells (5x10 4/well) were
seeded into 24‑well plates and transfected with 0.2 µg of either
pGL3‑ESR1/AR‑3'UTR‑WT or pGL3‑ESR1/AR‑3'UTR‑MT.
The luciferase reporter assay was performed as previously
described (16,21,22).
Xenograft tumor growth assays. The animal experiments
were performed in strict accordance with the Guideline
for the Care and Use of Laboratory Animals of China. The
protocol was approved by the Committee on the Ethics
of Animal Experiments of Shanghai Jiaotong University
[approval no. SCXK (hu) 2018‑0007]. All efforts were made
to minimize animal suffering. A total of 10 female BALB/c
nude mice (age, 5 weeks; weight, 15 g) were obtained from
the Chinese Academy of Sciences. Animals were maintained
at standard controlled conditions (room temperature, 22±1˚C;
relative humidity, 50‑60%) on a 12 h light/dark cycle and
free access to food and water. HeLa cells were harvested and
resuspended (5x106 cells/200 µl) in sterile saline. Mice (n=5
per group; miR‑130a‑targeting antagomiR group and the
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Figure 1. In silico analysis of ESR1 and AR expression, and the association with patient survival in CC. Genomics of cross‑cancer alteration summary of
(A) ESR1 and (B) AR genes in tumor and healthy tissues. (C) DFS of the high‑ESR1 (HR, 0.73; 95% CI, 0.61‑0.90) and low‑ESR1 (95% CI, 0.62‑0.82) groups.
(D) DFS of the high‑AR (HR, 0.78; 95% CI, 0.72 to 0.88) and low‑AR (95% CI, 0.63‑0.83) groups. ESR1, estrogen receptor α gene; AR, androgen receptor;
DFS, disease‑free survival; CI, confidence interval; HR, hazard ratio.

control antagomiR group) were subcutaneously injected with
200 µl HeLa cells in the subdermal space on the medial side
of the neck. After ~1 week, when tumors reached an average
volume of ~20 mm3, each tumor was directly injected with
antagomiR‑130a (cat. no. B05001) or control antagomiR
(cat. no. B04007) (both from Cytiva; 40 ml PBS containing
1 µg antagomiR‑130a or control antagomiR) on day 0 (when the
tumors reached an average volume of 20 mm3), 5 and 9 (23).
Tumor volume was measured every 7 days until the end of the
experiment and was calculated using the following formula:
Volume=(largest diameter x smallest diameter2) x0.5. At the
end of the xenograft experiment (day 21), mice were sacrificed
by CO2 inhalation (30% volume displacement per minute).
Following sacrifice, tumor weight was determined.
In silico analysis of ESR1, AR and disease‑free survival
(DFS) of patients with CC. In silico analysis of the associa‑
tion between ESR1 or AR and DFS of patients with cervical
cancer was performed using online published data obtained
from Gene Expression Profiling Interactive Analysis (GEPIA;
gepia.cancer‑pku.cn) and The Cancer Genome Atlas (TCGA)
network (cBioPortal for Cancer Genomics; cbioportal.
org) (24‑26). Overall survival (OS), DFS, disease‑specific
survival (DSS) and progression‑free survival (PFS) were
analyzed using the cBioPortal for Cancer Genomics data‑
base (25,26).

Statistical analysis. Comparisons between two groups were
analyzed using an unpaired Student's t‑test. Comparisons
among multiple groups were analyzed using one‑way ANOVA
followed by Tukey's post hoc test. DFS was assessed by
using the Kaplan‑Meier method with the log‑rank test Data
are presented as the mean ± standard deviation. P<0.05 was
considered to indicate a statistically significant difference.
All statistical analyses were performed using SPSS software
(version 16.0; SPSS, Inc.). All experiments were carried out in
triplicate and repeated at least three times.
Results
In silico analysis of ESR1 and AR expression, and association
with survival of patients with CC. To establish whether steroid
hormone receptors affected CC progression, the GEPIA data‑
base was used to examine cross‑cancer alteration summaries
of ESR1 and AR. Patients with CC displayed notably lower
ESR1 and AR expression levels compared with healthy indi‑
viduals (Fig. 1A and B). The associations between ESR1 and
AR expression and DFS of patients with CC (n=292) were
assessed in an independent dataset obtained from the GEPIA
database (24). The DFS of the high‑ESR1 group [hazard ratio
(HR), 0.73; 95% confidence interval (CI), 0.61‑0.90] and the
low‑ESR1 group (95% CI, 0.62‑0.82) are presented in Fig. 1C.
The DFS of the high‑AR group (HR, 0.78; 95% CI, 0.72‑0.88)

EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 414, 2021

5

Figure 2. ERα and AR are significantly decreased in CC. Immunohistochemical analysis of (A) ERα and (B) AR in healthy cervical, CIN and squamous cell
cervical carcinoma tissues (magnification, x200). (C) Quantification of immunohistochemical staining in healthy cervical epithelium (n=20), CIN I (n=20),
CIN II (n=20), CIN III (n=30) and CC (n=60) tissues. *P<0.05 and **P<0.01. ERα, estrogen receptor α; AR, androgen receptor; CC, cervical cancer; CIN,
cervical intraepithelial neoplasia; IHC, immunohistochemistry; CI, confidence interval.

and the low‑AR group (95% CI, 0.63‑0.83) are presented in
Fig. 1D. In another TCGA network (cBioPortal for Cancer
Genomics) (25,26), the OS, DFS, DSS and PFS of patients
with CC from the cBioPortal database were also analyzed
(data not shown). Although not significant, patients with CC
and lower ESR1 and AR expression displayed poorer survival
rates compared with patients with CC and higher ESR1 and
AR expression.
ERα and AR expression is significantly decreased in CC. The
protein expression levels of ERα and AR in CC were analyzed
via IHC. ERα‑ and AR‑positive immunostaining was observed
in the cell nucleus (Fig. 2A and B). The protein expression
levels of ERα and AR were decreased in a sequential manner
from healthy cervical to CIN and further to CC tissues
(Fig. 2C), suggesting that low ERα and AR expression was
associated with high‑grade lesions.
ERα and AR are targets of miR‑130a‑3p. miRNAs can regu‑
late gene expression by inhibiting translation or inducing
mRNA degradation at the post‑transcriptional level (27). The
miR‑130a‑3p targeting site was identified within the 3'UTRs
of ESR1 and AR (Fig. 3A). 293T cells were co‑transfected
with WT or MT vector and miR‑130am or miR‑130am NC.
miR‑130am significantly decreased the relative luciferase
activity of ESR1‑3'UTR‑WT and AR‑3'UTR‑WT compared

with miR‑130am NC. By contrast, miR‑130am did not
significantly alter the luciferase activity of ESR1‑3'UTR‑MT or
AR‑3'UTR‑MT compared with miR‑130am NC (Fig. 3B and C).
To further investigate the functional role of deregulated
miR‑130a‑3p in CC cells, the effects of miR‑130ai on the
expression of ERα and AR were examined. miR‑130ai
notably increased the protein expression levels of ERα and
AR compared with miR‑130ai NC in HeLa and SiHa cells
(Fig. 3D), supporting its role as a functional suppressor of
ERα and AR. Additionally, the levels of miR‑130a‑3p in 20
healthy cervical tissues and 30 CC tissues were detected via
RT‑qPCR. The results indicated that miR‑130a‑3p expression
levels were significantly higher in CC tissues compared with
healthy cervical tissues (Fig. 3E).
miR‑130a‑3p knockdown inhibits CC cell proliferation and
invasion. To identify the biological function of miR‑130a‑3p,
HeLa and SiHa cells were transfected with miR‑130ai.
Compared with miR‑130ai NC, miR‑130ai significantly
inhibited HeLa and SiHa cell proliferation, as indicated by
the CCK‑8 and clonogenic assay results (Fig. 4A and B).
Subsequently, the role of miR‑130a‑3p in the HeLa and SiHa
cell invasion was investigated following transfection with
miR‑130ai. miR‑130ai significantly decreased cell invasion
compared with miR‑130ai NC (Fig. 4C), suggesting that
miR‑130a‑3p enhanced cell invasion.
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Figure 3. ERα and AR are targets of miR‑130a‑3p. (A) Putative miR‑130a‑3p binding site in the 3'UTRSs of ESR1 and AR, as predicted by TargetScan,
Pictar and MiRanda. Luciferase assay of 293T cells co‑transfected with (B) pGL3‑ESR1‑3'UTR‑WT, pGL3‑ESR1‑3'UTR‑MT, (C) pGL3‑AR‑3'UTR‑WT or
pGL3‑AR‑3'UTR‑MT and miR‑130am or NC. (D) ERα and AR protein expression levels in HeLa and SiHa cells following transfected with miR‑130ai NC or
miR‑130ai. (E) miR‑130a‑3p expression levels in CC (n=30) and healthy cervical (n=20) tissues. **P<0.01 vs. NC. EERα, estrogen receptor α; AR, androgen
receptor; miR, microRNA; 3'UTR, 3'untranslated region; WT, wild‑type; MT, mutant; miR‑130am, miR‑130a mimics; miR‑130ai, miR‑130a inhibitor; NC,
negative control; CC, cervical cancer.

ERα and AR are functionally targets of miR‑130a‑3p, and are
involved in CC cell proliferation and invasion. To investigate
the biological function of ERα and AR, vector transduction
was performed to overexpress ERα and AR in HeLa and SiHa
cells. Compared with the NC group, ERα overexpression and
AR overexpression significantly inhibited HeLa and SiHa cell
proliferation and invasion, as assessed by performing CCK‑8
and Transwell assays (Fig. 5).
To address whether the biological function effects of ERα
and AR expression were predominately due to the regula‑
tion of miR‑130a‑3p, the present study investigated whether
miR‑130a‑3p, ERα and AR functioned via the same signaling

pathway to modulate CC cell proliferation and invasion. The
results suggested that miR‑130am significantly rescued CC
cell proliferation and invasion in ERα‑ and AR‑overexpression
HeLa and SiHa cells (Fig. 5). The results suggested that ERα
and AR were functional targets of miR‑130a‑3p in CC cells.
Blocking miR‑130a‑3p inhibits tumorigenicity in vivo. Animal
studies were conducted to assess the effect of miR‑130a‑3p
on tumor growth in nude mice. HeLa cells were subcutane‑
ously injected into subdermal space on the medial side of the
neck of nude mice to establish tumors, which were treated
by direct intratumoral injection when they became clearly
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Figure 4. miR‑130a‑3p promotes cervical cancer cell proliferation and invasion. HeLa and SiHa cell proliferation, as determined by performing (A) Cell
Counting Kit‑8 and (B) clonogenic assays (6‑wells). (C) HeLa and SiHa cell invasion (magnification, x200). *P<0.05 and **P<0.01. miR, microRNA; OD, optical
density; NC, negative control; HPF, high‑power fields; miR‑130ai, miR‑130a inhibitor.

palpable. After monitoring tumor growth for 21 days, the
antagomiR‑130a group displayed significantly decreased
tumor size and weight compared with the control antagomiR
group (Fig. 6).
Discussion
To the best of our knowledge, the present study suggested for
the first time that miR‑130a‑3p promoted CC cell prolifera‑
tion and invasion by directly targeting ERα and AR. Despite
advances in diagnostic and screening techniques, and the
availability of vaccines, CC remains the fourth largest cause
of cancer‑related deaths in women worldwide (1). Numerous
established risk factors of CC have been reported, including
exposure to HPV, a high number of sexual partners and young
age at onset of sexual activity (2). Risk factors that are asso‑
ciated with progression from HPV infection to pre‑cancer

include oral contraceptive use and smoking (28). The impor‑
tance of estrogen and ERα at all carcinogenic steps was
strongly supported in certain mouse models (29,30); however,
few human studies have been conducted. Therefore, the exact
role of hormonal factors in progression to pre‑cancer and
cancer is not completely understood.
ERα is usually expressed in healthy cervical tissues, but
its expression is decreased or absent in invasive CC, which
indicated that ERα expression is lost during the development
of CC (31). Zhai et al (32) reported that restoration of ESR1
expression in ERα‑negative CC reduced cell invasiveness in
cell culture, and concluded that loss of ERα expression serves a
major role in mediating CC invasion and progression. However,
other studies have indicated that estrogenic stimulation can
influence cervical tumorigenesis (32,33) in agreement with
previous studies, the present study suggested that the expres‑
sion of ERα and AR was decreased in a sequential manner
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Figure 5. ERα and AR are functional targets of miR‑130a‑3p, and are involved in cervical cancer cell proliferation and invasion. (A) HeLa and (B) SiHa cell
proliferation. (C) HeLa and SiHa cell invasion (magnification, x200). *P<0.05 and **P<0.01 vs. NC. ERα, estrogen receptor α; AR, androgen receptor; miR,
microRNA; OD, optical density; NC, negative control; miR‑130am, miR‑130a mimics.

Figure 6. Blocking miR‑130a‑3p inhibits tumorigenicity in a mouse xenograft model. Tumor cells were injected subcutaneously into mice in the subdermal
space on the medial side of the neck. The short and long diameters of the tumors were measured every 7 days, and the tumor volume (cm3) were calculated.
(A) Representative image of tumors. Tumor (B) volume and (C) weight. *P<0.05 vs. NC. miR, microRNA; NC, negative control.
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from healthy cervical tissues to CIN tissues and further to
CC tissues, suggesting that the loss of ERα and AR served a
major role in mediating CC progression. The role of AR in CC
is not completely understood. A previous study reported that
long‑term androgen treatment of female‑to‑male transsexuals
is associated with morphological alterations of the cervix (34).
In another study, Noël et al (10) demonstrated that the loss of
AR expression is a frequent and common event in high‑grade
squamous intraepithelial lesion and invasive squamous CC,
resulting from complex interactions between high risk HPVs
and AR. However, the underlying regulatory mechanisms and
the downstream biological effects of the loss of ERα and AR
in CC malignancy are not completely understood.
Aberrant expression of miR‑130a has been reported in
several types of cancer, including gastric (35), esophageal (36)
and breast cancer (21), as well as in CC (15,37). However, the
role of miR‑130a in tumor development and progression is
contradictory, as it can serve as an oncogene or tumor suppressor
gene by regulating various canonical signaling pathways or
target genes (38,39). miR‑130a is a potential oncomiR candidate
in adriamycin‑resistant breast cancer and platinum‑resistant
ovarian cancer, whereas it serves as a suppressive miRNA
in cisplatin‑resistant hepatoma cells (39). To date, the role
of miR‑130a in the progression of CC carcinogenesis is not
completely understood. Yin et al (40) reported that high expres‑
sion of miR‑130a was significantly associated with lymph node
metastasis and an advanced clinical stage of CC. The results of
the present study indicated that the expression of miR‑130a in
CC tissues was obviously higher compared with healthy cervical
tissues, and miR‑130a knockdown inhibited CC cell prolifera‑
tion and invasion in vitro and in vivo compared with miR‑130ai
NC and control antagomiR, respectively. Moreover, the present
study indicated that miR‑130a could directly bind to the 3'UTR
of ESR1 and AR mRNA, suggesting that miR‑130a mediated
CC progression by functionally regulating ERα and AR.
In conclusion, the present study indicated that miR‑130a‑3p
may contribute to tumor progression by suppressing ERα and
AR, and it may serve as a promising candidate target for the
treatment of patients with CC.
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