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Abstract. The present study examined the effect of microRNA
(miRNA/miR)‑186‑3p and its target gene, minichromosome
maintenance complex component 2 (MCM2), on cervical
cancer. Cervical cancer tissues and corresponding normal
tissues were collected from 48 patients and bioinformatics
analysis was performed to identify the differentially expressed
genes in cervical cancer. TargetScan and TarBase were used
to identify miRNAs, and reverse transcription‑quantitative
PCR was conducted to detect and evaluate mRNA expression
levels. Additionally, MTT and 5‑bromo‑2‑deoxyuridine assays
were performed to examine cell proliferation. Cell adhesion,
cell cycle distribution and apoptosis were assessed using cell
adhesion, flow cytometry and caspase‑3/7 activity assays,
respectively. The results revealed that miR‑186‑3p expression
was downregulated in cervical cancer tissues and cells, and it
negatively regulated MCM2 expression by directly targeting its
3' untranslated region in cervical cancer. Furthermore, MCM2
facilitated cell proliferation and inhibited cell apoptosis,
which were reversed by upregulation of miR‑186‑3p expres‑
sion. Collectively, the present study suggested that MCM2 and
its negative regulator, miR‑186‑3p, regulate cervical cancer
progression.
Introduction
Cervical cancer was the fourth most common malignant
tumour worldwide in 2018, with a high mortality rate among
women (1). In 2018, 530,000 women worldwide were diag‑
nosed with cervical cancer, and 60% of patients with cervical
cancer are likely to die (1,2). Human papillomavirus (HPV)
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is the main risk factor of cervical cancer, and the widespread
use of HPV vaccines and virus screening has reduced cervical
cancer incidence (3,4). Although treatment methods, such as
radiotherapy, chemotherapy and surgery, have been used in the
last two decades to improve the survival rate of patients with
cervical cancer (5), the underlying mechanism of this tumour
remains largely unknown. Therefore, oncogenes involved in
cervical cancer carcinogenesis require further exploration.
MicroRNAs (miRNAs/miRs) are non‑coding RNAs,
19‑25 nucleotides in length, which are involved in the
post‑transcriptional modification of RNAs by binding to the
3' untranslated region (UTR) of target genes (6,7). Researchers
have studied the effect of miR‑186 on several types of cancer,
including gastric cancer, ovarian cancer, multiple myeloma
and melanoma (8‑11). Several studies have demonstrated that
miR‑186 promotes cell apoptosis and inhibits cell prolifera‑
tion, aerobic glycolysis and metastasis (12‑15). Additionally,
this miRNA functions as a tumour suppressor in breast cancer
by inhibiting the expression of epiregulin (EREG), which
promotes glycolysis and enhances cell proliferation (16).
Although no studies have explored the function of miR‑186‑3p
in cervical cancer, miR‑186‑5p has been reported to be
downregulated in HPV‑infected cervical cancer cells (17).
Previous evidence has demonstrated that miR‑186 suppresses
the epithelial‑mesenchymal transition of cervical cancer
cells, which promotes apoptosis of cervical cancer cells (18).
Furthermore, the long non‑coding RNA (lncRNA) antisense
RNA in the INK4 locus promotes the progression of cervical
cancer by sponging miR‑186 (19). However, to the best of
our knowledge, the function and underlying mechanism of
miR‑186‑3p remain elusive.
Minichromosome maintenance complex component 2
(MCM2) is located on chromosome 3q21.3 and comprises
17 exons (20). It encodes minichromosome maintenance
complex (MCM) involved in the initiation of eukaryotic
genome replication (21). MCM2 is frequently upregulated in
breast cancer (22), melanoma (23), ovarian cancer (24) and
oral squamous cell carcinoma (25). Several bioinformatics
studies have suggested that MCM2 is a key gene for diagnosis
and prediction of the occurrence of cervical cancer (26‑28).
Although a study regarding differentially expressed miRNAs
and genes has also revealed aberrant MCM2 expression (29),
to the best of our knowledge, researchers are yet to clarify the
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oncogenic function of MCM2 in cervical cancer and its regu‑
latory network, especially the interaction between miR‑186‑3p
and MCM2.
The present study aimed to investigate the oncogenic
effects of MCM2 and miR‑186‑3p in cervical cancer. It was
hypothesised that by directly targeting MCM2, miR‑186‑3p
suppresses MCM2 expression and cervical cancer progression.
These results may provide novel insights into the oncogenic
functions of miR‑186‑3p and MCM2 in cervical cancer and
enhance the understanding of oncogenes and their regulatory
network profiles.
Materials and methods
Bioinformatics analysis. The mRNA expression profiles
[GSE7803 (30) and GSE63514 (31)] were downloaded from
Gene Expression Omnibus DataSets (https://www.ncbi.nlm.
nih.gov/gds/?term=) and were used to screen the upregulated
genes with adjusted P‑values set at <0.05 and log fold change
at >1.5. Subsequently, the Search Tool for the Retrieval of
Interacting Genes/Proteins database (STRING; version 11.0;
https://string‑db.org/) was used for biological process enrich‑
ment analysis of upregulated genes. Next, the expression
pattern of upregulated genes was further analysed using data
from The Cancer Genome Atlas (TCGA; Project ID, CESC;
https://portal.gdc.cancer.gov/). Finally, the miRNA was identi‑
fied using TargetScan 7.1 (http://www.targetscan.org/vert_71/)
and TarBase v8 (http://carolina.imis.athena‑innovation.
gr/diana_tools/web/index.php?r=tarbasev8/index), which
could predict the upstream miRNAs of a key gene. Venny 2.1.0
(http://bioinfogp.cnb.csic.es/tools/venny/) was used to overlap
the miRNAs from the two databases (TargetScan 7.1 and
TarBase v8).
Clinical specimens. Cervical cancer tissues and corresponding
normal tissues (3 cm from tumour tissues) were collected
from 48 female patients (mean age, 48 years; age range,
36‑67 years) diagnosed with cervical cancer at The First
Affiliated Hospital of Hebei North University (Zhangjiakou,
China) between September 2017 and October 2018. Biopsy
samples were obtained and stored in liquid nitrogen (‑196˚C).
The inclusion criteria were: i) Patients were diagnosed with
cervical cancer; ii) patient's information had obtained; and
iii) patients signed the consent forms. The exclusion criteria
were: i) Patients had other types of disease; and ii) patients
underwent chemotherapy, radiotherapy or other therapies.
Diagnostic test results were independently confirmed by
two pathologists. The present study was approved by the
Ethics Committee of The First Affiliated Hospital of Hebei
North University (Zhangjiakou, China). The clinical charac‑
teristics of the patients are summarised in Table I. All samples
were graded as I, II, III and IV based on The International
Federation of Gynecology and Obstetrics staging system (32).
Cell culture and transfection. Human cervical cancer cell
lines (HeLa, CaSki, SiHa and C33A) and a normal cervical
epithelial cell line (HcerEpic) were purchased from the
National Infrastructure of Cell Line Resource. The small
interfering RNA (siRNA/si) of MCM2 (si‑MCM2; 5'‑CAG
GTGACAGACTTTATCAAA‑3') and the scrambled negative

control (si‑NC; 5'‑UUCUCCGAACGUGUCACGUTT‑3') were
obtained from Shanghai GenePharma Co., Ltd., and the
miR‑186‑3p mimic (5'‑GCCCAAAGGUGAAUUUUUU
GGG‑3'), miR‑186‑3p inhibitor (5'‑CCCAAAAAAUUCACC
UUUGGGC‑3'), mimic‑NC (5'‑UCACAACCUCCUAGAAAG
AGUAGA‑3') and inhibitor‑NC (5'‑UUUGUACUACACAAAA
GUACUG‑3') were purchased from Guangzhou RiboBio Co.,
Ltd. All cells were cultured in RPMI‑1640 medium (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with penicillin
(100 U/ml), streptomycin (100 µg/ml) and FBS [10% (v/v);
Gibco; Thermo Fisher Scientific, Inc.]. The cells were cultured
and incubated in air containing 5% CO2 at 37˚C. All cell trans‑
fections were performed using Lipofectamine ® 2000
Transfection Reagent (Thermo Fisher Scientific, Inc.). The
transfection concentration of si‑MCM2, si‑NC, miR‑186‑3p
mimic, mimic‑NC, miR‑186‑3p inhibitor and inhibitor‑NC
was 50 nM. After 48 h of transfection at 37˚C, transfection
efficiency was determined using reverse transcription‑quanti‑
tative PCR (RT‑qPCR). The cells in the control (CON) group
were not transfected. The cell function experiments were
performed at 48 h after transfection.
RT‑qPCR. All cells were harvested and allowed to reach
~90% confluence as described previously (33). The cells were
first washed with PBS (pH 7.4), and total RNA was extracted
using TRIzol® reagent (Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. For tissues, total
RNA was also extracted using TRIzol® reagent (Thermo Fisher
Scientific, Inc.). Subsequently, cDNA was synthesised using
the PrimeScript RT‑PCR Kit (Takara Bio, Inc.) at 37˚C for
15 min and 85˚C for 5 sec. RT‑qPCR was performed using a
One Step SYBR PrimeScript RT‑PCR Kit (Takara Bio, Inc.)
with the following thermocycling conditions: 42˚C for 5 min,
95˚C for 10 sec, 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec.
Gene expression was examined using the 7500 Real‑Time
PCR System (Applied Biosystems; Thermo Fisher Scientific,
Inc.) and the 2‑ΔΔCq method (34) was used to calculate relative
expression. U6 and GAPDH were used as reference genes for
miRNA and mRNA, respectively. The primer sequences used
for RT‑qPCR are listed in Table II.
Western blotting. First, 5x105 HeLa and SiHa cells were
suspended in lysis buffer [50 mM Tris‑HCl, pH 8.0, 150 mM
NaCl, 0.5 mM MgCl 2, 10% glycerol, 1% Triton X‑100 and
0.1% sodium dodecyl sulfate (SDS)] containing the protease
inhibitor cocktail (Roche Diagnostics) on ice for 30 min.
Subsequently, the samples were centrifuged for 15 min at
12,000 x g at 4˚C. After the supernatants were collected,
protein concentrations were measured using the Dc Bio‑Rad
Protein Assay Kit (Bio‑Rad Laboratories, Inc.). Proteins
(20 µg/lane) extracted from the cells were separated using a
10% SDS polyacrylamide gel and subsequently transferred
to PVDF membranes. The membranes were blocked with
5% non‑fat milk for 2 h at 25˚C and then incubated overnight
at 4˚C with the anti‑MCM2 antibody (dilution, 1:1,000;
cat. no. ab4461; Abcam) and the anti‑GAPDH antibody (dilu‑
tion, 1:1,000; cat. no. ab128915; Abcam) followed by the HRP
Anti‑Rabbit IgG antibody (dilution, 1:5,000; cat. no. ab270144;
Abcam) for 2 h at 25˚C. The blots were developed using
the Immobilon Western Chemiluminescent HRP Substrate
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Table I. Clinical characteristics of 48 patients with cervical
cancer.
Characteristics
Age, years
≤48
>48
Tumor differentiation
Well
Moderate
Poor
Tumor size, cm
≤4
>4
Histological type
Squamous carcinoma
Adenocarcinoma
Other
FIGO stage
I
II
III
IV
Lymph nodes status
Positive
Negative
Vascular invasion
Positive
Negative

No. (%) (n=48)
34 (70.8)
14 (29.2)
6 (12.5)
18 (37.5)
24 (50.0)
37 (77.1)
11 (22.9)
32 (66.7)
10 (20.8)
6 (12.5)
11 (22.9)
33 (68.7)
3 (6.3)
1 (2.1)
17 (35.4)
31 (64.6)
20 (41.7)
28 (58.3)

FIGO, The International Federation of Gynecology and Obstetrics.

(cat. no. WBKLS0500; Merck KGaA). Densitometry was
performed using ImageJ 1.48 (National Institutes of Health).
MTT assay. HeLa and SiHa cells at 60% confluence were
transfected using Lipofectamine® 2000 Transfection Reagent
(Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. Subsequently, the cells were treated with trypsin at
37˚C for 60 sec and seeded into 96‑well plates at a density of
3x103 cells/well. After a transfection period of 24 h, 20 µl MTT
was added to the 96‑well plates. Three replicates were performed
for each group. After 4 h, the supernatant was discarded, 150 µl
DMSO was added to each well, and the mixture was incubated
at 37˚C for 10 min. Finally, the absorbance value of the cells at
570 nm was measured at 0, 24, 48 and 72 h.
5‑bromo‑2‑deoxyuridine (BrdU) assay. This assay was
performed using the BrdU Cell Proliferation ELISA kit
(cat. no. ab126556; Abcam). BrdU was first dissolved in DMSO
(Thermo Fisher Scientific, Inc.). The HeLa and SiHa cells were
seeded in 96‑well plates at a density of 3x103 cells/well and
incubated for 48 h at 37˚C. Subsequently, the BrdU solution
was added to label the cells according to the manufacturer's
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protocol. Next, the labelling solution was removed, and the cells
were washed twice with PBS, fixed with paraformaldehyde
at 4˚C for 20 min and treated with Triton X‑100 permeabi‑
lization buffer. The cells were subsequently treated with the
anti‑BrdU antibody (100 µl/well) at room temperature for 1 h.
After adding the anti‑mouse IgG antibody (100 µl/well) and
incubating the mixture at room temperature for 30 min, the
absorbance value at 450 nm was determined using a micro‑
plate reader.
Cell adhesion assay. To test the adhesive ability of cervical
cancer cells, the HeLa and SiHa cells (3x10 4 cells/well)
were seeded in 6‑well plates coated with type I collagen
(BD Biosciences). After a 60‑min incubation, the non‑adherent
cells were removed, and MTT (Sigma‑Aldrich; Merck KGaA)
was added for 4 h. The medium was then replaced with 150 µl
DMSO for 20 min. Subsequently, the absorbance value was
determined at 570 nm.
Cell migration assay. A chamber (cat. no. 3422; Corning,
Inc.) in a 24‑well plate was prepared for the cell migration
assay using HeLa and SiHa cells. Cell culture medium with
10% FBS was added to the lower chamber, and 200 µl cell
suspensions (2x105 cells) in serum‑free cell culture medium
were added to the upper chamber for a 24‑h incubation at 37˚C.
Subsequently, the cells that migrated to the lower chamber
were fixed with 100% methanol for 30 min at 25˚C and stained
with 0.5% crystal violet (cat. no. C0775; Sigma‑Aldrich;
Merck KGaA) for 20 min at 25˚C. Finally, images of five
different fields from each chamber were randomly captured
using a light microscope (Olympus Corporation).
Determination of caspase‑3/7 activity. Cell apoptosis was
detected using a caspase‑3/7 activity assay kit (cat. no. E607103;
Sangon Biotech Co., Ltd.) according to the manufacturer's
protocol. The HeLa and SiHa cells (2x10 4 cells/well) were
seeded into a 96‑well plate and cultured for 48 h. The cells
were lysed and centrifuged at 1,000 x g for 20 min at 4˚C.
Subsequently, the protein concentration was determined using
a BCA assay (Thermo Fisher Scientific, Inc.). The superna‑
tant containing 50 µg protein was added to the caspase‑3/7
assay loading solution (100 µl) and the mixture was incubated
at 37˚C for 1 h in the absence of light. Finally, caspase‑3/7
activity was determined at excitation/emission = 490/525 nm
using a microplate reader.
Cell cycle assay. The cell cycle kit was obtained from
Beckman Coulter, Inc. (cat. no. C03551) for the cell cycle
assay. HeLa and SiHa cells (3x106 cells/well) were seeded in
a 6‑well plate and transfected with si‑MCM2 and NC siRNA
for 24 h. The cells were harvested using trypsin, fixed with
70% ethanol at 4˚C overnight, incubated with RNase A at
37˚C for 1 h, and stained with propidium iodide (included
in the cell cycle kit) for 20 min at 4˚C. The cells in different
phases of the cell cycle were measured using a flow cytometer
(FACSCalibur; BD Biosciences) and the results were analysed
using ModFit LT v3.3 software (Verity Software House, Inc.).
RNA pull‑down. The HeLa and SiHa cells were transfected
with 50 nM biotinylated miR‑186‑3p (Bio‑miR‑186‑3p;
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Table II. Primer sequences for reverse transcription‑quantitative PCR.
Gene

Primer sequences (5'‑3')

miR‑186‑3p

Forward: GCCCAAAGGTGAATTTTTTGGG
Reverse: CAGTGCGTGTCGTGGAGT
Forward: CTCGCTTCGGCAGCACA
Reverse: AACGCTTCACGAATTTGCGT
Forward: AGCACTTGATGAACTCGGGG
Reverse: AAGCCAACAGATACCAGCGT
Forward: GGAGCGAGATCCCTCCAAAAT
Reverse: GGCTGTTGTCAT‑ACTTCTCATGG

U6
MCM2
GAPDH

MCM2, minichromosome maintenance complex component 2; miR‑186‑3p, microRNA‑186‑3p.

5'‑GCCCAAAGGUGAAUUUUUUGGG‑biotin‑3'; Guangzhou
RiboBio Co., Ltd.) and biotinylated NC (Bio‑NC; 5'‑UCACAAC
CUCCUAGAAAGAGUAGA‑biotin‑3'; Guangzhou RiboBio
Co., Ltd.) using Lipofectamine® 2000 Transfection Reagent
(Thermo Fisher Scientific, Inc.). After a transfection period of
48 h at 37˚C, the cells were harvested, lysed using 500 µl lysis
buffer (25 mM Tris‑HCl pH 7.0, 70 mM KCl, 2.5 mM EDTA,
80 U/ml of a RNAse inhibitor) and centrifuged at 12,000 x g
at 4˚C for 15 min. A total of 10 µl M‑280 streptavidin magnetic
beads (cat. no. 11205D; Invitrogen; Thermo Fisher Scientific,
Inc.) washed with washing buffer containing 250 µg
RNase‑free BSA (Thermo Fisher Scientific, Inc.) and 100 µg
yeast tRNA in 500 µl 25 mM Tris‑HCl (pH 7.5), 70 mM KCl,
2.5 mM EDTA and 0.05% NP‑40 were subsequently utilized
to incubate the 500 µl cell lysates. The beads were coated with
RNase‑free BSA and yeast tRNA (both from Sigma‑Aldrich;
Merck KGaA) to prevent non‑specific binding of RNA or
protein complexes. Subsequently, the beads were incubated for
3 h at 4˚C and washed with cold lysis buffer three times and
with high salt buffer (0.1% SDS, 1% Triton X‑100, 2 mM
EDTA, 20 mM Tris‑HCl, pH 8.0, and 500 mM NaCl). The
biotin‑miRNA/mRNA complex was collected after centrifu‑
gation at 5,000 x g for 30 sec at 4˚C. Finally, the combined
RNA was extracted using TRIzol reagent, and the relative
expression levels of MCM2 were measured using RT‑qPCR.
Dual‑luciferase reporter assay. Fragments of the 3' UTR
region of MCM2, which contained the putative binding site
for miR‑186‑3p, were cloned into the luciferase reporter
vector (psiCHECK‑2), which was named the wild‑type (wt)
vector. The mutant (mut) vector harboured the mutated
binding site of MCM2 3' UTR. The HeLa and SiHa cells at a
density of 2x105 cells/well were seeded in 24‑well plates and
cultured for 24 h. When the density of the cells increased
by 50%, Lipofectamine ® 2000 Transfection Reagent was
used to transfect 100 ng pMIR‑REPORT plasmid (Addgene,
Inc.), which contained firefly luciferase, 60 pmol mimic‑NC
or miR‑186‑3p mimic, and 10 ng psiCHECK‑2‑wt or
psiCHECK‑2‑mut plasmid. Subsequently, the cells were
harvested, and the Renilla and firef ly activities were
examined using the Dual‑Luciferase Reporter Assay Kit
(Promega Corporation) after 48 h of transfection. Finally,

the luciferase activity was calculated and normalized to
Renilla activity.
Statistical analysis. SPSS 13.0 (SPSS, Inc.) and GraphPad 7.0
(GraphPad Software, Inc.) were used for statistical analyses.
The statistical comparison between two groups was performed
using a paired Student's t‑test, while that among more than two
groups was performed using one‑way ANOVA with Dunnett's
or Tukey's post hoc test. Pearson's correlation analysis was
conducted to investigate the correlation between MCM2
expression and miR‑186‑3p expression. All data are presented
as the mean ± standard deviation of three independent
experiments. P<0.05 was considered to indicate a statistically
significant difference.
Results
MCM2 is a key gene in cervical cancer. The mRNA expres‑
sion profile was downloaded from the Gene Expression
Omnibus DataSets. With adjusted P values set at <0.05 and log
fold change at >1.5, 115 upregulated genes were identified in
both the GSE7803 dataset and the GSE63514 dataset (Fig. 1A).
These 115 genes were uploaded to the STRING database for
biological process enrichment analysis, which revealed that
the ‘Cell cycle process', ‘Cell cycle' and ‘G1/S transition of the
mitotic cell cycle' were the key biological processes (Fig. 1B).
A total of 12 genes involved in these three biological processes
were screened (Fig. 1C). Data from TCGA revealed that among
the 12 genes, the expression levels of CDKN2A, MCM2,
RRM2 and TYMS were upregulated in cervical squamous
cell carcinoma (Fig. 1D). After reviewing the literature, it was
identified that MCM2 expression is upregulated in clinical
samples of cervical cancer (26,28,35); however, to the best
of our knowledge, its function and regulatory mechanisms in
cervical cancer cells have not yet been explored. Therefore,
MCM2 was identified as the gene of interest.
MCM2 expression is upregulated in cervical cancer tissues
and cell lines. MCM2 expression in cervical cancer and normal
tissues was first examined using RT‑qPCR. The results revealed
that the expression levels of MCM2 were significantly upregu‑
lated in tumour tissues compared with normal tissues (Fig. 2A).
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Figure 1. MCM2 is a key gene in cervical cancer. (A) A total of 115 upregulated genes with adjusted P<0.05 and log fold change >1.5 were identified in both
GSE7803 and GSE63514. (B) ‘Cell cycle process', ‘Cell cycle' and ‘G1/S transition of mitotic cell cycle' were identified as the key biological processes according
to Search Tool for the Retrieval of Interacting Genes/Proteins analysis. (C) A total of 12 genes were involved in three biological processes, including ‘Cell cycle
process', ‘Cell cycle' and ‘G1/S transition of mitotic cell cycle'. (D) Expression levels of 12 genes in CESC according to The Cancer Genome Atlas analysis.
CESC, cervical squamous cell carcinoma; MCM2, minichromosome maintenance complex component 2; TPM, transcripts per million.

In addition, RT‑qPCR demonstrated that the expression levels of
MCM2 mRNA were higher in cervical cancer cell lines (HeLa,
CaSki, SiHa and C33A) than in the normal cervical epithelial
cell line (HCerEpiC; Fig. 2B). Since the expression levels of
MCM2 in HeLa and SiHa cells were higher than those in the
other cell lines, these two cell lines were selected to conduct
MCM2 knockdown experiments using siRNA to verify the
function of MCM2 in cervical cancer. The results revealed that
MCM2 expression was successfully downregulated with a gene
silencing efficiency >70% in the si‑MCM2 group compared with
the control (CON) group (Fig. 2C). Additionally, it was identified
that protein expression in the si‑MCM2 group was decreased by
80% compared with that in the CON group (Fig. 2D).
Effects of MCM2 knockdown on cervical cancer cells. To
evaluate the oncogenic function of MCM2, several experi‑
ments were performed using cervical cancer cells. The results

of the MTT assay demonstrated that the proliferation of
cancer cells was significantly reduced after transfection with
si‑MCM2 at 48 and 72 h compared with that of cells in the
CON group (Fig. 3A). Similar results were observed using
the BrdU assay, demonstrating that si‑MCM2 inhibited cell
proliferation compared with the CON group (Fig. 3B). Next,
the present study examined whether MCM2 enhanced cell
adhesion, and it was revealed that the reduced MCM2 expres‑
sion by artificial knockdown impaired the adhesion capability
of the cells by >50% (Fig. 3C). Additionally, the present study
investigated the effect of MCM2 on the apoptosis of cancer
cells using a caspase‑3/7 activity assay. MCM2 knockdown
increased the caspase‑3/7 activity by 6‑fold compared with that
in the CON group, suggesting that MCM2 acted as a strong
anti‑apoptotic agent (Fig. 3D). Additionally, cell migration
was significantly downregulated following MCM2 knock‑
down (Fig. 3E). Flow cytometric analyses revealed that the
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Figure 2. MCM2 expression is upregulated in cervical cancer tissues and cell lines. (A) Expression levels of MCM2 in tumor tissues and the corresponding
non‑tumor tissues. P<0.0001 (paired Student's t‑test). (B) Expression levels of MCM2 were measured in HcerEpic normal cervical epithelial cells and cervical
cancer cell lines, including HeLa, CaSki, SiHa and C33A cells. **P<0.001 vs. HcerEpic cells (one‑way ANOVA with Dunnett's post hoc test). (C) Transfection
efficiency of si‑MCM2 was detected by reverse transcription‑quantitative PCR. **P<0.001 vs. CON group (one‑way ANOVA with Dunnett's post hoc test).
(D) Transfection efficiency of si‑MCM2 was detected by western blotting. All bands are from different parts of the same gel. **P<0.001 vs. CON group
(one‑way ANOVA with Tukey's post hoc test). CON, blank control; MCM2, minichromosome maintenance complex component 2; NC, negative control;
si, small interfering RNA.

MCM2 downregulation increased the proportion of cells in the
G0/G1 phase, whereas the proportion of cells in the G2/M phase
was reduced compared with that in the CON group, indicating
that silencing of MCM2 induced G 0/G1 phase arrest (Fig. 3F
and G). Overall, these results suggested that MCM2 served a
crucial role in promoting cell proliferation and inhibiting cell
apoptosis in cervical cancer cells.
Effect of miR‑186‑3p on MCM2. The online softwares
TargetScan and TarBase were used to explore the underlying
mechanism by which MCM2 regulates cervical cancer cell
behaviours and to identify miRNAs that could regulate
MCM2 expression. After Venny 2.1.0 analysis, it was iden‑
tified that miR‑186‑3p was the only miRNA identified by
both databases (Fig. 4A). Furthermore, miR‑186‑3p targeted
the 3' UTR region of MCM2 (Fig. 4B). Subsequently, the
miR‑186‑3p mimic and its negative control (mimic NC)
were successfully transfected into HeLa and SiHa cells
(Fig. 4C). Additionally, a wt and a mut plasmid encoding
the 3' UTR region of MCM2 were constructed and a lucif‑
erase reporter assay was performed to verify the effect

of miR‑186‑3p on MCM2. The results demonstrated that
miR‑186‑3p overexpression significantly decreased the
luciferase activity of MCM2‑wt‑3' UTR to half of that of
the mimic NC group; however, the mut counterpart did not
exhibit the same tendency, demonstrating that miR‑186‑3p
bound to the 3' UTR of MCM2 (Fig. 4D). The interaction
between miR‑186‑3p and MCM2 was assessed using an
RNA pull‑down assay, and it was revealed that the relative
expression levels of MCM2 increased after transfection
with Bio‑miR‑186‑3p compared with Bio‑NC (Fig. 4E).
Furthermore, the expression pattern of miR‑186‑3p in
cervical cancer tissues was analysed. The findings revealed
that the expression levels of miR‑186‑3p were downregulated
in tumour tissues (Fig. 4F) and that these were negatively
correlated with MCM2 expression (Fig. 4G). Furthermore,
the expression levels of miR‑186‑3p in normal cervical
epithelial cells and cancer cells were measured and it was
revealed that miR‑186‑3p expression was downregulated
in HeLa and SiHa cells (Fig. 4H). Overall, these findings
indicated that miR‑186‑3p could target MCM2 and was
negatively associated with MCM2 expression.
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Figure 3. Knockdown of MCM2 attenuates proliferation, cell adhesion and G 0/G1 to S transition, but enhances apoptosis of cervical cancer cells. (A) Cell
proliferation was decreased after silencing of MCM2 expression at 48 and 72 h. (B) Knockdown of MCM2 inhibited cell proliferation examined using a BrdU
assay. (C) Cell adhesion ability assay for the si‑MCM2 group, NC group and the CON group. (D) Effect of MCM2 on cell apoptosis was examined using a
caspase‑3/7 activity assay. (E) Cell migration assay for si‑MCM2 group, NC group and the control group. Scale bar, 50 µm. (F) Representative images of cell
cycle in different transfection groups. (G) Cell cycle distribution in different transfection groups was calculated. *P<0.05, **P<0.001 vs. CON group (one‑way
ANOVA with Tukey's post hoc test). BrdU, 5‑bromo‑2‑deoxyuridine; CON, blank control; MCM2, minichromosome maintenance complex component 2;
NC, negative control; OD, optical density; si, small interfering RNA.

Effects of MCM2 on cervical cancer cells could be reversed
by miR‑186‑3p. The aforementioned data demonstrated
that miR‑186‑3p could bind to MCM2. The antitumor

function of si‑MCM2 in cervical cancer has also been
demonstrated (Fig. 3). The present study further explored the
roles of miR‑186‑3p in cervical cancer and revealed that the
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Figure 4. miR‑186‑3p directly targets MCM2. (A) TargetScan and TarBase predicted that miR‑186‑3p potentially regulated MCM2 expression. (B) Binding sites
of MCM2 3' UTR for miR‑186‑3p. (C) Transfection efficiency of miR‑186‑3p mimic. **P<0.001 vs. mimic NC group (one‑way ANOVA with Tukey's post hoc
test). (D) Luciferase reporter assays were performed in both the mimic NC and miR‑186‑3p mimic groups by transfection with the plasmid of MCM2‑wt or
MCM2‑mut in 3' UTR region. *P<0.05, **P<0.001 vs. co‑transfection of MCM2‑wt and mimic NC group (one‑way ANOVA with Dunnett's post hoc test).
(E) RNA pull‑down assays were performed to demonstrate the interaction between MCM2 and miR‑186‑3p. **P<0.001 vs. Bio‑NC group (one‑way ANOVA
with Tukey's post hoc test). (F) Expression levels of miR‑186‑3p in non‑tumor tissues and tumor tissues. P<0.0001 (paired Student's t‑test). (G) Correlation
between miR‑186‑3p expression and MCM2 expression in cervical cancer tissues. (H) Relative expression levels of miR‑186‑3p in HcerEpic normal cervical
epithelial cells and cervical cancer cell lines (HeLa and SiHa). **P<0.001 vs. HcerEpic cells (one‑way ANOVA with Dunnett's post hoc test). Bio‑miR‑186‑3p,
biotinylated miR‑186‑3p; Bio‑NC, biotinylated negative control; MCM2, minichromosome maintenance complex component 2; mimic NC, miR‑186‑3p mimic
negative control; miR‑186‑3p, microRNA‑186‑3p; mut, mutant; UTR, untranslated region; wt, wild‑type.

expression levels of MCM2 were increased in the inhibitor
group compared with the CON group; however, MCM2
knockdown did not affect the expression levels of miR‑186‑3p
(Figs. 5A and S1). It was also observed that miR‑186‑3p
inhibitor enhanced cell proliferation at 48 and 72 h; however,
the co‑transfection of si‑MCM2 and miR‑186‑3p inhibitor
reversed the effect of si‑MCM2 (Fig. 5B). In addition, the
BrdU assay results demonstrated that cell proliferation was
induced by silencing of miR‑186‑3p; however, the co‑trans‑
fection of si‑MCM2 and miR‑186‑3p inhibitor reversed the
effect of si‑MCM2 (Fig. 5C). Furthermore, miR‑186‑3p
inhibitor enhanced the adhesive ability of the cells but MCM2
downregulation reversed the positive effect of miR‑186‑3p
inhibitor (Fig. 5D). Additionally, the miR‑186‑3p inhibitor

inhibited caspase‑3/7 activity by 80% but the inhibitory
effect of miR‑186‑3p inhibitor could be reversed by inhib‑
iting MCM2 expression (Fig. 5E). The migration assay
results demonstrated that miR‑186‑3p inhibitor increased
cell migration by 2‑fold, and co‑transfection of si‑MCM2
and miR‑186‑3p inhibitor reversed the effect of si‑MCM2
(Fig. 5F). When investigating the effect of miR‑186‑3p on
the cell cycle, it was identified that the miR‑186‑3p inhibitor
reversed the G 0/G1 phase arrest caused by si‑MCM2 (Fig. 5G
and H). Collectively, these results suggested that miR‑186‑3p
suppressed cervical cancer tumours. By downregulating
MCM2 expression, miR‑186‑3p impeded the proliferation
and migration of cervical cancer cells and enhanced cervical
cancer cell apoptosis.
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Figure 5. Effect of MCM2 on cervical cancer cells could be reversed by negative regulation from miR‑186‑3p. (A) Expression levels of miR‑186‑3p and
MCM2 in the CON, NC, miR‑186‑3p inhibitor, si‑MCM2 and inhibitor+si‑MCM2 groups measured by reverse transcription‑quantitative PCR. (B) MTT
assays were performed to evaluate the proliferation of cells in the CON, NC, miR‑186‑3p inhibitor, si‑MCM2 and inhibitor+si‑MCM2 groups. (C) BrdU assays
were performed to validate the effect of miR‑186‑3p on cell proliferation. (D) Cell adhesion assays were performed for the CON, NC, miR‑186‑3p inhibitor,
si‑MCM2 and inhibitor+si‑MCM2 groups. (E) Caspase‑3/7 activity in the CON, NC, miR‑186‑3p inhibitor, si‑MCM2 and inhibitor+si‑MCM2 groups to
assess the effect on apoptosis mediated by miR‑186‑3p. (F) Cell migration assays were performed for cells in the CON, NC, miR‑186‑3p inhibitor,
si‑MCM2 and inhibitor+si‑MCM2 groups. Scale bar, 50 µm. (G) Representative images of cell cycle in the CON, NC, miR‑186‑3p inhibitor, si‑MCM2
and inhibitor+si‑MCM2 groups. (H) Cell cycle distribution in the CON, NC, miR‑186‑3p inhibitor, si‑MCM2 and inhibitor+si‑MCM2 groups was calcu‑
lated *P<0.05, **P<0.001 vs. CON group (one‑way ANOVA with Tukey's post hoc test). #P<0.05, ##P<0.001 vs. inhibitor+si group (one‑way ANOVA with
Tukey's post hoc test). BrdU, 5‑bromo‑2‑deoxyuridine; CON, blank control; MCM2, minichromosome maintenance complex component 2; miR‑186‑3p,
microRNA‑186‑3p; NC, negative control; OD, optical density; si, small interfering RNA.
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Discussion
Cervical cancer is one of the most malignant cancer types
and has a high mortality rate among women (1). Annually,
>500,000 women are diagnosed with cervical cancer, and this
tumour is responsible for >300,000 deaths worldwide (36).
Although HPV infection has been demonstrated to be the
main cause of cervical cancer, several unknown oncogenes
promote cervical cancer progression (37). The present study
revealed that MCM2 influenced cervical cancer cells and its
expression was higher in tumour tissues than in non‑tumour
tissues. Knocking down MCM2 attenuated the prolifera‑
tion and G 0/G1 to S phase transition of cervical cancer cells.
Furthermore, miR‑186‑3p inhibitor increased the expression
of MCM2 by binding to the 3' UTR region of the mRNA. The
results revealed that by targeting MCM2, miR‑186‑3p could
reverse the inhibitory effect on cell proliferation, G 0/G1 to
S phase transition and cell adhesion.
The cell cycle involves a series of events that occur within a
cell, and these events include cell proliferation and division (38).
Drugs target vital molecules that regulate the cell cycle. For
instance, CDK4/CDK6 influences several malignant tumours,
including breast cancer, oesophageal cancer and acute myeloid
leukaemia (39‑42). Although drugs targeting cell cycle mole‑
cules have not been approved for cervical cancer therapy, the
genes regulating the cell cycle are under investigation (43,44).
For example, the inhibition of ASF1B induces cell cycle arrest
in cervical cancer cells (43). Shen et al (45) demonstrated that
claudin 1 induces cell cycle arrest in cervical squamous cell
carcinoma. In the present study, it was revealed that MCM2
expression was upregulated in cervical cancer tissues and cell
lines and that silencing MCM2 induced cell cycle arrest at the
G0/G1 phase. These findings suggest that MCM2 regulates the
cell cycle and promotes the development of cervical cancer.
Furthermore, the MCM family is encoded by compo‑
nents involved in the initiation of genome replication (46).
Upregulation of the MCM family is associated with the
invasion of bladder cancer (47) and poor prognosis of breast
cancer (48). Previous studies (25,28) have reported that
HPV‑infected cervical cancer cells exhibit high MCM2
expression, which is associated with a high risk of cervical
cancer. Based on a clinical study on MCM2 in cervical cancer,
the present study further explored the functions of MCM2
in cervical cancer cells and revealed that MCM2 acted as a
tumour promoter in cervical cancer by inducing cell prolifera‑
tion, cell adhesion and cell cycle progression.
In the last three decades, miRNAs have been revealed to
regulate gene expression. In humans, >1,000 types of miRNAs
influence the expression of more than one‑third of the target
genes and contribute to multiple alterations in cellular func‑
tions (49,50). As a member of the miRNA family, miR‑186‑3p
decreases the expression levels of CDK1 and causes G2/M cell
cycle arrest in hepatocytes (51), indicating that this miRNA
can regulate the cell cycle. These results are in agreement with
the present findings. In breast cancer, the downregulation of
miR‑186‑3p increases EREG expression, promotes aerobic
glycolysis and accelerates cell proliferation (16), and this was
verified in the present study. Indeed, low expression levels of
miR‑186 not only contribute to the anti‑apoptosis ability and
enhancement of metastasis in cervical cancer cells (18) but

also act as a sponge of lncRNA to facilitate cervical cancer
progression (19,52). Consistent with these findings, the present
study revealed that miR‑186‑3p was downregulated in cervical
cancer and inhibited cell proliferation, cell cycle progres‑
sion and cell adhesion. Furthermore, miR‑186‑3p regulated
the progression of cervical cancer cells by targeting MCM2.
Therefore, the present study demonstrated that miR‑186‑3p
regulated MCM2 expression in cervical cancer, thereby facili‑
tating cell proliferation and G 0/G1 to S phase transition and
reducing cell apoptosis by inhibiting MCM2 expression.
Although the present study demonstrated the oncogenic
effects of MCM2 in terms of facilitating cell proliferation and
influencing cell apoptosis, the present study had some limita‑
tions. No in vivo experiments were performed, and all results
were based on a cellular function investigation and analysis
of patient tissues. In addition, the present study did not inves‑
tigate the downstream mechanism of MCM2 in accelerating
cell proliferation. Therefore, future studies should explore
downstream signalling pathways and key proteins involved in
the process.
In summary, the present study suggested that by targeting
MCM2, miR‑186‑3p inhibitor contributed to the proliferation,
adhesion, migration and cell cycle progression of cervical
cancer cells and inhibited apoptosis of cervical cancer cells.
This research finding may enrich the understanding of the
miRNA/oncogene regulatory axis in cervical cancer and
provide novel insights for cervical cancer treatment.
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