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Abstract. The aim of the present study was to identify the
differentially expressed microRNAs (miRs) in cervical carci‑
noma (CC) tissues and cells and to explore the function of
miR‑302c‑3p and miR‑520a‑3p in the proliferation of CC cells.
Potential dysregulated miRNAs in CC tissues and tumour‑adja‑
cent tissues were detected. Reverse transcription‑quantitative
PCR (RT‑qPCR) was performed to determine the expression
of miR‑302c‑3p, miR‑520a‑3p and CXCL8 in CC tissues and
cell lines. The target genes of the miRNAs were predicted
using miRTarBase and verified by luciferase reporter assays.
RT‑qPCR and western blotting were performed to measure
the expression of C‑X‑C motif ligand (CXCL)8 after trans‑
fection. The effect on proliferation was verified by Cell
Counting Kit assay and ethynyl‑2‑deoxyuridine staining.
Flow cytometry was utilised to assess the effect on apoptosis.
In the present study, miR‑302c‑3p and miR‑520a‑3p were
markedly downregulated in CC cell lines compared to the
normal cervical cell line H8. Functionally, overexpression
of miR‑302c‑3p and/or miR‑520a‑3p inhibited proliferation
and promoted the apoptosis of CC cell lines in vitro, while
the knockdown of miR‑302c‑3p and/or miR‑520a‑3p had the
opposite effect. Furthermore, miR‑302c‑3p and miR‑520a‑3p
could both bind to CXCL8. Inhibition of CXCL8 in combina‑
tion with miR‑302c‑3p and/or miR‑520a‑3p overexpression
exerted proliferation‑suppressive and apoptosis‑stimulating
effects on CC cells, whereas restoring CXCL8 attenuated the
miR‑302c‑3p‑ and miR‑520a‑3p‑induced anti‑proliferative and
pro‑apoptotic effects. miR‑302c‑3p and miR‑520a‑3p suppress
the proliferation of CC cells by downregulating the expression
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of CXCL8, which may provide a novel target for the treatment
of CC.
Introduction
Cervical carcinoma (CC) is one of the leading causes of
cancer‑related death in females (1), with an increasing inci‑
dence in relatively young females (2). It is of great importance
to investigate the mechanisms of tumourigenesis and develop‑
ment of CC to facilitate its therapy.
As a type of small non‑coding RNA, microRNAs
(miRNAs) can post‑transcriptionally modify target gene
expression by binding to 3'‑untranslated regions (3'‑UTRs),
followed by translational inhibition or degradation of
mRNAs (3). miRNAs can either be cancer‑promoting, by
inhibiting anti‑oncogenes, or cancer‑suppressing, by inhib‑
iting oncogenes (3). Accumulating evidence has proven that
miRNAs can impact tumour metastasis in a broad spectrum
of human malignancies. For instance, excessive maturation
of miR‑25‑3p via m6A modification, which can be induced
by cigarette smoking, promotes the development of pancre‑
atic cancer (4), and miR‑375 has been described as a crucial
regulator of phagocyte infiltration (5). Moreover, miRNAs
have been reported to modulate tumour proliferation by regu‑
lating target genes. MiRNA‑145, for instance, was reported to
inhibit the proliferation of non‑small cell lung cancer cells by
targeting c‑Myc (6). However, the roles of miRNAs, especially
proliferation‑relevant miRNAs, in CC remain to be clarified.
miR‑302c‑3p and miR‑520a‑3p are known as tumour
suppressors in several types of cancer, including glioma (7),
renal cell carcinoma (8), and hepatocellular carcinoma (9).
However, the biological functions of miR‑302c‑3p and
miR‑520a‑3p in CC, particularly in CC proliferation, are
still unclear. Moreover, given that miR‑302 and miR‑520 can
regulate the natural killer group 2 D ligands major histocom‑
patibility complex class I chain‑related proteins A and B and
unique long 16‑binding protein 2 to counter the resistance of
Kasumi‑1 cells to natural killer cells (10), it remains unclear
whether miR‑302c‑3p and miR‑520a‑3p can act co‑operatively
to regulate CC metastasis and proliferation.
C‑X‑C motif ligand (CXCL)8 (CXCL8), also known as
interleukin‑8 (IL‑8), is a pro‑inflammatory CXC chemokine
that is associated with the promotion of neutrophil chemotaxis
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and degranulation (11). Under normal circumstances, the
expression of CXCL8 in tissues is low or undetectable;
however, increased expression of CXCL8 is detected in some
human solid tumours, such as cervical cancer (12), ovarian
cancer (13,14), and non‑small cell lung cancer (15). CXCL8
produced by cancer cells in response to epithelial‑mesenchymal
transition (EMT) is involved in various biological cell pheno‑
types, such as cell proliferation, migration and metastasis (16).
More importantly, in microsatellite‑unstable colorectal cancer,
CXCL8 production and cell proliferation is enhanced by the
loss of miR‑484 (17), indicative of a regulatory role for CXCL8
and miRNAs. Although CXCL8 is not a novel target in CC, as
it has previously been reported to be upregulated in CC (18),
the present study focused on investigating the relationship
between miR‑302c‑3p, miR‑520a‑3p and CXCL8.
In the present study, differentially expressed miRNAs
between CC tissues and adjacent normal tissues were screened
by literature review and based on the author's unpublished data
(data not shown). Of the 25 selected miRNAs, the effect of
miR‑302c‑3p and miR‑520a‑3p on CC cell proliferation was
investigated. The aim of the present study was to explore the
cooperative effects of miR‑302c‑3p and miR‑520a‑3p on CC
cells to gain a deeper understanding of CC proliferation and
provide a potential target for the treatment of CC.
Materials and methods
Patient samples. In total, 20 patients with recently diagnosed
(and previously untreated) CC at the Department of Obstetrics
and Gynaecology of The First Affiliated Hospital of Soochow
University from July 2016 to August 2017 were selected
in a single‑centre study and had a median age of 51 years
(range, 39‑75). The CC tissues and tumour‑adjacent tissues
were collected from the selected patients following diagnostic
evaluation. Written informed consent was obtained from
each patient prior to the experiment. The protocols were also
approved by the local ethics committee of The First Affiliated
Hospital of Soochow University. All the clinical samples
collected in the present study are squamous cell carcinoma.
Cell culture. Human CC cell lines (HeLa‑S3 and C‑33A),
immortalized cervical epithelial cell line (H8) and human
embryonic kidney cells (293T) were obtained from the
Cell Resource Center of the Chinese Academy of Sciences
(Shanghai, China). Cells were cultured in DMEM (HyClone,
Cytiva) containing 10% foetal bovine serum (Gibco, Thermo
Fisher Scientific) and 100 U/ml penicillin/streptomycin
(HyClone, Cytiva) in a 37˚C constant incubator with 95% air
and 5% CO2.
RNA extraction and reverse transcription‑quantitative
PCR (RT‑qPCR). Total RNA of tissues and cell lines was
extracted using the RNeasy Plus Universal Tissue kit
(Sangon Biotech Co.) based on the manufacturer's instruc‑
tions. miRNAs from CC cell lines were extracted using the
miRNeasy Mini Kit (Sangon Biotech Co). PCR primers for 25
potentially dysregulated miRNAs and U6 were synthesized by
Guangzhou RiboBio.
Primers for CXCL8 and GAPDH were synthesized by
Takara (Sangon Biotech Co.) (Table I). cDNA was constructed

using the PrimeScript RT reagent kit (Takara Biotechnology
Co., Ltd.). Real‑time PCR was performed using SYBR premix
Ex Taq II (Takara Biotechnology Co., Ltd.), and fluorescence
intensity was detected in a Light Cycler 480 system (Roche
Applied Science) using the following thermocycling condi‑
tions: 95˚C for 10 min, 40 cycles of 95˚C for 15 sec and 60˚C
for 1 min. GAPDH was used as the internal control. The
comparative Cq (ΔΔCq) method (19) was used to calculate the
fold change for each miRNA/mRNA. U6 and GAPDH were
treated as internal controls. The following formulas were used
to calculate the expression fold changes (X): ΔCq=Cq (target
miRNA/mRNA)‑Cq (U6/GAPDH), ΔΔCq= ΔCq (target
miRNAs/mRNA)‑ΔCq (target miRNAs/mRNA), X=2‑ΔΔCq.
miRNAs, siRNAs and plasmids. Human miR‑302c‑3p and
miR‑520a‑3p mimics as well as scrambled miR‑302c‑3p
mimics, miR‑520a‑3p mimics and small interfering RNAs
were obtained from Guangzhou RiboBio. A CXCL8 eukary‑
otic expression vector (CXCL8/pcDNA3.1) was generated by
inserting the open reading frame of CXCL8 into pcDNA3.1,
using the empty vector as a negative control. For luciferase
reporters, the 3'‑UTR of CXCL8 was amplified from human
genomic DNA before the miR‑302c‑3p and miR‑520a‑3p
binding sites within the CXCL8 3'‑UTR were mutated to
remove complementarity. The mutant or wild‑type 3'‑UTR of
CXCL8 were cloned into the psiCHECK‑2 luciferase vector
(cat. no. 78260; Promega Corporation). All plasmids were
confirmed by sequencing.
Cell proliferation assay. Cell counting kit (CCK‑8, Merck
KGaA) and ethynyl‑2‑deoxyuridine (EdU, Guangzhou
RiboBio) staining were both utilised to measure the prolifera‑
tion ability of each cell line under different conditions. For the
CCK‑8 assay, 5x103 cells in 100 µl were transferred to each
well of a 96‑well plate. Cells were cultured at 37˚C before
CCK‑8 solution (10 µl) was added to each well 24, 48, 72, and
96 h later. Subsequently, the cells were incubated at 37˚C for an
additional 4 h before OD values (450 nm) were measured using
a microplate reader (Bio‑Rad Laboratories, Inc.). For the EdU
assay, the cells were transfected with miR‑302 and miR‑520
mimic or inhibitor (100 nM) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) and incubated with
100 µl of 50 µM EdU per well for 2 h at 37˚C. Cells were visu‑
alized by fluorescence microscopy and the ratio of EdU/DAPI
was calculated to analyse the EdU assay. Experiments were
repeated at least three times.
Flow cytometry assay. Cell apoptosis was assessed with the
Annexin V‑FITC apoptosis detection kit (Elabscience). Flow
cytometry was performed with FACSCalibur (BD Biosciences)
and all experiments were performed at least three times.
Luciferase assay. The potential direct target genes of
miR‑302c‑3p and miR‑520a‑3p were predicted by miRTar‑
Base (mirtarbase.mbc.nctu.edu.tw/php/index.php). For the
luciferase reporter assays, 293T cells were seeded onto
24‑well plates before miR‑302c‑3p or miR‑520a‑3p mimics
(100 nM) and wild‑type or mut‑type CXCL8 3'‑UTR (1.5 µg)
were co‑transfected into 293T cells using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). After
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Table I. Primers for RT‑qPCR.
Gene name
miR‑302c‑3p
miR‑520a‑3p
CXCL8
U6
GAPDH

Primer sequence (5'→3')
RT primer
Forward
Reverse
RT primer
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCACTG
GCGTGCTTCCATGTTTCAGTGG
CAGTGCAGGGTCCGAGGTAT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACAGTCCAAA
ACACTCCAGCTGGGAAAGTGCTTCCC
CTCAACTGGTGTCGTGGA
CAGAGCAACGTGCTCCAAAGTC
GAAGCGTTGCTGTCGGTTCA
CTCGCTTCGGCAGCACA
AACGCTTCACGAATTTGCGT
CTGGGCTACACTGAGCACC
AAGTGGTCGTTGAGGGCAATG

RT‑qPCR, reverse transcription‑quantitative PCR; miR, microRNA; CXCL8, C‑X‑C motif ligand 8.

transfection for 48 h, cells were collected and lysed for lucif‑
erase assays. The intensity of luciferase activity was measured
using the Dual‑Luciferase Reporter Assay System (Promega
Corporation). Renilla luciferase was used for normalization.
Each experiment was performed at least three times.
Western blot analysis. Whole‑cell lysates were prepared using
RIPA buffer (Beyotime Institute of Biotechnology). Extracts
were mixed with SDS‑PAGE loading buffer and denatured
by boiling for 5 min. Equal amounts of protein (~30 µg)
were separated on 10% SDS‑PAGE gels and transferred
onto polyvinylidene fluoride (PVDF) membranes (Bio‑Rad
Laboratories, Inc.). Blots were blocked using 5% bovine serum
albumin (BSA, Gibco; Thermo Fisher Scientific, Inc.) for
2 h and incubated overnight at 4˚C with primary antibodies
against CXCL8 (1:1,000; cat. no. ab154390; Abcam) and
β‑actin (1:5,000; cat. no. 4970S; Cell Signaling Technology,
Inc.). PVDF membranes were washed with Tris‑buffered
saline (TBS) supplemented with 0.05% Tween‑20 before incu‑
bation with HRP‑conjugated secondary antibody (1:2,000;
cat. no. 7074S; Cell Signaling Technology, Inc.) for 2 h at
room temperature. Signals were visualized using enhanced
chemiluminescence reagents (Thermo Fisher Scientific, Inc.).
Densitometric analysis of the blot bands was performed using
ImageJ 1.48 software, and the intensity values were normal‑
ized against the values of the β ‑actin loading control. All
experiments were performed at least three times.
Statistical analysis. Data were analysed using SPSS software
(version 19; IBM Corp.). Continuous data sets are expressed
as the mean ± SEM. Comparisons between two groups
were analysed using t‑tests. One‑way ANOVA was used for
comparison of three or more groups, with additional post‑hoc
Tukey's tests to account for multiple comparisons. Statistical
analysis of categorical variables was performed using the
χ2 test. Correlations between miR‑302c‑3p and miR‑520a‑3p
expression levels and CC profile and between miR‑302c‑3p,
miR‑520a‑3p and CXCL8 expression levels were determined

by Pearson's linear correlation analysis. P<0.05 was consid‑
ered to indicate a statistically significant difference.
Results
miR‑302c‑3p and miR‑520a‑3p are downregulated in
CC cell lines. To investigate the potentially dysregulated
miRNAs between clinical CC tissues and tumour‑adjacent
tissues, RT‑qPCR was performed to measure the expres‑
sion of 25 mature miRNA sequences in both CC tissues
and tumour‑adjacent tissues (Fig. 1A). Two highly down‑
regulated miRNAs, miR‑302c‑3p and miR‑520a‑3p, were
notable due to their tumour‑suppressing roles in other cancer
cells (7,18). Furthermore, the expression of miR‑302c‑3p
and miR‑520a‑3p was examined in 20 pairs of clinical CC
tissues and tumour‑adjacent normal tissues. The data showed
that miR‑302c‑3p and miR‑520a‑3p were downregulated in
CC tissues compared with adjacent tissues (Fig. 1B and C;
***
P<0.001, **P<0.01). Pearson's linear correlation analysis
revealed that miR‑302c‑3p and miR‑520a‑3p expression levels
in adjacent normal tissues were positively correlated with
those in normal tissues (Fig. 1D and E; P=0.0051, P=0.0025).
The expression levels of miR‑302c‑3p and miR‑520a‑3p were
measured in two CC cell lines (HeLa‑S3 and C‑33A), as well
as in the immortalized cervical epithelial cell line H8. It was
found that miR‑302c‑3p and miR‑520a‑3p were both down‑
regulated in HeLa‑S3 and C‑33A cells (Fig. 1F‑G; *P<0.05,
**
P<0.01, ***P<0.001, ****P<0.0001). These results demonstrate
that the expressions of miR‑302c‑3p and miR‑520a‑3p are
downregulated in both CC tissues and cell lines.
miR‑302c‑3p and miR‑520a‑3p inhibit the proliferation
of CC. miR‑302c‑3p is reported to inhibit the growth of
hepatocellular carcinoma (20), while miR‑520a‑3p inhibits
the proliferation of non‑small cell lung cancer cells (18). To
investigate whether miR‑302c‑3p or miR‑520a‑3p is involved
in the proliferation of CC, CCK‑8 and EdU assays were
performed using cells transfected with mimics or inhibitors
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Figure 1. miR‑302c‑3p and miR‑520a‑3p are decreased in CC cell lines and clinical CC tissues. (A) Expression profile of 25 mature miRNA sequences
in CC tissues and adjacent tissues. (B and C) The relative expression levels of miR‑302c‑3p and miR‑520a‑3p in adjacent normal tissues and CC tissues.
(D and E) The relation of the expression of miR‑302c‑3p and miR‑520a‑3p between CC and tumour‑adjacent tissues displayed with correlational analyses.
(F and G) The expression of miR‑302c‑3p and miR‑520a‑3p in CC cell lines (HeLa‑S3 and C‑33A) and the normal cervical epithelial cell line H8. Compared
with H8 group. n=3; **P<0.01; ***P<0.001. CC, cervical carcinoma; miR, microRNA.

of miR‑302c‑3p and miR‑520a‑3p. The transfection efficiency
of both overexpression and knockdown of miR‑302c‑3p and
miR‑520a‑3p were verified using RT‑qPCR (Figs. 2A and S1A;
****
P<0.0001). A significant decrease in cell proliferation
was observed in both HeLa‑S3 and C‑33A cells transfected
with miR‑302c‑3p/miR‑520a‑3p mimics (Fig. 2B; *P<0.05,
**
P<0.01), whereas the cells treated with miR‑302c‑3p and
miR‑520a‑3p inhibitors had increased proliferation (Fig. S1B;
**
P<0.01) compared with the control groups (blank cells were
treated with an equivalent volume of PBS). Co‑transfection
of miR‑302c‑3p and miR‑520a‑3p mimics led to cooperative
suppression of cell proliferation, which was greater than that
of cells transfected with miR‑302c‑3p or miR‑520a‑3p alone.
Results consistent with these observations were also obtained
from the EdU staining assay (Figs. 2C and S1C; **P<0.01,
****
P<0.0001, *P<0.05). Tumour tissue growth requires the rate
of cell proliferation to exceed that of cell death; thus, the apop‑
tosis‑associated functions of miR‑302c‑3p and miR‑520a‑3p
were detected using flow cytometry. As expected, both HeLa‑S3
and C‑33A cells (Fig. 2D; **P<0.01, ****P<0.0001) transfected
with miR‑302c‑3p/miR‑520a‑3p mimics showed significant
increases in cell apoptosis, whereas the cells treated with
miR‑302c‑3p/miR‑520a‑3p inhibitor showed decreases in cell
apoptosis (Fig. S1D; **P<0.01, ****P<0.0001 vs. control). These
results demonstrated that miR‑302c‑3p and miR‑520a‑3p can
suppress the growth and promote the apoptosis of CC cells in
an independent or cooperative manner.

CXCL8 is a direct target of miR‑302c‑3p and miR‑520a‑3p. To
understand the proliferation‑suppressive role of miR‑302c‑3p
and miR‑520a‑3p, the potential target genes of miR‑302c‑3p
and miR‑520a‑3p were predicted by using miRTarBase. Among
the candidates, CXCL8 has been reported to be upregulated in
various types of carcinomas (21,22) and contributes to cancer
cell proliferation (23,24). Therefore, CXCL8 was selected for
further evaluation and RT‑qPCR demonstrated that CC tissues
had much higher CXCL8 expression than tumour‑adjacent
tissues (Fig. 3A; ****P<0.0001). Pearson's linear correlation
analysis found that CXCL8 was negatively correlated with
miR‑302c‑3p and miR‑520a‑3p (Fig. 3B; P=0.0002, P=0.0065).
Moreover, RT‑qPCR measured the relative expressions of
CXCL8 and miR‑302c‑3p/miR‑520a‑3p, which showed
that high expression of miR‑302c‑3p or miR‑520a‑3p corre‑
sponds to low expression of CXCL8 (Fig. S2A; **P<0.01).
RT‑qPCR and western blot analysis revealed that the mRNA
and protein expression levels of CXCL8 were increased in
HeLa‑S3 and C‑33A cells compared with H8 cells (Fig. 3C;
**
P<0.01, ***P<0.001). To investigate whether miR‑302c‑3p
and miR‑520a‑3p regulate CXCL8 expression in CC cells,
HeLa‑S3 and C‑33A cells were transfected with miR‑302c‑3p
and miR‑520a‑3p mimics before measurement of CXCL8
expression. CXCL8 was downregulated in response to trans‑
fection of miR‑302c‑3p and miR‑520a‑3p mimics into CC cells
(Fig. 3D and E; *P<0.05, **P<0.01). Furthermore, a luciferase
reporter assay was performed to identify the binding of CXCL8
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Figure 2. Downregulation of miR‑302c‑3p and miR‑520a‑3p increases proliferation and decreases apoptosis in CC cells. (A) Reverse transcription‑quan‑
titative polymerase chain reaction assays to detect the transfection efficiencies of miR‑302c‑3p and miR‑520a‑3p mimics, and mimic NC represents
mimic control. Compared with blank group. (B) Cell Counting Kit‑8 assays of HeLa‑S3 (left) and C‑33A (right) cell proliferation after transfection with
miR‑302c‑3p/miR‑520a‑3p mimics. (C) Changes in CC cell proliferation were also determined by EdU staining (EdU/DAPI). Decreased cell proliferation
by upregulating miR‑302c‑3p or/and miR‑520a‑3p was observed in HeLa‑S3 (top) and C‑33A (bottom) cells. Compared with mimic NC group. ‘miR‑302c‑3p
mimic’ vs. ‘miR‑302c‑3p and miR‑520a‑3p’: P<0.05 (HeLa‑S3), P<0.01 (C‑33A); ‘miR‑520a‑3p mimic’ vs. ‘miR‑302c‑3p and miR‑520a‑3p’: P<0.01 (HeLa‑S3),
P<0.001 (C‑33A). (D) The changes in apoptosis of CC cells were determined by flow cytometry. ‘miR‑302c‑3p mimic’ or ‘miR‑520a‑3p’ vs. ‘miR‑302c‑3p and
miR‑520a‑3p’: P<0.001. *P<0.05; **P<0.01; ***P<0.001. CC, cervical carcinoma; miR, microRNA.
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Figure 3. CXCL8 is a common target gene of miR‑302c‑3p and miR‑520a‑3p. (A) Expression levels of CXCL8 in tumour‑adjacent and CC tissues were detected by
reverse transcription‑quantitative polymerase chain reaction. (B) Association between expression levels of CXCL8 and miR‑302c‑3p or miR‑520a‑3p was displayed
with correlational analyses. (C) mRNA (top) and protein (bottom) expression levels of CXCL8 in CC cell lines (HeLa‑S3 and C‑33A cells) and normal cervical
epithelial cells. The mRNA (D) and protein (E) expression level of CXCL8 in HeLa‑S3 and C‑33A cells after transfection with miR‑302c‑3p/miR‑520a‑3p mimics
compared to blank cells. ‘miR‑302c‑3p mimic’ vs. ‘miR‑302c‑3p and miR‑520a‑3p’: P<0.05 (HeLa‑S3), P<0.05 (C‑33A); ‘miR‑520a‑3p mimic’ vs. ‘miR‑302c‑3p and
miR‑520a‑3p’: P<0.05 (HeLa‑S3), P<0.05 (C‑33A), the values represent the gray values of the western blotting bands. (F) Diagram of the CXCL8 3'‑UTR‑containing
reporter construct. Representative luciferase activity in 293T cells co‑transfected with wild‑type or mutated reporter plasmids and miR‑302c‑3p or miR‑520a‑3p
mimics. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. CC, cervical carcinoma; miR, microRNA; CXCL8, C‑X‑C motif ligand 8.

with miR‑302c‑3p or miR‑520a‑3p. The results revealed that
miR‑302c‑3p mimics and miR‑520a‑3p mimics inhibited the
luciferase reporter activity of the wild‑type CXCL8 3'‑UTR
construct (Fig. 3F; **P<0.01). Collectively, these data indicated
that CXCL8 is a direct common target of miR‑302c‑3p and
miR‑520a‑3p.
CXCL8 promotes the proliferation and decreases the apoptosis
of CC cells. As previously described, CXCL8 has been
reported to be involved in cell proliferation‑promoting and
apoptosis‑suppressive behaviour in cancerous cells (23,24).
To investigate whether CXCL8 is a tumour‑related cytokine
in HeLa‑S3 and C‑33A cells, the effect of CXCL8 on CC
cell proliferation was detected by the CCK‑8 assay. Briefly,

the HeLa‑S3 and C‑33A cell lines were treated with CXCL8
siRNA or negative control (NC) or with pcDNA3.1‑CXCL8
or pcDNA3.1, and then both CCK‑8 and EdU staining assays
were performed. Compared with the levels in cells treated
with si‑NC, the mRNA and protein levels of CXCL8 were
decreased in cells transfected with si‑CXCL8, whereas cells
treated with pcDNA3.1‑CXCL8 (pcDNA3.1 used as control)
showed increased expression (Fig. 4A; **P<0.01). The up‑ and
downregulation of CXCL8 correspondingly increased or
decreased the proliferation ability of HeLa‑S3 and C‑33A cells
compared with the controls (Figs. 4B and C and S3A; *P<0.05,
****
P<0.0001). To investigate whether CXCL8 can decrease CC
cell apoptosis, flow cytometry was also performed. A signifi‑
cant decrease in apoptosis was observed in both HeLa‑S3 and
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Figure 4. CXCL8 promotes proliferation and suppresses apoptosis in CC cells. (A) mRNA and protein expression levels of CXCL8 in HeLa‑S3 cells and
C‑33A cells after transfection with si‑NC and CXCL8 siRNA (si‑CXCL8), pcDNA3.1 and pcDNA3.1‑CXCL8, which were compared with si‑NC group or
pcDNA3.1 group, respectively. (B) Proliferation of HeLa‑S3 and C‑33A cells in response to transfection of CXCL8 siRNA or pcDNA3.1‑CXCL8 or negative
control plasmid. (C) EdU assay of HeLa‑S3 and C‑33A cells transfected with CXCL8 siRNA. Graph shows the proportion of EdU positive cells (EdU/DAPI).
(D) Flow cytometry was used to determine the apoptosis of HeLa‑S3 and C‑33A cells transfected with CXCL8 siRNA. CXCL8 siRNA was compared with
si‑NC. *P<0.05; **P<0.01; ***P<0.001. CC, cervical carcinoma; CXCL8, C‑X‑C motif ligand 8; si‑NC, siRNA control.

C‑33A cells transfected with pcDNA3.1‑CXCL8, whereas
the cells treated with si‑CXCL8 showed the opposite effects
(Figs. 4D and S3B; ***P<0.001, ****P<0.0001).
Downregulation of CXCL8 by miR‑302c‑3p and miR‑520a‑3p
inhibits CC cell proliferation. To confirm whether CXCL8
downregulation is the mechanism by which miR‑302c‑3p
and miR‑520a‑3p suppress proliferation and promote
apoptosis in CC cells, HeLa‑S3 and C‑33A cells were
co‑transfected with pcDNA3.1‑CXCL8 or pcDNA3.1
and miR‑302c‑3p/miR‑520a‑3p mimics. As expected,

restoration of CXCL8 partially blocked the miR‑302c‑3p and
miR‑520a‑3p‑mediated suppression of CC cell proliferation
and promotion of apoptosis (Figs. 5A and B and 6; **P<0.01,
***
P<0.001, ****P<0.0001, *P<0.05). In summary, these results
indicated that CXCL8 is a functional target of miR‑302c‑3p
and miR‑520a‑3p to suppress the proliferation of CC cells.
Discussion
To the author's best knowledge, the ability of miR‑302c‑3p
and miR‑520a‑3p to efficiently target CXCL8 and thus
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Figure 5. CXCL8 blocks the proliferation‑suppressive effects of miR‑302c‑3p and miR‑520a‑3p in CC cell lines. (A) Cell counting kit‑8 assay of HeLa‑S3
and C‑33A cells co‑transfected with miR‑302c‑3p/miR‑520a‑3p mimics and/or CXCL8 plasmid. (B) EdU assays of HeLa‑S3 (top) and C‑33A (bottom) cells
co‑transfected with miR‑302c‑3p/miR‑520a‑3p mimics or CXCL8 plasmid. Graph shows the proportion of EdU positive cells. *P<0.05; **P<0.01; ***P<0.001.
CC, cervical carcinoma; miR, microRNA; CXCL8, C‑X‑C motif ligand 8.

Figure 6. CXCL8 blocks the apoptosis‑promoting effects of miR‑302c‑3p and miR‑520a‑3p in CC cell lines. Flow cytometry shows the efficacy of
pcDNA3.1‑CXCL8 in restoring the proliferation‑promoting and apoptosis‑suppressive function in HeLa‑S3 and C‑33A cells. CXCL8 siRNA and
pcDNA3.1‑CXCL8 were compared with si‑NC and pcDNA3.1, respectively. Cells co‑transfected with miR‑302c‑3p mimic, miR‑520a‑3p mimic and
pcDNA3.1‑CXCL8 were compared with miR‑302c‑3p mimic and pcDNA3.1 as well as miR‑520a‑3p mimic and pcDNA3.1. *P<0.05; **P<0.01. CC, cervical
carcinoma; miR, microRNA; si‑NC, siRNA control; CXCL8, C‑X‑C motif ligand 8.

modulate the proliferation of CC cells has not been reported
before. Although previous studies have revealed that
miR‑302c‑3p can suppress cell proliferation in glioma (7),
renal cell carcinoma (8) and hepatocellular carcinoma (9), and
miR‑520a‑3p can suppress cell proliferation in non‑small cell

lung cancer (18), breast cancer (25) and osteosarcoma (26),
the functions of miR‑302c‑3p and miR‑520a‑3p in CC are still
unknown. In the present study, the expression of miR‑302c‑3p
and miR‑520a‑3p was measured in CC tissues and adja‑
cent tissues, which revealed that both of these miRs were
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downregulated in CC cells and tissues. Transfection of CC
cells demonstrated that miR‑302c‑3p and miR‑520a‑3p could
inhibit the proliferation and enhance the apoptosis of CC cells.
These results show that miR‑302c‑3p and miR‑520a‑3p are
important proliferation suppressors and apoptosis promoters
in CC.
CXCL8 is upregulated in a variety of solid tumours,
including gastric cancer (21), ovarian cancer (27), non‑small
cell lung cancer (28) and breast cancer (29) and is reported
to be relevant to a broad spectrum of biological behaviours
of cancer cells, such as increased proliferation (30), inva‑
sion (31) and metastasis (32). In addition, CXCL8 has also
been reported to be associated with the severity of cervical
cancer malignancy (33,34). It has been reported that inhibi‑
tion of CXCL8 is associated with inhibition of angiogenesis in
CC (35). Overexpression of CXCL8 can increase the prolifera‑
tion and survival of cancer cells through autocrine signalling
pathways: MAPK (36,37), focal adhesion kinase and sarcoma
signalling (38). Queries about the function of CXCL8 in CC,
together with the evidence of the proliferation‑promoting
activity of CXCL8 in other carcinomas, prompted further
investigation of this predicted target gene of miR‑302c‑3p
and miR‑520a‑3p. In the present study, it was found that
CXCL8 is upregulated both in CC cells and clinical CC
tissues. Knockdown of CXCL8 attenuated the proliferation
and increased the apoptosis of HeLa‑S3 and C‑33A cells.
Importantly, CXCL8 is directly targeted by miR‑302c‑3p
and miR‑520a‑3p, and the inhibition of cell proliferation
induced by miR‑302c‑3p and miR‑520a‑3p can be abrogated
by CXCL8 overexpression in CC cell lines.
The findings of the present study provide direct evidence
that the downregulation of CXCL8 induced by miR‑302c‑3p and
miR‑520a‑3p results in decreased proliferation and increased
apoptosis activity in CC cells. Specifically, it was found that
miR‑302c‑3p and miR‑520a‑3p synergistically downregulated
CXCL8. Members of the primate‑specific miRNA family,
miR‑302c‑3p and miR‑520‑3p share similar seed sequences.
Accumulating evidence has indicated that miRNAs may target
multiple genes in a coordinated way. Therefore, only a subset
of collaborating miRNAs can be identified on the basis of
miRNA expression analysis. To explore the full interaction
of miRNAs, a more efficient screening method should be
performed; however, methods for such studies are currently
unavailable. The present study was limited in several aspects,
as relevant data concerning migration, invasion and angiogen‑
esis in CC were missing. However, this can be a direction for
future work to explore the possible role of both miR‑302c‑3p
and miR‑520a‑3p in CC.
There are several limitations that are noteworthy. Firstly,
in the present study, expression of CXCL8 was lower in C33A
cells compared with that in Hela‑S3 cells. However, TCGA
data show that HPV‑positive cases, e.g., Hela cells derived from
HPV‑positive adenocarcinoma cells, have decreased expres‑
sion of CXCL8 compared to HPV‑negative cases, e.g., C‑33A
cells derived from HPV‑negative squamous cell carcinoma
cells. This discrepancy may possibly arise due to the varieties
and differences between tumor samples and cell lines in TCGA
data. Considering the discrepancy, further measurements and
analysis on the expression of CXCL8 among CC cells can form
a future study. Secondly, it has been reported that inhibition of
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CXCL8 is associated with inhibition of angiogenesis (37). In
the present study, the effect of miR‑302c‑3p and miR‑520a‑3p
on proliferation and apoptosis of CC cells was the main
focus. Although no related data concerning angiogenesis was
mentioned, this could serve as the future direction for study.
Moreover, although no relevant data concerning the migration
and invasion of CC cells is presented it is a promising direction
for future research.
The present study demonstrated that miR‑302c‑3p and
miR‑520a‑3p were downregulated in CC cell lines and clinical
CC tissues. Furthermore, the overexpression of miR‑302c‑3p
and miR‑520a‑3p suppressed CC cell proliferation and
promoted CC cell apoptosis in vitro by targeting CXCL8.
The miR‑302c/520a‑CXCL8 axis deepens the understanding
of the mechanisms underlying the proliferation of tumour
cells and may provide a potential therapeutic strategy for the
targeted treatment of CC. Furthermore, as many studies have
documented that CXCL8 is overexpressed in a large set of
diseases in advanced stages, suppressing the effects of CXCL8
may have important implications for the systemic treatment of
aggressive and metastatic diseases.
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