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Abstract
Cisplatin-based chemotherapy is commonly used for cervical cancer treatment. However, the development of chemoresistance is
considered the main obstacle to the effectiveness of this therapeutic agent. MicroRNAs are illustrated to play a major role in the
regulation of cancer cell chemosensitivity. Therefore, this study was aimed to investigate the potential therapeutic role of
miRNA-143 in combination with cisplatin on cervical cancer cells. Then, CaSki cell line with low expression levels of
miRNA-143 was selected for functional experiments. The cells were treated with miRNA-143 and cisplatin individually or in
combination. The cell viability and apoptosis induction were evaluated by MTT, Annexin V-FITC/PI, and DAPI staining tests.
Cell migration was further evaluated by wound healing assay. The effect of miRNA-143 and cisplatin combination on gene
expression was quantified by real-time PCR. Furthermore, the combination therapy effect on cell cycle progression and autoph-
agy induction was also evaluated by flow cytometry. Our results showed that miRNA-143 overexpression could increase
cisplatin-induced apoptosis and increase the sensitivity of CaSki cells to low doses of this chemotherapeutic agent via modulating
the expression of apoptosis-related genes including Bcl-2, Bax, and caspase-9. Besides, miRNA-143 and cisplatin were dem-
onstrated to cooperatively increase the cell cycle arrest at the sub-G1 and G2-M phases, induce autophagy activation, and via
downregulation of vimentin inhibit CaSki cell migration. Moreover, c-Myc as an important regulator of cell growth was
downregulated in treatment groups compared to the control. In conclusion, regarding that miRNA-143 could sensitize cervical
cancer cells to cisplatin, it may be considered a promising therapeutic strategy for the treatment of this malignancy.
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Introduction

Cervical cancer, as a gynecological malignancy, is one of the
most fatal carcinomas and the fourth most common cancer
with an estimated 570,000 new cases in 2018 among women,
worldwide [1]. In countries with lower socioeconomic status,
due to the unavailability of extensive screening, cervical can-
cer is the main leading cause of cancer-related death in

women. To date, despite the advances in the early diagnosis
of cervical cancer, including screening procedures based on
the Papanicolaou test (Pap test) [2, 3] and improvement of
therapeutic strategies, the prognosis of advanced-stage cervi-
cal cancer remains poor [4]. According to numerous findings,
the major reasons leading to treatment failure and deaths re-
lated to cervical cancer are metastasis, invasion, and develop-
ment of drug resistance, which are intimately related to tumor
progression [5]. Therefore, identifying novel molecular mech-
anisms that are involved in metastasis and chemo-
responsiveness of cervical cancer could be helpful for the
development of new treatment strategies.

Cisplatin or CDDP as a major anticancer chemotherapy
drug is extensively used in the treatment of solid malignancies
containing cervical, ovarian, bladder, head and neck, colorec-
tal, and lung cancers. Basically, in the platinum-based drugs,
covalent binding with DNA purine bases through forming
intrastrand and interstrand DNA adducts inhibits DNA
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replication and transcription which in turn causes cell cycle
arrest and apoptosis [6]. Conversely, it should be considered
that cisplatin chemotherapy has some adverse side effects,
including hepatotoxicity, nephrotoxicity, and neurotoxicity.
Additionally, intrinsic resistance to cisplatin develops in ad-
vanced stages of cervical cancer which is considered the main
obstacle in the treatment of this malignancy with cisplatin [4].
However, recent evidence has confirmed that the combination
with other molecular agents could enhance anticancer activity
and reduce side effects of chemotherapeutic drugs including
cisplatin [7–10].

Recent studies have increased attention to the function of
microRNAs (miRNAs) in various aspects of carcinogenesis
[11–14]. miRNAs, as the highly conserved small noncoding
RNAs with ~21–25 nucleotides length post-transcriptionally,
regulate gene expression mostly through binding to 3’UTR of
target mRNAs [15–18], leading to repression of translation or
their destruction [19–21]. Also, miRNAs have been demon-
strated to play critical roles in the regulation of fundamental
biological processes [22, 23], including cell apoptosis, prolif-
eration, migration, invasion, and so forth [1, 16].
Dysregulation of miRNAs was revealed to be associated with
the development of several human malignancies, including
cervical cancer, particularly through regulating the
chemosensitivity of tumor cells [1, 24]. Considering their tar-
gets and consequent effects, miRNAs may act as tumor sup-
pressors or oncogenes, which indicates their considerable po-
tential as therapeutic targets in human cancers. Restoring the
expression of a downregulated tumor suppressor miRNA to
reinstate its normal function is one of the miRNA-based ther-
apeutic methods [25]. This strategy, known as miRNA re-
placement therapy, which was shown to be effective in reduc-
ing the side effects and improvement of chemotherapeutic
efficiency [19], is suggested as a promising approach for the
development of cancer therapeutic procedures [1, 24].
Compared to conventional methods, miRNA replacement
therapy possesses great advantages, including high efficiency,
specificity, and cost-effectivity [26].

Accumulating evidence has demonstrated that miRNA-
143, as a promising tumor suppressor, is involved in the de-
velopment of various malignancies, including cervical cancer
[16, 27–29]. miRNA-143 is one of the best-characterized
short regulatory noncoding RNAs [30] located on human
chromosome 5 [31], which is downregulated in a wide range
of human cancers, including colorectal, prostate, ovarian, and
cervical cancers [27, 32]. In particular, the downregulation of
miRNA-143 was shown to be correlated with tumor size and
lymph node metastasis of cervical cancer [33]. Furthermore, it
has been established that miRNA-143 is downregulated in
cervical cancer cells, including HeLa and SiHa cell lines,
and its overexpression could suppress cervical cancer progres-
sion and inhibit cell migration and invasion [16]. Besides,
miRNA-143 was shown to participate in chemosensitivity of

multiple malignancies, including colorectal [34], gastric [35],
and bladder [36] cancers. However, the potential roles of
miRNA-143 in the chemosensitivity of cervical cancer cells
have not yet been investigated.

Therefore, in this study, we evaluated the effects of
miRNA-143 combined with cisplatin on cervical cancer cells.
The obtained results showed that exogenous overexpression
of miRNA-143 could increase the chemosensitivity of cervi-
cal cancer cells and enhanced cisplatin-induced apoptosis by
modulating the expression of Bax, Bcl-2, and caspase-9 as
apoptosis-related genes. Furthermore, miRNA-143 and cis-
platin cooperatively induced cell cycle arrest, reduced c-Myc
expression, and inhibited cell migration via downregulation of
vimentin, indicating that miRNA-143 and cisplatin combina-
tion could be regarded as a novel promising therapeutic strat-
egy for cervical cancer treatment.

Materials and Methods

Cell Culture

HeLa and CaSki human cervical cancer cell lines were pur-
chased from the National Cell Bank of Iran (Pasteur Institute,
Tehran, Iran) and Iranian Biological Resource Center (IBRC)
and cultivated in RPMI medium (Gibco, USA) supplement
with FBS (10%, Gibco), antibiotics containing streptomycin
(100 μg/mL), and penicillin (100 IU/mL). Cultivation was
performed in an incubator providing 5% CO2 and humidity.
The detachment of cells was done using 0.25% Trypsin-
EDTA (Gibco) which was then deactivated by the complete
medium containing 10% FBS as the trypsin inhibitor. The
cells were subcultured, as they reached 70% confluence. The
cell lines were initially passaged three times to reach sharp
cellular morphology and consistent cell performance (log
phase), and then they were subjected to experiments.

miRNA Transfection

The CaSki cell line, because of the lower expression level of
miRNA-143, was selected for consequent experiments.
miRNA-143 mimics (GenePharma Co, Shanghai) were
transfected into cervical cells (1 × 106 cells/500 μl electropo-
ration buffer in a 0.2-cm cuvette) in different amounts of 10,
20, and 40 pmol using Gene Pulser electroporation system
(Bio-Rad), according to the protocols supplied (TC =
12.5 ms and Volts = 160 v), and afterward a total of 2 × 105

of the transfected cells were seeded into six-well plates. After
48 hours of cultivation, miRNA-143 cytotoxic effect was
evaluated using MTT assay as explained in the following sec-
tions to verify the optimum concentration of miRNA-143 for
the following experiments. The cells transfected with miR-
control were considered negative control. Furthermore, as
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explained above, the cells were also transfected with the opti-
mum dose of miRNA-143 and FITC-conjugated control
miRNA (GenePharma Co, Shanghai) and then subjected to
qRT-PCR and MACSQuant Analyzer 10 flow cytometry
(Miltenyi Biotec, Germany) assays, respectively, to evaluate
miRNA-143 expression levels and transfection efficiency.

Extraction of RNA and qRT-PCR

Total RNA was extracted by GeneAll Trizol RNA extraction
kit (Korea) according to supplied procedures. Once extracted,
RNA purity and concentration were measured by absorbance
at 260 nm and 280 nm wavelengths using the NanoDrop
spectrophotometer (Thermo Fisher Scientific Life Sciences,
USA). Also, total RNA was electrophoresed on 1% agarose
gel to evaluate its integrity. To quantify miRNA-143 expres-
sion, 1 μg of extracted RNA was utilized for complementary
DNA (cDNA) synthesis by the Universal cDNA Synthesis
miRCURYLNATMkit. Moreover, to estimate the expression
levels of target genes, cDNA synthesis was performed using
RT Master Mix (Takara PrimeScript). Then expression levels
of Bcl-2, Bax, caspase-9, vimentin, c-Myc, and miRNA-143
were determined using a BioFACT™ 2X Real-Time PCR
Master Mix (Korea) in the StepOnePlus Real-Time PCR
System (Applied Biosystems, USA). GAPDH and U6 were
used as the internal controls to normalize the expression of
target genes and miRNA-143, respectively [37, 38]. In
Table 1, the sequences of the oligonucleotides are shown.

MTT Assay

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay was employed to determine the cell

viability and the half-maximal inhibitory concentration
(IC50) of cisplatin. Briefly, 1.2 × 104 of CaSki cells were
cultured in 96-well plates and treated with different doses of
cisplatin ranging from 0.01 to 10 μg/mL. After 24 hours of
incubation, the cells were incubated with 2 mg/ml MTT solu-
tion (50 μl) for 4 hours. To solubilize MTT formazan crystals,
the medium was aspirated and dimethyl sulfoxide (100 μL)
was added. Then, after a half-hour incubation, using a micro-
plate reader (Tecan, Switzerland), the absorbance of each well
was measured at 570-nm wavelength. To evaluate whether
miRNA-143 sensitizes CaSki cells to cisplatin treatment,
MTT assay was also used. Then, the cells were first
transfected with miRNA-143 and cultivated for 24 hours.
Then, they were treated with various doses of cisplatin (0.01
to 10 μg/mL) and, after a further 24 hours of cultivation, were
subjected to MTT assay. All experiments were carried out in
triplicates. The obtained IC50 in the combination group (0.21
μg/ml) was considered the cisplatin treatment concentration
for subsequent assessments. Cell viability was calculated by
the following formula:

%viable cells ¼ absorbancesample−absorbanceblank media
� �

absorbancecontrol−absorbanceblank mediað Þ � 100

Wound Healing (Scratch) Assay

To investigate the inhibition of cell migration through miRNA-
143 and cisplatin combination, wound healing (scratch) assay
was performed. CaSki cells were transfected with miRNA-143
mimics and 2 × 105 of transfected cells were seeded into each
well of 24-well plates and incubated. After 24 hours, the cells
were treated with cisplatin. Subsequently, cellular monolayers

Table 1 List of oligonucleotide
sequences Gene Forward and reverse Primer sequences

Caspase-9 Forward 5 -GCAGGCTCTGGATCTCGGC -3

Reverse 5 -GCTGCTTGCCTGTTAGTTCGC -3

Bcl-2 Forward 5 -CTGTGGATGACTGAGTACCTG-3

Reverse 5 -GAGACAGCCAGGAGAAATCA-3

Bax Forward 5′-GACTCCCCCCGAGAGGTCTT-3′

Reverse 5′-ACAGGGCCTTGAGCACCAGTT-3′

Vimentin Forward 5 -AATCGTGTGGGATGCTACCT-3

Reverse 5 -CAGGCAAAGCAGGAGTCCA-3

c-Myc Forward 5 -AGGCTCTCCTTGCAGCTGCT-3

Reverse 5 -AAGTTCTCCTCCTCGTCGCA-3

GAPDH Forward 5 -CAAGATCATCAGCAATGCCT-3

Reverse 5 -GCCATCACGCCACAGTTTCC-3

U6 Forward 5 -CTTCGGCAGCACATATACTAAAATTGG-3

Reverse 5 -TCATCCTTGCGCAGGGG-3

Hsa miRNA-143 Target sequence 5 -GGUGCAGUGCUGCAUCUCUGGU-3
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were scratched with a sterile yellow pipette tip from the center
of cultured cells. Using an inverted microscope (Optika, XDS-
3, Italy), the migrated cells to the wound area were followed at
0, 12, 24, and 48 hours after scratching.

Apoptosis Assay

For the evaluation of the apoptosis induction, CaSki cells were
transfected with miRNA-143 mimics and seeded into 6-well
plates at a density of 2 × 105 cells per well. After 24 hours of
incubation, the cells were treated with cisplatin. Negative con-
trols were cells without treatment and transfection. After de-
tachment with trypsin/EDTA, the cells were harvested and the
rate of apoptosis was evaluated using Annexin V/PI staining
kit (Exbio, Czech) according to supplied protocols.

Also, to further explore apoptosis induction in treatment
groups, based on nuclear fragmentation and chromatin con-
densation, DAPI staining was employed. In brief, following
seeding into 96-well plates and treatments, CaSki cells were
fixed with 4% paraformaldehyde at 37 °C for 1 hour and
washed with PBS buffer several times. Subsequently, the cells
were permeablized with 0.01% Triton X-100 for 10 minutes
and then washed again with PBS. The cells were stained with
DAPI solution (Sigma-Aldrich, MO) in the dark for 10 mi-
nutes, and ultimately cell morphology was visualized using
Cytation 5 (DAPI channel, BioTek).

Cell Cycle Assay

miRNA-143 and cisplatin combination effect on cell cycle pro-
gression was also followed by flow cytometry. Given that,
CaSki cells were transfected with miRNA-143 mimics and cul-
tured in 6-well plates (at a density of 2.5 × 105 cells/well) for 24
hours and then treated with cisplatin. After a further 24 hours of
cultivation, the cells were harvested and fixedwith 70% ethanol
at 4 °C overnight. Then, the cells were suspended with 500 μl
of cold PBS containing 10 μg/ml propidium iodide (Sigma-
Aldrich, Germany) and 1 mg/ml RNase A and incubated for
30 minutes in a dark place at room temperature. Finally, cell
cycle status was evaluated by flow cytometry and analyzed
with FlowJo software (version 7.6, TreeStar Inc., USA).

Autophagy

To investigate the autophagy activation in treatment groups,
MDC (monodansylcadaverine) stainingwas performed.MDC
staining is a quick and convenient method to evaluate autoph-
agy in vitro. MDC because of the dansyl residue conjugated to
cadaverine is considered an autofluorescent compound emit-
ting blue fluorescence that accumulates in acidic autophagic
vacuoles. Accumulation of MDC in autophagic vacuoles is
the consequence of ion trapping mechanism and specific in-
teractions with membrane lipids which are rich in autophagic

vacuoles [39, 40]. Then, CaSki cells were transfected with
miRNA-143 and seeded into 6-well plates (2 × 105 cells/well)
and, after 24 hours, treated with cisplatin and incubated. After
24 hours of incubation, the cells were washed with PBS and
then stained with the MDC (50 μM). After 10 minutes of
incubation, the cells were washed with PBS again, detached
by trypsin, and harvested. Consequently, the samples were
instantly analyzed by flow cytometry.

Statistical Analysis

All statistical analyses were performed by GraphPad Prism
version 6.0 (San Diego, CA). Flow cytometry data analysis
was performed using FlowJo software. All values were pre-
sented as means ± standard deviation. To determine the sta-
tistical significance of intergroup differences, the T-test and
one-way ANOVA test were used. p value < 0.05 was consid-
ered statistically significant.

Results

miRNA-143 Expression in Cervical Cell Lines

Initially, the expression levels of miRNA-143 were investigat-
ed in two cervical cell lines, including HeLa and CaSki cells.
QRT-PCR results (Fig. 1) revealed that the expression level of
miRNA-143 in CaSki cells was significantly (p < 0.05) lower
than that of HeLa cell line, suggesting that the malignant fea-
tures of CaSki cells may be more influenced by miRNA-143
expression. So, to better follow miRNA-143 restoration ef-
fects, CaSki cell line was chosen for the next experiments.

Fig. 1 miRNA-143 expression levels were evaluated in HeLa and CaSki
cervical cancer cell lines compared to each other. The results were
represented as the mean ± SD (n = 3). *p < 0.05
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miRNA-143 Was Transfected Efficiently into CaSki
Cells

After the transfection of CaSki cells with selected doses of
miRNA-143, we evaluated the optimum amount of miRNA
for further transfections using MTT assay. Consequently, in
comparison with the control, the considerably higher cytotox-
ic effect of miRNA-143 on CaSki cells was observed at 20
pmol (p < 0.0001) compared to 10 pmol (nonsignificant) and
40 pmol (p < 0.01). Then, 20 pmol of miRNA-143 was se-
lected as its effective amount for further experiments. There
was no significant difference between the viability of control
cells and cells transfected with miR-control (Fig. 2a).

Moreover, we used flow cytometry and qRT-PCR to
evaluate the transfection efficiency and expression levels
of miRNA-143. By using flow cytometry (Fig. 2b), the

transfection rate of FITC-conjugated control miRNAs into
CaSki cells was estimated at 99.9%. Also, as shown in
Fig. 2c, qRT-PCR confirmed flow cytometry results and
showed increased expression levels of miRNA-143 in
CaSki cells after transfection (p < 0.0001). Hereinafter,
the optimal amount of miRNA-143 for transfection in all
subsequent experiments was determined to be 20 pmol.

miRNA-143 Sensitized CaSki Cells to Cisplatin

To evaluate cell viability and cisplatin inhibitory concen-
trations, MTT assay was performed. CaSki cells were
treated with a range of 0.01 to 10 μg/mL of cisplatin,
which led to a constant decrease in the CaSki cell viabil-
ity. 5.02 μg/mL concentration, which diminished cell vi-
ability to 50% compared to the control group, was

Fig. 2 miRNA-143 transfection into CaSki cell line. a Evaluation of the
optimum dose of miRNA-143 by MTT assay. The dose of 20 pmol
compared to 10 and 40 pmol had a higher cytotoxic effect on CaSki
cells, so selected for further transfections; *p < 0.05 and ***p < 0.001.
b The efficiency of miRNA-143 transfection was evaluated by flow

cytometry. The transfection ratio was estimated at 99.9%. c miRNA-
143 expression levels after transfection were assessed using qRT-PCR,
which indicated its significant upregulation compared to control; ****p <
0.0001. Data are presented as the mean ± SD of triplicated experiments
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considered as IC50 of cisplatin. To investigate whether
miRNA-143 transfection in combination with cisplatin,
affects the viability of CaSki cells, MTT assay was also
employed. As shown in Fig. 3, our results indicated that
restoration of miRNA-143 could considerably (p<0.05)
decrease IC50 of cisplatin from 5.02 μg/mL in the sepa-
rately treated cells to 0.21 μg/mL in the combination
group.

miRNA-143 and Cisplatin Combination Effect on Cell
Apoptosis

To determine if miRNA-143 and cisplatin combination affects
apoptosis induction, we used V-FITC/PI assay and DAPI
staining. The obtained results established that miRNA-143
transfection and cisplatin treatment were separately able to
significantly (p < 0.0001) induce apoptosis in CaSki cells.
However, as depicted in Fig. 4, combination therapy increased
cell apoptosis rate more effectively (p < 0.0001) compared to
miRNA-143 and cisplatin treatment alone.

Furthermore, to investigate underlying mechanisms, we
used real-time PCR and examined the expression levels of
apoptosis modulators. Our results (Fig. 5) showed that Bax
and caspase-9 as pro-apoptotic genes were upregulated in
miRNA-143-transfected (p < 0.001 and p < 0.0001, respec-
tively) and cisplatin-treated cells (p < 0.0001 and p < 0.0001,
respectively) in comparison with the untreated-untransfected
group. The upregulation of these genes in the combination
group was significantly (p < 0.0001) higher than that of sep-
arately treated cells. Also, the Bcl-2 expression levels as a pro-
survival gene were downregulated in treatment groups com-
pared to the control (p < 0.0001). However, the lowest levels
of Bcl-2 were observed through combination therapy com-
pared to miRNA-143 transfection (p < 0.001) or cisplatin
treatment (p < 0.0001) alone.

Combination of miRNA-143 and Cisplatin Inhibited
CaSki Cell Migration

Wound healing assay was used to investigate miRNA-143
and cisplatin combination effect on cell migration.
According to Fig. 6a–b, the obtained results demonstrated a
significant reduction in the migration of miR-143-transfected
cells compared to control cells. Also, cisplatin treatment was
separately able to decrease CaSki cell migration rate. Results
also indicated that 48 hours after wound creation, combination
therapy shows a lower rate of migration compared to CaSki
cells separately transfected with miRNA-143 (p < 0.01) or
treated with cisplatin (p < 0.0001).

Moreover, to verify wound healing assay results, we
assessed the vimentin expression levels as a metastasis-
related gene and the direct target of miRNA-143. According
to Fig. 6c, the expression levels of vimentin was downregu-
lated in cells individually treated with miRNA-143 (p <
0.0001) or cisplatin (p < 0.0001) compared to the untreated
group. Besides, the combination therapy could decrease
vimentin expression more effectively than separate treatment
with miRNA-143 (p < 0.01) and cisplatin (p < 0.0001).

Combination of miRNA-143 Regulates CaSki Cell Cycle
Progression

Flow cytometry analysis was also employed to investigate the
effects of miRNA-143 and cisplatin combination on cell cycle
progression. Our results established that, compared to
untreated-untransfected cells as negative controls, miRNA-
143 upregulation arrested CaSki cells at the sub-G1 and G2-
M phases. miRNA-143 increased the sub-G1 phase arrested
cell percentage from 1.81 to 5.50% (p < 0.05) and G2-M
phase cell population from 15.4 to 20.2% (p < 0.05). Also,
treatment with cisplatin led to an increase in the population of
sub-G1-phase cells by 1.81 to 9.78% (p < 0.05) and G2-M

Fig. 3 MTT assay was used to
evaluate the half-maximal
inhibitory concentration of
cisplatin, separately or in
combination with miRNA-143, in
CaSki cells; *p < 0.05. The results
are presented as the mean ± SD of
experiments (n = 3)
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phase cells by 15.4 to 19.6% (p < 0.05) compared to controls.
However, miRNA-143 in combination with cisplatin in-
creased the percentage of sub-G1 and G2-M phase arrested
cells from 1.81 to 18.3% (p < 0.05) and 15.4 to 27.1% (p <
0.05), respectively (Fig. 7a and b).

To further investigate how miRNA-143 and cisplatin com-
bination affects CaSki cell growth and proliferation, c-Myc
expression levels, as the direct target of miRNA-143 and an

important transcription factor regulating cell growth and pro-
liferation, were evaluated. As demonstrated in Fig. 7c,
miRNA-143 and cisplatin cooperatively (p < 0.0001) down-
regulated the expression of c-Myc in treatment groups com-
pared to the controls. The expression levels of c-Myc were
significantly lower in the combination group compared to
cells separately transfected with miRNA-143 (p < 0.05) or
treated with cisplatin (p < 0.001).

Fig. 4 The effects of miRNA-143 and cisplatin combination on CaSki
cell apoptosis. a The apoptosis induction in different treatment groups
was evaluated via V-FITC/PI assay. b The ratio of apoptotic cells was
calculated. The results showed that miRNA-143 could increase cisplatin-

induced apoptosis. The results were signified as the mean ± SD
(triplicated); ****p < 0.0001. c Chromatin fragmentation was followed
by DAPI staining, which confirmed the apoptosis results achieved by
flow cytometry
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miRNA-143 and Cisplatin Combination Effect on
Autophagy

We also used flow cytometry to detect the cells labeled with
MDC and subsequently investigate the autophagy induction.
As shown in Fig. 8a and b, the autophagy positive cell

percentage (MDC POS) in miRNA-143-transfected and
cisplatin-treated groups was significantly (p < 0.05 and p <
0.0001, respectively) increased to 3.52% and 9.19% com-
pared to control (1.60%). Furthermore, combination therapy
enhanced (p < 0.0001) the percentage of MDC POS cells to
15.1% in comparison with control. Thus, these results

Fig. 5 The mRNA expression levels of apoptosis-related genes were evaluated via qRT-PCR. miRNA-143 and cisplatin cooperatively upregulated Bax
and caspase-9 expression and reduced the Bcl-2 levels. The data were signified as the mean ± SD (n = 3); ***p < 0.001 and ****p < 0.0001

Fig. 6 The combined effect ofmiRNA-143 and cisplatin on the inhibition
of CaSki cell migration. a To investigate cell migration in treatment
groups, a scratch assay was performed. b A graph presenting the
number of cells migrated to wound area in treatment groups. c Analysis

of vimentin gene expression levels via qRT-PCR. Each reaction was done
in triplicate and the data were shown as the mean ± SD; **p < 0.01 and
****p < 0.0001
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illustrated that miRNA-143 in combination with cisplatin
could increase autophagy induction in CaSki cells compared
to individually treated cells and control.

Discussion

One of the major concerns related to cancer is finding an
effective treatment method. Subsequently, several types of
treatment strategies have been suggested for cancer therapy,
including chemotherapy as a common therapeutic strategy.
Cisplatin, a platinum-based drug, is a major clinical chemo-
therapeutic agent used for cervical cancer. Despite tremen-
dous efforts in cisplatin-based treatment, drug resistance is a
major obstacle related to this therapeutic strategy [41].
Therefore, one of the critical points in the improvement of
cervical cancer treatment is finding the molecular pathways
or effectors that regulate the chemosensitivity of tumor cells
[38]. Recent studies have explained the imperative functions
of miRNAs in the regulation of genes involved in multiple
biological processes, including drug resistance and respon-
siveness. miRNAs based on their expression patterns and tar-
get mRNAs are divided into two groups: the downregulated

miRNAs in tumor cells, known as tumor suppressor miRNAs,
and upregulated miRNAs, identified as oncomiRs [42]. It is
broadly reported that the expression of miRNAs is dysregu-
lated through malignancies, which is considered one of the
main reasons for tumorigenesis, indicating the great potential
of miRNAs as novel diagnostic, prognostic, and therapeutic
targets. As previously reported, microRNA-143 as an anti-
metastatic tumor suppressor miRNA is downregulated in cer-
vical cancer and plays a remarkable role in the
chemoresistance of multiple malignancies. Its downregulation
was correlated with HPV16 infection, tumor size, and lymph
node metastasis in cervical cancer patients [33]. Restoring
miRNA-143 expression was also shown to promote apoptosis
and inhibit tumor progression in cervical cancer cells via di-
rectly targeting Bcl-2 [27]. Furthermore, overexpression of
miRNA-143 in gastric cancer cells was reported to inhibit cell
proliferation and sensitize these cells to cisplatin-induced ap-
optosis [43]. Also, miRNA-143 was illustrated to be down-
regulated in the human bladder cancer tissues and cells, and its
overexpression inhibited cell proliferation and enhanced the
chemosensitivity of bladder cancer cells to gemcitabine [36],
indicating that miRNA-143 plays an important role in drug
responsiveness of malignant cells. However, the miRNA-143

Fig. 7 a The combined effect of miRNA-143 and cisplatin on the cell
cycle was investigated by flow cytometry. The results showed that
miRNA-143 and cisplatin cooperatively arrested the cell cycle at the
sub-G1 and G2-M phases through treatments. b A graph representing

cell cycle status in treatment groups. c c-Myc gene expression levels
were evaluated using qRT-PCR in treatment groups. The data were
signified as the mean ± SD (n = 3); *p < 0.05, ***p < 0.001, and
****p < 0.0001
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effect on cervical cancer cell sensitivity to chemotherapy has
not yet been investigated. Given that, in this study, the effect
of miRNA-143 transfection in combination with cisplatin was
examined.

According toMTT assay, our results indicated that miRNA-
143 could increase the chemosensitivity of CaSki cells to cis-
platin treatment. In other words, miRNA-143 and cisplatin
combination decreased CaSki cell viability and proliferation
more than cisplatin treatment alone. Consistently, miRNA-
143 was previously reported to play a significant role in the
regulation of cell survival and proliferation. It was established
that miRNA-143 could inhibit cell proliferation and reduce cell
survival rates in breast [44] and lung cancers [45] by targeting
ERBB3 and ATG2B, respectively. Besides, miR-143 overex-
pression could downregulate HIF-1α expression levels and
reduce the proliferation of HeLa cervical cancer cells [46].
More importantly, miRNA-143 was illustrated to diminish
CRC cell survival and proliferation and sensitized these cells
to 5-FU treatment as well [47]. Further analysis demonstrated

that miRNA-143 could enhance cisplatin-induced apoptosis
and by which increase the cisplatin cytotoxic effect on cervical
cancer cells. To illustrate the underlying mechanism, we also
evaluated the expression levels of genes involved in the apo-
ptosis pathways. Bcl-2 gene family, including Bcl-2 as an anti-
apoptotic regulator protein, and Bax as a pro-apoptotic regula-
tor, and also caspase-9 as the initiator caspase of the intrinsic
apoptosis pathway can modulate cell death through various
mechanisms [48]. Our results showed that the overexpression
of miRNA-143 separately or in combination with cisplatin
could downregulate the expression of Bcl-2, as its previously
validated direct target, and increase Bax and caspase-9 expres-
sion levels. Consistently, previous studies have illustrated that
caspase-9 overexpression could lead to its activation and apo-
ptosis induction in HeLa cells [49]. Zhang and colleagues also
previously identified Bcl-2 as the direct target of miRNA-143
and demonstrated that restoration of this miRNA decreased
cell viability, promoted cell apoptosis, and suppressed tumor-
igenesis in osteosarcoma via targeting Bcl-2 [50]. Moreover,

Fig. 8 The combined effect of miRNA-143 and cisplatin on autophagy
induction in CaSki cells. a Percentage of MDC positive cells was
represented by flow cytometry analysis, showing that autophagy
induction was increased through miRNA-143 and cisplatin combination

compared to control and separate treatments. b Graph of autophagy
induction rates in treatment groups. The data were presented as the
mean ± SD of triplicated experiments; *p < 0.05, ****p < 0.0001
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the expression levels of Bcl-2 were shown to be negatively
correlated with miRNA-143 levels in HeLa cells, revealing a
molecular linkage between miRNA-143 and Bcl-2, as one of
the mechanisms by which the downregulation of miRNA-143
may be involved in the pathogenesis of cervical cancer [32].
As mentioned, in agreement with our results, miRNA-143 via
targeting Bcl-2 was also demonstrated to increase the sensitiv-
ity of gastric cancer and bladder cancer cells to cisplatin and
gemcitabine, respectively [36, 43]. Shen et al. suggested that
miRNA-143 possesses a great therapeutic potential in leuke-
mia and could induce apoptosis and inhibit cell proliferation
through the regulation of Bcl-2 and caspase-9 [51].
Furthermore, Zhang et al.’s studies on human epithelial can-
cers confirmed that miRNA-143 could induce apoptosis and
inhibit tumor cell growth through the upregulation of Bax pro-
tein levels [52]. Therefore, it could be concluded that miRNA-
143 could induce apoptosis and increase the chemosensitivity
of cervical cancer cells via modulating major regulators of
apoptosis pathways.

Furthermore, the results of scratch assay confirmed the re-
markable reduction in the migration ability of CaSki cells
through the combination of miRNA-143 and cisplatin com-
pared to separate treatments. These results confirmed the con-
nection between miRNA-143 expression level and the anti-
migratory effect of cisplatin on cervical cancer cells.
Consequently, we measured the expression levels of vimentin
as a metastasis promoter in treatment groups to additionally
investigate themechanism bywhichmiRNA-143may function
as an anti-metastasis agent in cervical cancer. Our data showed
that vimentin was downregulated through the treatment of cells
with miRNA-143 and cisplatin, separately or in combination.
Vimentin as a member of cytoskeletal proteins and the mesen-
chymal intermediate filament is involved in cellular pathways
regulating chemoresistance and metastasis. Consequently, it
was shown that the expression of vimentin in chemoresistant
pancreatic cancer cell lines was remarkably higher than that of
drug-sensitive cell lines, suggesting its potential role in cancer
cell drug resistance [53]. Its overexpression was also shown to
be involved in the epithelial-mesenchymal transition (EMT)
process which leads to tumorigenic events, including cell mi-
gration and invasion [54]. Furthermore, it was demonstrated
that vimentin is overexpressed in cervical cancer tissues and
its upregulation was correlated with lymph node metastasis
and lymphatic invasion [55]. In agreement with this study,
miRNA-143 was also demonstrated to inhibit cell migration
by reduction of vimentin expression in breast adenocarcinoma
cells as well [26].

Recent studies have demonstrated that miRNAs, including
miR-143, play an imperative role in the regulation of cell cycle
progression in cancer cells [56, 57]. It was shown that
miRNA-143 could directly target CDK6 and regulate cell cy-
cle progression through modulating the expression of cyclin
D1, p-Rb, p21Cip1, and p27Kip1 in nasopharyngeal carcinoma

cells [58]. Given that, to determine the antigrowth function of
miRNA-143 and cisplatin combination in cervical cancer, we
also investigated cell cycle status in treatment groups.
According to achieved results, we illustrated that miRNA-
143 alone or in combination with cisplatin led to cell cycle
arrest at the sub-G1 and G2-M phases, suggesting that
miRNA-143 could inhibit CaSki cell proliferation through
induction of cell cycle arrest at these phases. Consistent with
our results, Liu et al. found that miRNA-143 mimics could
also decrease cell proliferation and induce the G0/G1 cell
cycle arrest in HepG2 cells via targeting TLR2 [59]. Also,
Peng Zhou et al. demonstrated an inhibitory effect of
miRNA-143 on cell proliferation by cell cycle arrest at the
G1/S transition in PC-3 human prostate cancer cells [60]. It
was also established that miRNA-143 upregulation signifi-
cantly decreased the proliferation rate of human gastric epi-
thelium cells; indeed, miRNA-143 was illustrated to modulate
cisplatin resistance of gastric cancer cells via targeting Bcl-2
and IGF1R signaling pathway as the well-characterized path-
way in cell proliferation [43]. Guoping et al. also confirmed
that exogenous overexpression of miRNA-143 in gastric can-
cer cells could inhibit cell proliferation and induce cell cycle
arrest at the G0/G1 phase [61].

Moreover, the antigrowth function of miRNA-143 was
investigated through the evaluation of c-Myc expression
levels in treatment groups. c-Myc as a promoter of cell
proliferation and inhibitor of cell differentiation is one of
the commonly activated oncogenes involved in 20% of all
human cancers [62]. QRT-PCR results showed the signif-
icant downregulation of c-Myc expression in cells treated
with miRNA-143 and cisplatin alone; however, in combi-
nation therapy, the lowest expression of c-Myc was ob-
served. In confirmation of our results, Zhu et al. performed
a study about the contribution of epidermal growth factor
receptors (EGFR) to tumorigenesis of colon cancer in vivo
and in vitro. Their results illustrated that the transfection of
miRNA-143 inhibited HCT116 cell growth via the down-
regulation of Myc as its direct target [63]. Furthermore,
forced expression of miR-143 was reported to suppress c-
Myc expression and inhibit in vivo development of small
intestine tumors in ApcMin/+ mice [64].

Autophagy as an evolutionarily conserved catabolic pro-
cess occurs in different cancers depends on tumor type.
However, its function in cancer cells is not well determined
and its relationship with miRNAs and anticancer therapy re-
sistance is moderately complicated [65]. Autophagy as a
caspase-independent cell death mechanism is suggested one
of the important regulators involved in sensitizing cells to
chemotherapy agents in certain cancers. Therefore,
autophagy-dependent cell death could potentially enhance
the efficiency of chemotherapy treatment in cancer cells
[66]. So, we investigated the function of miRNA-143 in com-
bination with cisplatin, in the induction of autophagy in CaSki
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cells. Our results also showed that miRNA-143 in combina-
tion with cisplatin could increase autophagy induction com-
pared to the control, indicating that miRNA-143 functions in
the regulation of autophagy in cervical cancer cells.

Conclusions

In summary, as depicted in Fig. 9, our results showed that
restoration of miRNA-143 expression could induce apo-
ptosis and increase the sensitivity of CaSki cells to cisplat-
in treatment via modulating the expression of apoptosis-
related genes, including caspase-9, Bax, and Bcl-2.
Besides, miRNA-143 and cisplatin were demonstrated to
cooperatively increase the cell cycle arrest at the sub-G1
and G2-M phases. Furthermore, miRNA-143 combined
with cisplatin inhibited the migration of CaSki cells via
the downregulation of vimentin. Moreover, the expression
levels c-Myc, as an important regulator of cell cycle and
growth, was also reduced in treatment groups compared to
the control, indicating the potential antiproliferative role of
miRNA-143 in cervical cancer. Therefore, our findings
suggested that miRNA-143 and cisplatin combination as
a promising therapeutic strategy for the effective treatment
of cervical cancer, demanding additional studies, including
in vivo studies and clinical trials to further clarify underly-
ing mechanisms and verify the value of this combination
therapy as a potential therapeutic strategy.
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