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Abstract. The increased proliferation and migration of
vascular smooth muscle cells (VSMCs) are critical in the
progression of atherosclerosis (AS). Platelet‑derived growth
factor type BB (PDGF‑BB) may induce VSMC proliferation
and migration. miR‑142‑5p plays a critical role in various
biological processes, including tumorigenesis, angiogenesis
and inflammation. However, whether miR‑142‑5p is involved
in regulating the pathological process of arteriosclerosis
remains to be elucidated. Therefore, in this study, the role
of miR‑142‑5p in PDGF‑BB‑induced human aortic smooth
muscle cell (HSAMC) proliferation and migration was
investigated. The results revealed that the expression level
of miR‑142‑5p was enhanced in the serum of patients with
AS, while that of its target gene, myocardin‑like protein 2
(MKL2) was decreased, compared with that in healthy
volunteers. Moreover, there was a negative correlation
between miR‑142‑5p and MKL2 expression in the serum
of patients with AS. Furthermore, the downregulation of
miR‑142‑5p inhibited PDGF‑BB‑induced HASMC proliferation and migration; however, the inhibition of HASMC
proliferation and migration was reversed by co‑transfection
with small interfering RNA (siRNA) against MKL2
(siRNA‑MKL2). In addition, transfection with miR‑142‑5p
inhibitor significantly increased the expression levels of
MKL2, and decreased those of matrix metalloproteinase
(MMP)2 and 9, and these effects were reversed by transfection with siRNA‑MKL2. Finally, MKL2 was proven
to be a target of miR‑142‑5p. On the whole, the findings
of the present study demonstrate that the downregulation
of miR‑142‑5p inhibits human aortic smooth muscle cell

Correspondence to: Dr Yuqiang Shang, Department of
Cardiothoracic Surgery, The Central Hospital of Wuhan, Tongji
Medical College, Huazhong University of Science and Technology,
26 Shengli Street, Wuhan, Hubei 430014, P.R. China
E‑mail: yuqiangshang@aliyun.com
Key words: microRNA‑142‑5p, myocardin‑like protein 2,
atherosclerosis, proliferation and migration, human aortic smooth
muscle

(HSAMC) proliferation and migration possibly by targeting
MKL2. Hence, miR‑142‑5p may prove to be a novel therapeutic target in the treatment of AS.
Introduction
Atherosclerosis (AS) is a chronic systemic disease in which
the inside of an artery narrows due to the build‑up of plaque,
particularly in the brain, heart and lower extremities (1).
Previous studies have reported that the initial step of AS is
intimal injury, followed by platelet aggression or leukocyte
invasion beneath the endothelial monolayer (2,3). When AS
becomes severe, it may result in coronary artery disease,
peripheral artery disease or kidney issues, depending on which
arteries are affected (4).
The aberrantly increased proliferation and migration
of vascular smooth muscle cells (VSMCs) are critical
in the pathogenesis and progression of AS (5,6). In addition, previous studies have suggested that the proliferation
of VSMCs can be induced or stimulated by cytokines
and growth factors (7,8), such as platelet‑derived growth
factor (PDGF). Platelet‑derived growth factor type BB
(PDGF‑BB), a subunit of PDGF, has been reported to regulate cell growth and division (9,10). In particular, PDGF‑BB
plays a critical role in initiating numerous biological effects
by activating intracellular transduction pathways that are
critical in modulating the proliferation and migration of
VSMCs (8,11). Collectively, preventing PDGF‑modulated
VSMC proliferation and migration may contribute to the
treatment of AS.
MicroRNAs (miRNAs or miRs) are a class of non‑coding,
short (22 nucleotides in length) endogenous RNAs that
post‑transcriptionally regulate gene expression by binding to
the 3'‑untranslated region (UTR) of their target genes (12,13).
miRNAs carry out critical functions in cardiovascular
systems (14‑16), including AS (17,18). Accumulating evidence
has demonstrated that miR‑142‑5p is upregulated in the
plaques of apoE‑/‑ mice with AS (19) and that the overexpression of miR‑142‑5p may induce VSMC proliferation (20).
However, the effect of miR‑142‑5p on modulating HASMC
proliferation and migration remains unclear. Therefore, this
study aimed to explore the roles of miR‑142‑5p in the regulation of HASMC physiology and to elucidate the underlying
mechanisms.
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Materials and methods
Patient studies. Serum of patients with AS was obtained from
35 patients who had been diagnosed with AS by Doppler ultrasonography (age, 41.9±7.1 years; sex, 17 males and 18 females),
and normal serum specimens were obtained from 35 healthy
volunteers (age, 42.5±6.9 years; sex, 19 males and 16 females).
All the specimens were acquired between January 2016 and
June 2017 at the Central Hospital of Wuhan, Tongji Medical
College, Huazhong University of Science and Technology.
The present study was approved by the Ethics Committee
of the Central Hospital of Wuhan, Tongji Medical College,
Huazhong University of Science and Technology and prior
informed consent was obtained from the patients with AS and
the healthy volunteers.
Cells and cell culture. The human artery vascular smooth
muscle cell line, HASMC (BeNa Culture Collection), was
purchased and incubated in DMEM (Thermo Fisher Scientific,
Inc.), supplemented with 10% FBS and 1% penicillin/streptomycin (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a
humidified atmosphere with 5% CO2 for 24 h.
Cell transfection. Cells were seeded in 96‑wells with a
density of 1x104 cells/well containing 25 ng/ml of PDGF‑BB
(HEGFP‑1601; Cyagen) and cultured for 24 h to reach
60% confluence. Subsequently, the expression levels of
miR‑142‑5p before and after the addition of PDGF‑BB
were detected accordingly. The cells were then transfected
with either 50 nM miR‑142‑5p inhibitor (5'‑CACAAGGUA
GAAAGCACUACU‑3') or NC (5'‑GUGUAACACGUCUAU
ACGCCCA‑3'; Biomics Biotechnologies Co. Ltd.) using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) as per the manufacturer's instructions. In
order to confirm the transfection efficiency of miR‑142‑5p,
the cells were divided into 3 groups as follows: i) The control
group, which were untransfected cells; ii) the NC group, in
which cells were transfected with NC (miR‑142‑5p inhibitor
negative control); iii) the inhibitor group, in which cells were
transfected with miR‑142‑5p inhibitor. After transfection,
the transfected cells were incubated for 24 h prior to further
experimentation.
In addition, in order to confirm the transfection
efficiency of myocardin like 2 (MKL2), the cells were
divided into 3 groups as follows: i) The control group,
which were untransfected cells; ii) the small interfering
RNA (siRNA) group, in which cells were transfected with
negative control siRNA; iii) the siRNA‑MKL2 group, in
which cells were transfected with siRNA against MKL2.
Briefly, the cells were seeded in 96‑wells at a density of
1x10 4 cells/well and grown for 24 h to reach 60% confluence.
The cells were then transfected with either 20 µM siRNA
or MKL2 siRNA using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.,) as per the manufacturer's
instructions. After transfection, the transfected cells
were incubated for 24 h prior to further experimentation.
siRNA‑MLK2 and negative control siRNA were designed
and purchased from Shanghai GenePharma Co., Ltd. The
sequences were as follows: Negative control siRNA forward,
5'‑CGCCCTCATCAG T GCATACAA‑3' and reverse,

5'‑CATAGCAAAGAAAGACTTAAA‑3'; siRNA‑MKL2
for wa rd, 5'‑CGCCATCATCGATGACTACAA‑3' and
reverse, 5'‑CTACGAGCAGATCAAGATAAA‑3'.
Cell proliferation measured by CCK‑8 assay. A CCK‑8 assay
was conducted to measure HASMC proliferation, according
to the manufacturer's protocol. Briefly, the cells were seeded
into 96‑well plates at a density of 2x103 cells/well. The
cells were then incubated at 37˚C in serum‑free DMEM
containing 25 ng/ml of PDGF‑BB (HEGFP‑1601; Cyagen)
for 24 h following transfection. Subsequently, 10 µl CCK‑8
solution (Dojindo Molecular Technologies, Inc.) was added
to each well followed by incubation for a further 4 h at room
temperature and the absorbance was measured at 450 nm
using Multiscan FC Microplate Photometer (Thermo Fisher
Scientific, Inc.).
Cell migration measured by wound scratch assay. The
HASMCs were seeded into a 12‑well plate at a density of
1x103 cells/well. The cells were then incubated at 37˚C in
serum‑free DMEM containing the 25 ng/ml of PDGF‑BB
(HEGFP‑1601; Cyagen) for 24 h following transfection. A
straight scratch wound was then created using a sterilized
10‑µl pipette in each well. Following 24 h of incubation at
37˚C in a humidified atmosphere with 5% CO2, the wound was
visualized and photographed under an inverted microscope at
x200 magnification (BDS500 Trinocular; SCOPE).
Cell migration measured by Transwell migration assay.
A total of 200 µl transfected cells were resuspended in
serum‑free DMEM medium and placed in the upper compartment of 8‑µm pore size Transwell chambers without Matrigel
(Costar Inc.), while the lower chamber was supplemented
with serum‑free DMEM containing 5 ng/ml of PDGF‑BB.
Following incubation for 24 h at 37˚C, 5% CO2, non‑migrated
HASMCs in the upper compartment were removed using
cotton swabs, while the migrated cells were stained with
0.1% crystal violet (Sigma‑Aldrich; Merck KGaA) for 30 min
at room temperature. The cells on the bottom side of the
membrane were calculated under a microscope (SZX7‑1063;
Olympus Corporation) in order to confirm the number of
migrated cells.
Reverse transcription‑quantitative PCR (RT‑qPCR). Total
RNA was extracted from the serum of patients with AS and
the healthy volunteers or the cells using TRIzol® reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) according to
the manufacturer's instructions. Subsequently, the RNA
was reversed transcribed into cDNA using the TaqMan
MicroRNA Reverse Transcription kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.) or TaqMan Gene Expression
Assay (Applied Biosystems; Thermo Fisher Scientific, Inc.),
respectively as per the manufacturer's instructions. The
cDNA was used to template with the SYBR‑Green PCR
Master Mix kit (Applied Biosystems; Life Technologies)
on the CFX96 Real‑Time RCR (Bio‑Rad) according to
the manufacturer's instructions. The PCR reactions were
described as follows: An initial denaturation at 95˚C for
5 min; 40 thermal cycles of denaturation at 95˚C for 30 sec,
annealing at 56˚C for 30 sec and extension at 72˚C for 30 sec;
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Figure 1. miR‑142‑5p expression is upregulated, while MKL2 expression is downregulated in the serum of patients with AS. (A) The expression level of
miR‑142‑5p in the serum of 35 patients with AS and 35 healthy volunteers. (B) The mRNA expression level of MKL2 in the serum of 35 patients with AS and
35 healthy volunteers. (C) Results of correlation analysis between the expression of miR‑142‑5p and the expression of MKL2 in patients with AS. (D) The
protein expression level of MKL2 in the patients with AS. (E) The quantified protein expression levels of MKL2 in patients with AS. **P<0.01, AS vs. control
group. Control, the serum of 35 healthy volunteers; AS, the serum of 35 patients with AS; AS, atherosclerosis; MKL2, myocardin‑like protein 2; GAPDH,
glyceraldehyde 3‑phosphate dehydrogenase.

final extension at 60˚C for 5 min. For relative quantification,
the levels of individual gene mRNA transcripts were normalized to GAPDH, while the expression level of miR‑142‑5p
was normalized to U6. The expression levels of relative
genes were calculated using the 2 ‑∆∆Cq method (21). All
the experiments were conducted at least in triplicate. The
following primers were used: miR‑142‑5p forward, 5'‑AAC
TCCAGCTGGTCCTTAG‑3' and reverse, 5'‑TCTTGAACC
CTCATCCTG T‑3'; U6 forward, 5'‑CTCGCT  T CG  G CA
GAC‑3' and reverse, 5'‑AACGCT TACGAATTT‑3'; MKL2
forward, 5'‑AGATCAGAAGGGT GAGAAGAATG‑3' and
reverse, 5'‑GGATGGT CT G GTAGT T GTAGT G ‑3'; matrix
metalloproteinase (MMP)2 forward, 5'‑TGTGTTCTTTGC
AGG GAATGAAT‑3' and reverse, 5'‑TGTCTTCTT GTT
TTTG CTCCAGTTA‑3'; MMP9 forward, 5'‑CCTCTGGAG
GTTCGACGTGA‑3' and reverse, 5'‑TAGG CTT TCTCT
CGGTACT GGA A‑3'; GAPDH forward, 5'‑ACTC CAC TC
ACG G CAAAT T C‑3' and reverse, 5'‑TCTCCATGGT GG
TGAAGACA‑3'.
Western blot analysis. Total proteins were lysed with RIPA
lysis buffer (Beyotime Institute of Biotechnology) supplemented with a protease inhibitor cocktail (K1010; Apexbio)
as per the manufacturer's instructions. The concentration of
proteins was measured using a bicinchoninic acid assay kit
(Thermo Fisher Scientific, Inc.). The proteins (20 µg/lane)
were separated by 10% SDS‑PAGE (cat. no. LC26755;
Invitrogen; Thermo Fisher Scientific, Inc.) and transferred
onto polyvinylidene fluoride membranes (cat. no. abs932;
Absin). The membranes were blocked with Tris‑buffered
saline (TBS; cat. no. SIG‑32380‑500; Kanglang) containing

5% non‑fat milk at 37˚C for 2 h. After blocking, the proteins
were probed with the following primary antibodies overnight
at 4˚C: Rabbit anti‑MKL2 (cat. no. ab191496; 1:1,000), rabbit
anti‑MMP2 (cat. no. ab37150; 1:1,000), rabbit anti‑MMP9
(cat. no. ab38898; 1:1,000) and rabbit anti‑GAPDH
(cat. no. ab9485; 1:2,500) (all from Abcam). Subsequently,
the blots were washed with Tris‑buffered saline/Tween‑20
(TBST; T1081‑500; Salarbio) three times and incubated
with the secondary antibody IgG H&L (cat. no. ab6940;
1:1,000; Abcam) at 37˚C for 1 h. After washing, the signals
were detected using chemiluminescence HRP Substrate
(Clontech), imaged using a GE ImageQuant Las 4000
mini phosphorimager (GE Healthcare Life Sciences) and
presented as the density ratio vs. GAPDH. The quantification was performed using ImageJ software version 1.41
(National Institutes of Health). All the procedures above
were conducted in triplicate.
L u cifera se reporter a ss a y. Usi ng t he on l i ne tool
TargetScan, MKL2 was considered to be a putative
target gene of miR‑142‑5p. In order to confirm the
targeted association between miR‑142‑5p and MKL2,
a dual‑luciferase reporter assay was performed accordingly. In brief, the MKL2 mRNA 3'‑UTR containing the
putative or mutated binding sites for miR‑142‑5p were
amplified by PCR and cloned into the pMIR‑REPORT
Luciferase (BR031; Fenghbio). The HASMC cell line
(BeNa Culture Collection) was co‑transfected with
20 µM miR‑142‑5p mimics or NC using Lipofectamine ®
2000 reagent (Invitrogen; Thermo Fisher Scientific,
Inc.,). Luciferase activities were determined at 48 h using
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Figure 2. Transfection efficiency of miR‑142‑5p and MKL2. (A) The expression level of miR‑142‑5p before and after treatment with PDGF‑BB. **P<0.01,
PDGF‑BB vs. before group. (B) The relative expression level of miR‑142‑5p following transfection with miR‑142‑5p inhibitor. (C) The relative mRNA expression level of MKL2 following transfection with siRNA against MKL2 (siRNA‑MKL2). (D) The relative protein expression of MKL2 following transfection
with siRNA‑MKL2. (E) The protein/GAPDH expression levels of MKL2 following transfection with siRNA‑MKL2 are presented. **P<0.01, siRNA‑MKL2
vs. siRNA group. Before, cells before treatment with PDGF‑BB; PDGF‑BB, cells treated with PDGF‑BB; Control, untreated cells; NC, miR‑142‑5p inhibitor
negative control‑transfected cells; inhibitor, miR‑142‑5p inhibitor‑transfected cells; siRNA, cells transfected with siRNA; siRNA‑MKL2, cells transfected with
siRNA‑MKL2; PDGF‑BB, platelet‑derived growth factor type BB; MKL2, myocardin‑like protein 2; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.

the Dual‑luciferase Reporter Gene Assay kit (Promega
Corp.). Luciferase activity was compared to Renilla
luciferase activity as per the manufacturer's protocol.
The miR‑NC (5'‑GUGUAACACGUCUAUACGCCCA‑3')
and miR‑142‑5p mimic (5'‑CAUAAAGUAGAAAGCA
CUAC U‑3') were designed and synthesized by Biomics
Biotechnologies Co. Ltd.
Statistical analysis. SPSS version 17.0 software (SPSS,
Inc.) was used to analyze the data. The data are presented
as the mean ± SD in the present study. Pearson's correlation
analysis was performed to evaluate the correlation between
miR‑142‑5p and MKL2. The Student's t‑test is applied to
distinguish differences between 2 groups, while one‑way
analysis of variance (ANOVA) followed by Newman‑Keuls
test was used to analyze the data among ≥3 groups. P<0.05
was considered to indicate a statistically significant
difference.
Results

Figure 3. Downregulation of miR‑142‑5p inhibits PDGF‑BB‑induced HASMC
proliferation. The viability of HASMCs in different groups was measured.
*
P<0.05, **P<0.01, inhibitor vs. NC group and inhibitor + siRNA‑MKL2 vs.
inhibitor group. Control, untransfected cells; NC, miR‑142‑5p inhibitor negative control‑transfected cells; inhibitor, miR‑142‑5p inhibitor‑transfected
cells; siRNA‑MKL2, cells were transfected with siRNA‑MKL2; PDGF‑BB,
platelet‑derived growth factor type BB; HASMC, human aortic smooth
muscle cell; MKL2, myocardin‑like protein 2.

miR‑142‑5p is upregulated in the serum of patients with
AS. As demonstrated in Fig. 1A, the expression level of
miR‑142‑5p was significantly upregulated in the serum of
patients with AS, compared to that of the healthy volunteers
(P<0.01).

volunteers (P<0.01). Moreover, the MKL2 protein expression results shown in Fig. 1D and E presented a similar
trend of variation (P<0.01) as the mRNA results.

MKL2 is downregulated in the serum of patients with AS.
As demonstrated in Fig. 1B, the mRNA expression level
of MKL2 was prominently downregulated in the serum
of patients with AS, in contrast with the serum of healthy

MKL2 expression is negatively regulated by miR‑142‑5p. As
demonstrated in Fig. 1C, the expression of miR‑142‑5p negatively correlated with the expression level of MKL2 in the
serum of patients with AS (r=‑0.505; P=0.002).
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Figure 4. Downregulation of miR‑142‑5p inhibits PDGF‑BB‑induced HASMC migration measured by wound scratch assay. (A) Wound scratch assay (magnification, x200). (B) The quantified result of (A) is presented. **P<0.01, inhibitor vs. NC group and inhibitor + siRNA‑MKL2 vs. inhibitor group. Control,
untransfected cells; NC, miR‑142‑5p inhibitor negative control‑transfected cells; inhibitor, miR‑142‑5p inhibitor‑transfected cells; siRNA‑MKL2, cells were
transfected with siRNA‑MKL2; PDGF‑BB, platelet‑derived growth factor type BB; HASMC, human aortic smooth muscle cell; MKL2, myocardin‑like
protein 2.

Transfection efficiency of miR‑142‑5p and MKL2. Following
treatment with PDGF‑BB, the expression level of miR‑142‑5p
was determined. As demonstrated in Fig. 2A, the expression
level of miR‑142‑5p significantly increased following treatment
with PDGF‑BB (P<0.01). Following transfection, the transfection
efficiency of miR‑142‑5p and MKL2 was measured, respectively.
As shown in Fig. 2B, the expression level of miR‑142‑5p markedly
decreased in the inhibitor group, as compared with the NC group
(P<0.01), while there was no variation between the NC and control
group. As demonstrated in Fig. 2C, the mRNA expression level
of MKL2 markedly decreased in the siRNA‑MKL2 group, as
compared with the siRNA group (P<0.01), whereas there was no
variation between the siRNA and control group. Moreover, the
MKL2 protein expression results shown in Fig. 2D and E presented
a similar trend of variation as the mRNA results (P<0.01).
Downregulation of miR‑142‑5p inhibits PDGF‑BB‑induced
HASMC proliferation. As demonstrated in Fig. 3, the downregulation of miR‑142‑5p significantly inhibited HASMC
proliferation compared with the NC group (P<0.01). However,

the decreased cell viability induced by transfection with
miR‑142‑5p inhibitor was partly reversed by co‑transfection
with siRNA‑MKL2 (P<0.05).
Downregulation of miR‑142‑5P inhibits the migration
of HASMCs following treatment with PDGF‑BB. The
wound scratch results shown in Fig. 4 demonstrated that
the downregulation of miR‑142‑5p prominently inhibited
PDGF‑BB‑induced HASMC migration in contrast with the
NC group (P<0.01). However, the suppressed cell migratory
ability induced by transfection with miR‑142‑5p was partly
reversed by co‑transfection with siRNA‑MKL2 (P<0.01).
Similar results were obtained in the Transwell migration assay
(P<0.01; Fig. 5).
Effect of miR‑142‑5p on the expression levels of MKL2,
MMP2 and MMP9. As demonstrated in Fig. 6A‑C, as the
expression level of miR‑142‑5p was decreased, the mRNA
expression level of MKL2 was increased, while the mRNA
expression levels of MMP2 and MMP9 were significantly
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Figure 5. Downregulation of miR‑142‑5p inhibits PDGF‑BB‑induced HASMC migration measured by Transwell migration assay. (A) Transwell migration assay
(scale bar, 100 μm). (B) The quantified result of (A) is presented. **P<0.01, inhibitor vs. NC group and inhibitor + siRNA‑MKL2 vs. inhibitor group. Control, untransfected cells; NC, miR‑142‑5p inhibitor negative control‑transfected cells; inhibitor, miR‑142‑5p inhibitor‑transfected cells; siRNA‑MKL2, cells were transfected
with siRNA‑MKL2; PDGF‑BB, platelet‑derived growth factor type BB; HASMC, human aortic smooth muscle cell; MKL2, myocardin‑like protein 2.

decreased (P<0.01), compared with the NC group. However,
these effects were partly reversed by co‑transfection with
siRNA‑MKL2 (MLK2 and MMP2, P<0.01; MMP9, P<0.05).
Furthermore, the protein expression results shown in
Fig. 6D and E presented a similar trend of variation as well
(P<0.01).
MKL2 is a target gene of miR‑142‑5p. The putative seed sequences
for miR‑142‑5p at the 3'‑UTR of MKL2 are presented in Fig. 7A.
As demonstrated in Fig. 7B, transfection with miR‑142‑5p mimics
significantly decreased the luciferase activity in the WT group,
compared with the results in the NC group (P<0.01). However,
there was no significant difference observed in the mutant groups.

Discussion
miRNAs haven been reported to play critical roles in cardiovascular diseases, including AS (22,23). Moreover, the
dysregulation of miRNAs may regulate the proliferation and
migration of VSMCs (24,25), which may lead to the development
of AS through different stimuli (26,27). miR‑142‑5p is a member
of the miR‑142 family, playing a critical role in regulating
tumorigenesis (28,29) and immune diseases (30). A previous
study demonstrated that miR‑142‑5p was prominently increased
in the plaques of apoE‑/‑ mice with AS (19). Consistent with the
findings of this previous study, in the present study, miR‑142‑5p
was significantly upregulated in the serum of patients with AS
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Figure 6. Effect of miR‑142‑5p on the mRNA and protein expression levels of MKL2, MMP2 and MMP9. (A) The relative mRNA expression level of MKL2.
(B) The relative mRNA expression level of MMP2. (C) The relative expression level of MMP9. (D) Western blot analysis was employed to measure the protein
expression levels of MKK2, MMP2 and MMP9. The quantified result of (E) is presented. *P<0.05, inhibitor + siRNA‑MKL2 vs. inhibitor group; **P<0.01,
inhibitor vs. NC group and inhibitor + siRNA‑MKL2 vs. inhibitor group. Control, untransfected cells; NC, miR‑142‑5p inhibitor negative control‑transfected
cells; inhibitor, miR‑142‑5p inhibitor‑transfected cells; siRNA‑MKL2, cells were transfected with siRNA‑MKL2; MKL2, myocardin‑like protein 2; MMP2,
matrix metalloproteinase‑2; MMP9, matrix metalloproteinase‑9; GAPDH, glyceraldehyde 3‑phosphate dehydrogenase.

Figure 7. MKL2 is identified as a target of miR‑142‑5p. (A) Target sequences
of miR‑142‑5p in 3'‑UTR of the wild‑type and mutant MKL2. (B) A
dual‑luciferase reporter assay was employed to determine whether MKL2
was a target of miR‑142‑5p. **P<0.01, inhibitor vs. NC group. UTR, untranslated region; WT, wild‑type; MKL2, myocardin‑like protein 2.

compared with that of healthy volunteers, as determined by
RT‑qPCR. To further investigate the detailed role of miR‑142‑5p
in HASMCs in AS, CCK‑8, Transwell migration and wound
scratch assays were conducted to examine cell proliferation and
migration, respectively. According to the results, the downregulation of miR‑142‑5p was demonstrated to inhibit the proliferation
and migration of PDGF‑BB‑treated HASMCs, which was consistent with the findings of previous study by Kee et al (20), who
demonstrated that miR‑142‑5p promoted VSMC proliferation by
targeting B cell translocation gene 3 (BTG3).

As is known, miRNAs negatively regulate the expression
of their target genes. After confirming that MKL2 is a likely
target gene of miR‑142‑5p by a dual‑luciferase reporter assay,
correlation analysis further demonstrated that miR‑142‑5p
negatively regulated MKL2 in AS. MKL2 acts as co‑activator,
controlling genes of relevance for myogenic differentiation and
motile function (31), carrying out critical functions in regulating cell proliferation and migration (32,33). Furthermore,
another study revealed that MKL2 functioned as a pro‑migratory gene in VSMCs (34). In the present study, MKL2 was
found to be underexpressed in the serum of patients with AS
compared with that of healthy volunteers, which was consistent with the findings of a previous study (35). In addition, via
gain‑of‑function and loss‑of‑function approaches, transfection
with miR‑142‑5p inhibitor significantly increased the mRNA
and protein expression level of MKL2 in HASMCs; however,
transfection with MKL2‑siRNA resulted in a decreased
MKL2 expression. Moreover, the inhibition of HASMC
proliferation and migration induced by transfection with
miR‑142‑5p inhibitor was partly reversed by co‑transfection
with MKL2‑siRNA. Collectively, the results of this study
suggested that the downregulation of miR‑142‑5p participated
in the inhibition of HASMC proliferation and migration,
which is, at least in part, dependent on targeting MKL2.
MMP2 and MMP9 are crucial enzymes of the MMP
family members involved in extracellular matrix remodeling
and cell migration (36). Moreover, MMP2 and MMP9 expression levels in VSMCs have been reported to be associated with
AS (37‑39) by regulating the proliferation and migration of
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VSMCs (40,41), indicating a pathogenic role for MMP2 and
MMP9 in regulating the progression of AS. Furthermore,
previous studies have demonstrated that the downregulation of
MMP2 and MMP9 inhibit cell migration (42‑44). Consistent
with previous studies, in the present study, the suppression of
MMP2 and MMP9 by transfection with miR‑142‑5p inhibitor
contributed to the decreased migration of HASMCs.
In conclusion, this study found that miR‑142‑5p expression was markedly upregulated in the serum of patients with
AS. Moreover, the downregulation of miR‑142‑5p may inhibit
HASMC proliferation and migration partly by targeting MKL2.
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