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miR-125a-5p and miR-7 inhibits the proliferation, migration and
invasion of vascular smooth muscle cell by targeting EGFR
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Abstract. The ectopic proliferation, migration and inva-
sion of vascular smooth muscle cells (VSMCs) contributes
to the progression of various human vascular diseases.
Accumulating evidence has demonstrated that microRNAs
(miRs) exert vital functions in the proliferation and invasion
of VSMCs. The current study aimed to elucidate the func-
tions of miR-125a-5p and miR-7 in VSMCs and investigate
the associated molecular mechanisms. The results of EAU
and reverse transcription-quantitative PCR assays revealed
that platelet-derived growth factor (PDGF)-BB enhanced
the proliferation of VSMCs and significantly reduced the
expression of miR-125a-5p and miR-7. miR-125a-5p or miR-7
overexpression significantly ameliorated PDGF-BB-induced
proliferation, migration and invasion of VSMCs. Furthermore,
the results demonstrated that epidermal growth factor receptor
(EGFR) may be a target mRNA of miR-125a-5p and miR-7
in VSMCs. The results of western blot analysis indicated that
co-transfection of miR-125a-5p mimics or miR-7 mimics
distinctly decreased the protein expression of EGFR in
EGFR-overexpressed VSMCs. Moreover, rescue experiments
indicated that EGFR overexpression alleviated the suppressive
impact of the miR-125a-5p and miR-7 s on the growth, migra-
tion and invasion of VSMCs. In conclusion, the current study
identified that miR-125a-5p and miR-7 repressed the growth,
migration and invasion of PDGF-BB-stimulated VSMCs by, at
least partially, targeting EGFR. The current study verified that
miR-125a-5p and miR-7 may be used as feasible therapeutic
targets for cardiovascular diseases.
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Introduction

As a major constituent of the vascular system, vascular smooth
muscle cells (VSMCs) crucially influence the processes of
sustaining vascular structure and blood pressure (1,2). The
ectopic proliferation and migration of VSMCs have been
demonstrated to be implicated in the development of various
cardiovascular diseases, including pulmonary artery hyper-
tension, vein graft failure and atherosclerosis (3,4). Under
normal circumstances, VSMCs remain in a non-proliferative
and non-migrating states (5). However, the proliferation and
migration of VSMCs can be markedly elevated in the pres-
ence of extracellular factors, including basic fibroblast growth
factor, tumor necrosis factor-a and platelet-derived growth
factor (PDGF)-BB (6,7). Of these, PDGF-BB, a well-known
potent mitogen, contributes effectively to increase VSMC
proliferation and migration (8). Investigating the associated
regulatory mechanisms underlying VSMC proliferation
may be useful for the prevention of cardiovascular diseases.
Inhibition of HSFI-FAM3A-ATP signaling pathway in VSMC
can alleviate Ang II (angiotensin II)-induced constriction and
vascular remodeling, hypertension, and cardiac hypertrophy
in mice, thus HSF1 inhibitors may be used to treat hyperten-
sion (9). Dysfunction of VSMCs is crucial in the pathogenesis
of proliferative cardiovascular diseases, and knockdown of
miR-146a could significantly inhibit the proliferative and
migratory properties of VSMCs in vitro via regulating NF-xB
expression (10). VSMCs lose differentiation markers and gain
uncontrolled proliferative activity during the early stages of
atherosclerosis, and in response to vascular injury or altera-
tions in local environmental cues, differentiated/contractile
VSMCs are capable of switching to a dedifferentiated pheno-
type characterized by increased proliferation, migration and
extracellular matrix synthesis together with decreased expres-
sion of contractile markers (11).

MicroRNAs (miRNAs or miRs) are small non-coding
RNAs that regulate genes by binding to the 3'-untranslated
regions (3'-UTRs) of target mRNA (9). Accumulating
research has indicated that miRNAs exert pivotal effects in
the development and occurrence of vascular diseases (12). For
instance, miR-24 was reported to attenuate vascular remod-
eling in high-glucose (HG)-induced VSMCs by inhibiting
their proliferation and migration (13). miR-19 was identified
to serve protective effects against myocardial infarction (14).
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Additionally, miR-130a was demonstrated to modulate the
proliferation and migration of VSMCs in various vascular
tissues (15). The results of these previous studies revealed
that miRNAs are crucial regulators of vascular function
maintenance. Recently, miR-125a-5p has been demonstrated
to be implicated in the progression of multiple regulatory
processes, including VSMCs proliferation (16). miR-125b
is involved in vascular calcification in vitro and in vivo by,
at least partly, targeting SP7 (17). miR-125a-5p is highly
expressed in VSMCs and inhibits the PDGF-BB pathway
by targeting E26 transformation-specific (ETS)-1 and is,
therefore, a potential regulator of the phenotypic switch
of VSMCs (16). It has been reported that miR-7 is closely
correlated with biological processes (18). miR-7 was reported
to regulate autophagy and the ubiquitin-proteasome system
in human muscle cells. Low levels of miR-7 promoted
both processes and high levels of miR-7 repressed them.
Furthermore, miR-7 was demonstrated to inhibit tumor
metastasis and reverse epithelial-mesenchymal transition
through protein kinase/extracellular signal-regulated kinase
(ERK)1/2 inactivation by targeting epidermal growth factor
receptor (EGFR) in epithelial ovarian cancer (18). However,
the possible roles of miR-125a-5p and miR-7 in VSMCs
growth and migration remain to be elucidated.

EGFR, a member of ErbB receptor family, is extensively
distributed in human tissues (15). EGFR overexpression is
associated with diverse solid tumors, including ovarian cancer
and colorectal cancer (19). EGFR has been demonstrated to
activate the ERK pathway, which manages cellular processes,
such as cell growth and differentiation (20). More importantly,
EGFR has been indicated to influence the proliferation and
migration of VSMCs (21). However, it is unclear whether
EGFR is affected by miR-125a-5p and miR-7 in VSMCs.

The current study investigated the functional role of
miR-125a-5p or miR-7 on cell growth, migration and inva-
sion in VSMCs treated by PDGF-BB. The present study
hypothesized that miR-125a-5p and miR-7 were involved in
the proliferation and migration of VSMCs by targeting EGFR.
Therefore, the current study aimed to establish the functional
roles of miR-125a-5p and miR-7 on the proliferation of VSMCs
through EGFR.

Materials and methods

Cell culture and treatment. VSMCs, which were derived from
the thoracic aortas of rats, were obtained from American
Type Culture Collection. VSMCs were cultured in DMEM
(Gibco; Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 5% CO,
and 37°C. VSMCs were then incubated at 37°C with PDGF-BB
(Sigma-Aldrich; Merck KGaA) at various concentrations (0, 5,
10, 20 and 40 ng/ml) for 24 h prior to subsequent experiments.

miR-125a-5p mimics (5'-UCCCUGAGACCCUUUAAC
CUGUGA-3'), miR-125a-5p inhibitors (5-UGCCAGUCUCUA
GGUCCCUGAGAC-3"), miR-7 mimics (5'-UGGAAGACU
AGUGAUUUUGUUGU-3"), miR-7 inhibitors (5'-UUGGAU
GUUGGCCUAGUUCUGUGU-3"), NC mimics (5-UGAACA
GUGUUACGUACGAUACC-3"), NC inhibitor (5'-GGUUCG
UACGUACACUGUUCA-3"), pcDNA-EGFR and pcDNA3.1
empty vectors were commercially synthesized by Shanghai

GenePharma Co., Ltd. Cell transfections were conducted
using Lipofectamine® 2000 reagent (Beyotime Institute of
Biotechnology), according to the manufacturer's protocol.
The concentration of miR-125a-5p mimics was 50 nM, and
the concentration of miR-125a-5p inhibitor was 100 nM. At
48 h post-transfection, cells were incubated at 37°C with
20 ng/ml PDGF-BB for another 24 h prior to subsequent
experiments (22,23).

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA from VSMCs was collected using TRIzol® reagent
(Thermo Fisher Scientific, Inc.) and subjected to TagMan
one-step reverse transcription (Applied Biosystems; Thermo
Fisher Scientific, Inc.). RT-qPCR was conducted on an ABI
Prism 7500 (Applied Biosystems; Thermo Fisher Scientific,
Inc.), according to the manufacture's protocol. The rela-
tive expressions of miRNAs were quantified using 2-44¢
method (24). U6 was used as the control. The sequences for
the primers used are as follows: miRNA-125a-5p forward,
5'-GCTCCCTGAGACCCT-3' and reverse, 5-GAGCAGGCT
GGAGAA-3'; miR-7 forward, 5-CTGTTACTATGGTAG
CGACACTG-3' and reverse, 5'-CACACTGGAGGATTACAT
TCCC-3"; U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and
reverse, 5S'-"AACGCTTCACGAATTTGCGT-3'". The reaction
conditions were 94 °C for 3 min, 94°C for 45 sec, 57°C for
45 sec and 72°C for 45 sec for 30 cycles, and final extension at
72°C for 10 min.

Cell counting kit-8 (CCK-8) and EdU assays. Cell growth
was analyzed using CCK-8 and EdU assays. VSMCs (seeding
density, 2x10%) were maintained in 96-well plates for 24
and 48 h at 37°C in a CO, incubator. A total of 10 ul CCK-8
(Beyotime Institute of Biotechnology) was added and VSMCs
were incubated at 37°C for 4 h. Absorbance was analyzed at
450 nm using a microplate reader (Bio-Rad Laboratories, Inc.).

For the EdU assays, VSMCs (seeding density, 2x10%)
were grown in 96-well plates at 37°C for 24 h. Cells were
then incubated with 50 yM EdU at 37°C for 2 h and fixed
with 4% formaldehyde at room temperature for 30 min. The
nuclei were counterstained for 15 min at room temperature
with 100 ng/ml DAPI. EdU-positive cells were observed using
a fluorescence microscope (magnification, x200; Olympus
Corporation). EdU-positive cells were quantified by Imagel
software version 4.3 (National Institutes of Health).

Wound healing assay. VSMCs (seeding density, 5x10%) were
grown in 6-well plates up to 100% confluence and scratched
by a sterile 200 ul pipette tip. Cells were then washed with
serum-free medium three times and cultured for 24 h at 37°C.
Images were obtained using an optical microscope (magnifica-
tion, x100; BX-51; Olympus Corporation).

Transwell assay. Transwell assays were used to determine the
migratory and invasive capacity of VSMCs. For the migration
assays, cells (seeding density, 5x10%) were suspended in 200 ul
serum-free DMEM and placed into the upper chamber of the
Transwell inserts (8 ym pore size; Corning, Inc.). A total of
600 ul DMEM supplemented with 20% FBS was added to the
lower chamber of the Transwell. The cells were incubated for
24 hat 37°C.
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For the invasion assays, the upper chamber of the Transwell
was pre-coated with Matrigel (BD Biosciences) for 60 min at
37°C prior to the assay. Cells (seeding density, 5x10%) were
suspended in 200 ul serum-free DMEM and placed into
the upper chamber of the Transwell inserts (8 ym pore size;
Corning, Inc.). At 24 h post-incubation, non-migrating cells
were removed using a cotton swab. Cells that migrated into
the lower chamber of the Transwell were fixed in 5% glutaral-
dehyde for 30 min at 4°C and stained with 0.1% crystal violet
for 10 min at room temperature. A total of six nonoverlapping
visual fields were randomly selected for cell counting, and
images were captured using a light microscope (magnifica-
tion, x100).

Luciferase reporter assay. Luciferase reporter assay were
performed as previously described (19). TargetScan (Www.
targetscan.org/vert_72/) was used to investigate the putative
target genes of miR-125a-5p and miR-7. Luciferase reporter
assays were used to research the association between EGFR
and miR-125a-5p or miR-7 in VSMCs. Wild- and mutant-type
EGFR vectors (EGFR-WT or EGFR-MUT) were synthesized
by Shanghai GenePharma Co., Ltd. and cloned into luciferase
genes (Shanghai GenePharma, Co., Ltd.). VSMCs (5x10%)
were plated in 24-well plates for 24 h at 37°C, followed
by transfection with EGFR-WT or EGFR-MUT vectors
and miR-125a-5p mimics, miR-125a-5p inhibitors, miR-7
mimics, miR-7 inhibitors or NCs using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). At 48 h
post-transfection, luciferase activity was measured using a
Dual Luciferase reporter assay (Promega Corporation) and
normalized to Renilla luciferase.

Western blotting. Total protein was extracted from VSMCs
using RIPA lysis buffer (Bio-Rad Laboratories, Inc.) and
protein concentration was measured with a BCA kit (Beyotime
Institute of Biotechnology). Protein (20 pg) was isolated using
10% SDS-PAGE gels and transferred to PVDF membranes.
The membranes were blocked for 1 h at room temperature
in Tris Buffer Saline Tween supplemented with 0.5% Tween
and 5% skimmed milk. Subsequently, the membranes were
treated with primary antibodies overnight at 4°C and then
incubated with horseradish peroxidase (HRP)-conjugated
rabbit anti-mouse Immunoglobulin G (IgG) H&L antibodies
(1:2,000; cat. no. ab6728) or HRP-conjugated goat anti-rabbit
IgG H&L antibodies (1:2,000; cat. no. ab6721) at room
temperature for 2 h. The primary antibodies used were as
follows: Anti-p38 mitogen-activated protein kinase (38 kDa,
p38; 1:1,000; cat. no. ab227426), anti-phosphorylated-p38
(38 kDa, p-p38; 1:1,000; cat. no. ab45381), anti-matrix metal-
loproteinase-2 (74 kDa, MMP-2; 1:1,000; cat. no. ab97779),
anti-MMP-9 (78 kDa, 1:1,000; cat. no. ab73734), anti-EGFR
(134 kDa, 1:1,000; cat. no. ab131498) and anti-GAPDH
(37 kDa, 1:2,000; cat. no. ab9485) all antibodies from Abcam.
Protein bands were visualized using an ECL kit (Beyotime
Institute of Biotechnology) and quantified using ImagelJ soft-
ware version 4.3 (National Institutes of Health).

Statistical analysis. Data was analyzed using GraphPad Prism
software (version 5.0; GraphPad Software, Inc.) and presented
as the mean + standard deviation. Each experiment was

performed in triplicate. Student's t-test was used to compare
the difference between two groups and one-way ANOVA anal-
ysis followed by Tukey's post-hoc test was used to compare the
differences between multiple groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

miR-125a-5p and miR-7 are downregulated in
PDGF-BB-treated VSMCs. It has been well-documented that
PDGF-BB is the most potent stimuli that triggers the prolifera-
tion of VSMCs (7). EdU assays were performed to investigate
the effects of PDGF-BB on VSMCs. The viability of VSMCs
was promoted by PDGF-BB in a concentration-dependent
manner, indicating that PDGF-BB increased the prolif-
eration of VSMCs successfully (Fig. 1A). Furthermore, the
expression of miR-125a-5p and miR-7 was examined by
RT-qPCR to determine the possible role of miR-125a-5p or
miR-7 in PDGF-BB-treated VSMCs. PDGF-BB significantly
decreased the expression of miR-125a-5p and miR-7 in a
concentration-dependent manner, indicating that miR-125a-5p
and miR-7 were downregulated in PDGF-BB-treated VSMCs
(Fig. 1B). The results revealed that dysregulated miR-125a-5p
and miR-7 may be associated with the proliferative state of
VSMCs.

miR-125a-5p and miR-7 restrain the growth of
PDGF-BB-treated VSMCs. VSMCs were transfected with
miR-125a-5p and miR-7 mimics or inhibitors or NCs and
incubated with PDGF-BB to investigate the biological impacts
of miR-125a-5p and miR-7 on the growth of PDGF-BB-treated
VSMCs. CCK-8 assays indicated that miR-125a-5p and miR-7
mimics significantly decreased the proliferation of VSMCs
compared with mimic NC groups in a time-dependent manner
(Fig. 2A). Additionally, the inhibition of miR-125a-5p and
miR-7 significantly promoted the proliferation of VSMCs
compared with inhibitor NC groups. The results of the EQU
assays revealed that the miR-125a-5p and miR-7 mimics signifi-
cantly suppressed the proliferation of VSMCs, while inhibitors
demonstrated the opposite effect (Fig. 2B). Furthermore, the
protein expression of cell proliferation marker p38 (21) was
assessed via western blotting. miR-125a-5p and miR-7 mimics
significantly inhibited p38 phosphorylation, while inhibitors
promoted p38 phosphorylation (Fig. 2C). p38 expression was
not markedly different between groups. In summary, the
results indicated that miR-125a-5p and miR-7 inhibited the
proliferation of PDGF-BB-treated VSMCs.

miR-125a-5p and miR-7 repress the migration and invasion
of PDGF-BB-treated VSMCs. Wound healing and Transwell
assays were performed to analyze the effect of miR-125a-5p
and miR-7 on the migration and invasion of PDGF-BB-treated
VSMCs. The results demonstrated that miR-125a-5p and
miR-7 mimics markedly attenuated migration, while
inhibition promoted the migration of PDGF-BB-treated
VSMCs (Fig. 3A). Furthermore, Transwell assays verified
that miR-125a-5p and miR-7 mimics markedly decreased
the migration and invasion in PDGF-BB-treated VSMCs,
while inhibitors promoted migration and invasion (Fig. 3B).
Furthermore, the expression of MMP-2 and MMP-9, which
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Figure 1. miR-125a-5p and miR-7 were downregulated in PDGF-BB-treated VSMCs. (A) VSMCs were incubated with PDGF-BB (0, 5, 10, 20 and 40 ng/ml) for 24 h.
Cell growth was detected using EAU assays (magnification, x100). (B) VSMCs were incubated at various concentrations of PDGF-BB and then cultured in an additional
20 ng/ml PDGF-BB. miR-125a-5p and miR-7 levels were measured via reverse transcription-quantitative PCR. "P<0.05 vs. 0 ng/ml PDGF-BB; “P<0.01 vs. 0 ng/ml
PDGF-BB; “"P<0.001 vs. 0 ng/ml PDGF-BB. miR, microRNA; PDGF-BB, platelet-derived growth factor BB; VSMCs, vascular smooth muscle cells.

modulate the migration of VSMCs, were determined by
western blotting (25). The results demonstrated that MMP-2
and MMP-9 protein levels were significantly reduced in the
miR-125a-5p and miR-7 mimic groups and significantly
increased in the inhibitor groups compared with their
corresponding NCs (Fig. 3C). The results indicated that
miR-125a-5p and miR-7 decreased the migration and inva-
sion of VSMCs stimulated by PDGF-BB.

EGFR is a direct target of miR-125a-5p and miR-7 in VSMCs.
Bioinformatics analysis was used to predict potential target
genes to further investigate the underlying mechanisms of
miR-125a-5p and miR-7 in the proliferation and migration
of VSMCs. According to the results, EGFR was reported to
contain binding sites for miR-125a-5p and miR-7 (Fig. 4A).
To confirm the binding sites, luciferase reporter assays were
conducted. Co-transfection with miR-125a-5p or miR-7
mimics and EGFR-WT decreased the relative luciferase
activity of VSMCs (Fig. 4B). The results of the mutated
EGFR target sequences did not demonstrate significant differ-
ences in luciferase activity. To investigate the association
between miR-125a-5p or miR-7 and EGFR, miR-125a-5p or

miR-7 mimics and pcDNA-EGFR were co-transfected into
PDGF-BB-treated VSMCs. The results of western blotting
indicated that EGFR expression was significantly decreased
in miR-125a-5p and miR-7 mimics group compared with
NC mimics, while overexpression of EGFR reversed the
miR-125a-5p or miR-7 mimic-mediated EGFR inhibition
(Fig 4C and D). The results demonstrated that EGFR was iden-
tified as a target gene of miR-125a-5p and miR-7 and that these
miRNAs negatively regulated EGFR expression by binding to
its 3'-UTR.

miR-125a-5p and miR-7 inhibits cell proliferation by
targeting EGFR. To further determine whether EGFR was
involved in miR-125a-5p- and miR-7-mediated cell growth of
PDGF-BB-treated VSMCs, VSMCs were co-transfected with
pcDNA-EGFR and miR-125a-5p or miR-7 mimics, followed
by PDGF-BB treatment. The results of the CCK-8 assay
revealed that EGFR overexpression significantly increased
the proliferation of PDGF-BB-treated VSMCs compared
with the NC group (Fig. 5A). Similar to these results, EAU
assays also indicated that miR-125a-5p and miR-7 mimics
reduced the proliferation of PDGF-BB-treated VSMCs, while
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Figure 2. miR-125a-5p and miR-7 inhibited the PDGF-BB-stimulated proliferation of VSMCs. PDGF-BB-treated VSMCs were transfected with miR-125a-5p
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tion, x100). (C) The expressions of proliferative genes were examined using western blotting. #P<0.01 vs. NC mimics; “P<0.01 vs. NC inhibitors. miR ,microRNA;
PDGEF-BB, platelet-derived growth factor BB; VSMCs, vascular smooth muscle cells; NC, negative control; OD, optical density; p-p38, anti-phosphorylated-p38.

EGFR overexpression increased proliferation (Fig. 5B). Cells
co-treated with pcDNA-EGFR and miR-125a-5p or miR-7
mimics reversed EGFR-mediated proliferation (Fig. 5B).
miR-125a-5p or miR-7 mimics reduced the level of p-p38,
while pcDNA-EGFR had the opposite effect; however, cells
co-treated with pcDNA-EGFR eliminated the decrease in
p-p38 expression induced by miR-125a-5p or miR-7 mimics
(Fig. 5C). The results indicated that EGFR was associated with
the inhibition of PDGF-BB-treated VSMC proliferation medi-
ated by miR-125a-5p or miR-7.

miR-125a-5p and miR-7 suppress migration and invasion by
targeting EGFR. The effect of EGFR and miR-125a-5p or
miR-7 on the migration and invasion of VSMCs was investi-
gated. The results demonstrated that miR-125a-5p and miR-7
mimics decreased migration, while EGFR overexpression
increased the migration of PDGF-BB-treated VSMCs. Cells
co-treated with EGFR markedly ameliorated the suppressive
function of miR-125a-5p and miR-7 mimics on migration
(Fig. 6A). Furthermore, the results of Transwell assays
revealed that miR-125a-5p and miR-7 mimics decreased
migration and invasion, while EGFR upregulation reversed
this result (Fig. 6B). These results were consistent with
those of wound healing. The expression of migratory-asso-
ciated proteins, including MMP-2 and MMP-9, were
examined using western blotting. The expression of MMP-2

and MMP-9 was significantly reduced in VSMCs transfected
with miR-125a-5p and miR-7 mimics compared with the NC
group, while cells co-transfected with EGFR exhibited atten-
uated MMP-2 and MMP-9 levels (Fig. 6C). In summary, the
results demonstrated that miR-125a-5p and miR-7 repressed
the migration and invasion of PDGF-BB-induced VSMCs by
regulating EGFR.

Discussion

The results of the current study revealed that miR-125a-5p
and miR-7 were downregulated in PDGF-BB-treated VSMCs,
while upregulation of miR-125a-5p and miR-7 signifi-
cantly suppressed cell growth and migration in vitro. The
transfected miRNAs impeded the growth and migration of
PDGF-BB-treated VSMCs by targeting EGFR. Therefore,
miR-125a-5p and miR-7 may be novel regulators implicated in
the proliferation and migration of VSMCs. However, a limita-
tion of the current study was that other cells lines or types of
cell were not investigated.

Accumulating evidence has indicated that miR-125a-5p
modulates the progression of cancer, the differentiation of
skeletal muscle cells and the inhibition of angiogenesis (26-31).
miR-125a-5p has been established as a tumor suppressor
that prevents the development of human diseases including
colorectal and bladder cancer (32-34). Similarly, miR-7 acts
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as a tumor inhibitor in glioblastoma, gastric, liver, breast, head
and neck, non-small cell lung carcinoma, melanoma, cervical,
prostate, colorectal, thyroid, ovarian and schwannoma carci-
noma (35). However, the roles of miR-125a-5p and miR-7 in

VSMCs are yet to be elucidated. The current study demon-
strated that miR-125a-5p and miR-7 were associated with the
proliferation and migration of PDGF-BB-treated VSMCs.
Overexpression of miR-125a-5p and miR-7 suppressed the cell
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Figure 5. miR-125a-5p and miR-7 inhibited PDGF-BB-treated VSMCs proliferation by targeting EGFR. PDGF-BB-treated VSMCs were transfected with
miR-125a-5p mimics, miR-7 mimics or the combination of mimics and pcDNA-EGFR. Cell growth was measured using (A) cell counting kit-8 and (B) EdU
assays. (C) The expression of proliferative genes as assessed by western blotting. “P<0.01 vs. NC mimics + pcDNA3.1 empty vector; ""P<0.01 vs. NC
mimics + pcDNA-EGFR. miR, microRNA; PDGF-BB, platelet-derived growth factor BB; VSMCs, vascular smooth muscle cells; EGFR, epidermal growth
factor receptor; NC, negative control; OD, optical density; p-p38, anti-phosphorylated-p38.

growth and migration of PDGF-BB-treated VSMCs, while
downregulation of miR-125a-5p and miR-7 exerted the oppo-
site effect. Additionally, the expression of the miRNAs were
negatively associated with expression of p-p38, MMP-2 and
MMP-9, which are proliferation and migration marker genes
of VSMCs. It has been demonstrated that MMP-9 degrades
collagen IV, collagen V and gelatin in the extracellular
matrix and promotes tumor invasion and metastasis (36-39).
Li et al (40) examined the effect of MMP-9 on the angiogenesis
of gastric cancer cells using gelatin zymography, the results of
which indicated that MMP-9 was positively associated with
angiogenesis progression in patients with gastric cancer (40).
These results were consistent with that of the current study.
The results verified that miR-125a-5p and miR-7 regulated the
proliferation and migration of VSMCs.

It is well documented that miRNAs modulate the
biological functions of cells by downregulating mRNA
targets post-transcriptionally (41). Due to the suppression
of miR-125a-5p and miR-7 on the growth and migration of
VSMCs, the current study hypothesized that target gene(s)
should be positively associated with cell proliferation and
migration. To explore the mechanism underlying the inhibi-
tion of the proliferation and migration of VMSCs mediated

by miR-125a-5p and miR-7, the putative target gene for both
miRNAs was identified using bioinformatics tools. EGFR
was considered a candidate target for miR-125a-5p and miR-7
in VMSCs. As a member of ErbB family, EGFR serves an
important role in various pathophysiological processes,
including cell tumorigenesis and transformation (42,43).
The association between EGFR and miR-125a-5p or miR-7
was further validated by luciferase reporter assays and
western blotting. EGFR had a negative association with the
expression of miR-125a-5p and miR-7 in VSMCs. Previous
studies have demonstrated that miR-125 and miR-7 target
numerous genes, including EGFR (44,45). The results of the
current study are therefore consistent with these. In VSMCs,
EGFR is involved with cell growth, migration, inflammation
and vascular remodeling, consequently triggering vascular
diseases, including atherosclerosis and hypertension (46).
In the current study, overexpression of EGFR accelerated
cell growth and migration of PDGF-BB-treated VSMCs.
Furthermore, the results demonstrated that EGFR overex-
pression abrogated the miR-125a-5p and miR-7-mediated
inhibition of VSMC proliferation and migration. In summary,
the results verified that miR-125a-5p and miR-7 decreased
the migration and invasion of PDGF-BB-treated VSMCs by
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Figure 6. miR-125a-5p and miR-7 inhibited the migration and invasion of PDGF-BB-treated VSMCs by targeting EGFR. Migration and invasion were
evaluated by (A) wound healing and (B) Transwell assays in PDGF-BB-treated VSMCs. (C) The expression of migratory proteins was determined by western
blotting. “P<0.01 vs. NC mimics + pcDNA3.1 empty vector; “P<0.01 vs. NC mimics + pcDNA-EGFR. miR, microRNA; PDGF-BB, platelet-derived growth
factor BB; VSMCs, vascular smooth muscle cells; EGFR, epidermal growth factor receptor; NC, negative control; MMP, matrix metalloproteinase.

targeting EGFR. However, a limitation of the current study is
that the effect of miR-125a-5p and miR-7 on EGFR luciferase
activity and protein level were not investigated. These should
be researched in future studies.

In conclusion, the results demonstrated that the
expression of miR-125a-5p and miR-7 was decreased in
PDGF-BB-stimulated VSMCs. Following this, EGFR
was reported to be a target of miR-125a-5p and miR-7, and
overexpression of EGFR reversed the inhibition of VSMC
proliferation, migration and invasion mediated by miR-125a-5p
and miR-7. The results indicated that miR-125a-5p and miR-7
may serve as novel molecular targets in the proliferation and
migration of VSMCs.
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