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MicroRNA‑342‑5p activates the Akt signaling pathway
by downregulating PIK3R1 to modify the proliferation
and differentiation of vascular smooth muscle cells
SISI BI, QINGLING PENG, WENXUE LIU, CHENGLONG ZHANG and ZHAOYA LIU
Department of Cardiology, Xiangya Hospital Central South University, Changsha, Hunan 410008, P.R. China
Received May 21, 2019; Accepted April 1, 2020
DOI: 10.3892/etm.2020.9369
Abstract. Abnormal cell proliferation and invasion of vascular
smooth muscle cells are among the primary causes of cardiovas‑
cular disease. Studies have shown that microRNA(miR)‑342‑5p
participates in the development of cardiovascular diseases.
The current study aimed to explore the role of miR‑342‑5p in
the proliferation and differentiation of mouse aortic vascular
smooth muscle (MOVAS) cells. MOVAS cells were trans‑
fected with miR‑342‑5p mimics, miR‑342‑5p inhibitor or their
respective negative controls, and co‑transfected with small
interfering (si)RNA targeting phosphatidylinositol 3‑kinase
regulatory subunit α (PIK3R1) and miR‑342‑5p inhibitor. The
cell proliferation of MOVAS cells was detected using the Cell
Counting Kit‑8, while cell migration and cell invasion were
investigated using a wound healing and Transwell assays,
respectively. Target genes for miR‑342‑5p were confirmed
using reverse transcription‑quantitative PCR (RT‑qPCR)
and dual luciferase reporter assay. The relative mRNA and
protein expression levels of miR‑342‑5p were measured
using RT‑qPCR and western blot analysis. MOVAS cells
were treated with a PI3K inhibitor (LY294002) to explore the
role of miR‑342‑5p on the Akt pathway. The results revealed
that miR‑342‑5p mimics promoted cell viability, migration
and invasion, and increased the expression of vimentin and
phosphorylated‑Akt but reduced a‑smooth muscle actin
(α‑SMA) and PIK3R1 expression. However, miR‑342‑5p
inhibitor produced the opposite effects. PIK3R1 was the
target gene for miR‑342‑5p and the effect of siPIK3R1 on
MOVAS cells was similar to that of miR‑342‑5p mimics, while
siPIK3R1 partially reversed the effect of miR‑342‑5p inhibitor
on MOVAS cells. The Akt signaling pathway was activated
by miR‑342‑5p mimics or siPIK3R1. Moreover, miR‑342‑5p
mimics partially activated the Akt signaling pathway inhibited
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by LY294002. MiR‑342‑5p could promote the proliferation
and differentiation of MOVAS and phenotypic transformation.
The mechanism behind these processes may be associated
with the activation of the Akt signaling pathway induced by
PIK3R1 inhibition.
Introduction
Cardiovascular disease, cancer, diabetes and other chronic
non‑communicable diseases are the most frequent causes
of death worldwide (1). Cardiovascular diseases such as
stroke, ischemic heart disease, atherosclerosis and conges‑
tive heart failure are the major causes of death in China,
with the number of cardiovascular disease related deaths
expected to rise by 39 million between 2016 and 2030 (2).
Vascular smooth muscle cells (VSMCs) are important
components of blood vessels. Atherosclerosis, hypertension
and restenosis are associated with increased VSMC prolif‑
eration, invasion and migration (3,4). VSMCs maintain an
organized, differentiated and contractile phenotype under
normal physiological conditions, and can be converted into
a proliferative, migratory and synthetic phenotype under
various stimuli, such as mechanical injury, activation of
growth factors (such as transforming growth factor‑ β and
platelet‑derived growth factor), ligand‑receptor signaling
and increased hemodynamics, eventually leading to an
increase in proliferation, migration and secretory activities
of VSMCs (5).
MicroRNAs (miRNAs/miRs) are non‑coding RNAs that
degrade mRNA or impede its translation to regulate the levels
of target genes (6,7). miRNAs play an important role in the
occurrence and development of cardiovascular diseases, such
as miR‑665 which suppresses VSMC proliferation, invasion
and migration through targeting FGF9 and MEF2D (8), and
it is hypothesized that miRNAs could be used as novel targets
in the treatment of cardiovascular diseases (9,10). Studies have
confirmed that miRNAs, such as miR‑541 promote VSMC
proliferation and miR‑146b‑5p promote VSMC proliferation
and migration (11,12), while miR‑124 and miR‑503 inhibit
the proliferation of VSMCs (13,14). A previous study demon‑
strated that macrophage‑derived miR‑342‑5p contributed to
atherosclerosis by inhibiting Akt1 expression (15). Another
study revealed that the levels of miR‑342‑5p in patients with
coronary heart disease were increased (16). Furthermore,
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Yan et al (17) revealed that miR‑342‑5p promoted endothelial
cell migration and reduced angiogenesis by targeting endoglin.
Although the proliferation and differentiation of VSMCs play
a key role in the progression of cardiovascular disease (18),
the role of miR‑342‑5p in VSMCs remains to be elucidated.
Therefore, the effects and mechanism of action of miR‑342‑5p
on VSMC proliferation and differentiation were explored in
the current study.

(Nanjing Jiancheng Bioengineering Institute), according to the
manufacturer's protocol. Following transfection and culturing
of cells (3x103 cells/well) for 0, 24, 48 and 72 h, CCK‑8 solu‑
tion was added into each well and cells were incubated in the
dark at 37˚C in a humidified incubator with 5% CO2 for 2 h.
A microplate reader (Bio‑Rad Laboratories, Inc.) was used to
determine the optical density of each well at a wavelength of
450 nm.

Materials and methods

Wound healing assay. Cell migration was determined using
a wound healing assay. Cells were plated at a density of
4x105 cells/well in a six‑well plate. A pipette tip was used
to create a straight wound in each well. Cells were washed
twice with PBS (Gibco; Thermo Fisher Scientific, Inc) to
remove floating cells and the remaining cells were cultured
in DMEM at 37˚C in a humidified incubator with 5% CO2 for
0 and 24 h. Subsequently, cell migration was observed under
an inverted phase contrast microscope (magnification, x200;
Olympus Corporation). The distance of cell migration was
measured by Image ProPlus v6.0 analysis software (Media
Cybernetics, Inc.). The relative migration distance = (0 h
migration distance ‑24 h migration distance)/0 h migration
distance.

Cell culture. Mouse aortic vascular smooth muscle (MOVAS)
cells (American Type Culture Collection; 2x105 cells/well) were
cultured in 24‑well plate with DMEM (Sigma‑Aldrich; Merck
KGaA) containing 10% FBS (Sigma‑Aldrich; Merck KGaA),
100 U/m penicillin (Invitrogen; Thermo Fisher Scientific,
Inc.) and 100 U/m streptomycin (Invitrogen; Thermo Fisher
Scientific, Inc.) at 37˚C in a humidified incubator with 5% CO2.
Cell transfection. Cells were divided into specific groups
as follows for transfection: i) Control group (cells with no
transfected material); mock group [50 nM miR‑342‑5p
mimics negative control (NC); GeneCopoeia, Inc.]; mimics
group (50 nM miR‑342‑5p mimics; GeneCopoeia, Inc.);
NC group (50 nM miR‑342‑5p inhibitor NC; GeneCopoeia,
Inc.) and inhibitor group (50 nM miR‑342‑5p inhibitor;
GeneCopoeia, Inc.); ii) control + phosphatidylinositol
3‑kinase regulatory subunit α (PIK3R1)‑3'‑untranslated
region (UTR) group (50 ng/µl PIK3R1‑3'‑UTR expres‑
sion plasmid), miR‑342‑5p + PIK3R1‑3'‑UTR group
(50 ng/µl PIK3R1‑3'‑UTR expression plasm id and
miR‑342‑5p mimics) and miR‑342‑5p + PIK3R1‑3'‑UTR
mutant (mut) group (miR‑342‑5p mimics and 50 ng/µl mut
PIK3R1‑3'‑UTR); iii) control group (cells with no trans‑
fected material), small interfering (si)NC group (siPIK3R1
NC; Sigma‑Aldrich; Merck KGaA) and siPIK3R1 group
(siPIK3R1; Sigma‑Aldrich; Merck KGaA); iv) NC group
(miR‑342‑5p inhibitor NC), inhibitor group (miR‑342‑5p
inhibitor), NC + siPIK3R1 group (miR‑342‑5p inhibitor
NC and 50 nM siPIK3R1) and inhibitor + siPIK3R1 group
(miR‑342‑5p inhibitor and 50 nM siPIK3R1); and v) mock
group (miR‑342‑5p mimics NC), mimics group (miR‑342‑5p
mimics), mock + LY294002 (Cayman Chemical Company)
group (transfected with miR‑342‑5p mimics NC and treated
with 10 µmol/l LY294002) and mimics + LY294002 group
(transfected with miR‑342‑5p mimics and treated with
10 µmol/l LY294002).
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) was used to transfect the aforementioned groups into the
cells and incubated for 24 h at 37˚C in a humidified incubator
with 5% CO2. Sequences for miRNA and siRNA used were
as follows: miR‑342‑5p mimics, 5'‑AGGGGUGCUAUCUGU
GAUUGAG ‑3'; miR‑342‑5p mimics NC, 5'‑UUUGUACUA
CACA AAAGUACUG‑3'; miR‑342‑5p inhibitor NC, 5'‑CAG
UACU UUUGUGUAGUACAA‑3'; siPIK3R1, 5'‑GCAGAG
GCACTCCTGATATATGATT T‑3'; and siNC, 5'‑AATTCA
CTCCAAGTCTCTTCC‑3'.
Cell proliferation assay. Cell viability was measured using
a Cell Counting Kit (CCK)‑8 cell proliferation assay kit

Transwell assay. Transwell assay was performed to detect
cell invasion. Transwell chambers (8‑µm pores; Corning, Inc.)
were placed in a 24‑well plate. Cells (1x105) were re‑suspended
in serum‑free medium and plated into the upper chamber
which pre‑coated with Matrigel® (BD Biosciences). DMEM
containing 10% FBS was added into the lower chamber and
cells were cultured at 37˚C in a humidified incubator with
5% CO2 for 24 h. The Transwell chambers were moved to
another 24‑well plate, washed with PBS three times and then
fixed in 4% methanol solution for 30 min at room tempera‑
ture and stained with 0.1% crystal violet for 25 min at room
temperature. Subsequently, the transwell chambers were
washed with PBS twice and non‑migrating cells in the upper
chamber were removed using a cotton swab. The chambers
were then placed under an inverted fluorescence microscope
(Olympus Corporation) to observe cells and capture images
(magnification, x200).
Target gene prediction for miR‑342‑5p. The target gene online
prediction databases TargetScan (http://www.targetscan.
org/), miRDB (http://mirdb.org/) and miRBase (http://www.
mirbase.org/) were used to predict potential target genes
and binding sites of miR‑342‑5p. Potential target genes of
miR‑342‑5p were further confirmed using dual‑luciferase
reporter assays.
Dual luciferase reporter assay. The sequences of
PIK3R1‑3'‑UTR was amplified from cDNA derived from
total RNA and PIK3R1‑3'‑UTR‑mut was constructed
using a Site‑Directed Mutagenesis kit (Stratagene; Agilent
Technologies, Inc.) according to the manufacturer's protocol.
The two target gene fragments were cloned into pmirGLO
vectors (Promega Corporation) and transfection was
performed using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc), as aforementioned. Cells were harvested
24 h after the transfection, and firefly and Renilla luciferase
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activity was measured using a Dual‑Luciferase® Reporter
Assay System (Promega Corporation). Firefly luciferase
activity was normalized to that of Renilla luciferase activity.
RT‑qPCR. Total RNA was isolated from cells using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according
to the manufacturer's instructions. Briefly, the cells were
mixed with Trizol reagent and subsequently transferred to
an Eppendrof™ tube and incubated on the bench at room
temperature. Then 200 µl chloroform was added, and mixed
with the cell/Trizol mixture and placed on ice for 5 min.
The tubes were centrifuged at 12,000 x g at 4˚C for 15 min,
following which the upper aqueous phase was transferred to
a clean Eppendorf TM tube and 500 µl isopropanol was added,
and the tubes were incubated on ice for 10 min. Pre‑cooled
75% ethanol was subsequently added and the tubes were
centrifuged for a second time at 12,000 x g at 4˚C for 10 min.
The supernatant was discarded and the RNA pellet was air
dried for 3 min, following which pre‑cooled 20 µl DEPC
was added. A spectrophotometer (ND‑1000; NanoDrop
Technologies; Thermo Fisher Scientific, Inc.) was used to
determine RNA purity and concentration at 260/280 nm. Total
RNA (2 µg) was reverse transcribed into cDNA for mRNA
detection using a PrimeScript RT master mix kit (Takara
Biotechnology Co., Ltd.) at 37˚C for 60 min, then 85̊C for
5 min and the samples were stored at 4˚C until further experi‑
mentation. qPCR was performed using SYBR Premix Ex Taq
(Takara Biotechnology Co., Ltd.) on the ABI7500 Real‑Time
PCR System (Thermo Fisher Scientific, Inc.). The following
thermocycling conditions were used for the qPCR: Initial
denaturation at 95˚C for 5 sec; 40 cycles of 95˚C for 10 sec,
60˚C for 30 sec; and a final extension step at 72˚C for 10 sec,
with storage of the samples at 4˚C. The relative expression of
genes was calculated using the 2‑ΔΔCq method (19). U6, GAPDH
and β‑actin (GeneCopoeia) served as internal controls. The
following primer pairs were used for the qPCR: miR‑342‑5p
forward, 5'‑CGGAGGGGTGCTATCTGTGA‑3' and reverse,
5'‑AGTCGGCAAT TG CACTGGAT‑3'; U6 forward, 5'‑CTC
AGA G CG T GG T TC  T CC  GTC AC‑3' and reverse, 5'‑TAT
AAAT CTT TACCCT GTT GGCAGT‑3'; GAPDH forward,
5'‑AGGTCGGTGTGAACGGATTTG‑3' and reverse, 5'‑TGT
AGACCATGTAGTTGAG GTCA‑3'; α‑smooth muscle actin
(α ‑SMA) forward, 5'‑CATC CGTAAAGAC CTC TAT GC
CAAC‑3' and 5'‑ATGGAGC CAC CGATCCACA A‑3' and
reverse, 5'‑TCGGATACTTCAG CGTCAG GA‑3'; vimentin
forward, 5'‑GAGAACTTTGCCGTTGAAGC‑3' and reverse,
5'‑GCT T CC T GT AGG T GG C AA T C‑3'; apelin (APLN)
forward, 5'‑TGCTCTG GCTCTCCT TGACT‑3' and reverse,
5'‑ATGGGTCCCT TATGGGAGAG‑3'; zinc finger and BTB
domain‑containing protein 39 (ZBTB39) forward, 5'‑CGT
GTTA ACTAGGTCCCCT TTG ‑3' and reverse, 5'‑GTTCCT
TTAATCCAGA AGGGCT‑3'; PIK3R1 forward, 5'‑AGCATT
GGGACCTCACATTACACA‑3' and reverse, 5'‑ACTG GA
AACACAGTCCATGCACATA‑3'; myocyte‑specific enhancer
factor 2D (MEF2D) forward, 5'‑CGCGAAT TCACCATG
GGGAGGA AAA AGATT‑3' and reverse, 5'‑TGGCTCGAG
TCACTTTAATGTCCAGGT‑3'; and neurogenic locus notch
homolog protein 2 (NOTCH2) forward, 5'‑CCCC TTG CC
CTCTATGTACCA‑3' and reverse, 5'‑GGTAGGTGGGAA
AGCCACACT‑3'; β ‑actin forward, 5'‑GCTG CGTGTG GC
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CCCTGAG‑3' and reverse, 5'‑ACGCAGGATGGCATGAGG
GA‑3'.
Western blot analysis. Cell lysates were extracted using
RIPA buffer (Beyotime Institute of Biotechnology) and the
protein concentration was determined with a Pierce bicincho‑
ninic acid protein assay kit (Thermo Fisher Scientific, Inc.).
10% SDS‑PAGE was used to separate the proteins (30 µg)
according to the molecular weight of protein. Samples were
transferred to PVDF membranes (Bio‑Rad Laboratories, Inc.),
which were subsequently blocked with 5% skimmed milk for
1 h. PVDF membranes were incubated with the following
primary antibodies: Anti‑GAPDH (1:1,000; cat. no. ab8245);
anti‑Akt (1:1,000; cat. no. ab8805); anti‑ α‑SMA (1:200;
cat. no. ab5694); anti‑vimentin (1:1,000, cat. no. ab92547);
anti‑phosphorylated (p)‑Akt (1:500; cat. no. ab38449); and
anti‑PIK3R1 (1:1,000; cat. no. ab86714; all Abcam) overnight
at 4˚C. Following primary incubation, membranes were incu‑
bated with horseradish peroxidase‑conjugated goat anti‑rabbit
immunoglobulin G (IgG) (H+L) or goat anti‑mouse IgG (H+L)
secondary antibodies (1:1,000; cat. nos. A0208 and A0216;
Beyotime Institute of Biotechnology) for 1 h at room tempera‑
ture. Protein bands were visualized using the BeyoECL Plus
kit (Beyotime Institute of Biotechnology) and quantified
using ImageJ (version 5.0; National Institutes of Health). The
expression levels of GAPDH served as an internal control.
Statistical analysis. Data are presented as the mean ± SD. Data
were analyzed using SPSS v21.0 software (IBM Corp.). Any
significant difference among different groups was analyzed by
one‑way ANOVA followed by Tukey's post hoc test. P<0.05
was considered to indicate a statistically significant difference.
All experiments were performed in triplicate.
Results
miR‑342‑5p mimics and inhibitors was successfully expressed
in MOVAS cells. The transfection efficiency of miR‑342‑5p was
determined using RT‑qPCR. The levels of miR‑342‑5p mRNA
were significantly increased in the mimics group compared
with that in the control and mock groups (Fig. 1A), while
mRNA levels of miR‑342‑5p were significantly decreased
in the inhibitor group compared with that in the control and
NC groups (Fig. 1A). The data showed that MOVAS cells
with high and low expression levels of miR‑342‑5p were
successfully constructed.
miR‑342‑5p promotes cell viability, migration and invasion.
The cell viability, migration and invasion of cells were deter‑
mined using CCK‑8, wound healing and Transwell assays,
respectively. Cell viability was significantly higher in the
mimics group compared with that in the control and mock
groups 48 and 72 h after transfection (P<0.05; Fig. 1B), while
cell viability in the inhibitor group was significantly lower
compared with control and NC groups at 24, 48 and 72 h after
transfection (P<0.05; Fig. 1B). Cell migration (Fig. 2A and B)
and invasion (Fig. 3A) was significantly increased in the
mimics group (P<0.05) compared with that in the control and
mock groups, whereas they were significantly decreased in the
inhibitor group (P<0.05) compared with that in the control and
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Figure 1. Transfection efficiency of miR‑342‑5p in MOVAS cells and its effect on cell proliferation. (A) MOVAS cells were transfected with control, mock,
mimics, NC and inhibitor and the mRNA expression levels of miR‑342‑5p were determined using reverse transcription‑quantitative PCR. (B) Cell proliferation
was determined using a Cell Counting Kit‑8 assay. *P<0.05 and **P<0.01 vs. control; ##P<0.01 vs. mock; ^P<0.05 and ^^P<0.01 vs. NC. MOVAS, mouse aortic
vascular smooth muscle; miR, microRNA; mock, miR‑342‑5p mimic negative control; NC, miR‑342‑5p inhibitor negative control.

Figure 2. Role of miR‑342‑5p in cell migration. Cell migration was investigated in MOVAS cells that were transfected with control, mock, mimics, NC and
inhibitor using a wound healing assay. (A) Cell migration images of the 5 experimental groups were obtained using an inverted phase contrast microscope at
x200 magnification. (B) Relative migration rate was analyzed statistically. **P<0.01 vs. control; ##P<0.01 vs. mock; ^^P<0.01 vs. NC. miR, microRNA; mock,
miR‑342‑5p mimic negative control; NC, miR‑342‑5p inhibitor negative control; MOVAS, mouse aortic vascular smooth muscle.

NC groups. These results suggest that miR‑342‑5p increased
cell viability and promoted cell migration and invasion in
MOVAS cells.
Protein and mRNA levels of a‑SMA and vimentin are regu‑
lated by miR‑342‑5p. The relative protein and mRNA levels
of α‑SMA and vimentin were determined using western
blot analysis and RT‑qPCR, respectively. Protein and
mRNA expression levels of α‑SMA in the mimics group
were downregulated compared with that in the control and

mock groups, while protein and mRNA expression levels
of vimentin were upregulated compared with that in the
control and mock groups (Fig. 3B‑D). While the protein and
mRNA levels of α‑SMA in the inhibitor group were upregu‑
lated compared with that in the control and NC groups, and
the protein and mRNA levels of vimentin were downregulated
compared with that in the control and NC groups (Fig. 3B‑D).
These data revealed that miR‑342‑5p mimics downregulated
α‑SMA expression and upregulated vimentin expression, and
the effects were reversed by the miR‑342‑5p inhibitor.
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Figure 3. Role of miR‑342‑5p in cell invasion and its effects on relative mRNA expression of vimentin and α‑SMA. MOVAS cells were transfected with
control, mock, mimics, NC and inhibitor, following which (A) cell invasion, and (B and C) protein and (D) mRNA expression levels of target genes were
determined using Transwell assay, western blot analysis and reverse transcription‑quantitative PCR, respectively. (A) Representative images of cell invasion
in each experimental group and quantitative analysis. Magnification, x200. α‑SMA and vimentin protein expression levels were determined using (B) western
blotting and (C) quantified and analyzed statistically. (D) The mRNA levels of α‑SMA and vimentin. **P<0.01 vs. control; ##P<0.01 vs. mock; ^^P<0.01 vs. NC.
miR‑342‑5p, microRNA‑342‑5p; α‑SMA, α‑smooth muscle actin; mock, miR‑342‑5p mimic negative control; NC, miR‑342‑5p inhibitor negative control;
MOVAS, mouse aortic vascular smooth muscle.

PIK3R1 is a target gene of miR‑342‑5p. Online databases was
applied to predict the target gene of miR‑342‑5p (Fig. 4A‑B)
and it has been reported that the APLN, ZBTB39, PIK3R1,
MEF2D and NOTCH2 genes may be associated with
cardiovascular disease (8,20‑23), therefore infer that APLN,
ZBTB39, PIK3R1, MEF2D and NOTCH2 may were potential
target genes of miR‑342‑5p. The role of miR‑342‑5p in the
aforementioned target genes was examined using RT‑qPCR.
The mRNA levels of APLN, ZBTB39, PIK3R1 and NOTCH2
in the mimics group were significantly lower compared with
that in the control and mock groups, while MEF2D levels
were significantly higher (P<0.05; Fig. 4C), notably
PIK3R1 was the most significantly associated (P<0.01). The
mRNA levels of APLN, ZBTB39, PIK3R1 and NOTCH2
were significantly upregulated in the inhibitor group compared
with that in the control and NC groups (Fig. 4D), and the
upregulation in expression was more significant for PIK3R1
(P<0.01). Based on the significant results from the mRNA
expression levels, to further determine whether PIK3R1
was a target of miR‑342‑5p, target gene online prediction
databases were used to predict the binding sites of PIK3R1
and miR‑342‑5p (Fig. 5A). The binding sites were further
verified using a dual luciferase reporter assay. The results
revealed that compared with the control + PIK3R1‑3'‑UTR

and miR‑342‑5p + PIK3R1‑3'‑UTR mut groups, the relative
luciferase activity in the miR‑342‑5p + PIK3R1‑3'‑UTR group
was significantly decreased (P<0.05; Fig. 5B).
siPIK3R1 results in lower expression of PIK3R1 in
MOVAS cells. RT‑qPCR was performed to determine the
mRNA expression levels of PIK3R1 following transfection
with siPIK3R1. PIK3R1 mRNA expression was downregu‑
lated in the siPIK3R1 group compared with that in the control
and siNC groups (P<0.05; Fig. 6A). The results indicated that
MOVAS cells with low PIK3R1 expression were successfully
constructed.
siPIK3R1 reverses the effects of miR‑342‑5p inhibitor
on cell proliferation, migration and invasion. Cells were
co‑transfected with miR‑342‑5p inhibitor and siPIK3R1 and
the RT‑qPCR results (Fig. 6B) revealed that the miR‑342‑5p
mRNA expression levels in the inhibitor group were
downregulated compared with that in the NC group, while
miR‑342‑5p levels were upregulated in NC + siPIK3R1
compared with that in the NC group. The mRNA expres‑
sion levels of miR‑342‑5p in the inhibitor + siPIK3R1 group
was significantly lower compared with that in the
NC + siPIK3R1 group (P<0.05; Fig. 6B).
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Figure 4. miR‑342‑5p target genes were predicted using target gene prediction websites. (A) Venn diagrams of miR‑342‑5p target genes, the target genes
were predicted using miRDB, TargetMiner and TargetScan. (B) Venn diagrams of miR‑342‑5p target genes, the target genes were predicted using miRDB,
TargetMiner, TargetScan and miRWalk. MOVAS cells were transfected with (C) control, mock or miR‑342‑5p mimic and (D) control, NC or miR‑342‑5p inhib‑
itor and the relative mRNA expression levels of APLN, ZBTB39, PIK3R1, MEF2D and NOTCH2 were determined using reverse transcription‑quantitative
PCR. **P<0.01 vs. control; ##P<0.01 vs. mock; ^^P<0.01 vs. NC. miR, microRNA; mock, miR‑342‑5p mimic negative control; NC, miR‑342‑5p inhibitor negative
control; APLN, apelin; ZBTB39, zinc finger and BTB domain‑containing protein 39; PIK3R1, phosphatidylinositol 3‑kinase regulatory subunit α; MEF2D,
myocyte‑specific enhancer factor 2D; NOTCH2, neurogenic locus notch homolog protein 2.

Cell proliferation, migration and invasion were determined
by CCK‑8, wound healing and Transwell assays, respectively.
Following transfection for 48 and 72 h, cell proliferation was
higher in the NC + siPIK3R1 group compared with that in the
NC group, while it was significantly lower in the inhibitor group
compared with that in the NC group (P<0.05; Fig. 6C). The
cell proliferation in the inhibitor + siPIK3R1 group was signifi‑
cantly lower compared with that in the NC + siPIK3R1 group
(P<0.05; Fig. 6C). Compared with that in the NC group, cell
migration was decreased in the inhibitor group, but increased
in the NC + siPIK3R1 group (P<0.05; Fig. 6D and E). Cell
migration in the inhibitor + siPIK3R1 group was significantly
lower compared with that in the NC + siPIK3R1 group, but
was slightly higher compared with that in the inhibitor group
(P<0.05; Fig. 6D and E). Cell invasion decreased in the inhibitor
group but increased in the NC + siPIK3R1 group compared with
that in the NC group (P<0.05; Fig. 7A and B). In addition, cell
invasion was lower in the inhibitor + siPIK3R1 group compared
with that in the NC + siPIK3R1 group (P<0.05; Fig. 7A and B).
The results of the current study showed that PIK3R1 silencing
increased miR‑342‑5p expression. siPIK3R1 antagonized
the effects of miR‑342‑5p inhibitor on cells, increasing cell
viability and promoting cell migration and invasion.

siPIK3R1 reverses the effects of miR‑342‑5p inhibitor on the
expression of a‑SMA and vimentin. The mRNA and protein
expression levels of PIK3R1, α‑SMA and vimentin were
analyzed using RT‑qPCR and western blot analysis, respec‑
tively, following transfection with miR‑342‑5p inhibitor and
siPIK3R1. Compared with that in the NC group, the mRNA
and protein expression levels of PIK3R1 were upregulated in
the inhibitor group, but downregulated in the NC + siPIK3R1
and inhibitor + siPIK3R1 groups (P<0.05; Fig. 7C‑E). However,
compared with that in the NC + siPIK3R1 group, the mRNA
and protein expression levels of PIK3R1 were higher in the
inhibitor + siPIK3R1 group, but lower compared with that in
the inhibitor group. The mRNA and protein expression levels
of α‑SMA in the NC + siPIK3R1 and the inhibitor + siPIK3R1
groups were downregulated compared with the NC group,
but were upregulated in the inhibitor group compared
with that in the NC group (P<0.05; Fig. 7C‑E). By contrast,
the mRNA and protein expression levels of α‑SMA in the
inhibitor + siPIK3R1 group were higher compared with that
in the NC + siPIK3R1 group (P<0.05; Fig. 7C‑E). The mRNA
and protein expression levels of vimentin were upregulated in
NC + siPIK3R1 and inhibitor + siPIK3R1 groups, and down‑
regulated in the inhibitor group, when compared with that in
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Figure 5. Binding capacity between miR‑342‑5p and PIK3R1‑3'‑UTR detected using a dual‑luciferase assay. (A) Binding sites between miR‑342‑5p and
PIK3R1‑3'‑UTR. (B) Detection of fluorescence activity using a dual luciferase assay. **P<0.01 vs. control + PIK3R1‑3'‑UTR; ##P<0.01 vs. miR‑342‑5p + PIK3
R1‑3'‑UTR mut. miR, microRNA; PIK3R1, phosphatidylinositol 3‑kinase regulatory subunit α; UTR, untranslated region; mut, mutant.

the NC group, while the mRNA and protein expression levels
of vimentin in the inhibitor + siPIK3R1 group were lower
compared with that in the NC + siPIK3R1 group (P<0.05;
Fig. 7C‑E). These results showed that PIK3R1 silencing caused
decreased PIK3R1 and α‑SMA expression, and increased
vimentin expression. siPIK3R1 partially reversed the effects
of miR‑342‑5p inhibitor on the expressions of α‑SMA, PIK3R1
and vimentin.
siPIK3R1 reverses the effects of miR‑342‑5p inhibitor on p‑Akt
protein levels. The protein expression levels of p‑Akt and Akt
were detected using western blot analysis following transfec‑
tion with miR‑342‑5p inhibitor and siPIK3R1. p‑Akt protein
levels were lower in the inhibitor group compared with that
in the NC group (P<0.05; Fig. 8A and B), but was upregulated
in the NC + siPIK3R1 and inhibitor + siPIK3R1 groups
compared with that in the NC group (P<0.01; Fig. 8A and B).
The p‑Akt protein levels in inhibitor + siPIK3R1 group was
lower compared with that in the NC + siPIK3R1 group. These
results revealed that p‑Akt protein levels were downregulated
after inhibiting miR‑342‑5p expression, and that p‑Akt expres‑
sion was upregulated and the Akt signaling pathway was
activated following PIK3R1 silencing. In addition, siPIK3R1
partially reversed the inhibitory effects of miR‑342‑5p
inhibitor on p‑Akt protein expression levels. The ratio of
p‑Akt/Akt was reduced in inhibitor group, while increased in
NC + siPIK3R1 group compared with NC group; and the ratio
of p‑Akt/Akt was lower in inhibitor + siPIK3R1 group than
that in NC + siPIK3R1 group (P<0.01; Fig. 8C).
miR‑342‑5p activates the Akt signaling pathway and reverses
the effect of LY294002. The cells were transfected with
miR‑342‑5p mimics or NC, and treated with PI3K inhibitor
(LY294002) to confirm the role of miR‑342‑5p in the
Akt signaling pathway and the p‑Akt and Akt protein expres‑
sion levels were subsequently determined using western

blot analysis. The data revealed that p‑Akt protein levels
were higher in the mimics group compared with that in
the mock group (P<0.05; Fig. 8D and E), but were down‑
regulated in mock + LY294002 and mimics + LY294002
groups compared with that in the mock group (P<0.05;
Fig. 8D and E). Moreover, the p‑Akt protein level was upregu‑
lated in the mimics + LY294002 group compared with that
in the mock + LY294002 group (P<0.05; Fig. 8D and E).
However, there were no significant differences in the total
Akt protein expression levels among the four groups (P<0.05;
Fig. 8D and E). The ratio of p‑Akt/Akt was increased in the
mimic group, while reduced in the mock + LY294002 group
compared with the mock group; and the ratio of p‑Akt/Akt
was higher in the mimic + LY294002 group than that in the
mock + LY294002 group (P<0.05; Fig. 8F). Thus, miR‑342‑5p
upregulated p‑Akt levels and activated the Akt pathway and
miR‑342‑5p could activate the AKT pathway, which was
inhibited by LY294002.
To investigate the role of the Akt pathway in cells,
cell proliferation was examined using a CCK‑8 assay.
Following 24 and 48 h of transfection, cell proliferation
increased in the miR‑342‑5p mimics group, but decreased
in the mock + LY294002 group compared with that in the
mock group after 48 h of transfection (P<0.05; Fig. 8E).
In addition, cell proliferation was also increased in the
mimics + LY294002 group after 72 h compared with that in
the mock + LY294002 group (P<0.05; Fig. 8E). Inhibition of
the Akt signaling pathway decreased cell proliferation, and
this decrease could be reversed by miR‑342‑5p transfection.
Discussion
The proliferation and migration of VSMCs can trigger vascular
lesions, leading to abnormal functioning of the heart or cause
diseases such as hypertension and diabetes (24). A recent study
suggested that some miRNAs (such as miR‑665 and miR‑143/‑145)
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Figure 6. Role of siPIK3R1, miR‑342‑5p inhibitor and the combination of miR‑342‑5p inhibitor with siPIK3R1 on cell proliferation and migration.
(A) Transfection efficiency of siPIK3R1 was determined using RT‑qPCR. (B) The mRNA expression levels of miR‑342‑5p were detected using RT‑qPCR
following transfection. (C) A Cell Counting Kit‑8 assay was used to determine cell proliferation. (D) Quantification of cell migration rates in 5 experimental
groups. (E) Representative cell migration in 5 experimental groups detected using a wound healing assay. Magnification, x200. ^^P<0.01 vs. siNC; *P<0.05,
**
P<0.01 vs. NC; ##P<0.01 vs. NC + siPIK3R1. miR, microRNA; siPIK3R1, si, small interfering; PIK3R1, phosphatidylinositol 3‑kinase regulatory subunit α;
NC, miR‑342‑5p inhibitor negative control; RT‑qPCR, reverse transcription‑quantitative PCR.

may play important roles in the development of cardiovascular
diseases (8,25). In the present study, miR‑342‑5p was shown to
improve cell migration and invasion, promote cell proliferation
and the phenotypic transformation of VSMCs (as shown by the
altered α‑SMA and vimentin expression profiles). PIK3R1 was

found to be a target gene for miR‑342‑5p, and miR‑342‑5p could
regulate the proliferation and differentiation of VSMCs via activa‑
tion of the Akt signaling pathway through inhibition of PIK3R1.
In previous studies, Yan et al (17) found that miR‑342‑5p
was involved in mediating angiogenesis in human umbilical
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Figure 7. Roles of siPIK3R1, miR‑342‑5p inhibitor and the combination of miR‑342‑5p inhibitor with siPIK3R1 in cell invasion and the relative expression of
target genes. MOVAS cells were transfected with NC, miR‑342‑5p inhibitor, NC + siPIK3R1 or miR‑342‑5p inhibitor + siPIK3R1, following which (A and B) cell
invasion, and (C) mRNA and (D and E) protein expression levels of target genes were determined using Transwell assay, reverse transcription‑quantitative
PCR and western blot analysis, respectively. (A) Representative cell invasion images of the 5 experimental groups using an inverted fluorescence microscope at
x200 magnification. (B) Quantitative analysis of the rate of cell invasion. The (C) mRNA and (D) protein expression levels of α‑SMA, PIK3R1 and vimentin.
(E) The quantification of the protein levels in 4 experimental groups. **P<0.01 vs. NC; ##P<0.01 vs. NC + siPIK3R1. miR‑342‑5p, microRNA‑342‑5p; α‑SMA,
α‑smooth muscle actin; PIK3R1, phosphatidylinositol 3‑kinase regulatory subunit α; siPIK3R1, small interfering RNA targeting PI3K1; siNC, siPIK3R1
negative control; NC, miR‑342‑5p inhibitor negative control.

cord tissue samples; Ahmadi et al (16) found that the mRNA
expression level of miR‑342‑5p in peripheral blood mononuclear
cells in patients with coronary heart disease was increased and
Ge et al (26) concluded that serum miR‑342‑5p levels might
be a novel biomarker for pertussis. To further investigate the
role of miR‑342‑5p in MOVAS cells, in vitro transfection was
performed to increase or suppress the expression of miR‑342‑5p
in the cells for subsequent experiments. miR‑342‑5p mimics
significantly upregulated miR‑342‑5p levels in MOVAS cells
compared with that in the control group, whereas miR‑342‑5p
inhibitor downregulated miR‑342‑5p levels. Abnormally
increased proliferation of VSMCs plays a key role in the in
the development of atherosclerosis and in restenosis in some
diseases (27‑29), and miR‑92 regulates vascular smooth muscle
cell function by targeting KLF4 during vascular restenosis
and injury (29). In VSMC injury, VSMCs undergo phenotype
switching by transforming from a differentiated and contrac‑
tile phenotype to a proliferative, migratory and synthetic
state. (30) This can lead to increased proliferation, migration

and secretory abilities and contributes to the development of
cardiovascular diseases (31). In the present study, high expres‑
sion of miR‑342‑5p in MOVAS cells increased cell viability,
migration and invasion, which, could be reversed by inhibiting
the expression of miR‑342‑5p. These results indicated that
miR‑342‑5p might promote the proliferation and phenotypic
transformation of VSMCs.
Increases in VSMCs proliferation causes cell migration,
expression of chemokines and regulation of extracellular
substrates (32,33). VSMCs are considered to have two pheno‑
types: Contractile (differentiated) phenotype and synthetic
(undifferentiated or dedifferentiated) phenotype (34).
Contractile VSMCs belongs to the mature type, which has
poor proliferation and migration ability, and elevated protein
expression levels of contractile markers, such as α‑SMA,
calponin H1 and smooth muscle protein 22‑α (35). However,
the expression levels of these contractile markers were reversed
in the synthetic VSMC phenotype, which also present with a
simultaneous increase in the protein expression of synthetic
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Figure 8. Role of siPIK3R1 and LY294002 in the Akt signaling pathway. MOVAS cells were transfected with NC, miR‑342‑5p inhibitor, NC + siPIK3R1
or miR‑342‑5p inhibitor + siPIK3R1 and the p‑Akt and Akt protein expression levels were determined using (A) western blot analysis and (B) quanti‑
fied, and analyzed statistically. (C) The ratio of p‑AKT/AKT was quantified in each experiment group. MOVAS cells were transfected with mock, mimics,
mock + LY294002 or mimics + LY294002 and the p‑Akt and Akt protein levels were analyzed using (D) western blot analysis and (E) quantified, and analyzed
statistically. (F) The ratio of p‑AKT/AKT was quantified in each experiment group. (G) Cell Counting Kit‑8 was used to determine cell proliferation following
transfection. **P<0.01 vs. NC; ##P<0.01 vs. NC + siPIK3R1; ^P<0.05, ^^P<0.01 vs. mock; and &P<0.05, &&P<0.01 vs. mock + LY294002. p, phosphorylated; NC,
miR‑342‑5p inhibitor negative control; si, small interfering; PIK3R1, phosphatidylinositol 3‑kinase regulatory subunit α; mock, miR‑342‑5p mimic negative
control; OD, optical density; NC, miR‑342‑5p inhibitor negative control.

phenotype markers, such as vimentin and osteopontin (36,37).
Thus, phenotypic transformation of VSMCs is characterized
by expressional changes of these markers. Yan et al (17)
demonstrated that overexpression of miR‑342‑5p upregu‑
lated mesenchymal phenotype markers, such as atlastin 1,
vimentin, Twist‑related protein 1, β‑catenin and α‑SMA. The
results from the present study showed that overexpression of
miR‑342‑5p increased vimentin and reduced α‑SMA mRNA
and protein expression levels, and regulate VSMC phenotypic
conversion; however, low expression levels of miR‑342‑5p
decreased vimentin and increased α‑SMA expression. This
indicates that overexpression of miR‑342‑5p inhibited the
expression of contractile markers but promoted the expres‑
sion of synthetic phenotype markers, thus possibly inducing
the phenotypic transformation of VSMCs from a contractile
phenotype to a synthetic phenotype. Conversely, low expres‑
sion of miR‑342‑5p could inhibit phenotypic transformation
of VSMCs.
In the current study, it was found that PIK3R1 was a
target gene for miR‑342‑5p, and silencing PIK3R1 could

reverse the effect of miR‑342‑5p inhibitors on the VSMCs.
Akt is a threonine protein kinase and its signaling pathway is
involved in the regulation of a variety of biological processes,
including proliferation, growth, metabolism, angiogenesis
and metastasis (38,39). Several studies have confirmed that
the PI3K/Akt signaling pathway plays an important role in
the regulation of VSMC phenotypic transformation (40‑42).
The results from the present study revealed that the Akt
pathway was activated by silencing PIK3R1. However, inhi‑
bition of miR‑342‑5p mRNA expression could suppress the
Akt pathway, which was partially reversed by siPIK3R1. The
results revealed that reduction of PIK3R1 could activate the
Akt signaling pathway. The cell proliferation of VSMCs and
protein expression levels of p‑Akt were significantly inhib‑
ited following treatment with LY294002, indicating that the
Akt pathway was inhibited by LY294002. Under the effects of
high miR‑342‑5p expression, cell proliferation increased and
the Akt pathway was partially activated.
The present study demonstrated that miR‑342‑5p could
enhance cell proliferation, and promote cell migration, invasion
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and phenotypic transformation of MOVAS cells, which may be
associated with the activation of the Akt pathway induced by
PIK3R1 inhibition. Other studies have also confirmed the role
of miR‑342‑5p in atherosclerosis or angiogenesis using animal
studies, in vitro functional experiments and in human tissue
samples (15‑17). However, whether miR‑342‑5p can be used as
a marker in vascular diseases remains to be further elucidated.
In conclusion, miR‑342‑5p could improve cell prolifera‑
tion, promote cell migration and invasion, increase vimentin
and decrease α‑SMA expression. PIK3R1 was a target gene of
miR‑342‑5p, and decreased PIK3R1 expression could improve
cell proliferation, promote cell migration and invasion, and
activate the Akt signaling pathway. Thus, miR‑342‑5p may
promote the proliferation and differentiation of VSMCs
via regulating the Akt signaling pathway through targeting
PIK3R1. The results from the present study may provide a
novel insight into the treatment of cardiovascular diseases.
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