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Abstract: Background: Vascular smooth muscle cell (VSMC) apoptosis plays an important role in vascular remod-
eling and atherosclerotic plaque instability. Growing evidence suggests that microRNAs (miRNAs) play a critical 
role in VSMC function, however, the underlying mechanism remains unclear. Methods: This study used a hypoxic-
induced VSMC apoptosis model. Expression of miR-210, its target MEF2C, and other key factors of apoptosis were 
detected and measured by real-time PCR and western blot. Luciferase reporter assay was performed to detect the 
miR-210 target. The function of miR-210 in apoptosis was determined using flow cytometric cell apoptosis assays. 
The relationship between miR-210 and MEF2C was confirmed and key apoptosis factors were detected. Results: 
The restoration of miR-210 function in cells transfected with a miR-210 mimic inhibited VSMC apoptosis compared 
to control. MiR-210 overexpression inhibited the expression of Bax, Bad, cleaved Caspase-3, and promoted the 
expression of Bcl-2, Caspase-3, Caspase-9 and mitochondrial cytochrome c at both the mRNA and protein levels. 
Results also found that MEF2C was a direct target of miR-210 in hypoxic VSMCs. Further, miR-210 suppressed 
MEF2C expression by directly binding to its 3’-untranslated region and the expression of miR-210 was negatively 
correlated with MEF2C mRNA levels. Conclusions: Results from this study provide the first evidence that miR-210 
can inhibit apoptosis by targeting MEF2C in hypoxic VSMCs and may support the development of new biomarkers 
and therapeutic targets for atherosclerosis. 
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Introduction

Atherosclerosis is a disease of the arteries, 
which can result in stroke and acute coronary 
syndrome such as myocardial infarction and 
other conditions with high mortality rates [1]. 
The pathological process of atherosclerosis is 
initiated by endothelial dysfunction and struc-
tural alterations, followed by aortic media ch- 
ange and vascular smooth muscle cell (VSMC) 
modification [2]. Among these processes, accu-
mulating evidence shows that VSMC apoptosis 
plays an important role in vascular remodeling. 
A study by Zhao et al found that CIAPIN1 siRNA 
promotes VSMC apoptosis by regulating Bax 
and Bcl-2, which may provide a novel therapeu-
tic strategy for vascular diseases [3]. Another 
study found that VSMC apoptosis is an early 
trigger for hypothyroid atherosclerosis [4]. 

MicroRNAs are short, single-stranded, non-cod-
ing RNAs that play critical regulatory role in 
many biological processes such as proliferation 

[5], migration [6], differentiation [5] and apop-
tosis [7-9]. Recent studies have found that 
miRNA expression is modified by various stimuli 
involved in different stages of atherosclerosis 
[10, 11]. Further, there are numerous studies 
that indicate miRNAs may play regulatory role in 
VSMC apoptosis regulation. For example, miR-
92 inhibited VSMC apoptosis by regulating the 
MKK4-JNK pathway under oxidative stress [12]. 
Research has also shown that miR-21 has an 
anti-apoptotic effect in VSMCs both in vitro and 
in vivo [13]. Furthermore, PTEN has been found 
to regulate VSMC apoptosis through the inhibi-
tion of AKT activation which is regulated by miR-
21 [14]. In Leeper’s study, miR-26 was found to 
promote apoptosis in VSMCs while inhibiting 
proliferation and migration [15]. Finally, miR-
210 gathers more light in hypoxic induced cell 
apoptosis [16, 17]. Given these findings, there 
is interest in this field to explore the pathologi-
cal mechanism and novel treatment options for 
atherosclerosis. 
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MiR-210 is a robust target of hypoxia-inducible 
factor (HIF)-1 target gene, which participates  
in hypoxia-dependent disease states, among 
many other diseases. For example, miR-210 is 
upregulated in most tumors and correlated 
with poor clinical outcomes. In a study by Li et 
al, upregulated miR-210 promoted epithelial 
ovarian cancer cell proliferation and inhibited 
apoptosis by targeting PTPN1 [18]. In hypoxic 
human hepatoma cells, miR-210 downregula-
tion significantly inhibited cell viability, induced 
cell arrest in the G0/G1 phase, increased the 
rete of apoptosis and enhanced radiosensitivi-
ty [19]. In addition, miR-210 regulates human 
U251 glioma cells apoptosis and proliferation 
by directly down-regulating SIN3A protein ex- 
pression [20]. Under hypoxic conditions, miR-
210 increased colon cancer cell proliferation 
and further reduced radiosensitivity by the HIF-
1α/miR-210/Bcl-2 pathway [21]. BNIP3, a tar-
get of miR-210, was found to be suppressed by 
miR-210 and over-expression of miR-210 de- 
creased apoptosis in neural progenitor cells 
[22]. Furthermore, except in cancer cell lines, 
brain tissue is rich in miR-210 and has anti-
apoptosis functions in cerebral ischemia/re- 
perfusion [23]. Although studies exist that fo- 
cus on the relationship between miR-210 and 
atherosclerosis, the comprehensive mechani- 
sm of VSMC apoptosis remains unclear. 

The aim of this study is to identify the role of 
miR-210 and its target in VSMC apoptosis and 
further describe its underlying mechanisms. 
This may also provide a theoretical basis for 
clinical treatment. 

Materials and methods

Cell culture and hypoxia treatment

The VSMCs line was purchased and cultured 
and maintained in DMEM (Invitrogen) contain-
ing 10% FBS (Invitrogen) in 5% CO2 at 37°C. At 
the same time, 100 U/ml penicillin and 100 μg/
ml streptomycin, 25 ng/ml epidermal growth 
factor, and 10 ng/ml basic fibroblast growth 
factor were added as supplement. The culture 
medium was changed every 3 days. After 7-10 
days, the cells were grown to confluence, and 
passaged using 0.25% trypsin, and grown in 
DMEM containing 10% FBS plus antibiotics. At 
each time of isolation, cells were stained posi-
tively with monoclonal antibody to smooth mus-
cle actin, which is characteristic of VSMCs. For 

hypoxia treatment, VSMCs were exposed to a 
stable flow of low-oxygen gas mixture (1% O2, 
5% CO2, 94% N2) in a modular incubator cham-
ber. The treated VSMCs were incubated and 
collected for the following experiments. The 
HEK293 cells were cultured and grown in 
DMEM supplemented with 10% FBS according 
to the manufacturer’s specifications followed in 
a previous study [24]. 

Plasmids and miRNA transfection

Transfections with miR-210 mimic, miR-210 
inhibitor or scrambled control at a final conce- 
ntration of 50 nmol/L were performed using 
Lipofectamine 2000 reagent following the ma- 
nufacturer’s recommendations. Lipofectamine 
2000 was diluted and plasmids were added to 
the solution. The solution was then added into 
a 6-well-plate and incubated for 6 hours at 
37°C, 5% CO2. The siRNA was utilized to block 
the expression of MEF2C, siRNA duplexes and 
siRNA transfection reagent were mixed and 
added into 100 mL siRNA transfection medium 
for 45 minutes at 20°C. The medium was then 
changed to conventional medium and cultured 
sequentially for 48 hours. After 48 h of trans-
fection, the transfection efficiency of the VS- 
MCs was measured using SYBR Green quanti-
tative real-time reverse transcriptase poly-
merase chain reaction (qRT-PCR). 

Luciferase reporter assay

For Luciferase assay, 1×105 HEK293 cells were 
cultured, and a segment of the 3’-UTR of MEF2C 
was cloned into pMiR-Report. A mutated 3’-UTR 
of MEF2C was then introduced to the potential 
miR-210 binding site. Reporter vectors contain-
ing the wild type or mutant of MEF2C and miR-
210 mimic were then co-transfected into HE- 
K293 cells. Luciferase activities were detected 
using a Dual-Luciferase Assay System (Invi- 
trogen, USA) 48 h after transfection. 

Flow cytometric cell apoptosis assays

VSMCs apoptosis was conducted by flow cy- 
tometry using the Annexin V-FITC Apoptosis 
Detection Kit (Sigma, MO, USA) according to 
the manufacturer’s specifications [25]. VSMCs 
were incubated with state culture medium in 
hypoxia precondition or normal precondition for 
24 h after transfection with miR-210 mimics, 
inhibitor or control. VSMCs were then collected, 
washed with fresh PBS, resuspended in 100 μl 
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of 1X binding buffer and stained with Annexin 
V-FITC for 10 min and 5 μl of PI (Becton-Di- 
ckinson) at room temperature for 15 min in the 
dark. Finally, propidium iodide was added at a 
final concentration of 1 mg/L. A flow cytometer 
was conducted to evaluate the apoptotic levels 
and cell cycle in each sample following the 
manufacturer’s specifications. Stained cells 
were analyzed using a FACScalibur. 

Western blot

The Western blot analysis was conducted as 
previously described [26]. VSMCs were lysed 
with M-PER Protein Extraction Reagent (Pierce, 
Rockford, IL) and supplemented with a prote-
ase inhibitor. The total cellular protein concen-
tration was then assessed using the BCA pro-
tein assay. Proteins were then transferred to 
polyvinylidene difluoride (PVDF) membranes. 
After blocking for 4 h in 5% skim milk, the 
1:1000 dilution of primary antibodies against 
Bcl-2, Caspase-3, cleaved Caspase-3, Caspa- 
se-9, Bad, Bax, cytochrome c and MEF2C (rab-
bit; Abcam; UK) were added and incubated with 
the membrane at 4°C overnight. After being 
washed with Tris buffer solution, the secondary 
antibody was added in the solutions and incu-
bated for 1 h. Chemiluminescent detection was 
performed using an ECL kit. Gray value of the 
bands was analyzed by Image-J software. 

RNA isolation and qRT-PCR

For RNA isolation and qRT-PCR detection, the 
primers used for amplification are described in 
Table 1. Total RNA from VSMCs were extracted 

by TRIzol™ Reagent following the manufactur-
er’s instructions. The isolated RNAs were then 
polyadenylated using the miRNA first-strand 
cDNA synthesis kit (Invitrogen). The cDNA was 
then prepared using a Reverse Transcription 
System. The cDNA synthesized was used to 
perform quantitative PCR on an ABI 7500 real-
time PCR system thermocycler using SYBR 
Premix Taq. Amplification was performed as fol-
lows: 95 C for 10 min, followed by 40 cycles of 
95°C for 15 s and 60°C for 1 min. The results 
were analyzed using the relative standard curve 
method of ΔΔCt method. Taqman MicroRNA 
Reverse Transcription Kit and Taqman Universal 
Master Mix II were used for miR-210 detection 
in turns for reverse transcription and qRT-PCR, 
respectively. U6 acted as an internal control. 

Statistical analyses

Statistical analysis was performed using Gra- 
ph Pad Prism 5.1 software. Results are expre- 
ssed as the mean ± standard deviation. When 
only two groups were compared, the two-tailed 
Student’s t-test was used to assess statistical 
differences. Binding levels of in vitro autoradi-
ography experiments were compared using 
one-way ANOVA. P value less than 0.05 (P< 
0.05) was considered statistically significant. 

Results

MiR-210 expression in hypoxia model 

The morphology of VSMCs was demonstrat- 
ed under hypoxia conditions at different time 
points (0.5 h, 1 h, 1.5 h, 2 h and 3 h). The mor-

Table 1. Primer sequences for RT-PCR analysis
cDNA Forward primer Reverse primer
miR-210 5’-GTCCAGTTTTCCCAGGAATCC-3’ 5’-TCGCTTCGGCAGCACATAT-3’
Bcl-2 5’-GTGGATGACCTAGGCAAGTCG-3’ 5’-GTCTCCTCCTTGTTGTTCTGC-3’
Caspase-3 5’-AGAAGTCAGAGTTCAGAGGCGTCC-3’ 5’-AGTAGAAGGCTGTCACCAAGCCAAC-3’
c-Caspase-3 5’-TCCAACCTGAGTGACATAGCGA-3’ 5’-CTGACCTCCAACTCCAACGAAT-3’
Caspase-9 5’-CCGGAATTCGAGCCTACAGCAGAACC-3’ 5’-CCGCTCGAGTTTGATCCCCTCTGTTA-3’
Mito-cyt c 5’-GAC GCG GAC GAT GAT GTG AAC-3’ 5’-TTG TAC TGT TGT GGA TTG AAG-3’
Cyto-cyt c 5’-CACCCAACA TGT TTA CAA ACA ATG AGA-3’ 5’-CTGCAGCAACAG TAA GGA ACA TCC TAT-3’
Bad 5’-GGA AGA GAA CTT TGC CGT TGA A-3’ 5’-GTG ACG AGC CAT TTC CTC CTT-3’
Bax 5’-CACGACACCGGACAAACCA-3’ 5’-GCCGGGAGCTATCTTTCTTAAGTG-3’
MEF2C 5’-AAGACG GAGAGGCATCATCGAG-3’ 5’-CAGATCCCTGCTTCTCAAAGGCAC-3’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’
β-actin 5’-ACAACTTTGGTATCGTGGAAGG-3’ 5’-GCCATCACGCCACAGTTTC-3’
c-Caspase-3, cleaved Caspase-3; Mito-cyt c, mitochondrial cytochrome c; Cyto-cyt c, cytoplasmic cytochrome c.
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phology of different VSMC groups is shown in 
Figure 1A, with the morphology of VSMCs ch- 
anging markedly with increased hypoxia condi-
tion time. MiR-210 expression was detected 
and analyzed at different time points (0.5 h, 1 
h, 1.5 h, 2 h, 2.5 h and 3 h) to investigate its 
change in hypoxia conditions using RT-PCR. 
The results of qRT-PCR showed that miR-210 
expression was significantly decreased in hy- 
poxic VSMCs in a time-dependent manner, as 
shown in Figure 1B and 1C. These results dem-
onstrate that miR-210 is downregulated in 
hypoxic VSMCs in time-dependent manner. 

Effect of hypoxia on the expression of apop-
totic factors in hypoxic VSMCs

Previous studies have shown that under hypox-
ic conditions, the expression of apoptotic fac-
tors, such as Bcl-2, Bad, Bax, Bad Caspase-3 
and Caspase-9 resulted in changes in different 
cell lines [21, 27, 28]. It has been demonstrat-
ed that mitochondrial damage is critical to 
enable the transmission of mitochondrial pro-

apoptotic factors into the cytoplasm/nucleus in 
hypoxia conditions [28]. Furthermore, as an 
anti-apoptotic factor, Bcl-2 is decreased in 
hypoxic conditions [17, 29]. However, Bax and 
Caspase-3 show the opposite effect [30]. In 
order to understand the expression of these 
apoptotic factors in hypoxic VSMCs, and the 
relationship between hypoxia and mitochondri-
al dysfunction (i.e. whether hypoxia condition 
amplifies mitochondrial apoptosis in VSMCs), 
qRT-PCR and western blotting were sued to 
detect the mRNA and protein levels of Bcl-2, 
Bax, Bad, and Caspase-3, cleaved Caspase-3, 
Caspase 9, mitochondrial cytochrome c (Mito-
cyt c) and cytoplasmic cytochrome c (Cyto-cyt 
c) respectively. Results found that VSMCs incu-
bated in hypoxic conditions showed significant 
apoptosis activity compared to controls (Figure 
2A and 2B). The level of mito-cyt c mRNA and 
protein expression was significantly decreased, 
whereas the expression of cyto-cyt c was 
increased in hypoxia condition (Figure 2C-E). In 
addition, results showed that mitochondrial 
apoptotic proteins such as cleaved Caspase-3 

Figure 1. MiR-210 expression in hypoxia model. The 
VSMCs cells were incubated in low-oxygen gas incu-
bator for different duration (0.5 h, 1 h, 1.5 h, 2 h, 2.5 
h, 3 h). A. Morphology of VSMC at different hypoxia 
time points (0.5 h, 1 h, 1.5 h, 2 h, 2.5 h, 3 h). B. The 
expression of miR-210 was detected using quantita-
tive RT-PCR in hypoxic VSMCs and showed a time-de-
pendent manner. C. The expression of miR-210 in 2 
h of hypoxic VSMCs compared to control group. Data 
were represented as mean ± SD and shown as fold 
change relative to the control group; statistical analy-
sis was calculated using one-way ANOVA. *P<0.05, 
**P<0.01 vs control. 
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Bad, Bax and caspase-9 increased. Converse- 
ly, the expression of Bcl-2 and Caspase-3 was 
decreased in the hypoxia treatment group (Fi- 

gure 2C-E). Taken together, results suggest th- 
at mitochondrial apoptosis of VSMCs is ampli-
fied by hypoxia treatment.

Figure 2. Apoptosis rate and apoptosis-related factor expression in hypoxic VSMCs. A and B. Cell apoptosis rate of 
VSMCs incubated in hypoxia condition and normal condition; C. The mRNA of mitochondrial apoptotic proteins were 
analyzed by RT-PCR in hypoxic VSMCs and control; D and E. The protein of mitochondrial apoptotic proteins were 
analyzed by western blot in hypoxic VSMCs and control. Data were represented as mean ± SD and shown as fold 
change relative to the control group; statistical analysis was calculated using two-tailed Student’s t test. *P<0.05, 
**P<0.01 vs control.
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MiR-210 overexpression attenuates hypoxia-
induced apoptosis in VSMCs

MiR-210 mimics and inhibitors were used in 
order to investigate the role of miR-210 in 
hypoxic VSMCs. Results found that miR-210 
expression was increased in VSMCs transfect-
ed with miR-210 mimics and decreased in 
VSMCs transfected with miR-210 inhibitor 
(Figure 3A). As shown in Figure 3B and 3C, 
transfection of miR-210 mimic into VSMCs 
inhibited apoptosis, whereas transfection of 
miR-210 inhibitor promoted apoptosis in the 
hypoxia treatment compared to the control 
group. Although the rate of apoptosis was 
reduced by the transfected miR-210 mimic, it 
was still higher than the normal control (Figure 
3B and 3C). In order to determine if intrinsic 
apoptotic signaling was involved, the expres-
sion of apoptotic factors (Bcl-2, Bax and cleaved 
Caspase-3) was measured in miR-210 mimics 
and inhibitors respectively. The result indicated 
that miR-210 mimic significantly inhibited Bax 
and cleaved Caspase-3 expression, and pro-
moted Bcl-2 expression in hypoxic VSMCs mea-
sured by PCR and western blot. Conversely, 
hypoxic VSMCs transfected with miR-210 inhib-
itors reversed the above results (Figure 3D-F). 
In addition, the mRNA and protein level of Bax 
and cleaved Caspase-3 was reduced by trans-
fected miR-210 mimic, but it was still higher 
than the normal control (Figure 3D-F). These 
results demonstrate that miR-210 attenuates 
apoptosis of hypoxic VSMCs. 

MiR-210 is confirmed as a direct target of 
MEF2C

Further experiments aimed to identify the tar-
get of miR-210 to better understand its underly-
ing mechanism. Bioinformatic algorithms (Tar- 
getScan, Pictar and miRBase Targets) predict-
ed that the target of miR-210 was MEF2C 
(Figure 4A). In order to confirm that result, dual-
luciferase reporter assay was used. Wild type 
pGL3-MEF2C-WT-3’-UTR or pGL3-MEF2C-Mut-
3’-UTR was co-transfected with miR-210 mim-
ics or scramble in HEK-293T cells. As shown in 
Figure 4B, after MEF2C-3’-UTR-mut group was 
transfected with miR-210 mimics or scramble, 
the luciferase activity between MEF2C-3’-UTR-
Mut and MEF2C-3’-UTR-Mut + mimics groups 
showed no statistically significant difference. 
Furthermore, to identify whether miR-210 regu-
lates the expression of MEF2C in VSMCs, the 

mRNA and protein levels of MEF2C were mea-
sured using qRT-PCR and western blotting, 
respectively. As shown in Figure 5C-E, over- 
expression of miR-210 suppressed both the 
mRNA and protein levels of MEF2C. These data 
suggested that miR-210 negatively regulates 
MEF2C expression in VSMCs, and MEF2C may 
be a direct target of miR-210. 

MiR-210 overexpression inhibits VSMCs hypox-
ia-induced apoptosis by targeting MEF2C

After determining that MEF2C is a direct target 
of miR-210 in VSMCs, we investigated whether 
apoptosis is mediated by the down regulation 
of MEF2C. MEF2C plasmid, pcDNA-MEF2C and 
miR-210 mimic were co-transfected into hyp- 
oxic VSMCs. Results found that the miR-210 
mimic suppressed the expression of MEF2C in 
hypoxic VSMCs, which was reversed by pcDNA-
MEF2C (Figure 5A-C). Results also indicated 
that overexpression of MEF2C increased apop-
tosis rate, which was rescued by co-transfected 
miR-34a with the pcDNA-MEF2C (Figure 5D, 
5E). To further identify whether overexpression 
of miR-210 mediates hypoxia-induced apopto-
sis in VSMCs by targeting MEF2C, we performed 
qRT-PCR and western blot analysis to detect 
the mRNA level and protein expression of Bcl-2, 
Bax and cleaved Caspase-3 in different trans-
fected groups. As shown in Figure 5F, 5G the 
pcDNA-MEF2C significantly reduced the effects 
of miR-210 mimics on the expression of Bcl-2, 
Bax and cleaved Caspase-3 in hypoxic VSMCs 
at both mRNA and protein levels. Taken togeth-
er, these data indicate that miR-210 mimics 
protect hypoxic VSMCs from apoptosis by tar-
geting MEF2C. 

Discussion

Atherosclerosis is a chronic progressive inflam-
matory disease and is the leading cause of 
death worldwide [31]. VSMCs are involved in 
the remodeling of arterial walls in affected ves-
sels due to atherosclerotic changes [32], and 
VSMC proliferation in atherosclerosis seems to 
be predominantly reparative [33]. More recent 
studies have shown that VSMC phenotypic 
switching results in less-differentiated forms 
and promotes the process of atherosclerosis 
[34-36]. Apoptosis of VSMCs in atherosclerotic 
lesions may be related to plaque rupture, trig-
gered by oxidative stress present in the dis-
eased vascular milieu [37]. This evidence sh- 



MiR-210 inhibits apoptosis of smooth muscle cells

1852 Int J Clin Exp Pathol 2019;12(5):1846-1858

Figure 3. MiR-210 overexpression attenuates hypoxia-induced apoptosis in VSMCs. A. miR-34a mimic and inhibitor were used to achieve miR-34a overexpression 
and downregulation which was verified by RT-PCR. B, C. The flow cytometric cell apoptosis assays in miR-210 mimics and inhibitors group in hypoxic VSMCs and 
control. D. The mRNA of Bcl-2, Bax and cleaved Caspase-3 were detected by quantitative RT-PCR in miR-210 mimics and inhibitors group. E, F. The protein expres-
sions of Bcl-2, Bax and cleaved Caspase-3 were detected by western blotting assay in miR-210 mimics and inhibitors group. Data were represented as mean ± SD 
and shown as fold change relative to the control group; Statistical analysis was calculated by one-way ANOVA. *P<0.05, **P<0.01 vs control. 
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ows that numerous miRNAs have been found to 
play a regulatory role in VSMCs apoptosis. 

Previous studies revealed that mitochondria 
play a crucial role in cellular energy generation 
and metabolism, oxidative stress, fatty acid oxi-
dation, calcium transport and cellular prolifera-
tion and apoptosis [34-36]. Many studies have 
reported the role of mitochondrial dysfunction 
in various human diseases and that apoptosis 
helps protect mitochondria from stress dam-
age and promotes mitochondrial renewal [38, 
39]. Activation of the apoptotic pathway is ca- 
used by multiple stimuli, such as oxidative st- 

ress, cytoplasmic Ca2+ overload, UV damage 
and various drugs [39]. These stimuli enhance 
the permeability of the outer mitochondrial 
membrane (OMM) and promote the release of 
apoptotic proteins such as cytochrome c from 
the intermembrane space to the cytosol [40]. 
The above process can accelerate caspase 
cleaved targeted proteins and cause apoptosis 
[40]. Abnormal regulation of apoptosis is corre-
lated with neurodegenerative diseases and car-
diovascular diseases [37]. Results from the 
present study found that miR-210 promoted 
apoptosis via mitochondrial pathway apopto-
sis, which was verified by the expression of 

Figure 4. MiR-210 is confirmed as a direct target of MEF2C. A. Complementary sequences of miR-210-MEF2C were 
obtained from publicly available websites. The mutant of SYT1 3’UTR muted three bases was also shown; B. The 
predicted binding sequences of the 3’-UTR of MEF2C. C. Relative luciferase activity was analyzed after wild-type 
or mutant 3’-UTR reporter plasmids were co-transfected with miR-210 in VSMCs. D. qRT-PCR detection of MEF2C 
mRNA expression in VSMCs transfected with miR-210 mimics or miR-210 inhibitors; E and F. Western blot detec-
tion of MEF2C mRNA expression in VSMCs transfected with miR-210 mimics or miR-210 inhibitors. U6 was used as 
an internal control. Data were represented as mean ± SD and shown as fold change relative to the control group; 
statistical analysis was calculated using one-way ANOVA. *P<0.05, **P<0.01 vs control.
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Figure 5. MiR-210 overexpression inhibits VSMC hypoxia-induced apoptosis by targeting MEF2C. The VSMCs were co-transfected with pcDNA-MEF2C and miR-
210 mimics before exposure to the hypoxic condition. (A) The mRNA and (B, C) protein expression of hypoxic VSMCs co-transfected with either miR-210 mimic or 
scramble and pcDNA-MEF2C or pcDNA empty vector; (D) and (E) Apoptosis rate in hypoxic VSMCs co-transfected with either miR-210 mimic or scramble and pcDNA-
MEF2C or pcDNA empty vector; (F) The miRNA levels of Bcl-2, Bax and cleaved Caspase-3 in hypoxic VSMCs were measured by RT-PCR; (G) and (H) The protein levels 
of Bcl-2, Bax and cleaved Caspase-3 in hypoxic VSMCs were measured by western blot. Data are represented as mean ± SD and shown as fold change relative to 
the control group; statistical analysis was calculated using one-way ANOVA. *P<0.05, **P<0.01 vs control.
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apoptotic related factors such as Bcl-2, Bax, 
Bad, Caspase-3, Caspase-9 and cytochrome c 
at both the mRNA and protein levels.

Myocyte-specific enhancer factor 2c (MEF2C) 
is a ubiquitously expressed transcription factor 
with important functions in the cardiovascular 
system [41]. This gene is involved in cardiac 
morphogenesis, myogenesis and vascular de- 
velopment [41]. Evidence suggests that there 
are many miRNA that regulate MEF2C and that 
it plays an important role in atherosclerosis. 
For example, MEF2C has been found to be the 
direct target of miR-135-5p and miR-4991-3p 
and plays an important role in cell proliferation 
and migration in atherosclerosis [42]. Another 
study found that miR-448 directly targets 
MEF2C and promotes VSMCs proliferation and 
migration [42]. There is currently limited evi-
dence that shows the relationship between 
MEF2C and VSMCs apoptosis. 

This study aimed to explore the relationship 
between miR-210 and VSMCs apoptosis. A 
hypoxic model of VSMCs was established and 
the expression of miR-210 at different time 
points under hypoxic conditions was measured. 
Results showed that the expression of miR-210 
in hypoxic VSMCs demonstrated a time-depen-
dent relationship. Results also showed that 
miR-210 reduces hypoxic-induced apoptosis in 
VSMCs and apoptotic factor expression was 
detected at both the mRNA level and protein 
levels. To further investigate the molecular me- 
chanism, potential target genes of miR-210 
were predicted using microRNA.org, TargetScan 
and miRDB. Using luciferase reporter assay, 
results found that MEF2C was a direct target of 
miR-210. Moreover, western blotting assay and 
RT-PCR revealed that overexpression of miR-
210 resulted in the down-regulation of MEF2C 
at both the protein and mRNA levels. It was 
found that miR-210 overexpression inhibits 
VSMC hypoxia-induced apoptosis by targeting 
MEF2C. 

Conclusions

In conclusion, these results indicate that miR-
210 may be involved in apoptosis inhibition 
induced by hypoxic damage. The downregula-
tion of miR-210 attenuated the inhibited apop-
tosis effects induced by hypoxia in VSMCs. In 
summary, these findings provide valuable in- 
sight into the association between miR-210 
and hypoxic-induced VSMCs protection.
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