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Abstract: Background: Atherosclerosis remains a leading cause of cardiology disease worldwide, which vascular 
smooth muscle cells (VSMCs) proliferation and apoptosis are involved. Increasing evidences have revealed that long 
non-coding RNAs (lncRNAs) considered to be critical regulatory factors of VSMCs function. However, the molecular 
mechanism is not fully understood. Methods: First, we establish the ox-LDL induced VSMC model. We conducted 
RT-PCR to measure MEG3 expression and miR-361-5p expression in this model. The proliferation and apoptosis 
of VSMCs were measured via CCK-8 proliferative assay and flow cytometry respectively. We used knockdown and 
overexpression system to identify the molecular mechanism. In addition, luciferase report assay and bioinformat-
ics analysis were used to confirm the bio-target of different factors. Results: LncRNA MEG3 was down-regulated 
and related with miR-361-5p expression in ox-LDL injured VSMCs. Inhibition of lncRNA MEG3 promotes the prolif-
eration and decelerates apoptosis of VSMCs. Moreover, MEG3 acts as a competing endogenous RNA (ceRNA) for 
miR-361-5p and further regulate ABCA1 expression regulate proliferation and apoptosis in ox-LDL injured VSMCs. 
Conclusion: These results suggest that LncRNA MEG3 regulate proliferation and apoptosis in ox-LDL injured VSMCs 
and function as a ceRNA for miR-361-5p to modulate ABCA1 expression. 
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Introduction

Despite the remarkable therapeutic progress 
archived in cardiology, atherosclerosis remains 
a main cause of stroke and cardiovascular 
death [1, 2]. Atherosclerosis is known as a com-
plex pathophysiological process which involved 
multiple cellular and molecular changes [3]. It 
is well-known that vascular smooth muscle 
cells (VSMCs) play an essential role in athero-
sclerosis [4, 5]. For instance, the majority of 
VSMCs in the plaque are derived from the 
medial layer of the vessel which act as a regula-
tor on atherosclerotic plaque, also, proliferation 
of VSMCs promoting atherogenesis as a 
response to injury [6, 7]. Additionally, VSMCs 
apoptosis occurs in physiological vessel remod-
eling, which may induce vulnerability of plaque 
[8-10]. Thus, understanding the deep molecu-
lar mechanisms involved in those pathophysio-
logical processes in VSMCs may provide a 

novel concept for treating atherosclerosis- 
related disease. 

Long non-coding RNAs (lncRNAs) constitute a 
cluster of transcripts longer than 200 nucleo-
tides without protein-coding ability, however, 
they are able to regulate gene expression at 
transcription, epigenetic, and translation leve- 
ls [11-13]. Increasing evidence suggest that 
lncRNAs are involved in multiple cellular signal-
ing pathway including cell differentiation [14], 
proliferation [15], migration [16] and apoptosis 
[17]. Recent research have shown that lncRNAs 
are highly expressed in VSMCs, and these 
lncRNAs have been demonstrated serves in dif-
ferent biological pathways. For instance, lncRNA 
RNCR3 accelerates the apoptosis in athero-
sclerosis process, meanwhile, it also inhibits 
the proliferation and migration by regulating 
Kruppel-like factor 2 and miR-185-5p [18]. In 
addition, lncRNA GAS5 regulate hypertension-
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induced vascular remodeling through β-catenin 
signaling pathway [19]. Zhao et al focus on 
another lncRNA named MYOSLID, they con-
firmed that MYOSLID is a novel modulator in 
VSMC differentiation program via regulating 
transforming growth factor-β/SMAD pathways 
[20]. 

One of the most novel functions of lncRNAs is 
that they are able to serve as ceRNA which 
competes with coding gene RNA to be targeted 
with microRNA (miRNA), thus regulate the func-
tion of these genes [21, 22]. So far, in many 
studies, the ability of lncRNAs to associate with 
miRNAs has been partly investigated. Using 
RNA-sequencing, Lnc-Ang362 was identified in 
VSMCs, Lnc-Ang362 functions as the host tran-
script for miR-221 and miR-222, which is 
responsible for VSMCs proliferation [23]. In 
addition, another study demonstrated that 
LncRNA UCA1 sponges miR-26a and further 
modulate VSMCs migration and proliferation 
[24]. LncRNA expressed gene 3 (MEG3) has 
been proven regulates VSMC migration and 
apoptosis, thus plays a function role in vascular 
transformation. However, there is lack of the 
evidence of LncRNA MEG3 and miRNA interac-
tion mechanism. 

In this study, we would like to explore the role of 
lncRNA MEG3 in ox-LDL injured VSMCs model. 
The functions of MEG3 and its down-stream 
factors were determined by functional experi-
ments. Our study may provide a new perspec-

tainer was maintained at 37°C with 5% CO2 in 
the humidified environment. Culture medium 
was changed every 3 days. VSMCs from pas-
sages 3 were used for in vitro experiments. 
Ox-LDL was used for treatment of VSMCs, dif-
ferent concentrations of ox-LDL were added 
into DMEM 24 h before measurement. For 
human embryonic kidney 293T cells, the cul-
ture medium and condition were the same as 
VSMCs as previously described. 293T cells 
were used for transfection. 

qRT-PCR

The total RNA was extracted from treated 
VSMCs by using RNA isolation kit (Invitrogen, 
USA) according to the manufacturer’s instruc-
tions. Next, RNA was transcribed into comple-
mentary DNA (cDNA). The primers in our study 
were described in Table 1. The cDNA synthe-
sized was used to perform PCR on ABI 7500 
fast Real-Time PCR System. U6 and GAPDH 
were used as control. Relative levels of gene 
expression were calculated via 2-ΔΔCt me- 
thod. 

Cell transfection

For transfection, The VSMCs were seeded into 
24-well plates, and incubated with DMEM sup-
plemented with 10% FBS only. Then we trans-
fected pcDNA-MEG3 vector, si-lncRNA MEG3, 
miR-361-5p mimic, miR-361-5p inhibitor using 
Lipofectamine 2000 reagent (Invitrogen, USA) 

Table 1. Primers used in this study
Gene Primer sequence
miR-361-5p Forward: 5’-ATAAAGTGCTGACAGTGCAGATAGTG-3’

Reverse: 5’-TCAAGTACCCACAGTGCGGT-3’
U6 Forward: 5’-CTCGCTTCGGCAGCACA-3’

Reverse: 5’-AACGCTTCACGAATTTGCGT-3’
MEG3 Forward: 5’-CTGCCCATCTACACCTCACG-3’

Reverse: 5’-CTCTCCGCCGTCTGCGCTAGGGGCT-3’
PCNA Forward: 5’-CGACTGCTTAAGATTTCGAGGCGCGCCTGGTCCAG-3’

Reverse: 5’-CCTATCGCTAGCTCCAGCTCCACCCGCAGATCCTTCTTCATCC-3’
GAPDH Forward: 5’-AGTCCACTG GCGTCTTCA-3’

Reverse: 5’-GAGTC CTTCCACGATACCAA-3’
α-SMA Forward: 5’-CCACCGCAAATGCTTCTAAGT-3’

Reverse: 5’-GGCAGGAATGATTTGGAAAGG-3’
SM22-α Forward: 5’-GCUAGUGGAGUGGAUUGUATT-3’

Reverse: 5’-UACAAUCCACUCCACUAGCTT-3’

tive on atherosclero-
sis treatment. 

Methods and materi-
als 

Cell culture 

The VSMCs were cul-
tured in DMEM wi- 
th supplemented 10% 
FBS and 1% antibi- 
otics (penicillin and 
streptomycin). Mean- 
while, 10 ng/ml of 
fibroblast growth fac-
tor was added in the 
culture medium. The 
temperature of con-
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for 48 h based on manufacturer’s protocols. 
After transfection, total RNA and protein were 
extracted from VSMCs for further use. 

Dual luciferase reporter assay

For luciferase reporter assays, the 3’-UTR of 
MEG3 containing miR-361-5p binding sites 
were termed as pGLO-MEG3-WT/Mut lucifer-
ase vector. 24 h later, we transfected these fac-
tors into HEK-293T cells. 36 h after the trans-
fection, the cells were lysed and tested using 
luciferase system. Dual luciferase reporter sys-
tem was used based on manufacturer’s 
protocols. 

Annexin V detection of apoptosis

Following transfection, the VSMCs were har-
vested by trysin without EDTA. After washing 
with PBS, these cells were resuspended in 1 × 
Annexin V binding buffer at a concentration of  
1 × 106 cells/ml. Then we added 5 ml FITC-
Annexin V to each tube and used propidium 
iodide (PI) at darkness for 15 min. Finally, we 

conducted flow cytometry (Becton-Dickinson, 
USA) with stained VSMCs. 

Cell proliferation assay 

The cell proliferation was measured by CCK-8 
assay. Different groups of VSMCs were cultured 
in 96-well plates. After 48 h of culturing, CCK-8 
reagent (10 μl) was added into each well and 
incubated according to the manufacturer’s 
instructions. By using micro-plate reader, 
absorbance was measured at wavelength of 
450 nm 72 h after treatment. All tests were 
repeated at least 3 times.

Western blot

The VSMCs were washed with cold PBS, then, 
these cells were lysed in RIPA. Next, total pro-
tein samples were extracted. All samples from 
different groups were used for western blotting. 
The protein samples were incubated with the 
primary antibody at 4°C overnight include 
ABCA1, PCNA, α-SMA, SM22-α, GAPDH (1:1000 
dilution, Sigma, USA). After that, samples were 
incubated with secondary antibodies (1:1000 

Figure 1. LncRNA MEG3 down-regulation is related with miR-361-5p expression in ox-LDL induced VSMCs. (A) ox-
LDL induce VSMCs proliferation at time-dependent ox-LDL (25-100 μg/ml) (B) ox-LDL induce VSMCs proliferation 
at dose-dependent manner (6-72 h). Real-time PCR assay for the expression of MEG3 (C) and miR-361-5p (D). The 
correlation between MEG3 and miR-361-5p was shown in (E). Data were represented as mean ± SEM. *P<0.05, 
**P<0.01, and ***P<0.001.
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dilution, Sigma, USA). All data were analyzed 
and quantified with Image-J software. 

RNA immunoprecipitation (RIP)

For RNA immunoprecipitation, the different 
groups of cells were collected and lysed into 
RIP buffer. Later, cell lysates were incubated 
with RIP buffer containing magnetic beads con-
jugated with human anti-Ago2 antibody or neg-
ative control IgG (anti-IgG). After immune-pre-
cipitated RNA was extracted, the RT-PCR was 
conducted to measure the purified RNA includ-
ing expression of MEG3 and miR-361-5p. 

Statistical analysis

All data were imported into SPSS 21.0 software 
(IBM, USA). Results were presented as mean ± 

SEM. Comparisons between groups were made 
by Mann-Whitney U test or Student’s t test. 
Comparisons among more than two groups 
were using one-way ANOVA. P value less than 
0.05 was considered statistically significant. 

Results

LncRNA MEG3 and miR-361-5p expression are 
correlated in ox-LDL injured VSMCs

First of all, we would like to confirm the effect of 
ox-LDL in VSMCs. VSMCs were incubated with 
ox-LDL in different dosage (25-200 μg/ml) at 
different time point (12-72 h). The results were 
shown in Figure 1A and 1B, we found that at 75 
μg/ml and 100 μg/ml in 48 h, the proliferation 
of VSMCs was significantly increased. The 

Figure 2. Inhibition of lncRNA MEG3 decel-
erates the proliferation and apoptosis of 
VSMCs. A. Real-time PCR showed the expres-
sion of MEG3 in VSMCs in normal condition. 
B. Real-time PCR showed the expression of 
MEG3 in VSMCs under ox-LDL treatment. C. 
Cell proliferation was detected by CCK-8 as-
say in different groups. D. PCNA, α-SMA and 
SM22-α mRNA were measured by RT-PCR. E. 
Western blot assay was used for measure-
ment of proliferation biomarkers including 
PCNA, α-SMA and SM22-α. F. Flow cytometry 
was used to assay the apoptosis of VSMCs. 
Data were represented as mean ± SEM. 
*P<0.05, **P<0.01, and ***P<0.001.
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results suggested that ox-LDL induced VSMCs 
proliferation showed both time- and dose-
dependent manner. Based on these data, we 
decided to use 100 μg/ml ox-LDL treatments at 
48 h for the following experiments. Subse- 
quently, in order to address the expression pat-
tern of lncRNA MEG3 and miR-361-5p, we used 
RT-PCR to detect gene expression in ox-LDL 
induced VSMCs model. As shown in Figure 1C, 
the expression of MEG3 was significantly 
decreased in ox-LDL injured VSMCs. Further- 
more, we assessed the miR-361-5p expres-
sion, we found that miR-361-5p was up-regulat-
ed as shown in Figure 1D. We conducted 
Pearson’s correlation to address the correla-
tion between lncRNA MEG3 and miR-361-5p, 
the data suggested that the expression of 
lncRNA MEG3 and miR-361-5p have negative 
correlation (Figure 1E). These data demon-
strated that MEG3 is down-regulated and relat-
ed with miR-361-5p expression in ox-LDL treat-
ed VSMCs.

Inhibition of lncRNA MEG3 promotes the prolif-
eration and decelerates apoptosis in VSMCs

Previously, we confirmed that lncRNA MEG3 
was down-regulated in ox-LDL treated VSMCs, 

22α (SM22-α). The results were shown in 
Figure 2D and 2E, in both protein and mRNA 
level, PCNA and α-SMA expression were 
remarkably increased in si-MEG3 group, which 
suggest that knockdown of MEG3 promoted 
the proliferative capability of ox-LDL induced 
VSMCs. In addition, flow cytometry was used 
for detecting cell apoptosis. As shown in Figure 
2F, compared with control group, knockdown  
of MEG3 decreased the apoptosis process. 
Taken together, these data clarified that inhibi-
tion of lncRNA MEG3 promoted the prolifera-
tion and inhibited apoptosis of ox-LDL treated 
VSMCs. 

miR-361-5p targeted 3’-UTR of LncRNA MEG3

Our results showed lncRNA MEG3 and miR-
361-5p have negative correlation, in order to 
further understand the deep molecular mecha-
nism and address the relationship between 
LncRNA MEG3 and miR-361-5p. LncRNAs can 
serve as regulatory factor through targeting 
miRNAs. A bioinformatics analysis revealed 
that lncRNA MEG3 contains one conserved tar-
get site of miR-361-5p as shown in Figure 3A. 
In order to further confirm the predicted target, 
we used dual-luciferase assay and RT-PCR 

Figure 3. miR-361-5p targeted 3’-UTR of LncRNA MEG3. A. The putative 
miR-361-5p binding sequence of the wild type and mutation sequence of 
MEG3. B. Luciferase activity of a luciferase reporter plasmid (pluc) contain-
ing wild-type or mutant MEG3 3’UTR co-transfected with miR-361-5p was de-
termined by the dual luciferase assay. C. The expression of miR-361-5p was 
detected in different groups by using RT-PCR. D. Cellular lysates from VSMC 
cells were used for RIP with an Ago2 antibody and IgG antibody. The levels of 
MEG3 and miR-361-5p were detected by qRT-PCR. Data were represented 
as mean ± SEM. *P<0.05, **P<0.01, and ***P<0.001.

in order to identify the specific 
role of lncRNA MEG3 in ox-LDL 
induced model, we conducted 
a series of loss-of-function ex- 
periments by using si-MEG3. 
First, we detected the expres-
sion of lncRNA MEG3 after 
transfection by using RT-PCR, 
the expression of lncRNA ME- 
G3 was suppressed in si-
MEG3 group in both normal 
and ox-LDL conditions com-
pared with control group (Fig- 
ure 2A and 2B). Then, we used 
CCK-8 assay to measure the 
proliferation of VSMCs. Our 
data identified that knock-
down of MEG3 drastically pro-
moted the proliferation of ox-
LDL treated VSMCs (Figure 
2C). To further confirm the 
hypothesis, we conducted 
western blot and RT-PCR to 
measure the biomarkers of 
proliferation such as prolifer-
ating cell nuclear antigen 
(PCNA), α-smooth muscle 
actin (α-SMA), smooth muscle 
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assay, as shown in Figure 3B, the results indi-
cated that luciferase activity was significantly 
decreased in pGLO-MEG3-WT group, however, 
there was no change in pGLO-MEG3-MUT 
group. In addition, we detect expression of miR-
361-5p in si-MEG3 model. The results demon-
strated that knockdown of MEG3 remarkably 
increased the expression of miR-361-5p in ox-
LDL treated VSMCs model (Figure 3C). To fur-
ther find out whether MEG3 and miR-361-5p 
were associated through miRNA ribonucleopro-
tein complexes, we used RNA immunoprecipi-
tation, the data demonstrated that MEG3  
and miR-361-5p were increased in the Ago2-
containing miRNAs compared with the control 
group (Figure 3D). Overall, our results identified 
that miR-361-5p is a direct target of lncRNA 
MEG3 in ox-LDL treated VSMCs. 

LncRNA MEG3-derived miR-361-5p directly 
targets on ABCA1

Subsequently, bioinformatics reports showed 
that miR-361-5p shared complementary bind-
ing sites with 3’-UTR of ABCB1 mRNA, as shown 
in Figure 4A. In addition, ABCB1 already con-
firmed to be a direct target of miR-361-5p in dif-
ferent studies. Therefore, ABCA1 may act as a 
target of miR-361-5p. To this end, we co-trans-

fected pluc-ABCA1 3’UTR-WT with miR-361-5p 
into HEK293T cells for a luciferase assay. The 
results showed that miR-361-5p targeted with 
3’-UTR of ABCA1 mRNA (Figure 4B). Next, we 
would like to find out the relationship among 
ABCA1 and miR-361-5p, the cells were trans-
fected with miR-361-5p mimic and miR-361-5p 
inhibitor, the results indicated that the mRNA 
expression of ABCA1 were up-regulated by miR-
361-5p mimic and down-regulated by miR-361-
5p inhibitor, as shown in Figure 4C. The protein 
level tested by western blot showed that, miR-
361-5p mimic down-regulate ABCA1 protein 
expression, while miR-361-5p inhibitor promote 
ABCA1 protein expression, which has the oppo-
site effect (Figure 4D). To conclude, these data 
indicated that LncRNA MEG3 positively regu-
lated ABCA1 expression via regulate miR-361-
5p, suggesting that lncRNA MEG3 may act as 
an endogenous ‘sponge’ by binding miR-361-
5p, thus abolishing the miRNA-mediated re- 
pressive activity on the ABCA1 3’UTR. 

Inhibition of LncRNA MEG3 promotes VSMCs 
proliferation and inhibits apoptosis via modu-
lating miR-361-5p

Finally, we would like to explore whether lncRNA 
MEG3 regulate VSMCs proliferation and apop-

Figure 4. LncRNA MEG3-derived miR-361-5p directly targets on ABCA1. A. The putative ABCA1 binding sequence 
of the wild type and mutation sequence of miR-361-5p. B. Luciferase activity of a luciferase reporter plasmid (pluc) 
containing wild-type or mutant ABCA1 3’UTR co-transfected with miR-361-5p was determined by the dual lucifer-
ase assay. C. Real-time PCR was used to determine ABCA1 mRNA expression in miR-361-5p mimic and miR-361-
5p inhibitor groups. D. Western blot analysis of the protein levels of miR-361-5p target genes ABCA1 in VSMCs 
transfected with miR-361-5p mimic and miR-361-5p inhibitor. Data were represented as mean ± SEM. *P<0.05, 
**P<0.01, and ***P<0.001.
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Figure 5. LncRNA MEG3 attenuate VSMCs proliferation and apoptosis by regulating miR-361-5p. A. CCK-8 assay was used to detect the cell proliferation in different 
groups. B. Flow cytometry was used to detect the cell proliferation in different groups. C. CNA, α-SMA and SM22-α mRNA were measured by RT-PCR. D. Western blot 
assay was used for measurement of proliferation biomarkers including PCNA, α-SMA and SM22-α. Data were represented as mean ± SEM. *P<0.05, **P<0.01, 
and ***P<0.001.
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tosis by modulating miR-361-5p, we designed 
the following experiments. We set up groups as 
ox-LDL, ox-LDL+iR-361-5p inhibitor, ox-LDL+si-
MEG3 and ox-LDL+si-MEG3+miR-361-5p inhibi-
tor, and CCK-8 cell proliferation assays, RT-PCT, 
western blot and flow cytometry assay were 
performed. As shown in Figure 5A and 5B, miR-
361-5p inhibition group showed lower cell sur-
vival rate and higher apoptotic rate compared 
with the si-MEG3 only group. Moreover, we 
measured protein level and mRNA level of 
PCNA, α-SMA and SM22-α in different trans-
fected groups, we found that both protein level 
and mRNA level of these factors were signifi-
cantly increased in si-MEG3 group, However, 
miR-361-5p inhibitor counteract the effect of 
si-MEG3 (Figure 5C and 5D). To sum up, these 
data revealed that lncRNA MEG3 suppresses 
VSMCs proliferation and apoptosis via modulat-
ing miR-361-5p. 

Discussion

VSMCs proliferation and apoptosis have been 
considered to be important processes in multi-
ple vascular diseases including atherosclero-
sis, aneurysm formation, and transplant arteri-
opathy [10, 25]. They also play key roles in 
pathological vessel remodeling [26]. VSMC 
apoptosis and proliferation occurs within hours 
to days due to blood flow changes in pathologi-
cal condition, it may last for the whole process 
[27, 28]. There are many molecular factors 
have been confirmed contributing to VSMCs 
proliferation and apoptosis. However, the en- 
dogenous pathways and deep mechanism of 
these processes were not fully understood. In 
this study, we sought to confirm the potential 
role of MEG3 and its downstream factors and 
their relationship in the ox-LDL treated VSMCs 
model.

For the underline mechanisms of proliferation 
and apoptosis in VSMCs, lncRNAs or miRNAs 
are considered to be novel regulators in the 
past decade. Recently, research on the interac-
tions between lncRNAs and miRNAs attract 
much attention. Among these lncRNAs and 
miRNAs, lncRNA MEG3 is a new factor in this 
field which remain unclear. MEG3 locus on 
human chromosome 14q32, which was origi-
nally clarified as a regulator of tumor suppres-
sor involved in many diseases [29, 30]. To date, 
many studies have shown that MEG3 was 
involved in cell proliferation and apoptosis in 
different pathological processes. In addition, 

MEG3 also confirmed to be a regulator in cell 
migration and invasion in other studies [31, 
32]. Numerous evidences identified that MEG3 
suppresses cell proliferation and apoptosis 
mainly via p53-dependent pathways [33-35], 
other pathways such as Wnt signaling pathway 
[36], PI3k/Akt pathway [37, 38], are also con-
firmed involved in proliferation or apoptosis. In 
VSMCs, Liu et al demonstrated that MEG3 is 
regulated by dNK-derived IFN-γ and further 
modulate VSMC migration and apoptosis [39]. 
However, until now, there is no study to investi-
gate the role of MEG3 in lncRNA and miRNA 
interaction in VSMCs. 

Our study demonstrated a novel lncRNA-miR-
NA-mRNA regulatory network. In this study, at 
the very beginning, we established the ox-LDL 
induced VSMCs model to mimic the pathologi-
cal condition. We identified that the expression 
of lncRNA MEG3 was decreased, however, the 
expression of miR-361-5p showed opposite 
tendency. Based on these results, we found 
there was a negatively correlation between 
lncRNA MEG3 and miR-361-5p. By using bioin-
formatics analysis and luciferase report assay, 
we identified that miR-361-5p is a direct target 
of lncMEG3. Furthermore, a series of gain- and 
loss-function experiments were conducted to 
confirm the role of lncMEG3 in ox-LDL induced 
VSMCs model. We used MEG3 knockout, miR-
361-5p mimic and inhibitor to further explore 
the relationship of these factors. We found that 
ABCA1 is a direct target of miR-361-5p, more-
over, lncRNA MEG3 suppressed VSMCs prolif-
eration and promoted apoptosis by modulating 
miR-361-5p. Taken together, this story demon-
strated that lncRNA MEG3-derived miR-361-5p 
regulate vascular smooth muscle cells prolifer-
ation and apoptosis by targeting ABCA1.

There are several limitations in our study. We 
used downexpression system, which may not 
truly reflect activation of endogenous factors. 
In addition, our study only used in vitro model, 
there is still a distance to reach the animal even 
human physiological and pathological condi-
tion. In future, we are looking forward to more 
valid and better-designed in vivo or even clini-
cal experiments. 

Conclusion 

In conclusion, our study identified that lncRNA 
MEG3 acts as a regulator in the arrest of VSMC 
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proliferation and apoptosis. LncRNA MEG3 may 
function as an endogenous sponge of miR-361-
5p and further regulate ABCA1 expression. The 
exploitation of lncRNA MEG3 may lead to the 
development of new therapeutics for athero- 
sclerosis.
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