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Abstract: The anomalous migration of vessel smooth muscle cells (VSMCs) and so-caused atherosclerosis may re-
sult in a series of diseases including coronary heart disease (CHD). MicroRNAs (miRNAs) and their target genes play 
key roles in this complicated process. The function of microRNA-153-3p (miR-153-3p) in VSMCs migration remains 
unknown. In the present study, we found out that miR-153-3p was decreased in the human plasma from patients 
with atherosclerosis and in low and high- atherosclerosis cells that were simulated by oxidized low density lipopro-
tein (OX-LDL) stimulation. Also we verified that Rho associated coiled-coil containing protein kinase 1 (ROCK1), a 
cytoskeleton-related protein, was increased in the aforementioned samples and cells. Furthermore, we confirmed 
that up-regulation of miR-153-3p could promote atherosclerosis cells migration and inhibit ROCK1 expression. 
Then, through a luciferase reporter assay, we verified that miR-153-3p could target bind to ROCK1 3’ untranslated 
region (3’UTR). Finally, an antisense experiment was executed to ultimately elucidate that miR-153-3p could pro-
mote migration via target regulating ROCK1 in atherosclerosis cells. In summary, the outcomes of the present study 
may reveal a new molecular in target treatment for atherosclerosis and its associated coronary artery disease (CAD).
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Introduction

Atherosclerosis and its associated coronary 
heart disease (CHD) are common but high-risk 
diseases in elderly patients. It is reported that 
CHD originating from atherosclerosis is the pri-
mary cause of mortality contributing to about 
27% of total deaths in males and 32% in 
females worldwide [1]. The gradual accumula-
tion of fibrous elements and lipids in large 
arteries is the main characteristic of athero-
sclerosis [2-4]. The formation of atherosclero-
sis is a multifactorial, multi-mechanism and 
complex biological process. The anomalous 
migration of Vessel smooth muscle cells 
(VSMCs) from the media to the intima leading 
to thickening of arterial intimal is the main rea-
son for atherosclerosis [5, 6].

MiRNAs, 22-25 nucleotides in length, are a set 
of endogenous non-coding RNAs and involved 

in various cellular biological processes includ-
ing migration/invasion, cell cycle transforma-
tion, proliferation and differentiation [7-9]. It is 
widely reported that miRNAs take part in sorts 
of complicated cytological behaviors in multiple 
atherosclerosis related cells such as macro-
phages, endothelial cells (ECs) and VSMCs [1, 
10, 11]. MiR-153 was generally regarded as a 
tumor suppressor gene in many kinds of malig-
nant tumors like breast cancer, small cell lung 
cancer, gastric cancer and esophageal squa-
mous cell carcinoma [12-15]. Song L and work-
mates reported that up-regulation of miR-153 
could inhibit the proliferation of stretch stress-
enhanced VSMCs [16]. The function miR-153-
3p played in VSMCs and atherosclerosis and 
the detailed working mechanism keep unknown.

Rho associated coiled-coil containing protein 
kinase 1 (ROCK1), belonging to the AGC family 
of serine/threonine kinases, is a cytoskeleton 
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with 5% CO2. Here, according to the previous 
research [25, 26], we used 10 µg/mL ox-LDL 
and 50 µg/mL oxidized low density lipoprotein 
(ox-LDL; Union-Biology Co., Ltd, Beijing, China) 
to stimulate HA-VSMCs for 48 h to simulate ath-
erosclerosis cells and named as low athero-
sclerosis cells and high atherosclerosis cells, 
respectively.

Reverse transcription and quantitative real-
time PCR

Total RNA was extracted by TRIzol (Invitrogen, 
USA) according to the manufacturer’s instruc-
tions. Synthesis of cDNA was achieved by using 
Reverse Transcription System Kit (Invitrogen, 
Carlsbad, CA, USA). Real-time PCR was per-
formed using the standard SYBR Green PCR kit 
protocol in the StepOne Plus system (Applied 
Biosystems, Foster City, CA, USA). MiR-153-3p 
was detected by using of Stem-Loop RT-PCR 
assay as previously reported [27, 28]. The U6 
small nuclear RNA and GAPDH mRNA were 
used as internal references. Primer sequences 
were synthesized as follows: ROCK1 primer: 
5’-GGTACCATGTCGA CTGGGGAC AGTTT-3’ (for-
ward), 5’-CCCGGGTTAACTAGTTTTTCCAGATGTA- 
TT-3’ (reverse); cofilin primer: 5’-GACTGCCGCT- 
ATGCCCTCTATG-3’ (forward), 5’-CTTCTTCTTGAT- 
GGCG TCCTTG-3’ (reverse); miR-153-3p primer:  
5’-ACACTCCAGCTGGGTTGCATAGTCACAAAA  
GT-3’ (forward), 5’-CTCAACTGGTGTCGTGGAGT- 
CGGCAATTCAGTTGAGGATCACTTT-3’ (reverse); 
GAPDH primer: 5’-CTCCTCCACCTTTGACGCTG- 
3’ (forward), 5’-TCCTCTTGT GCTCTTGCTGG-3’ 
(reverse). All the reactions were performed 
three times, independently.

Plasmids construction and oligonucleotide 
transfection

Wild and mutant ROCK1 over-expression plas-
mids (pcDNA3.1-ROCK1-wt and pcDNA3.1-
ROCK1-mut) were synthesized using the similar 
method as previously reported [29]. Briefly, 
ROCK1-wt (i.e. ROCK1 3’UTR fragment contain-
ing miR-153-3p binding site) and its mutant 
ROCK1-mut created by using Quik Change Site-
Directed Mutagenesis kit (Agilent, USA) were 
amplified and cloned into the KpnI and XhoI 
restriction sites (Promega, Madison, WI, USA) 
of pcDNA3.1 vector to generate pcDNA3.1-
ROCK1-wt and pcDNA3.1-ROCK1-mut. When 
cells reached 60-80% confluence, 50 nmol of 
the miR-153-3p mimics, mimic negative control 

related protein and facilitates actomyosin cyto-
skeleton contractility [17-20]. ROCK1 plays a 
key role in stress fibers and focal adhesion 
complexes formation and is involved in multiple 
cellular processes such as cell detachment, 
apoptosis, cell development and migration, 
especially in VSMCs migration [18, 21-24]. 

In the present study, we measured miR-153-3p 
and ROCK1 expression level in human plasma 
with atherosclerosis and non-atherosclerosis, 
and in HA-VSMCs and constructed high and low 
atherosclerosis cells that were stimulated by 
different dose of oxidized low density lipopro-
tein (OX-LDL). Also, we confirmed that elevation 
of miR-153-3p could promote atherosclerosis 
cells migration and could inhibit ROCK1 expres-
sion. In addition, we testified that ROCK1 was a 
target of miR-153-3p and that miR-153-3p pro-
moted migration via target regulation of ROCK1 
in atherosclerosis cells. The findings in the 
present study may provide a new perspective in 
treating of atherosclerosis.

Materials and methods 

Human plasma samples

Human plasma samples from 40 cases of ath-
erosclerotic patients were collected from the 
second department of cardiology paired with 
human plasma samples from 40 cases of non-
atherosclerotic patients were collected from 
the fourth department of orthopedic surgery 
between January 2016 and March 2016 at 
Central Hospital affiliated to Shenyang Medi- 
cal College. Formal informed consents were 
obtained from the patients whose plasma sam-
ples were used in the present research. The 
Institute Research Medical Ethics Committee 
of Central Hospital affiliated to Shenyang 
Medical College granted approval of this study.

Cell culture and oxidized low density lipopro-
tein stimulation

Human aortic Vessel smooth muscle cells 
(HA-VSMCs) were purchased from American 
Type Culture Collection (ATCC, Manassas, VA, 
USA) and cultured in Dulbecco’s modified 
Eagle’s medium (DMEM; Gibco, Langley, OK, 
USA) supplemented with endothelial cell growth 
factors, 5% fetal bovine serum (FBS, Invitrogen, 
Carlsbad, CA, USA) and 1% penicillin/strepto-
mycin (Invitrogen, Carlsbad, CA, USA) at 37°C 
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used to scratch the artificial wound across the 
diameter of the wells. Cells were then incubat-
ed with ox-LDL and then transfected with ta- 
rget plasmids. Wound closure was observed at 
0, 24 and 48 h, and imaging was performed 
under a microscope. Each experiment was 
repeated three times.

Statistical analysis

All experiments were repeated in triplicate and 
all data from three independent experiments 
were expressed as mean ± SD. GraphPad Prism 
V5.0 (GraphPad Software, Inc., USA) software 
and SPSS 19.0 statistical software were used 
for statistical analysis. Correlation between 
miR-153-3p and ROCK1 was analyzed by using 
of two-tailed Pearson’s correlation analysis. 
Differences in two groups were analyzed with 
the Student’s t-test or one-way ANOVA. 
Differences were considered significant if P < 
0.05 and highly significant if P < 0.01.

Results

Depressed miR-153-3p but increased ROCK1 
were expressed in human plasma from pa-
tients with atherosclerosis and in simulated 
atherosclerosis cells

MiR-153-3p expression was detected by using 
of real-time PCR while ROCK1 were measured 
by using of real-time PCR and western blot 
human plasma samples from 40 cases of ath-
erosclerotic patients paired with human plas-
ma samples from 40 cases of non-atheroscle-
rotic patients. As shown in Figure 1A-C, the 
expression of miR-153-3p was remarkably 
down-regulated in human plasma from athero-
sclerotic patients than that from non-athero-
sclerotic patients (P < 0.01). In the contrary, 
up-regulated ROCK1 was expressed in human 
plasma from atherosclerotic patients than that 
from non-atherosclerotic patients (P < 0.01). In 
addition, we used ectogenic ox-LDL to simulate 
atherosclerosis cell models as ascribed before 
[25, 26]. The HA-VSMCs treated with 10 µg/mL 
ox-LDL and 50 µg/mL ox-LDL for 48 h were 
named as low-atherosclerosis cells and high-
atherosclerosis cells, respectively. Then, we 
detected miR-153-3p and ROCK1 expression  
in HA-VSMCs, constructed low and high-ath- 
erosclerosis cells. As shown in Figure 1D-F, 
decreased miR-153-3p but increased ROCK1 
were presented in cellular level detected by 

(mimic NC), miR-153-3p inhibitor and inhibitor 
negative control (inhibitor NC) were transfected 
respectively into the low and high atherosclero-
sis cells (simulated by ox-LDL as described 
above) with Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s instructions. All miRNA oligonucleotides 
were purchased from Genepharma (Shanghai, 
China).

Western blot analysis

Total cellular and tissue protein extracts were 
obtained by using RIPA lysis buffer (Santa Cruz, 
USA). Samples were fractionated using SDS-
PAGE and transferred onto polyvinylidenedifluo-
ride membrane (Millipore, Billerica, MA, USA). 
Membranes were blocked for 1 h and then in- 
cubated with ROCK1, cofilin, p-cofilinand Gapdh 
specific antibodies as follows: rabbit ROCK1 
polyclonal antibody (1:1000; Abcam, USA); rab-
bit cofilin monoclonal antibody (1:1000; Cell 
signaling technology, USA); rabbit phospho-
cofilin monoclonal antibody (1:1000; Cell sig-
naling technology, USA); rabbit anti-Gapdh anti-
body (0.5 µg/ml; Abcam, UK).

Bioinformatics prediction and dual luciferase 
reporter assay

The potential miR-153-3p-binding sites in 
ROCK1 3’UTR were predicted with online pre-
diction software TargetScan (http://www.tar-
getscan.org). Construction of ROCK1 luciferase 
reporter vector was according to the methods 
as previously described [30]. Briefly, the full 
length ROCK1 3’-UTR was PCR amplified and 
cloned at the SacI and XhoI sites into pmirGLO 
vector (Promega, Madison, WI, USA). The mu- 
tant construct of ROCK1 3’UTR was generated 
by a Quick Change mutagenesis kit (Stratagene, 
Germany). HA-VSMCs were pretreated with ox-
LDL as ascribed above and seeded at 24-well 
plate and then co-transfected with reporter 
vectors and miR-153-3p mimics or negative 
control using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s instructions. 48 h later, luciferase activ-
ity was measured by a dual luciferase reporter 
assay system according to the manufacturer’s 
instructions (Promega, Madison, WI, USA).

Wound-healing assay

Cells were seeded in 6-well plates and allowed 
to reach confluence. 200 μl pipette tip was 
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protein and was participated in multiple cells 
migration including VSMCs [23, 24]. Hence, we 
also measured ROCK1 expression in miR-153-
3p intervened low and high-atherosclerosis 
cells. Just as shown in Figure 2E and 2F, the 
expression of ROCK1 was down-regulated 
when miR-153-3p was increased (P < 0.01).

ROCK1 is a target of miR-153-3p

It is generally accepted that miRNAs can regu-
late its target genes by binding to their 3’ 
untranslated region (3’UTR). The outcomes 
above showed us that miR-153-3p could pro-
mote VSMCs migration and inhibit ROCK1 
expression, now we wondered miR-153-3p 
could target ROCK1. First of all, the online pre-
dictive software provided us delightful results. 
As shown in Figure 3A, there is a theoretical 
binding site for miR-153-3p in the ROCK1 
3’UTR predicted by Targetscan (http://www.tar-
getscan.org). Accordingly, we constructed lucif-
erase reporter plasmids pmirGLO-ROCK1-wt 
and pmirGLO-ROCK1-mut that respectively 
containing wild type and mutant ROCK1 3’UTR 
(Figure 3B). Then the dual luciferase assays 
were executed to verify the target binding effect 
between miR-153-3p and ROCK1 3’UTR. As the 
results shown in Figure 3C, compared to mimic 
NC, co-transfection of wt-pmirGLO-ROCK1 and 
miR-153-3p mimics led to a statistically signifi-

means of retime PCR and western blot. 
Furthermore, we analyzed the relationship 
between miR-153-3p and ROCK1 expression in 
human plasma samples from 40 cases of ath-
erosclerotic patients by using of two tailed 
Pearson’s correlation analysis. As shown in 
Figure 1, there was an obvious negative corre-
lation between miR-153-3p and ROCK1 (P < 
0.01).

Up-regulation of miR-153-3p inhibited athero-
sclerosis cells migration and ROCK1 expres-
sion

It is well known that VSMCs migration from the 
media to the intima resulting in intimal thicken-
ing plays a key role in the development of arte-
riosclerosis [5, 31]. So we wondered whether 
miR-153-3p was involved in VSMCs migration. 
We up-regulated miR-153-3p expression in low 
and high-atherosclerosis cells by transfection 
of miR-153-3p mimics (verified by real-time 
PCR, compared to mimic NC, Figure 2A and 
2B), then wound healing assay were executed 
to detect the migration ability changes in miR-
153-3p intervened low and high-atherosclero-
sis cells. As presented in Figure 2C and 2D, the 
migration ability was weakened in miR-153-3p 
mimics transfection group than that in mimic 
NC transfection group (P < 0.01). As reported 
before, ROCK1 was a cytoskeleton associated 

Figure 1. Depressed miR-153-3p but increased ROCK1 were expressed in clinical human plasma and in simulated 
atherosclerosis cells. A. MiR-153-3p expression in 40 cases of clinical human plasma with atherosclerosis was 
lower than that in plasma with non-atherosclerosis as measured by using of real-time PCR. **P < 0.01 vs non-
atherosclerosis. B, C. Elevated ROCK1 was expressed in the samples as of A measured by using of real-time PCR 
and western blot. **P < 0.01 vs non-atherosclerosis. D. Decreased miR-153-3p was expressed in low and high 
atherosclerosis cells than that in HA-VSMCs evaluated by using of real-time PCR. *P < 0.05 and **P < 0.01 vs HA-
VSMCs. E, F. Elevated ROCK1 was expressed in low and high atherosclerosis cells than that in HA-VSMCs detected 
by using real-time PCR and western blot. *P < 0.05 and **P < 0.01 vs HA-VSMCs. G. Two tailed Pearson’s correla-
tion analysis for the expression of miR-153-3p and ROCK1 mRNA in clinical human plasma with atherosclerosis. r 
= 0.8669, **P < 0.01.
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reconfirmed that up and down-regulation of 
miR-153-3p could decrease and increase 
ROCK1 and the phosphorylation level of cofilin-
a symbolic downstream of ROCK1 pathway 
(Figure 4A-D). Secondly, an antisense experi-
ment was executed. We constructed ROCK1 
over-expression plasmid which containing wild 
type and mutant miR-153-3p binding site-
pcDNA3.1-ROCK1-wt and pcDNA3.1-ROCK1-
mut. And then, both miR-153-3p mimics and 
pcDNA3.1-ROCK1-wt/pcDNA3.1-ROCK1-mut 
were transfected into atherosclerosis cells. As 
shown in Figure 4E and 4F, ROCK1 and p-cofilin 
level were inhibited by miR-153-3p mimics, but 

cant decrease in fluorescence. But the phe-
nomenon vanished when co-transfection of 
mut-pmirGLO-ROCK1 and miR-153-3p mimics. 
The findings above indicated that ROCK1 was a 
target of miR-153-3p. 

MiR-153-3p inhibited migration via target 
regulation of ROCK1 in atherosclerosis cells

In the previous parts, we verified that miR-153-
3p could target ROCK1 and promoted athero-
sclerosis cells migration. We then tried to eluci-
date whether the facilitative effect was 
achieved via ROCK1 pathway. First of all, we 

Figure 2. Up-regulation of miR-153-3p inhibited atherosclerosis cells migration and inhibited ROCK1 expression. A, 
B. MiR-153-3p mRNA was remarkably elevated by transfection of miR-153-3p mimics in low and high atherosclero-
sis detected by using of real-time PCR. **P < 0.01 vs mimic NC. C, D. Up-regulation of miR-153-3p by transfection 
of miR-153-3p mimics significantly crippled migration ability in low and high atherosclerosis cells evaluated by using 
of wound healing assay. **P < 0.01 vs mimic NC. E-H. ROCK1 protein and mRNA were significantly decreased by 
transfection of miR-153-3p mimics in low and high atherosclerosis measured by using of real-time PCR and western 
blot. **P < 0.01 vs mimic NC.

Figure 3. ROCK1 is a target of miR-153-3p. A. ROCK1 was a target gene of miR-153-3p predicted by Targetscan. 
B. Diagram of the luciferase reporter plasmids and over-expression vector plasmids with the wild-type or mutant 
ROCK1 3’UTR. C, D. The relative luciferase activity was determined after co-transfection of miR-153-3p mimics 
and pmirGLO-ROCK1-wt/pmirGLO-ROCK1-mut. Three independent experiments were performed in duplicate. All the 
data mentioned before were shown as mean ± SD. **P < 0.01 vs mimic NC. 
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Figure 4. MiR-153-3p inhibited migration via target regulation of ROCK1 in atherosclerosis cells. A-D. Up and down-
regulation of miR-153-3p could negatively affect ROCK1 and its downstream expression measured by using of real-
time PCR. **P < 0.01 vs mimic NC, *P < 0.05 vs mimic NC, *P < 0.05 vs inhibitor NC. E, F. The suppressive effect 
miR-153-3p played on ROCK1 and its downstream could be reversed by mutant ROCK1 3’UTR (pcDNA3.1-ROCK1-
mut) confirmed by using of real-time PCR. *P < 0.05 vs miR-153-3p mimics, #P > 0.05 vs miR-153-3p mimics. G. 
The suppressive effect miR-153-3p played on migration in high atherosclerosis was reversed by mutant ROCK1 
3’UTR (pcDNA3.1-ROCK1-mut) confirmed by using of wound healing assay. *P < 0.05 vs miR-153-3p mimics, #P > 
0.05 vs miR-153-3p mimics. All the data mentioned before are shown as mean ± SD.
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nuclear translocation of ERK in PDGF-BB-
stimulated platelet-derived growth factor-BB 
(PDGF-BB) treated VSMCs models [24]. Cui Y 
and workmates also reported that PDGF-BB 
induced matrix metalloproteinase-2 expression 
(MMP-2) expression and facilitated VSMCs 
migration via ROCK/ERK/p38 MAPK pathways 
in rats [47]. In the present study, we observed 
the expression and function both in tissue and 
cellular level. We confirmed that ROCK1 was 
elevated in plasma form patients with athero-
sclerosis and in low and high atherosclerosis 
cells and that up-regulation of miR-153-3p 
inhibited VSMCs migration and ROCK1 expres-
sion respectively. Meanwhile, we verified that 
up-regulation of mutant ROCK1 by pcNDA3.1-
ROCK1-mut could reverse the inhibitory effect 
of miR-153-3p mimics on migration in athero-
sclerosis cells. The findings indicated that 
ROCK1 functioned as the inverse role of miR-
153-3p and as a facilitative factor in athero-
genesis. Furthermore, we predicted ROCK1 
had a theoretical binding site for miR-153-3p, 
and through the luciferase reporter assay, we 
clarified that ROCK1 was a target of miR-153-
3p. At last, we verified that, miR-153-3p could 
inhibit atherosclerosis migration via targeting 
ROCK1.

Atherogenesis is very intricately, multifactorial 
and multi-mechanism-involved biological pro-
cess. MiR-153-3p and its targeting ROCK1 is 
only a small branch among the anfractuous 
network. Our findings provided a new insight 
into molecular regulation of atherosclerosis.
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the inhibitory effect was reversed by pcDNA- 
3.1-ROCK1-mut but not pcDNA3.1-ROCK1-wt. 
Theses outcomes further confirmed that RO- 
CK1 was the target of miR-153-3p. Moreover, 
the wound healing assay was re-executed in 
high atherosclerosis cells to evaluate the migra-
tion ability changes. As presented in Figure 4G, 
compared to mimic NC, transfection of miR-
153-3p mimics resulted in significantly str- 
engthens of migration ability in high atheroscle-
rosis cells. But the strengthen effect couldn’t 
be reversed by pcDNA3.1-ROCK1-wt (co-trans-
fection of miR-153-3p and pcDNA3.1-ROCK1-
wt). Convincingly, when the ROCK1 3’UTR was 
mutated (co-transfection of miR-153-3p and 
pcDNA3.1-ROCK1-mut), the strengthen effect 
was reversed. Taking all, the outcomes de- 
scribed above confirmed that miR-153-3p 
could inhibit migration via target down-regula-
tion of ROCK1 in atherosclerosis cells.

Discussion

As a class of non-coding RNAs, miRNAs play 
multifunctional roles in various ageing and age-
ing-related human diseases like cancer, auto-
immune diseases, neurodegenerative diseas-
es, also, in cardiovascular diseases [32-36]. 
Mir-153 is located at chromosome 2q36.3, and 
is widely involved in numerous biological behav-
iors like metastasis, apoptosis, proliferation, 
epithelial-to-mesenchymal transition (EMT), 
autophagy and migration/invasion [13, 14, 
37-40]. In the present study, we focused the 
effect miR-153-3p on VSMCs migration. We 
confirmed that miR-153-3p was down-regulat-
ed in plasma form patients with atherosclero-
sis and in low and high atherosclerosis cells. 
Also, through the wound healing assay we veri-
fied that elevated miR-153-3p suppressed 
migration in atherosclerosis cells. It is well 
known that faster proliferation and the follow-
ing anomalous migration of VSMCs, from the 
tunicaare the key steps in thickening of arterial 
wall [41]. The findings in the present study indi-
cated that miR-153-3p might function as a pro-
tective factor in atherogenesis. 

ROCK1 is a serine/threonine kinases and is the 
downstream target of the small GTPasesRhoA, 
RhoB, and RhoC [42]. Related reports about 
ROCK1 in cardiovascular diseases are of plenty 
[43-46]. Zhao Y and workmates revealed that 
activated ROCK1 could promote VSMCs migra-
tion through facilitating phosphorylation and 
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