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MicroRNA-532-5p protects against atherosclerosis through
inhibiting vascular smooth muscle cell proliferation and migration
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Background: The present study aimed to explore the expression and clinical value of miR-532-5p in
atherosclerosis (AS) patients, and analyze its regulating effect on biological behaviors of vascular smooth
muscle cells (VSMCs).

Methods: A total of 103 AS patients and 77 healthy controls were included. The expression level of miR-
532-5p was measured using quantitative real-time PCR (qRT-PCR). A receiver operating characteristic
(ROC) analysis was counted to assess the diagnostic value of miR-532-5p in AS. CCK-8 and Transwell assay
were used to detect the role of miR-532-5p in VSMCs proliferation and migration.

Results: MiR-532-5p was downregulated in AS patients compared with that in healthy controls. Serum
miR-532-5p was inversely related to the carotid intima-media thickness (CIMT) in AS patients. A ROC
curve was conducted with an area under the curve (AUC) of 0.897, with high sensitivity and specificity.
Overexpression of miR-532-5p inhibited cell proliferation and migration in VSMCs, whereas miR-532-5p
downregulation had a reverse effect.

Conclusions: Decreased expression of miR-532-5p might be a potential diagnostic biomarker for AS.
Overexpression of miR-532-5p inhibits the proliferation and migration of VSMCs. The present results
indicate a therapeutic potential of miR-532-5p for AS.
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Introduction

Atherosclerosis (AS) is a specific form of arteriosclerosis,
leading to a decline in productivity and a rise in mortality
(1,2). AS is characterized by endothelial cell dysfunction,
macrophage foam cell formation, and smooth muscle
cell (SMC) migration and proliferation (3). Individuals
with hypertension history and family history of illness are
more vulnerable to AS, especially men (4). AS is generally
asymptomatic until it becomes severe enough to cause

ischemia even future coronary events, thus early diagnosis
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and intervention of asymptomatic AS patients are crucial
for the disease prevention (5). The long-term expansion
of SMCs and arterial endothelial cells have been proved to
participate in AS (6). It is well established that abnormal
proliferation and migration of human vascular smooth
muscle cells (VSMCs) play an important role in the
progression of AS (7).

MicroRNAs (miRNAs) is a type of highly conserved,
functional non-coding RNAs, regulating protein translation
via targeting the target message RNA (mRNA) (8). It is
widely reported that miRNA is aberrantly expressed in
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various human diseases, and their diagnostic and prognostic
values attract more and more attention (9-11). It is well
known that miRNAs participate in a number of biological
processes, including angiogenesis or vascular remodeling,
inflammation and oxidative stress, which play a crucial role
in the progression of AS (12,13). For example, miR-92a is
proved to regulate the activation of endothelial cell, and
overexpression of miR-92a promotes the development of
AS (14). miR-155 is also reported to promote AS through
enhancing vascular inflammation (15). In contrast, miR-
30c and miR-126-5p are proved to protect against with
AS through regulating endothelial cell proliferation and
lipid synthesis (16,17). Notably, the dysregulation of serum
miR-532-5p has been identified in patients with ischemic
stroke (18). And AS has been reported to be one of the most
common causes of ischemic stroke, suggesting the potential
role of miR-532-5p in the progress of AS (19). However, its
accurate role and detailed mechanism in the development of
AS have not been reported.

Therefore, in the present study, we evaluated the
expression level of miR-532-5p in AS patients and explored
its diagnostic potential in AS. Furthermore, we analyzed the
regulating effect of miR-532-5p on the biological behaviors
of VSMCs.

Methods
Study population and sample collection

The protocols of the present study were approved by the
Ethics Committee of Yidu Central Hospital of Weifang,
and all participants involved in the study were asked to sign
informed consent.

A total of 180 individuals were recruited in the present
study, including 103 patients who were diagnosed with
asymptomatic AS and 77 healthy controls. The carotid
intima-media thickness (CIMT) of the common carotid
artery of each participant was measured using ATL
HDI 3000 ultrasound system (Advanced Technology
Laboratories, Bothell, WA, USA) equipped with a 5 MHz
linear array transducer (20,21). According to the values of
CIMT, cases with CIMT >0.9 but <1.2 mm were identified
as asymptomatic AS (22). Demographic and clinical data
of all subjects were recorded, and participants who had the
history of clinical macrovascular disease, cardiovascular and
cerebrovascular diseases, diabetes mellitus, cancer, smoking,
neck surgery, rheumatic immune disease or relevant medical
treatment were excluded from the present study. Peripheral
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blood plasma was collected from each participant after an
overnight fast, then the serum was isolated and stored at
—80 °C for standby application.

Cell culture and transfection

Human VSMCs were acquired from the American Type
Culture Collection (ATCC), and cultured using the
Dulbecco’s modified Eagle’s medium (DMEM; Gibco,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS, PAN, Aidenbach, Germany) at 37 °C.

The miR-532-5p mimic and inhibitor, or their negative
controls (mimic NC or inhibitor NC) were synthesized
by RiboBio (Guangzhou, China), Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) was applied for the
transfection according to the manufacturer’s instruction. At
48 h post-transfection, transfected VSMCs were collected
for further experiment.

RNA extraction and quantitative real-time PCR (qRT-
PCR)

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used
for the extraction of total cell and serum RNA, then the
RNA was reversely transcribed into cDNA by using Mir-X
miRNA First-Strand Synthesis Kit (Takara, Tokyo, Japan).
gRT-PCR was performed on the ABI 7300 real-time PCR
system (Applied Biosystems, Waltham, MA, USA) with
a SYBR green I Master Mix Kit (Invitrogen, Carlsbad,
CA, USA). The following thermocycling conditions were
used for the PCR: Initial denaturation at 95 °C for 5 min;
30 cycles of 95 °C for 30 sec, 60 °C for 30 sec and 72 °C for
20 sec; and a final extension at 72 °C for 10 min. Cel-miR-39
and U6 were used as an internal control (23). The relative
expression of miR-532-5p was calculated based on the 27
method. The primers used were as follows: miR-532-
Sp forward, 5'-GCCCATGCCTTGAGTGTAG-3" and
reverse, 5'-GTGCGTGTCGTGGAGTCG-3"; and U6
forward, 5'-CTCGCTTCGGCAGCACA-3" and reverse,
5'-AACGCTTCACGAATTTGCGT-3".

CCK-8 assay

The CCK-8 assay was used for the calculation of cell
proliferation. At 48 h post-transfection, transfected
VSMCs were seeded into a 96-well plate with the density
of 5x10° cells/well and cultured for 3 days continuously.
The cell proliferation capacity was detected at 0, 24,
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48 and 72 h. Prior to detection, 10 pL. CCK-8 solution
(Beyotime, Beijing, China) was added to each well, and the
optical density (OD) values at the wavelength of 450 nm
were detected using a microplate reader (Thermo Fisher

Scientific, Waltham, MA, USA).

Transwell migration assay

The treated cells with the density of 5x10’ were seeded
into the Transwell inserts of the upper chamber (8-pm pore
size; BD Biosciences, San Jose, CA, USA) with serum-free
DMEM. And the lower chamber was added with DMEM
medium with 10% FBS as the attractant. The Transwell
plates were incubated in a humidified incubator with 5%
CO, at 37 °C for 48 h, the migrated cells in the bottom
side were stained with 0.1% crystal violet for 20 min. The
number of migrated cells was counted under an inverted
microscope (Olympus Corporation, Tokyo, Japan).

Luciferase reporter assay

PDCD4 was identified to be a candidate target gene of
miR-532-5p according to the TargetScan analysis results.
Then the luciferase reporter assay was conducted to verify
the prediction. The wide type (Wt)-PDCD4 and mutant
(Mut)-PDCD4 3'-UTR was cloned into pGL3 luciferase
vectors (Promega, Madison, Wisconsin, USA). Then the
Wt or Mut reporter vectors and miR-532-5p mimic, miR-
532-5p inhibitor or mimic NC, inhibitor NC were co-
transfected into human VSMCs. Forty-eight hours post
incubation, the luciferase activities were calculated through
a dual luciferase assay kit (Promega, Madison, WI, USA).
Renilla luciferase was used for normalization.

Statistical analysis

Data were presented as the mean = SD. All statistical
analysis was performed using SPSS 21.0 software (SPSS
Inc., Chicago, IL, USA) and GraphPad Prism 7.0 software
(GraphPad Software, Inc., USA). The normality of the
data was detected by using Kolmogorov-Smirnov (K-S)
normality test. According to the test results, mean + SD was
used to express the normal distribution data, and median
and interquartile range (IQR) were used to express the non-
normal distribution data. Then differences between two
groups were compared by using the Mann-Whitney U test
for non-normally distributed continuous variables, Student’s
t-test for normally distributed continuous variables, chi-
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squared test for categorical variables. One-way analysis of
variance (ANOVA) analysis was applied for the comparison
of differences among multiple groups. Correlations between
continuous variables were assessed using the Pearson
correlation coefficient. A receiver operating characteristic
(ROC) analysis was counted to assess the diagnostic value
of miR-532-5p in AS, and the area under the curve (AUC)
was calculated. P<0.05 was considered to be statistically
significant.

Results
Demographic and clinical data

The demographic and clinical data of all participates
were recorded in Table 1. It was noted that no significant
difference was detected for age, gender, body mass
index (BMI), total cholesterol, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglyceride, heart rate, systolic blood pressure
(SBP) and diastolic blood pressure (DBP) in AS patients
compared with the control group (all P>0.05). Notably,
the C-reactive protein (CRP) and CIMT levels were
significantly higher in the AS group than healthy controls
(P<0.001).

Serum miR-532-5p levels in AS patients

Serum level of miR-532-5p was measured using qRT-
PCR. We found that miR-532-5p was downregulated in AS
patients compared with that in healthy controls (Figure I,
P<0.001), suggesting the crucial role of miR-532-5p in AS

progression.

Correlation between miR-532-5p with CIMT in AS
patients

CIMT is widely used in the diagnosis of patients with
subclinical AS or AS (24,25). Thus, the correlation of miR-
532-5p with CIMT was analyzed in AS patients. It was
suggested that serum miR-532-5p was inversely related to
the CIMT (r=—0.682, P<0.001, Figure 2) in AS patients.
We concluded that miR-532-5p might be involved in the
development of AS.

Diagnostic value of miR-532-5p in the patients with AS

Clinically, the diagnostic value of miR-532-5p was further
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Table 1 Demographic and clinical characteristics between groups
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Features Healthy controls (n=77) AS patients (n=103) P value
Age (years) 48.00 (43.00) 49.15 (45.00) 0.172
Gender (male/female) 39/38 54/49 0.813
BMI (kg/m?) 26.01+£2.60 26.10+2.87 0.840
Total cholesterol (mg/dL) 193.51+30.15 200.25+24.09 0.108
HDL-C (mg/dL) 49.52+5.96 50.43 (45.00) 0.382
LDL-C (mg/dL) 126.52+19.08 126.88 (110.00) 0.900
Triglyceride (mg/dL) 166.18 (150.00) 175.89+40.77 0.221
Heart rate (beats/min) 72.16+6.15 71.36+5.77 0.374
SBP (mmHg) 136.93 (128.50) 139.29+12.81 0.298
DBP (mmHg) 82.48 (76.50) 83.55+6.30 0.274
CRP (mg/L) 6.77+1.88 16.81+2.85 0.000
CIMT (mm) 0.48 (0.41) 1.03+0.09 0.000

Mean + SD was used to express the normal distribution data, and median (IQR) were used to express the non-normal distribution data.
AS, atherosclerosis; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP,
systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; CIMT, carotid intima-media thickness; IQR, interquartile

range.

*kk

miR-532-5p

Relative expression of

T
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Figure 1 Serum expression level of miR-532-5p in AS patients
and healthy controls. MiR-532-5p was downregulated in AS group

compared with that in controls. ***, P<0.001. AS, atherosclerosis.

explored. A ROC curve was conducted with an AUC of
0.897, with the sensitivity of 87.4% and the specificity of
84.4% at a cutoff of 1.738, suggesting the high diagnostic
accuracy of miR-532-5p in AS patients (Figure 3).

miR-532-5p regulates VSMCs proliferation and migration
It is well established that abnormal proliferation and

migration of human VSMCs are involved in the progression
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Figure 2 Correlations of miR-532-5p with CIMT in AS
patients. Serum miR-532-5p was inversely related to the CIMT
(r=—0.682, P<0.001). CIMT, carotid intima-media thickness; AS,

atherosclerosis.

of AS. Here, we proceeded to confirm whether miR-532-5p
regulates VSMCs proliferation and migration. As shown in
Figure 44, the miR-532-5p expression level was significantly
increased via miR-532-5p mimic transfection compared
with the control group, which were markedly decreased
after miR-532-5p inhibitor transfection in VSMCs
(P<0.001). And the CCKS assay indicated that miR-532-
Sp mimic significantly inhibited the cell proliferation,
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while miR-532-5p inhibitor promoted the cell proliferation
markedly (Figure 4B, P<0.001). Furthermore, the cell
migration potentials of VSMCs were also determined
by the Transwell migration assay. It was observed that
overexpression of miR-532-5p by miR-532-5p mimics
transfection decreased the number of migrated cells, which
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Sensitivity

0.4-

024 AUC =0.897

00 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

Figure 3 A ROC curve was conducted with an AUC of 0.897,
with the sensitivity of 87.4% and the specificity of 84.4%. ROC,

receiver operating characteristic; AUC, area under the curve.
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were increased by downregulation of miR-532-5p (Figure
4C, P<0.001). These data implicated that overexpression of
miR-532-5p inhibited cell proliferation and migration in
VSMCs.

PDCD+4 is a target gene of miR-532-5p

According to the TargetScan results, the binding site of the
3'-UTR of PDCD4 with miR-532-5p was shown in Figure
5A. According to the luciferase reporter gene assay results
(Figure 5B), miR-532-5p mimic transfection significantly
decreased the luciferase activity of PDCD4, while miR-532-
5p inhibitor transfection increased the luciferase activity
of PDCD4. However, there was no significant difference
for the luciferase activity among groups when the mutant

PDCD4 was expressed (Figure 5B).

Discussion

AS is reported to be the main cause of vascular diseases
globally, including stroke, arterial disease, and ischemic
heart disease. Many risk factors have been identified to be
associated with the onset of AS, such as smoking, obesity,
hypertension, diabetes and so on (26). The functional
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Figure 4 The regulating effect of miR-532-5p on the biological behaviors of VSMCs. (A) MiR-532-5p expression level was significantly

increased via miR-532-5p mimic transfection, which was markedly decreased after miR-532-5p inhibitor transfection; (B) miR-532-5p

mimic significantly inhibited the cell proliferation, while miR-532-5p inhibitor promoted the cell proliferation markedly; (C) overexpression

of miR-532-5p decreased the number of migrated cells, which were increased by downregulation of miR-532-5p (x200). *, P<0.05; **,

P<0.01; ***, P<0.001; compared with control group. VSMC, vascular smooth muscle cell; NC, negative control; OD, optical density.
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Figure 5 PDCD4 was a target gene of miR-532-5p. (A) PDCD4 contains a miR-532-5p seven-nucleotide seed match at position 110-116
in the 3'-UTR; (B) miR-532-5p mimic transfection significantly decreased the luciferase activity of PDCD4, while miR-532-5p inhibitor

transfection increased the luciferase activity of PDCD4. There was no significant difference for the luciferase activity among groups when

the mutant PDCD4 was expressed. ¥, P<0.05; **, P<0.01; compared with control group. NC, negative control.

disorder of the endothelium and arterial vasculature
are involved in the progression of AS. Recently, various
miRNAs have been suggested to play a crucial role in the
pathogenesis of AS. As Huang et 4. reported, higher level
of miR-29a was observed in patients with increased CIMT,
and increased miR-29a was proved to have good predictive
value for an early stage of AS (22). MiR-150 was proved to
regulate endothelial cell apoptosis, which plays an important
role in the initiation and progression of AS, suggesting
the therapeutic potential of miR-150 for endothelial
dysfunction and AS (27). In vitro experiment, overexpression
of miR-365 suppressed cell proliferation and migration of
VSMCs, and miR-365 may influence neointimal formation
in AS patients (28).

miR-532-5p is located on human chromosome Xp11.23
with the length of 22 nucleotides, and the sequence of
mature miR-532-5p was conserved between most species,
suggesting its crucial role in evolutional progress (29). As
Li et al. reported, miR-532-5p is aberrantly expressed in
patients with ischemic stroke, and might be a potential
diagnostic biomarker in ischemic stroke, which is closely
related to the occurrence of AS (18). A recent study also
suggested that serum miR-532-5p level was downregulated
in intracerebral hemorrhage (ICH) patients compared
with the vascular risk factor controls (VRFCs), who
were diagnosed with hypertension, hyperlipidemia, atrial
fibrillation or diabetes, but not having a prior stroke,
myocardial infarction, or transient ischemic attack
(TTA) (30). Expectedly, the present results indicated that
serum miR-532-5p level was markedly decreased in AS

© Cardiovascular Diagnosis and Therapy. All rights reserved.

patients compared with healthy controls, suggesting the
potential role of miR-532-5p in the progression of AS.

CIMT is a widely used surrogate marker for AS
worldwide, which is generally considered to be an
important index to predict the progression of AS (24,25).
In the presents study, serum miR-532-5p was found to be
inversely related to the CIMT in AS patients. Furthermore,
a ROC curve was conducted to assess the diagnostic value
of miR-532-5p in AS, which indicated that miR-532-5p
was a potential diagnostic biomarker with relatively high
sensitivity and specificity. The diagnostic value of miRNAs
in AS has been widely reported. For example, miR-29b was
overexpressed in patients with higher CIM'T, and showed
a positive association with CIMT, suggesting that miR-29b
might be a novel biomarker for the identification of AS (31).
Additionally, in patients with essential hypertension,
circulating miR-92a was proved to be a potential
noninvasive AS marker (32). In the present study, the
decreased expression of miR-532-5p was indicated to be a
novel potential biomarker in AS.

The regulating effect of miR-532-5p in cell proliferation
and migration has been widely reported. For example,
downregulation of miR-532-5p was reported to inhibit
bladder cancer cell proliferation and invasion (33). In the
study of ovarian cancer, miR-532-5p was also suggested to
suppress cell progression by targeting TWIST1 (34). It is
well established that abnormal proliferation and migration
of human VSMCs are involved in the progression of AS.
And various miRNAs have been reported to be involved
in the regulation of VSMCs proliferation and migration,
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such as miR-448, miR-379, miR-133b (35-37). In the
present study, iz vitro function experiments suggested that
overexpression of miR-532-5p inhibited the proliferation
and migration of VSMCs, which was promoted by the
downregulation of miR-532-5p. All evidence suggested the
inhibiting effect of miR-532-5p in the biological behaviors
of VSMCs, which might be the potential mechanism of the
role miR-532-5p in AS. Further studies are warranted to
explore the molecular mechanisms of miR-532-5p in AS.

It is well known that miRINA functions through targeting
mRNA to inhibit translation (38). In a study about the
mechanism of acute myocardial infarction, programmed cell
death protein 4 (PDCD4) was identified to be the target
gene of miR-532-5p (39). Additionally, in a rat model of
coronary AS, PDCD4 was proved to be highly expressed
in the coronary artery tissues, suggesting its potential role
in the formation of coronary AS plaque (40). In the present
study, the luciferase reporter gene assay results indicated
that PDCD4 was the target gene of miR-532-5p in human
VSMCs. Furthermore, PDCD4 was suggested to regulate
proliferation and apoptosis of SMCs during the plaque
formation by previous evidence (40,41). Considering the
evidence, we speculated that miR-532-5p might participate
in the pathological processes of AS through targeting
PDCD4. However, further studies are needed for the
further exploration of the mechanism of miR-532-5p with
the involvement of PDCD4 in AS.

In conclusion, we demonstrated that miR-532-5p
was downregulated in patients with AS, and decreased
expression of miR-532-5p might be a potential diagnostic
biomarker for AS. Overexpression of miR-532-5p inhibited
the proliferation and migration of VSMCs. The present
results provided evidence about the involvement of
miR-532-5p in the pathogenesis of AS, and indicated a
therapeutic potential of miR-532-5p for AS. And targeting
miR-532-5p provides new insight into understanding
abnormal biological behavior of VSMCs, which is involved
in the progression of AS.
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