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Introduction

Atherosclerosis (AS) is a chronic inflammatory disease 
of the arterial wall caused by lipid deposition and 
fibrous cap formation (1). The disease is considered 
to be a major cause of cardiovascular diseases such as 
myocardial infarction, ischemic stroke, coronary artery 
disease, and has high morbidity and mortality. In order 
to prevent the development of AS, arterial hypertension, 
diabetes, hypercholesterolemia, obesity, smoking, alcohol 
consumption, and a family history of immature coronary 

artery disease are all risk factors (2). In addition, the 
formation of atherosclerotic plaques, inflammation, and 
the regulation of vascular smooth muscle cell (VSMC) 
phenotype are considered as the main pathological features 
of this disease (3). VSMCs are the main components of the 
arterial wall and promote the development of AS through 
abnormal cell functions such as proliferation and migration 
(4,5). Therefore, the elimination of vascular smooth muscle 
function plays a key role in the pathogenesis of many 
proliferative vascular diseases including hypertension and 
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AS (1,6).
Previous studies have demonstrated that miRNA, as 

an important regulator of cell adhesion, proliferation, 
migration, invasion, metastasis, lipid uptake, and exfoliation 
as well as inflammatory response, is involved in the 
physiological and pathological processes of a variety of 
diseases. In recent years, it has been found that miRNA is 
abundant in the vascular wall, while abnormal expression is 
found in the diseased vessels, and it is involved in the regulation 
of the various cellular functions of VSMC (7). For example, 
miR-148b is down-regulated in AS, and overexpression 
of miR-148b inhibits the proliferation and migration of 
VSMCs through targeted regulation of HSP90 (8). In 
addition, abnormal miRNA expression has been reported as 
a potential diagnostic and prognostic biomarker for a variety 
of cardiovascular diseases. As one of many miRNAs, miR-374 
is located on chromosome xq13.2. Students have shown that 
miR-374 can regulate the pathological processes of a variety of 
cardiovascular diseases. Overexpression of miR-374 can lead 
to cardiac hypertrophy (9). Selenium deficiency can lead to 
heart failure. In 2015, Xing et al. found that 5 up-regulated 
miRNAs were found in the heart dysfunction of selenium-
deficient rats, among which miR-374 expression was the 
highest (10). At the same time, miR-374b expression was 
found to be increased in coronary artery stenosis and early 
lesions (11). Although miR-374 has been studied in the 
common complications of AS, its role and mechanism in AS 
have not been reported.

The purpose of this study was to evaluate the expression 
pattern and clinical value of miR-374 in asymptomatic AS 
patients, and to investigate the effect of miR-374 on the 
proliferation and migration of VSMCs.

Methods

Patient recruitment and sample collection

This study was conducted with the approval of the medical 
ethics committee of the Affiliated Hospital of Qingdao 
University in China (No. QDFYLLWY-201706) and informed 
consent was taken from all the patients. Written informed 
consent was obtained from the patient for publication of this 
study. The research methods meet the standards set out in the 
Helsinki Declaration (as revised in 2013). 

One hundred and two patients with asymptomatic 
AS were included in this study, and patients with cancer, 
cardiovascular and cerebrovascular diseases, diabetes, chronic 
or acute inflammatory diseases were excluded. Patients 

with asymptomatic AS were defined according to the 
carotid intima-media (12), and their carotid intima-media 
thickness (CIMT) value was 0.9 mm ≤ CIMT <1.2 mm.  
At the same time, 89 healthy controls of similar age were 
selected as the control group in the health examination center. 
CIMT was measured by ATL HDL 3000 ultrasound system. 
The CIMT value of healthy people was 0.65±0.14 mm,  
and that of the patient group was 1.07±0.09 mm. Blood 
samples were collected from all subjects on an empty 
stomach, serum was collected by centrifugation, and stored 
at −80 ℃ for further experiment. Baseline and clinical 
information include age, gender, body mass index (BMI), 
total cholesterol, low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), 
triglyceride, diastolic blood pressure (DBP), systolic 
blood pressure (SBP), and C-reactive protein (CRP) were 
recorded. 

Cell culture and transfection

Human vascular smooth muscle cell line VSMCs (Cat# 
CRL-1999, RRID: CVCL_4009) was purchased from 
the American Type Culture Collection (ATCC) and kept 
in DMEM/F12 medium containing 10% fetal bovine 
serum (FBS) at 37 ℃ in a 5% CO2 incubator. Transfection 
expression was carried out when the cells reached the 
growth stage to regulate the expression level of miR-
374. The transfection reagent was Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA), and the transfected vector 
was a miR-374 mimic, miR-374 inhibitor, and their control 
mimic NC and inhibitor NC, respectively. After 6 h of 
transfection according to the instructions, the medium was 
exchanged and cultured for subsequent experiments.

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

Total RNA was isolated from the patient’s serum and cells 
using TRIzol reagent. The extracted RNA was reversed into 
complementary cDNA by the miRNA cDNA Synthesis Kit 
(CWBiotech) according to the manufacturer’s instructions. 
Finally, the expression levels of miR-374 were detected by 
miRNA qPCR Assay Kit (CWBiotech) in ABI7300 real-
time PCR system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The reactions were heated to 95 ℃ for  
5 min, followed by 40 cycles of 95 ℃ for 15 s and 60 ℃ for 
1 min. The primer sequences used in this study were as 
follows: U6 forward 5'-CTCGCTTCGGCAGCACA-3' 
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and reverse 5'-CTCACACGACTCACGA-3'; and miR-
374 forward 5'-ATAATACAACCTGCTA-3' and reverse 
5'-CTCACACGACTCACGA-3'. During the reaction, U6 
was used as the internal reference gene, and the relative 
expression level of miR-374 was calculated using the 2−ΔΔCt 
method.

Cell proliferation assay

The change in cell proliferation ability was detected 
by CCK-8 reagent (Dojindo, Japan). The transfected 
VSMCs cells were first inoculated into a 96-well plate at 
a concentration of 5×104/100 μL. Before the detection,  
10 μL of reagent was added to the well plate. After 
incubation in the incubator for 1 h, the absorbance at 490 nm  
was detected using a Bio-Rad iMark plate reader (Bio-Rad 
Laboratories, Inc.). The test was performed every 24 h 
and three consecutive tests were performed to evaluate the 
effect of miR-374 on the proliferation ability of VSMCs.

Cell migration assay

The Transwell chamber at 8 µm pore size (Corning, USA) 
was used to test the migration capability of VSMCs. The 
transfected cells were prepared into cell suspension in 
serum-free medium, and 5×104 cells/well were inoculated 
in the upper chamber of the Transwell chamber, 500 μL 
medium containing 10% FBS was added to the lower 
chamber. Cultured in an incubator for 24 h, the unmigrated 
cells in the upper chamber were wiped off with a cotton 
swab, fixed with 4% paraformaldehyde for 10 min, and 
then stained with crystal violet for 20 min. Five fields were 
randomly selected under the microscope for counting, and 
the change of migration ability of VSMCs was detected.

Statistical analysis

All statistical data were processed and analyzed by SPSS 
21.0 software (RRID: SCR_002865, SPSS 21.0 software, 
Armonk, NY, USA) and GraphPad Prism 7.0 software 
(RRID: SCR_002798, GraphPad Software, Inc., San 
Diego, CA, USA). Student’s t-test was used to compare 
the differences between the two groups, and one-way 
ANOVA analysis was applied to analyze multiple groups for 
statistical significance. Spearman correlation coefficient was 
used to assess the correlation between continuous variables. 
The receiver operating characteristic curve (ROC) curve 
was used to evaluate the diagnostic value of miR-374 in 

AS and to calculate the area under the curve (AUC). At 
least three independent experiments were performed in all 
experiments. P<0.05 was considered statistically significant.

Results

Clinical characteristics of the subjects

Demographic characteristics and clinical data of subjects 
were calculated. The results are shown in Table 1. There 
were no significant differences in gender, age, BMI, 
LDL-C, HDL-C, triglyceride, SBP, DBP between AS 
patients and healthy controls (P>0.05). At the same time, 
it was found that the expression level of the inflammatory 
marker CRP in the AS group was significantly higher than 
in the healthy control group (P<0.001).

Serum level of miR-374 in asymptomatic patients with AS

qRT-PCR was used to detect and analyze the expression 
level of miR-374 in subjects’ serum samples. The results 
confirmed that the expression level of miR-374 in the serum 
of asymptomatic AS patients was significantly higher than 
that of healthy controls (P<0.001, Figure 1). The results 
suggest that miR-374 may play an important role in the 
development of AS disease.

Correlation between miR-374 and CIMT in patients 
with AS

CIMT is widely used in the diagnosis of AS and was 
considered an important indicator of subclinical AS. 
Therefore, in our study, the correlation between serum 
miR-374 and CIMT in patients was analyzed. As shown in 
Figure 2, there was a significant positive correlation between 
miR-374 and CIMT in patients’ serum (r=0.6488, P<0.001). 
The results confirmed that miR-374 may be closely related 
to the development of AS, and the correlation is positive.

Diagnostic value of miR-374 in patients with AS

ROC curve was drawn based on the expression level of 
miR-374 in patients’ serum to further evaluate its diagnostic 
value. As shown in Figure 3, the area under the ROC curve 
of miR-374 was 0.824, and its sensitivity and specificity 
were 73.3% and 78.22%, respectively. The results of the 
study confirmed that the diagnostic accuracy of miR-374 
in patients with AS was high, and it could distinguish the 
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patients with AS from healthy people.

MiR-374 regulates the proliferation and migration of 
VSMCs

The occurrence of AS is related to the abnormal proliferation 
and migration of VSMCs. In this study, the effects of  
miR-374 on the proliferation and migration of VSMCs were 
detected by transfection with miR-374 mimics and inhibitors. 
Changes of miR-374 expression level after transfection 

were detected by qRT-PCR. As shown in Figure 4A,  
compared with the control group, the expression level of 
miR-374 in the mimic group was significantly increased, 
while that in the inhibitor group was significantly decreased 
(P<0.001). The results confirmed that the transfection 
efficiency of miR-374 mimics and inhibitors was high.

The proliferation of VSMCs was detected by CCK-8  
experiment. As shown in Figure 4B, miR-374 mimics 
significantly increased cell proliferation, while miR-374 
inhibitors significantly decreased cell proliferation (P<0.05). 

Table 1 Clinical data of the study population

Features Healthy controls (n=89) AS patients (n=102) P value

Age (years) 57.35±7.48 58.96±9.04 0.185

Gender (male/female) 53/36 54/48 0.383

BMI (kg/m2) 22.01±1.57 22.38±1.73 0.115

Total cholesterol (mg/dL) 182.50±12.17 185.32±11.68 0.104

HDL-C (mg/dL) 51.01±5.89 50.51±6.16 0.567

LDL-C (mg/dL) 110.37±18.09 114.39±15.64 0.101

Triglyceride (mg/dL) 168.39±9.71 170.72±11.79 0.143

SBP (mmHg) 125.85±9.07 123.84±9.02 0.127

DBP (mmHg) 80.45±5.10 81.56±4.30 0.105

CRP (mg/L) 5.94±1.42 19.94±1.51 0.000

CIMT (mm) 0.65±0.14 1.07±0.09 0.000

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.

Figure 1 Expression levels of miR-374 in the serum of controls 
and patients. The qRT-PCR assay showed that compared with 
the control group, the expression level of miR-374 in the serum 
of AS patients were significantly increased. ***, P<0.001. AS, 
atherosclerosis.

Figure 2 Correlation analysis of serum miR-374 level and 
CIMT value in patients. The expression of miR-374 in serum 
was positivity correlated with CIMT value in patients with AS 
(r=0.6488, P<0.001). CIMT, carotid intima-media thickness.
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In addition, we further detected the effect of miR-374 on 
cell migration through the Transwell assay. The results 
showed in Figure 4C that the migration of miR-374 mimics 
was significantly higher than that of the control group, 
while that of the miR-374 inhibitor group was significantly 
lower than that of the control group (P<0.05). The results 
showed that overexpression of miR-374 significantly 
increased the proliferation and migration of VSMCs, while 

decreased miR-374 significantly inhibited the proliferation 
and migration of VSMCs.

Discussion

As an inflammatory disease caused by multiple factors, 
AS can silently affect the cardiovascular health of human 
beings for decades, and cause coronary heart disease, heart 
failure, ischemic cardiomyopathy, hemangioma, and other 
cardiovascular diseases. Previous studies have demonstrated 
that miRNAs have become key players in a range of 
biological processes, and their abnormal expression or 
changes in function are associated with the spread of human 
diseases (13). Such as miR-92a, miR-107, and miR-217 were 
significantly dysregulated in AS (14-16). MiR-374 is located 
on human chromosome Xq13.4 and plays a crucial role as 
an oncogene or a tumor suppressor gene in various cancers 
including non-small cell lung cancer, skin cancer, and 
bladder cancer (17-19). In addition, the role of miR-374 in 
cardiovascular diseases has also attracted extensive attention. 
MiR-374 alleviated myocardial ischemia-reperfusion injury 
in sevoflurane pretreated rats by activating the PI3K/AKT 
signaling pathway to target SP1 (20). The combination 
of miR-374 and miR-210 can predict the severity and 
prognosis of hypoxic-ischemic encephalopathy (21). It is 
noteworthy that Xing et al. found significant up-regulation 
of miR-374 in heart failure caused by selenium (10). 
Licholai et al. found that miR-374 was overexpressed in 
vascular aneurysms and was associated with the maintenance 

Figure 3 ROC curve for evaluated the diagnostic value of  
miR-374 in patients with AS. The AUC was 0.824, the specificity 
was 78.22%, the sensitivity was 73.3% and the cut-off value was 
0.094. ROC, receiver operating characteristic; AUC, area under 
the ROC curve.
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of vascular integrity (22). In our study, the expression level 
of miR-374 in the serum of all subjects was detected, and 
the results showed that the expression level of miR-374 
in patients with AS was significantly increased, suggesting 
that miR-374 may play a key role in the development of 
AS. This was consistent with the expression levels in heart 
failure and aneurysm, both complications of AS.

In recent years, abnormal miRNA expression has been 
widely concerned as a biomarker for the diagnosis and 
prognosis of a variety of diseases (23). For example, miR-
374 can be used as a prognostic marker for the survival 
of patients with early non-small cell lung cancer (24). 
Therefore, in our study, the diagnostic value of miR-374 
in AS was detected by drawing the ROC curve, and it was 
found that miR-374 is a good diagnostic marker of AS, 
with high specificity and sensitivity. Meanwhile, previous 
research reports have proved that CIMT as a simple 
and reliable subclinical indicator of AS has a significant 
correlation with future cardiovascular events. The increase 
in CIMT proved to be a good marker of AS. We detected 
the CIMT of patients and found that miR-374 is expressed 
in AS patients with higher CIMT and has a significant 
positive correlation with CIMT. Therefore, we believe that 
the high expression of miR-374 may be a potential marker 
for AS diagnosis.

Several studies have shown that after vascular injury, 
VSMCs change forms a contracted state to a proliferation 
state, and the dysfunction of their functions plays an 
important role in various vascular diseases such as 
hypertension and AS (25,26). It has also been reported that 
the proliferation and migration of VSMCs participate in 
all stages of the development of AS (27,28). In addition, 
the regulatory role of miRNAs in the proliferation and 
migration function of VSMCs has been described. For 
example, miR-146b-5p promotes the proliferation and 
migration of VSMC (29). Nicotine stimulated macrophage 
exosomes to mediate VSMC proliferation and migration 
through miR-21-3p to accelerate AS (30). Therefore, 
we examined the effect of miR-374 on the proliferation 
and migration of VSMCs through in vitro cell function 
experiments. The results show that overexpression of 
miR-374 can significantly promote the proliferation and 
migration of VSMCs, while inhibition of miR-374 can 
significantly reduce the proliferation and migration ability 
of VSMCs. All the results suggest that miR-374 has a 
significant role in promoting the biological behavior of 
VSMCs, which may be a potential mechanism for miR-
374 to play a role in AS. Studies have reported that miR-

374 regulates malignant transformation of mesenchymal 
hepatocytes by targeting the regulation of Wnt5a (31). 
Blocking Wnt5a signaling can reduce the expression 
of CD36 and the formation of foam cells in AS (32). 
Therefore, we hypothesized that miR-374 might regulate 
AS by targeting Wnt5a. However, the specific mechanism 
of miR-374’s role in AS still needs further study. At the 
same time, due to the small sample size, there was no 
significant difference in the important influencing factors 
of asymptomatic AS patients between the patients and 
the healthy control group, such LDL-C. Therefore, it is 
necessary to expand the sample and continue the study. In 
addition, this study confirmed the good diagnostic value of 
miR-374 in patients with asymptomatic AS. Whether it still 
has clinical prognostic value, we still need to continue to 
conduct follow-up and research.

In summary, a series of studies have shown that the high 
expression of miR-374 may be a potential biomarker for 
AS diagnosis, and overexpression of miR-374 can promote 
the proliferation and migration of VSMCs. This study 
provides evidence for the involvement of miR-374 in 
the pathogenesis of AS and suggests the potential role of  
miR-374 in AS treatment.
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