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Introduction

Atherosclerosis was the main cause of vascular di-
seases worldwide, and its main clinical manifestations 
included ischemic heart disease, ischemic stroke, and peri-
pheral artery disease (1). The walls of blood vessels athe-
rosclerosis were considered to be the result of the accumu-
lation of lipid passive (2). The pathological process was 
characterized by intimal infiltration and modification of 
plasma-derived lipoproteins and uptake by macrophages, 
which were followed by the formation of lipid-filled foam 
cells and led to the formation of atherosclerotic lesions (3). 
Vulnerable plaque refers to the late lesion of the necrotic 
core formed by secondary necrotic macrophage and foam 
cell accumulation, which were caused by defective endo-
cytosis and inadequate inflammatory response (3). Plaques 
that did not cause significant hemodynamic stenosis might 
also cause cardiac events, such as plaque rupture associa-
ted with thin caps, lipid-rich plaques, plaque erosion, cal-
cified nodules and plaque local vascular functional lesions 
(4). Clinical studies proved that miRNA expression pro-
files derived from atherosclerotic plaque materials were 

associated with the stability of coronary artery disease (5), 
which might contribute to the search for new therapeutic 
strategies for cardiovascular disease.

Changes in the hemodynamics of the vascular system 
lead to changes in miRNA expression (6). miRNA plays 
an important role in gene regulation by pairing with the 
mRNA of protein-coding genes to fine-tune post-transcrip-
tional inhibition (6). Animal studies have shown that dy-
namic changes in miRNAs expression profiles in plasma, 
platelets and platelet-derived microbubbles were involved 
in the development of atherosclerosis (7). miR-19a-3p was 
known to be one of the miRNAs induced by high shear 
stress that mediated atherosclerosis (6, 8). Silencing miR-
19a-3p inhibited the proliferation and invasion of athero-
sclerotic vascular endothelial cells (9). It is known that 
miR-19a-3p/SDC-1 inhibited the JAK1/STAT3 signaling 
pathway activation, which ameliorated cerebral ischemic 
injury (10). However, the mechanism of miR-19a-3p-me-
diated SDC-1 expression in the pathogenesis of coronary 
atherosclerosis was still unknown.

SDC-1 was a critical membrane proteoglycan that has 
been reported to be involved in the regulation of tissue re-
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pair and chronic injury response events, such as cell-subs-
trate interactions, matrix remodeling, and cell migration 
(11). Studies of hemodynamics and fluid shear stress sug-
gested that SDC-1 was involved in controlling mechanical 
sensing and flow-mediated phenotypic regulation of en-
dothelial cells (12). Lower SDC-1 levels were associated 
with a higher prevalence of lipid-rich plaques in patients 
with coronary artery diseases, which suggested a link 
between endodermis glycocalyces damage and the deve-
lopment of lipid-rich plaques (13). During atherosclerotic 
disease, the damage and degradation of the endodermal 
calyx were accompanied by the shedding of SDC-1 into 
the bloodstream, which could directly reflect the health of 
the endodermal calyx and blood vessels (14). Therefore, 
exploring the mechanism of SDC-1 in the vascular endo-
thelium of atherosclerotic diseases might contribute to the 
development of potential therapies. 

Plasma ox-LDL was significantly correlated with ca-
rotid plaque, and ox-LDL in the vulnerable plaque group 
was significantly higher than that in the stable plaque 
group (15). Rapid deposition of ox-LDL could lead to 
rapid plaque progression, increased necrotic core, and de-
creased stability due to the breakdown of the endothelial 
barrier in advanced plaques (16). TGF-β1 was induced by 
oxidized low-density lipoprotein (ox-LDL) and contribu-
ted to atherosclerotic-associated vascular endothelial cell 
damage (17). TGF-β1/Smad3 signaling pathway ubiqui-
tously is widely found in various tissues and cells and is 
also associated with the development of cardiovascular 
diseases (18), such as atherosclerosis complicated with 
hydrocephalus (19). It was known that ox-LDL induced 
matrix accumulation through TGF-β/Smad3 signaling in 
mesangial cells (20). However, the role of SDC-1 and 
TGFβ1/Smad3 in ox-LDL-induced endothelial cell inju-
ry remains unknown. This study intends to establish the 
ox-LDL-induced injury model of HAECs to explore the 
role of miR-19a-3p-mediated SDC-1 in atherosclerotic 
diseases (21), in order to provide a new strategy for the 
treatment of coronary atherosclerosis.

Materials and Methods

Bioinformatics analysis
The GSE153813 miRNAs data was used in this study. 

All data were normalized. The data contained five athero-
sclerosis and three controls. Limma package (R language) 
was applied for inter-group difference analysis with cutoff 
(|logFC|>log21.5 & p<0.05). The heatmap was applied to 
show the different analysis results of miRNAs. The box 
plot was applied to show the expression of miR-19a-3p. 
TargetScan was applied to predict the binding site of miR-
19a-3p to SDC-1 (22).

Cell experiment and grouping
HAECs were purchased from Procell (CP-H080, Pro-

cell) and cultured with an incubator containing 10 % FBS, 
1 % penicillin G, 1 % streptomycin and 1 % endothelial 
growth factor at 37℃, 5 % CO2 and saturated humidity. 
Logarithmic growing cells were divided into the Control 
group (PBS), ox-LDL group (50 mg/L ox-LDL, IO1300, 
Solarbio), NC mimics group (transfected with no load 
plasmid + 50 mg/L ox-LDL, HG-MI029489, Honorgene) 
and miR-19a-3p mimics group (transfected with miR-
19a-3p overexpressed plasmid + 50 mg/L ox-LDL, HG-
MI029489, Honorgene).

Clinical subject
Patients with coronary atherosclerosis, which were 

diagnosed with intravascular atherosclerosis (IVUS) in 
Changsha Central Hospital, were enrolled as the non-
vulnerable plaque group and vulnerable plaque group, 
10 patients/group, respectively (23). IVUS was used to 
generate three-dimensional elastic maps to evaluate the 
mechanical properties of atherosclerotic plaques (23-25). 
The baseline characteristics of non-vulnerable plaque and 
vulnerable plaque subjects were shown in Table 1. Coro-
nary blood was extracted from non-vulnerable plaque and 
vulnerable plaque subjects using catheters and stored after 
centrifugation (26). Subjects were excluded as follows: 
renal insufficiency, recently infected persons, cardiac ar-
rest or circulatory shock (systolic blood pressure below 90 
mmHg) at the prehospital stage or admission, suspected 
infections, chronic diseases such as heart failure, cirrho-
sis, and tumors. Informed consent was also signed by all 
subjects and their families. Ethical approval was obtained 
from the Ethics Committee of Nanhua University Affilia-
ted Changsha Central Hospital (201812).

Groups non-vulnerable plaque group (n=15) vulnerable plaque group (n=15) P-value
Age (years) 61.50±3.23 63.70±5.33 0.965

Sex (male, %) 86.66 86.66 -
BMI (kg/m2) 21.63±1.68 23.31±2.11 0.341
SBP (mmHg) 118.50±5.61 121.20±18.3 0.752
DBP (mmHg) 77.40±3.82 75.60±8.31 0.496

ALT (U/L) 29.34±7.22 28.02±9.42 0.614
CRE (μmol/L) 74.26±6.14 82.33±17.56 0.244
FBG (μmol/L) 5.64±0.75 5.98±1.17 0.237

TC                          4.85±0.21 4.24±0.56 0.047
TG (mmol/L) 0.92±0.12 1.11±0.39 0.324

HDL-C (mmol/L) 1.28±0.12 1.09±0.17 0.033
LDL-C (mmol/L) 2.91±0.52 3.74±0.87 0.029

BMI, Body Mass Index. SBP, Systolic Blood Pressure. DBP, Diastolic Blood Pressure. ALT, Alanine transaminase. CRE, Creatinine. FBG, 
Fasting Blood Glucose. TC, Total cholesterol. TG, Triacylglycerol. HDL-C, high-density lipoprotein cholesterol. LDL-C, low-density lipoprotein 
cholesterol. The data were analyzed by Student’s t-test.

Table 1. Baseline characteristics of non-vulnerable plaque and vulnerable plaque subjects.
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transfected by Lip2000 transfection reagent (Invitrogen), 
miR-19a-3p mimics (HG-MI029489, Honorgene) and 
miRNA NC (HG-MI029489, Honorgene), respectively. 
The specific groups were as follows: NC mimics + SDC-
1 WT group, miR-19a-3p mimics + SDC-1 WT group, 
NC mimics + SDC-1 Mut group, miR-19a-3p mimics 
+ SDC-1 Mut group. Cells in NC mimics + SDC-1 WT 
group were co-transfected phG-mirtarget-SDC-1-3U large 
plasmid and miRNA NC. Cells in miR-19a-3p mimics 
+ SDC-1 WT group were co-transfected phG-mirtarget-
SDC-1-3U large plasmid and miR-19a-3p mimics. Cells in 
NC mimics + SDC-1 Mut group were co-transfected phG-
mirtarget-SDC-1 MUT-3U large plasmid and miRNA NC. 
Cells in miR-19a-3p mimics + SDC-1 Mut group were co-
transfected phG-mirtarget-SDC-1 MUT-3U large plasmid 
and miR-19a-3p mimics. The final concentration of the 
cotransfection reagent in each group was 50 nM. The cells 
were cleaned twice with 1×PBS to remove all the cleaning 
fluid. Then, the corresponding volume of 1×PLB lysate 
was added. The culture plates were gently shaken for 15 
min to lysate the cells. Cell lysate (20 μL) was added into 
a 1.5 mL centrifuge tube, followed by 100 μL of LARII so-
lution. The mixture was put into a luminescence detector 
(GloMax 20/20, Promega) to detect the luciferase activity 
of fireflies. Then, 100 μL Stop&Glo detection solution was 
added to stop the first luminescence and start the second 
luminescence at the same time. After the mixture, the luci-
ferase activity of the sea kidney was detected by the lumi-
nescence detector (GloMax 20/20, Promega).

Real-time quantitative polymerase chain reaction (RT-
qPCR)

Trizol (V900483, Sigma) was used to extract total 
RNA from the cells. The mRNA was used as a template 
to reverse transcription cDNA by using the mRNA reverse 
transcription kit (CW2569, Beijing, China). The expression 
of target genes was detected by the UltraSYBR Mixture 
(CW2601, Beijing, China) and fluorescence quantitative 
PCR instrument (PIKOREAL96, Thermo). The expres-
sion of SDC-1, ABCA1, ABCG1 and miR-19a-3p genes 
were calculated by the 2-ΔΔCt algorithm with β-actin or U6 
as internal parameters, respectively. Primer sequences of 
genes were shown in Table 2.

Western blot
Cells were collected and added with RIPA lysis buffer 

to extract the protein. BCA (Bicinchoninic acid) method 
was applied to extract and determine the protein concen-
tration. A total of 200 μg protein samples were separated 
and transferred by 12 % SDS-PAGE and PVDF membrane, 
respectively. The primary antibodies included anti-SDC-1 
(10593-1-AP, Proteintech), anti-ABCA1 (ab66217, Ther-
mo Fisher), anti-ABCG1 (ab52617, Proteintech), anti-
TGF-β1 (ab215715, Abcam), anti-p-Smad3 (ab52903, 
Abcam), anti-Smad3 (ab40854, Abcam) and anti-β-actin  
(66009-1-Ig, Proteintech). Then, it was conjugated with 
anti-IgG (SA00001-1, Proteintech) to incubate at 37°C 
for 90 min. Visualization and imaging analysis were ana-
lyzed by Millipore chemiluminescence and GE Healthcare 
software (Life Sciences), respectively.

Data statistics and analysis
GraphPad Prism 8.0 statistical software was used for 

the statistical analysis of data in this study. Normality and 

Construction of HAECs overexpressing miR-19a-3p
The no-loaded overexpressed plasmids and miR-19a-

3p overexpressed plasmids were defrosted on ice. Serum-
free DMEM medium (95 μL) was added to each sterile 
centrifuge tube. Then, 2.5 μg no-loaded overexpressed 
plasmid and 5 μL Lip2000 (Invitrogen) were added to the 
centrifuge tubes, respectively. miR-19a-3p overexpressed 
plasmid (HG-MI029489, Honorgene) was also added 
into the corresponding centrifuge tubes according to this 
method. The reagents were gently mixed and incubated 
at room temperature for 5 min. Finally, the mixture was 
evenly added to the well to be transfected and mixed. After 
6 h culture in a 37℃ incubator, the fresh complete culture 
medium was changed.

Cell Counting Kit-8 (CCK8)
The cells were digested, counted and inoculated into 

a 96-well plate (0030730119, Eppendorf) with a density 
of 5×103 cells/well, 100 μL/well. Each group was equip-
ped with 3 multiple holes. After culture and adhesion, the 
CCK8 solution (10:1, NU679, DOJINDO) was prepared 
by a complete medium, which was added to each well. 
Then, the Bio-Tek microplate (MB-530, Heals) was used 
to analyze the absorbance value at 450 nm.

Flow cytometry
The cells were centrifuged at 1500 rpm for 5 min to col-

lect. Annexin V-APC apoptosis detection kit (KGA1019, 
Nanjing KeyGen Biotech Co., Ltd.) was used. A binding 
buffer (500 μL) was added to suspension cells. Annexin 
V-APC (5 μL) and 5 μL propidium Iodide were added to 
cells and mixed, respectively. The cells were incubated far 
away from light. Flow cytometry (A00-1-1102, Beckman) 
was used to detect apoptosis.

Enzyme-linked immunosorbent assay (ELISA)
The coronary blood samples were placed at room tem-

perature for 2 h and centrifuged at 1000 g for 15 min to 
collect the supernatant for detection. The supernatant of 
the cell was also centrifuged and collected for detection. 
The SDC-1 levels were detected by using the SDC-1 de-
tection kit (CSB-E14983H, CUSABIO) and a multifunc-
tional ELISA analyzer (MB-530, Heals).

Cholesterol efflux
A cholesterol efflux fluorometric assay kit (K582-100, 

Biovision Incorporated) was used to detect cholesterol ef-
flux. Briefly, 1×105 HAECs were inoculated into each well 
of a 96-well plate and incubated for 2 h. Next, fluorescently 
labeled cholesterol was added to each well and incubated 
for 15 h before the supply of ox-LDL. The supernatant was 
collected, and its fluorescence was measured. The super-
natant of lysed HAECs was transferred, and their fluores-
cence was measured. Cholesterol efflux was calculated by 
the formula: Cholesterol efflux (%) = RFU of Supernatant/
(RFU of Cell Lysate + RFU of Supernatant).

Dual-luciferase reporter assay
The 293T cells were purchased from HonorGene (HG-

NC002, HonorGene) and cultured with a 24-well plate. The 
pHG-MirTarget-SDC-1-3U and pHG-MirTarget-SDC-1 
MUT-3U were used for transfection-level plasmid extrac-
tion. A dual luciferase reporter assay kit (E1910, Promega) 
was applied to dual luciferase reporter assay. Cells were 
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homogeneity of variance tests were performed first, which 
were consistent with normal distribution and homogeneity 
of variance. Statistical significance between two groups 
within experiments was determined by unpaired two-
tailed Student’s t-tests, while among more than two groups 
was determined by one-way ANOVA. Tukey's post-test 
was used for comparison. The measurement data were ex-
pressed as mean ± standard deviation. P < 0.05 indicated 
that the difference was statistically significant.

Results

miR-19a-3p was down-regulated in atherosclerosis and 
ox-LDL-induced HAECs

Heatmap showed the differential miRNAs between the 
atherosclerotic patients and healthy (Figure 1A). The ex-
pression of miR-19a-3p was lower in atherosclerosis than 
that in the healthy (Figure 1B). Compared with the Control 
group, ox-LDL induced the down-regulation of miR-19a-
3p genes in HAECs (Figure 1C). The ox-LDL-induced 
apoptosis inhibited proliferation and increased choleste-

rol efflux in HAECs (Figure 1D-F). Compared with the 
control group, the ABCA1 and ABCG1 gene expressions 
were significantly increased in the ox-LDL group (Figure 
3G). All the results proved that miR-19a-3p was down-
regulated in atherosclerosis and ox-LDL-induced HAECs.

SDC-1 levels were up-regulated in vulnerable plaque 
subjects and ox-LDL-induced HAECs

Compared with the control group, the SDC-1 gene 
and protein expressions were significantly increased in 
the ox-LDL group (Figure 2A-B). Coronary angiography 
combined with IVUS showed clearly fibrous necrosis and 
calcification in vulnerable plaque tissues of patients with 
coronary atherosclerosis (Figure 2C). Compared with the 
non-vulnerable plaque group, the levels of SDC-1 were 
significantly increased in the vulnerable plaque group (Fi-
gure 2D). These results suggested that the levels of SDC-1 
in blood might be involved in the development of vulne-
rable plaque in atherosclerosis.

Figure 1. miR-19a-3p was down-regulated in atherosclerosis and 
ox-LDL-induced HAECs. (A) Heatmap was applied to show the dif-
ferential miRNAs between the atherosclerotic and healthy groups. (B) 
Boxplot was applied to show the expression of miR-19a-3p. (C) The 
expression of miR-19a-3p was detected by RT-qPCR. (D) HAECs ac-
tivity was detected by CCK-8. (E) Apoptosis of HAECs was detected 
by flow cytometry. (F) Cholesterol efflux was detected by Fluorome-
tric assay. (G) The expression of ABCA1 and ABCG1 was detected 
by RT-qPCR. *P<0.05 vs. Healthy group; #P<0.05 vs. Control group.

Gene Primer sequences Length

SDC-1
F AGCTGAAAGGCCGGGAAC

154bp
R CGCTCTCTACTGCCGGATTC

ABCA1
F GTTAGGAAACCTGCTGCCCT

185bp
R ATGCCACACACAGGACGTAG

ABCG1
F TGTCTGATGGCCGCTTTCTC

110bp
R CTCTGGACACCACCTCATCCAC

β-actin
F ACCCTGAAGTACCCCATCGAG

224bp
R AGCACAGCCTGGATAGCAAC

U6
F CTCGCTTCGGCAGCACA

94bp
R AACGCTTCACGAATTTGCGT

miR-19a-3p GTGACAAATCTATGCAAAACTGA

Table 2. Primer sequences.

Figure 2. The SDC-1 levels were increased in the blood of subjects 
with vulnerable plaque. (A-B) The expression of SDC-1 was detec-
ted by RT-qPCR and western blot. (C) Representative IVUS images 
of non-vulnerable plaque and vulnerable plaque were observed. Blue 
represented fibrous plaques, white represented calcified plaques, and 
red represented the necrotic core of the plaque. (D) SDC-1 levels in 
coronary blood were detected by ELISA. *P<0.05 vs non-vulnerable 
plaque group, #P<0.05 vs. Control group.
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miR-19a-3p targeted SDC-1
Bioinformatics analysis showed that miR-19a-3p and 

SDC-1 have binding sites (Figure 3A). Dual luciferase 
reporter assay demonstrated that compared with the NC 
mimics + SDC-1 WT group, the SDC-1 expression was 
significantly decreased in the miR-19a-3p mimics + SDC-
1 WT group (Figure 3B). There was no significant change 
in SDC-1 expression between the NC mimics + SDC-1 
Mut group and miR-19a-3p mimics + SDC-1 Mut group 
(Figure 3B). These results showed that miR-19a-3p could 
bind to SDC-1.
Overexpression of miR-19a-3p inhibited SDC-1 expres-
sion and cholesterol efflux in ox-LDL-induced HAECs

Overexpression of miR-19a-3p promoted the prolife-
ration and inhibited apoptosis in ox-LDL-induced HAECs 
(Figure 4A-B). Overexpression of miR-19a-3p inhibited 
the expression of SDC-1, ABCA1 and ABCG1 in ox-
LDL-induced HAECs (Figure 4C-D). Overexpression of 
miR-19a-3p inhibited ox-LDL-induced cholesterol efflux 
in HAECs (Figure 4E). These results suggested that ove-
rexpression of miR-19a-3p inhibited SDC-1 expression 
and improved the cholesterol efflux in ox-LDL-induced 
HAECs.

Up-regulation of miR-19a-3p inhibited the TGF-β1/
Smad3 pathway in ox-LDL-induced HAECs

ox-LDL induced the increase of TGF-β1 and p-Smad3 
proteins expression in HAECs (Figure 5). Overexpression 
of miR-19a-3p inhibited the TGF-β1 and p-Smad3 proteins 
expression in ox-LDL-induced HAECs (Figure 5). These 
results proved that up-regulation of miR-19a-3p inhibited 
the TGF-β1/Smad3 pathway in ox-LDL-induced HAECs.

Discussion

Atherosclerosis was also a lipoprotein-driven inflam-
matory disease that caused plaque formation in specific 
parts of the arterial tree (27). Syndecans were transmem-
brane heparin sulfate proteoglycans, which were involved 
in the regulation of cell growth, differentiation, adhesion, 
neuronal development and lipid metabolism (28). Ani-
mal studies have shown that SDC-1 signaling was weak 

in the normal aorta and that arterial injury-induced SDC-
1 expression at mRNA and protein levels (29). Biomar-
kers have multiple clinical applications at multiple stages 
of diagnosis and treatment (30). Increased expression of 
SDC-1 and prevention of increased inflammation was 
observed in myocardial infarction (30). Our study proved 
that significant fibrous necrosis and calcification appeared 
in vulnerable plaque tissues of patients with coronary athe-
rosclerosis, which was accompanied by elevated blood 
SDC-1 levels. Therefore, these studies proved that SDC-1 
was involved in the pathological process of atherosclerotic 

Figure 3. miR-19a-3p targeted SDC-1. (A) TargetScan predicted the 
binding site of miR-19a-3p to SDC-1. (B) Dual luciferase reporter 
assay showed that miR-19a-3p could bind to SDC-1. *P<0.05 vs. NC 
mimics + SDC-1 WT group. #P<0.05 vs. NC mimics group.

Figure 4. Overexpression of miR-19a-3p inhibited ox-LDL-in-
duced HAECs damage and cholesterol efflux. (A) HAECs activity 
was detected by CCK-8. (B) Apoptosis of HAECs was detected by 
flow cytometry. (C-D) The expression of SDC-1, ABCA1 and ABCG1 
was detected by RT-qPCR and western blot. (E) Cholesterol efflux 
was detected by a fluorometric assay. #P<0.05 vs. NC mimics group.

Figure 5. Overexpression of miR-19a-3p inhibited the TGF-β1/
Smad3 pathway. The protein expression of TGF-β1, Smad3, and 
p-Smad3 was detected by western blot. #P<0.05 vs. Control group, 
&P<0.05 vs. NC mimics group.
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plaques, which was urgent to further study the mechanism 
of SDC-1.

Atherosclerosis was a buildup of lipid plaques in the 
blood vessels, primarily due to endothelial damage caused 
by ox-LDL (31). ox-LDL played a central role in atheros-
clerosis by acting on a variety of cells via LOX-1, such as 
endothelial cells, macrophages, platelets, fibroblasts, and 
smooth muscle cells (32). We induced HAECs with ox-
LDL and found an increase in cholesterol efflux, a decrease 
in miR-19a-3p expression, and an increase of ABCA1, 
ABCG1 and SDC-1 expression. SDC-1 was one of the 
major receptors for residual chylomicron absorption in the 
absence of LDL receptor (33). Clinical studies in nephrotic 
syndrome determined that the endodermal glycocalyces 
damage marker (SDC-1) was significantly associated with 
24-hour urinary protein excretion, TG, HDL-C and LDL-
C levels (34). Therefore, these studies have demonstrated 
that ox-LDL induced the increase of SDC-1 expression in 
vascular endothelial cells, which was consistent with the 
pathological features of atherosclerosis.

Previous studies have shown that miR-19a-3p expres-
sion in endothelial cells was significantly down-regulated 
by LPS stimulation (35). Overexpression of miR-19a-3p 
protected endothelial cells from the LPS-induced apop-
tosis through the ASK1/p38 pathway (35). miR-19a-3p 
was also involved in the H2O2-induced autophagy injury 
of HUVECs (36). Our study found that overexpression of 
miR-19a-3p promoted cell proliferation, inhibited apopto-
sis, cholesterol efflux and the SDC-1, ABCA1 and ABCG1 
expressions in ox-LDL-induced HAECs. The above stu-
dies proved that miR-19a-3p might be a potential target for 
improving atherosclerosis.

ox-LDL promoted endothelial cell angiogenesis in 
vitro, leading to plaque instability and vulnerability (37). 
Agomir with miR-9 or siRNA against OLR1 inhibited the 
p38 mitogen-activated protein kinase (p38MAPK) pa-
thway and atherosclerotic plaque formation in mice (38). 
Overexpression of SDC-1 affected the secretion of an-
giogenic factors in mesothelioma cells, thereby inhibiting 
endothelial cell proliferation, tube formation and wound 
healing (39). We proved that overexpression of miR-19a-
3p improved HAECs characterization and cholesterol ef-
flux in the ox-LDL group. However, we did not explore 
the role of miR-19a-3p in atherosclerotic plaque formation 
in mice. This was a limitation in this study, which will be 
explored in future research.

SDC-1 was a receptor for triglyceride-rich lipoproteins, 
growth factors, chemokines, and enzymes (40). In cirrho-
sis, SDC-1 mainly prevented the early stages of fibrosis by 
enhancing the clearance of TGFβ1 and THBS1 from the 
circulation (41). SDC-1 also prevented hepatocellular car-
cinoma by interfering with several signaling pathways and 
enhancing cell-cycle blockade (41). In asthma, increased 
SDC-1 expression was correlated with TGFβ1/Smad3-
mediated airway remodeling in vivo and in vitro (42,43). 
We found that overexpression of miR-19a-3p inhibited 
the expression of SDC-1, TGF-β1 and p-Smad3 proteins 
in ox-LDL-induced HAECs. Therefore, these studies de-
monstrated that overexpression of miR-19a-3p inhibited 
the apoptosis, SDC-1 level, cholesterol efflux and activa-
tion of the TGF-β1/Smad3 pathway in ox-LDL-induced 
HAECs.
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