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 Background: Atherosclerosis is a chronic and multifactorial disease, and it is the main reason of coronary heart disease, 
cerebral infarction, and peripheral vascular disease, which leads to the formation of lesions in arterial blood 
vessels. Our study aimed to explore the protective effect and its underlying mechanism of atorvastatin (ATV) 
on oxidized low-density lipoprotein (ox-LDL)-induced atherosclerosis.

 Material/Methods: Human umbilical vascular endothelial cells (HUVECs) were cultured and pretreated with ox-LDL to establish an 
in vitro atherosclerotic cell model. Cell Counting Kit-8 (CCK-8) assay, TUNEL staining, and Transwell assay were 
used to detect the cell activity, apoptosis, and migration in HUVECs. Quantitative real-time polymerase chain 
reaction (qRT-PCR) and western blot were applied to measure the mRNA and protein expressions of adhesion-
related genes in HUVECs.

 Results: Pretreated with 100 mg/L ox-LDL resulted in a 57.23% decrease of cell viability and 81.09% increase of apop-
totic injury in HUVECs compare to the control. Meanwhile, ox-LDL pretreatment increased the cell migration 
and the expression of miR-26a-5p in HUVECs. ATV treatment could effectively reverse the cellular damage in-
duced by ox-LDL, decrease the release of adhesion-related molecules, and downregulate the expression of 
miR-26a-5p by 44.79% in HUVECs. Moreover, phosphatase and tensin homolog (PTEN) was demonstrated to 
be the target gene of miR-26a-5p.

 Conclusions: Our results highlight that ATV protects against ox-LDL-induced downregulation of cell viability, upregula-
tion of cell apoptosis, migration, as well as the release of adhesion-related molecules in HUVECs through the 
miR-26a-5p/PTEN axis. This study provides new insights into the underlying mechanism of ATV therapeutic po-
tential in atherosclerosis, and also provides a new strategy for the treatment of atherosclerosis.
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Background

Atherosclerosis is a chronic, complicated cardiovascular dis-
ease, which is caused by various factors, including lipid depo-
sition, inflammation, and oxidative stress [1]. In recent years, 
atherosclerosis has become a common and frequently occur-
ring disease that seriously endangers human health world-
wide [2]. Factors contributing to atherosclerosis might in-
clude hypertension, hyperlipidemia, heavy smoking, as well 
as diabetes, obesity, and some genetic factors [3]. However, 
the pathogenesis of atherosclerosis is complex, and it has not 
been fully illuminated.

Three theories over the past half century about the forma-
tion and pathogenesis of atherosclerosis have been: “lipid 
infiltration theory”, “thrombosis theory”, and “response to 
injury” [4]. During the development of atherosclerosis, abnor-
mal lipid metabolism is the main factor related to endothelial 
and smooth muscle injuries. More and more studies have fo-
cused on expanding the understanding of oxidized low-den-
sity lipoprotein (ox-LDL) on the pathogenesis of atherosclero-
sis [5,6]. Previous studies have confirmed that the formation 
of ox-LDL is an important stage in the occurrence and devel-
opment of early atherosclerosis. Therefore, ox-LDL has been 
considered an important diagnostic biomarker for atheroscle-
rosis [7]. Ox-LDL participates in the process of atherosclerosis 
through various mechanisms, for example, ox-LDL pre-treat-
ment could induce the downregulation of cell viability in hu-
man umbilical cord blood endothelial cells (HUCBECs) [8,9]. 
Moreover, cells can be activated by ox-LDL to secrete chemi-
cal factors, cytokines, and inflammatory factors, which are in-
volved in the formation and development of early atheroscle-
rosis. Therefore, ox-LDL has been widely used to establish an 
in vitro model of atherosclerosis.

Atorvastatin (ATV) is a commonly used drug for primary hyper-
cholesterolemia. ATV plays a therapeutic role in hypercholes-
terolemia by reducing the increased total cholesterol (TC), LDL 
cholesterol (LDL-c), Apolipoprotein B-100 (Apo B), and triglyc-
eride (TG) [10]. At present, more and more studies have fo-
cused on the pharmacological effects of ATV in cardiovascu-
lar system. Previous studies have shown that ATV may play 
an anti-atherosclerosis role by regulating inflammation, oxi-
dative stress and lipid metabolism [11]. However, the specific 
potential mechanism of ATV for atherosclerosis remains to be 
further explored.

Therefore, the aim of our study was to establish an athero-
sclerosis model in vitro by ox-LDL pretreatment on human 
umbilical vascular endothelial cells (HUVECs), then to ob-
serve the function of ATV in ox-LDL-induced HUVECs, and fi-
nally to clarify the underlying protective mechanism of ATV in 
ox-LDL-induced HUVECs.

Material and Methods

Cell culture and treatment

HUVECs were obtained from the American Type Culture 
Collection (ATCC) (Manassas, VA, USA). Cells were cultured in 
RPMI-1640 medium (Sigma-Aldrich, USA) supplemented with 
10% fetal bovine serum (FBS) (Sigma-Aldrich, USA) and 1% 
endothelial cell growth supplement at 37°C in a humidified 
atmosphere containing 5% CO2 for 24 hours. HUVECs were 
treated with different concentrations of ox-LDL (AngYuBio, 
China) for 24 hours to establish the in vitro model of athero-
sclerosis. ATV (Sigma-Aldrich, USA) was dissolved in DMSO 
(Sigma-Aldrich, USA).

Cell viability assay

The cell viability was detected with Cell Counting Kit-8 (CCK-8) 
(Beyotime, China). Briefly, HUVECs were seeded in 96-well 
plates at a density of 5×103 cells per well. Then, the cells were 
pretreated with different concentrations of ox-LDL or ATV for 
24 hours. After removing the culture medium, HUVECs were 
washed with phosphate buffer saline (PBS) 3 times, and 10 μL 
of CCK-8 solution was added to each well. Then, the cells were 
incubated for 2 hours at 37°C. The cell viability was assessed 
by the absorbance and detected at 450 nm using a microplate 
reader (Thermo, USA). The experiment was repeated 3 times.

Apoptosis assay

The apoptosis of HUVECs was detected by the terminal deoxy-
nucleotidyl transferase dUTP nick-end labelling (TUNEL) assay, 
which was performed by using an Apoptosis Kit (Roche, 
Switzerland). Briefly, HUVECs were seeded in 6-well plates 
(5×105 cells per well) for 24 hours, and then ox-LDL was added 
to the medium with or without ATV treatment. After 24 hours, 
the cells were washed 3 times with PBS, and fixed with 4% 
paraformaldehyde and permeabilized with 0.1% Triton X-100 
for 20 minutes. Then, the cells were washed with PBS 3 times. 
Next, the TUNEL reaction mixture was added dropwise, reacted 
for 1 hour at 37°C, and rinsed 3 times with PBS. Then, DAPI 
(Sigma-Aldrich, USA) was added, and plates were rinsed 3 times 
with PBS. Finally, the cells were observed and pictured under 
a fluorescence microscope (Olympus, Japan).

Transwell migration assay

HUVECs with 200 µL non-serum RPMI-1640 medium were load-
ed onto the upper chamber of a 24-well Transwell plate (2×104 
cells per well) (Corning, USA), and precoated with Matrigel on 
the upper side of the chamber. The lower chamber was filled 
with 600 μL RPMI-1640 medium and 10% FBS. Following incu-
bation for 24 hours, the cells were treated with ox-LDL and/or 
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ATV for 24-hour migration. Then, the cells that had not mi-
grated on the upper chamber were scraped gently with a cot-
ton swab. The migrated cells to lower surface of the mem-
brane were fixed by 95% ethyl alcohol for 20 minutes, and 
then stained with 0.1% crystal violet for 15 minutes, then the 
cells were washed 3 times with PBS. Cells were counted un-
der an optical microscope and photographed using a digital 
camera (Olympus, Japan).

Cell transfection

HUVECs were seeded in 6-well plates (5×105 cells per well) for 
24 hours, and then the cells were transfected with the nega-
tive control (NC), miR-26a-5p mimic, and miR-26a-5p inhibitor 
(GenePharma, China). Following mixing of Lipofectamine®2000 
(ThermoFisher Scientific, USA) with the NC, miR-26a-5p mimic, 
or miR-26a-5p inhibitor, the mixture was added to the cells 
and incubated for 24 hours. Then, the cells were collected for 
the following experiments.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

Total RNA was extracted from HUVECs by using TRIzol (Life 
Technologies Corporation, USA). Then, the reverse RNA was 
conducted by PrimeScript Reverse Transcriptase (Takara, China). 
The reaction conditions were as follows: 42°C for 2 minutes, 
95°C for 5 seconds and 37°C for 15 minutes. The cDNA was 
subsequently obtained and stored at 4°C for further use. Then 
1 µg of RNA samples were selected for quantitative polymerase 
chain reaction (qPCR), and the obtained cDNA was analyzed 
3 times using SYBR green PCR master mix (Fermentas Life 
Sciences, USA). qRT-PCR was performed by using an ABI Prism 
7500 Fast Real-time PCR instrument (Applied Biosystems, 
USA). The amplification process was carried out as follows: 
pre-denaturation at 95°C for 5 minutes, followed by 40 cycles 
of denaturation at 95°C for 30 seconds, annealing at 60°C for 
45 seconds, and extension at 72°C for 45 seconds. The inter-
nal control for microRNAs was U6, and the internal control for 
MCP-1, ICAM-1, and phosphatase and tensin homolog (PTEN) 
was b-actin. The 2–DDCt method was applied for the analy-
sis of qRT-PCR results. Each experiment was repeated 3 times.

Western blot

HUVECs were collected and added with RIPA buffer (Beyotime, 
China) to extract the total protein. The concentrations of to-
tal protein were determined by using BCA method with a BCA 
Protein Assay Kit (KeyGEN Biotech, China). Proteins were then 
separated by the sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE), and then transferred onto a poly-
vinylidene fluoride (PVDF) membrane (Millipore, USA). Next, 
the PVDF membrane was blocked in 5% nonfat milk (Becton 

Dickinson, USA) for 30 minutes at room temperature; followed 
by an overnight incubation at 4°C with primary antibodies, 
including cleaved caspase-3 (ab2302, Abcam, USA), PTEN 
(ab192396, Abcam, USA), and b-actin (ab8226, Abcam, USA). 
After the overnight incubation, PVDF membrane was washed 
for 3 times with TBST, and then the membrane was incubated 
with the secondary antibody for 2 hours at room temperature. 
The protein bands were quantified by using the ImageJ soft-
ware, and the intensity of the protein bands was analyzed by 
the Quantity One analysis system (BioRad, USA). b-Actin was 
used as the internal control.

Statistics

Data are expressed as mean±standard error of the mean 
(SEM). Comparisons between 2 different groups were deter-
mined by using Student’s paired t-test. Multiple comparisons 
for 3 or more groups were performed by applying the one-
way analysis of variance (ANOVA). GraphPad Prism 6 software 
(GraphPad Software, USA) was conducted for the further anal-
yses. Statistically significant differences were considered by 
P<0.05 with a 95% confidence interval.

Results

ATV ameliorates ox-LDL-induced apoptosis and migration 
of HUVECs

CCK-8 assay showed that the cell viability of HUVECs was in-
hibited by ox-LDL pre-treatment in a dose-dependent manner, 
and the cell viability downregulated closely to 50% when the 
HUVECs were stimulated by 100 mg/L of ox-LDL for 24 hours 
(Figure 1A). Therefore, the pre-treatment with 100 mg/L of 
ox-LDL for 24 hours was used as the optimal pre-treatment 
condition in the subsequent experiments. Meanwhile, CCK-8 
assay also showed that different concentrations of ATV treat-
ment could upregulate the cell viability of HUVECs in a dose-
dependent manner, and 10 µM ATV pre-treatment for 24 hours 
significantly increased the cell viability of HUVECs (Figure 1B). 
Therefore, 10 µM ATV was selected as an optimal pre-treatment 
condition in the subsequent experiments. Then, the protective 
function of ATV on ox-LDL-induced apoptosis and migration 
of HUVECs was further investigated. TUNEL staining indicated 
that the numbers of apoptotic cells were significantly increased 
in 100 mg/L ox-LDL, while significantly decreased by 10 µM 
ATV conditioning (Figure 1C). At the same time, western blot 
showed that 10 µM ATV treatment could significantly decrease 
the expression of cleaved caspase-3, which is a representative 
apoptotic-related protein (Figure 1D). Moreover, the expres-
sions of MCP-1 and ICAM-1, which represented the migration 
of HUVECs, were significantly upregulated by ox-LDL pretreat-
ment and downregulated by ATV treatment (Figures 1E–1G).
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The	expressions	of	miR-26a-5p,	miR-29b,	miR-214,	and	
miR-363-3p were downregulated by ATV treatment

Previous studies showed that the expressions of some pro-
inflammatory miRNAs, such as miR-26a-5p, miR-29b, miR-214, 
and miR-363-3p, can be upregulated in the ox-LDL-induced 
cells or ApoE knockout mice [12–14]. Then, we detected the 
expressions of these miRNAs so that we can draw a conclu-
sion that whether the protective effect of ATV or the dam-
age effect of ox-LDL on HUVECs was in a miRNA-dependent 
pathway. qRT-PCR assay showed that the expressions of 
miR-26a-5p, miR-29b, miR-214, and miR-363-3p were signifi-
cantly increased by ox-LDL pre-treatment on HUVECs. While, 
ATV treatment could partially reverse the increased expressions 
of these miRNAs induced by ox-LDL pre-treatment (Figure 2). 

Among these miRNAs, the expression changes of miR-26a-5p 
was the most remarkable, and therefore, miR-26a-5p had been 
chosen for the following experiments.

ATV inhibits ox-LDL-induced apoptosis and migration of 
HUVECs by downregulating the expression of miR-26a-5p

In order to investigate the role of miR-26a-5p in ox-LDL-induced 
HUVECs, we transfected miR-26a-5p mimic, miR-26a-5p inhib-
itor, and their corresponding negative control into HUVECs. We 
found that the expression of miR-26a-5p was remarkably in-
creased by miR-26a-5p mimic transfection, and the expression 
of miR-26a-5p was significantly decreased by miR-26a-5p inhib-
itor transfection (Figure 3A, 3B). TUNEL staining showed that 
the inhibition of apoptosis induced by ATV in ox-LDL-induced 
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Figure 1.  ATV ameliorates ox-LDL-induced apoptosis and migration of HUVECs. (A) CCK-8 assay was applied to analyze the inhibitory 
effects of ox-LDL (10, 20, 50, 100, and 200 mg/L) pre-treatment for 24 hours on HUVECs; n=6. ** P<0.01, *** P<0.001 
compared to the CTL group. (B) The cell viability of HUVECs treated by various concentrations of ATV for 24 hours; n=6. 
### P<0.001 compared to the CTL group. ** P<0.01, *** P<0.001 compared to the ox-LDL group. (C) TUNEL staining was applied 
to detect the apoptosis of HUVECs treated by 10 µM ATV for 24 hours. (D) Western blot was used to detect the expression of 
cleaved caspase-3 of HUVECs treated by 10 µM ATV for 24 hours. (E) Relative migration ratio, the mRNA levels of (F) MCP-1 
and (G) ICAM-1 of HUVECs after being treated with 10 µM ATV and 100 mg/L ox-LDL for 24 hours. ### P<0.001 compared 
to the CTL group. ** P<0.01, *** P<0.001 compared to the ox-LDL group. ATV – atorvastatin; ox-LDL – oxidized low-density 
lipoprotein; HUVECs – human umbilical vascular endothelial cells; CCK-8 – Cell Counting Kit-8; CTL, control.
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HUVECs was attenuated by miR-26a-5p mimic, while it was en-
hanced by miR-26a-5p inhibitor (Figure 3C). Besides, the migra-
tion inhibition induced by ATV was attenuated by miR-26a-5p 
mimic and enhanced by miR-26a-5p inhibitor (Figure 3D). 
qRT-PCR also showed that the downregulations of MCP-1 and 
ICAM-1 after ATV treatment was decreased by miR-26a-5p in-
hibitor transfection and increased by miR-26a-5p mimic trans-
fection (Figure 3E, 3F).

MiR-26a-5p inhibits ox-LDL-induced migration and the 
release of adhesion-related molecules by regulating PTEN

Finally, we found that there was a targeting relationship be-
tween miR-26a-5p and PTEN by bioinformatics prediction on 
the website of Targetscan database (http://www.targetscan.org) 
(Figure 4A). Therefore, to estimate the function of PTEN and 
miR-26a-5p in the occurrence and development of atheroscle-
rosis, we measured the expression changes of PTEN in response 
to the changes of miR-26a-5p. qRT-PCR showed that the ex-
pression of PTEN was inhibited by miR-26a-5p mimic trans-
fection, while increased by miR-26a-5p inhibitor transfection 
(Figure 4B, 4C). We also transfected the vector or shRNA of 
PTEN to evaluate the directly effect of PTEN in ox-LDL-induced 
HUVECs. qRT-PCR also showed that transfected with pc-PTEN 
could significantly increase the expression of PTEN, and the 
expression of PTEN could also be decrease by sh-PTEN trans-
fection. Moreover, we found that the overexpression of PTEN 
could significantly downregulate the migration ratio of ox-LDL-
induced HUVECs and decrease the expressions of MCP-1 and 
ICAM-1. Besides, the inhibition of PTEN could significantly up-
regulate the migration ratio of ox-LDL-induced HUVECs and in-
crease the expressions of MCP-1 and ICAM-1 (Figures 4F–4H).

Discussion

Atherosclerosis is a systemic inflammatory disease, and it has 
been the major cause of life-threatening events including car-
diovascular disease and stroke [15]. It is well known that the 
maintenance of normal structure and physiological function of 
vascular endothelial cells plays a crucial role in the early occur-
rence and development of atherosclerosis. In this study, we ob-
served the effects of ATV on ox-LDL-induced damage of HUVECs, 
and we estimate the potential application of ATV in atheroscle-
rosis. Our results demonstrated that ATV treatment could prevent 
HUVECs against ox-LDL-induced inhibition of cell viability, and 
the increase of apoptosis, migration and the release of MCP-1 
and ICAM-1. Besides, miR-26a-5p could modulate the cell cycle 
progression of ox-LDL-induced HUVECs at least in part through 
PTEN. Our results suggested that ATV regulates HUVECs cell via-
bility and migration through the miR-26a-5p/PTEN axis, clarifying 
a new mechanism of ATV on protecting against atherosclerosis.

Vascular endothelial cell (VECs) injury is the most important 
cause of atherosclerosis, and atherosclerosis is characterized 
by the proliferation and migration of VECs and inflammatory 
lesions. Previous studies have shown that ox-LDL could facili-
tate the migration and proliferation of HUVECs in the patient 
with atherosclerosis [16–18]. High concentrations of ox-LDL can 
induce the apoptosis of different cells through various ways, 
including promoting the production of ROS, activating cas-
pase signaling pathway, and inducing the expression changes 
of apoptosis-related gene [19,20]. In this study, we found that 
10–200 mg/L ox-LDL treatment could significantly decrease the 
cell viability in a dose-dependent manner. Especially, 100 mg/L 
ox-LDL treatment could significantly increase the numbers of 
apoptotic cells, as well as activate the expression of cleaved 
caspase-3.
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Figure 2.  (A–D) The expressions of miR-26a-5p, miR-29b, miR-214, and miR-363-3p were downregulated by ATV treatment. RNA levels 
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ATV is a commonly used drug in the treatment of hypercholes-
terolemia, and the anti-atherosclerosis effect of ATV has been 
widely researched. In this study, we examined the effect of ATV 
on ox-LDL-induced atherosclerotic cell model. Our results indi-
cated that 10 µM ATV pre-treatment could significantly reverse 
the ox-LDL-induced downregulation of cell viability in HUVECs. 
Li et al., demonstrated that ox-LDL treatment could inhibit the 
proliferation and migration of VSMCs, and at the same time 
increased the production of inflammatory cytokines and the 
expression of monocyte chemoattractant protein-1 (MCP-1) in 
a dose-dependent manner [21]. Wang et al., confirmed that 
ox-LDL treatment could promote the apoptosis and vascular 
inflammation, and migration of VSMCs [22]. Then, we next 
explored the influence of ATV on the migration ability and 
inflammatory reaction of HUVECs. Our results demonstrated 
that ox-LDL treatment could promote the migration of HUVECs, 
which can be reversed by ATV pre-treatment. The initiation and 
development of atherosclerosis are closely associated with the 
inflammation at the lesion site. The dysfunctional endothelium 

secretes adhesion molecules (e.g., MCP-1 and ICAM-1), which 
recruit inflammatory factors and trigger inflammation in the 
atherosclerotic lesion [23]. Next, we detect the expression of 
MCP-1 and ICAM-1 in ox-LDL-induced HUVECs with or without 
ATV treatment. Our results showed that ox-LDL could increase 
the overproductions of MCP-1 and ICAM-1, which were two 
adhesion-related molecules, and these results further demon-
strated that ox-LDL could play a migration-promoting role in 
HUVECs. While this migration-promoting function can be re-
versed by ATV pre-treatment, indicating the potential usage 
of ATV in atherosclerosis.

MicroRNAs (miRNAs) are endogenous noncoding RNAs that reg-
ulate the expression of human genes and play important roles 
in various pathological and physiological processes [24,25]. 
Previous studies have shown that the specific expression 
of certain miRNAs has been identified as a key regulator of 
the cardiovascular system and increasing evidence has im-
plicated some miRNAs can become necessary regulators of 
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Figure 3.  ATV inhibits ox-LDL-induced apoptosis and migration of HUVECs by downregulating the expression of miR-26a-5p. 
(A, B) qRT-PCR was applied to detect the expression of miR-26a-5p in HUVECs after transfection with (A) miR-26a-5p mimic, 
(B) miR-26a-5p inhibitor and negative control (NC). (C) TUNEL staining was used to observe the percentage of apoptotic cells. 
(D–F) After being treated by ATV and ox-LDL for 24 hours, HUVECs were transfected with miR-26a-5p mimic, miR-26a-5p 
inhibitor,or NC to detect the (D) relative migration ratio, mRNA levels of (E) MCP-1 and (F) ICAM-1. Scale bar: 20 μm. 
### P<0.001 compared to the CTL group. *** P<0.001 compared to indicated group. ATV – atorvastatin; ox-LDL – oxidized 
low-density lipoprotein; HUVECs – human umbilical vascular endothelial cells; qRT-PCR – quantitative real-time polymerase 
chain reaction; CTL – control.
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atherosclerosis by targeting important factors or key path-
ways [25]. Atherosclerosis is an inflammatory related disease, 
with expression changes of multiple of miRNAs(26]. Among 
these microRNAs (miRNAs), miR-26a-5p, miR-29b, miR-214 and 
miR-363-3p have been emerged as critical regulators in inflam-
mation-mediated processes [12,13,27,28]. The present study 
showed that the expressions of miR-26a-5p, miR-29b, miR-214 
and miR-363-3p were all increased in ox-LDL-treated HUVECs, 
and decreased by ATV pre-treatment. Our results demonstrated 
that the protective effects of ATV against ox-LDL-induced injury 

in HUVECs were attenuated by miR-26a-5p mimic transfec-
tion, while ameliorated by miR-26a-5p inhibitor transfection. 
These results suggested that ATV might play a protective role 
in ox-LDL-induced damage in HUVECs by downregulating the 
expression of miR-26a-5p. The phosphatase and tensin homo-
log (PTEN) gene has emerged as a well-known tumor suppres-
sor gene. It is a crucial downregulator of the PI3K/AKT/mTOR 
pathway, which regulates the cell cycle, proliferation, migration 
and apoptosis [29–31]. However, the function of PTEN in athero-
sclerosis has rarely been reported. Through the bioinformatics 
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Figure 4.  MiR-26a-5p inhibits ox-LDL-induced migration and the release of adhesion-related molecules by regulating PTEN. 
(A) Predicted consequential pairing of PTEN and miR-26a-5p. (B) qRT-PCR was applied to detect the expression of PTEN 
in HUVECs after transfection with miR-26a-5p mimic, miR-26a-5p inhibitor and NC; n=6. ** P<0.01, *** P<0.001 compared 
to negative control (NC). (C) Western blot was applied to detect the expression of PTEN in HUVECs after transfection with 
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analysis we found that PTEN was the downstream target of 
miR-26a-5p. Therefore, we detected the expression of PTEN 
in miR-26a-5p mimic or miR-26a-5p inhibitor treated HUVECs. 
Results showed that PTEN was increased by miR-26a-5p inhibi-
tor, while decreased by miR-26a-5p mimic, indicating PTEN was 
one of the downstream genes of miR-26a-5p. Additionally, our 
results demonstrated that the overexpression of PTEN could 
facilitate ATV to maintain inhibition effect on migration and 
adhesion in ox-LDL-induced HUVECs.

Conclusions

Our results confirmed that ATV prevents HUVECs against 
ox-LDL-induced downregulation of cell viability, and upregula-
tion of apoptosis, migration and the release of adhesion-related 
molecules by targeting miR-26a-5p/PTEN axis, providing us a 
new target and strategy for the treatment of atherosclerosis.
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