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Abstract. Oxidized low-density lipoprotein (oxLDL)-induced
endothelial cell apoptosis is considered to be important in
atherogenesis. MicroRNA (miR)-590 has been reported to
inhibit oxLDL-induced endothelial cell apoptosis. However, the
mechanism underlying the inhibition of oxLDL-induced endo-
thelial cell apoptosis by miR-590 remains to be elucidated. In
the present study, the expression levels of miR-590 were quanti-
fied using reverse transcription-quantitative polymerase chain
reaction analysis. Cell apoptosis was investigated using Hoechst
staining and flow cytometry, and cell viability was measured
using an MTS method. The protein expression levels of p53,
B cell lymphoma 2 (Bcl-2), Bel-2-associated X protein (Bax),
caspase-3, lectin-like low-density lipoprotein receptor 1 (LOX-1),
p38 mitogen-activated protein kinase (MAPK) and nuclear
factor (NF)-«xB were quantified using western blot analyses.
The results of the present study showed that oxLDL treatment
inhibited the expression levels of miR-590 in a time-dependent
and concentration-dependent manner. The overexpression of
miR-590 inhibited oxLDL-induced endothelial cell apoptosis,
expression of p53 and Bax, reduction of Bcl-2 and activation
of caspase-3. miR-590 also inhibited the oxLDL-induced
upregulation of the expression of LOX-1, overproduction of
reactive oxygen species (ROS), phosphoryation of p3SMAPK
and translocation of NF-kB. These findings demonstrated the
anti-apoptotic effects of miR-590 in oxLDL-treated endothelial
cells, with the mechanisms underlying the effects of miR-590
involved, in part, in the LOX-1-ROS-p38MAPK-NF-«B
signaling cascade and the p53-Bcl-2/Bax-caspase-3 signaling
pathway. The present study may provide novel insights into the
protective properties of miR-590 in preventing atherosclerosis.
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Introduction

Endothelial cells are monolayer cells located on the inner side
of vessels, and the integrity and function of endothelial cells
are considered important in the cardiovascular system (1).
Oxidized low-density lipoprotein (oxLDL)-mediated endo-
thelial cell apoptosis and dysfunction are reported to be
closely associated with atherosclerosis through inflammatory
processes and coagulation activity, eventually resulting in
lesion rupture and clinical complications (2,3).

MicroRNAs (miRs) are small non-coding RNAs, which
regulate the expression of several proteins at the post-tran-
scriptional level (4). In atherogenesis, several microRNAs,
including miR-33, miR-133a and the let-7 family have been
demonstrated to be important in atherogenesis (5-7). miR-590
is a microRNA located on chromosome 7q11.23 (8). A
previous study reported the anti-apoptotic effects of miR-590
on oxLDL-treated endothelial cells (9). The pilot studies also
revealed a marked decrease in the expression levels of miR-590
in endothelial cells following oxLDL treatment. However, the
mechanism underlying the inhibition of oxLDL-induced endo-
thelial cell apoptosis by miR-590 remains to be elucidated.

Lectin-like low density lipoprotein receptor-1 (LOX-1)
was first identified to be a receptor for oxLDL in endothelial
cells (10). The upregulation in the expression of LOX-1 by
oxLDL leads to the overproduction of reactive oxygen species
(ROS), the phosphorylation of p38 mitogen-activated protein
kinase (MAPK), the activation of nuclear factor (NF)-xB
and, eventually, endothelial activation, dysfunction and
apoptosis (11). The LOX-1/ROS/p38MAPK/NF-kB signaling
pathway is also involved in the protective effects of traditional
Chinese medicines (12,13). As upregulation in the expression
of LOX-1 is considered to be the initial and crucial step in
oxLDL-induced endothelial cell injury (14), the present study
hypothesized that miR-590 may affect this signaling pathway,
regulate apoptosis-associated protein expression and, eventu-
ally, prevent oxLDL-induced endothelial cell apoptosis. P53
is a tumor suppressor which modulates the apoptotic process
by regulating the expression of B cell lymphoma 2 (Bcl-2) and
Bcl-2 associated protein X (Bax) directly (15,16). Bcl-2 and
Bax are located upstream of caspase-3, a key enzyme in apop-
tosis signaling. The p53-Bcl-2/Bax-caspase-3 pathway serves
an important role in apoptosis (17).
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Therefore, the aim of the present study was to examine
the anti-apoptotic effects of miR-590 on oxLDL-treated
endothelial cells, and to investigate the roles of the
LOX-1/ROS/p38MAPK/NF-kB and p53-B cell lymphoma 2
(Bcl-2)/Bcl-2-associated protein X (Bax)-caspase-3 apoptotic
signaling pathways in these effects.

Materials and methods

Materials. The human umbilical vascular endothelial cell
(HUVEC) line was obtained from the American Type Culture
Collection (Manassas, VA, USA); oxLDL was supplied by the
the Institute of Biochemistry, Peking Union Medical College
(Beijing, China); a SYBR® Premix DimerEraser™ (Perfect
Real Time) assay kit and a PrimeScript RT reagent kit with
gDNA Eraser (Perfect Real Time) kit were purchased from
Takara (Biotechnology Co., Ltd., Dalian, China); miR-590
mimics (5'-GAGCUUAUUCAUAAAAGUGCAG-3') and
primers were obtained from Guangzhou RiboBio Co., Ltd.
(Guangzhou, China); a lactate dehydrogenase (LDH) assay
kit, Annexin V-fluorescein isothiocyanate (FITC) kit and
dichloro-dihydro-fluorescein diacetate (DCFH-DA) were
obtained from Beyotime Institute of Biotechnology (Shanghai,
China); Invitrogen Lipofectamine® 2000 transfection reagent was
purchased from Thermo Fisher Scientific, Inc. (Waltham, MA,
USA); rabbit polyclonal anti-LOX-1 antibody was purchased from
Abcam (Cambridge, UK cat. no. ab60178); mouse monoclonal
anti-p38MAPK antibody (cat. no. sc-81621), mouse monoclonal
anti-phosphorylated (p)-p38MAPK antibody (cat. no. sc-7973),
mouse polyclonal anti-NF-«B (p65) antibody (cat. no. sc-372),
mouse monoclonal anti-p53 antibody (cat. no. sc-126),
rabbit polyclonal anti-Bax antibody (cat. no. sc-526), rabbit
polyclonal anti-Bcl-2 antibody (cat. no. sc-492), rabbit poly-
clonal anti-caspase-3 antibody (cat. no. sc-7148) and the goat
anti-mouse (cat. no. sc-2005) and anti-rabbit (cat. no. sc-2004)
IgG-horseradish peroxidase secondary antibodies were supplied
by Santa Cruz Biotechnology, Inc. (Dallas, TX, USA).

Cell culture and transfection. As previously described (13), the
HUVECs (2x10°) were cultured in 6-well plates in complete
medium [90% Dulbecco's modified Eagle's medium supple-
mented with 10% fetal bovine serum (GE Healthcare Life
Sciences, Logan, UT, USA)], and maintained in a humidified
atmosphere containing 5% CO, at 37°C.

For transfection, the endothelial cells were grown to
80% confluence. The media were then replaced with the
transfection complexes and incubated for 6 h. Subsequently,
the medium was replaced with fresh normal growth medium,
and incubated for a further 24 h at 37°C.

The transfection complexes were obtained as follows:
Lipofectamine® 2000 (10 pl), miR-590 mimics (7.5 ul;
20 uM) or negative control (NC; 7.5 ul) mimics were diluted
in 1 ml Opti-MEM I Medium (Invitrogen; Thermo Fisher
Scientific, Inc.) and incubated for 5 min at room temperature.
Diluted Lipofectamine® 2000 (1 ml) was mixed with diluted
microRNA mimics (or NC mimics; 1 ml), and incubated for a
further 20 min at room temperature.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) detection of the expression levels of miR-590.
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The HUVECs were seeded in 6-well plates at a density of
2x10° cells/well. The cells were then transfected with 25-75 nM
miR-590 for 24 h at 37°C, as described above. Separate groups
of HUVECs were treated with oxLDL (150 ug/ml) for different
durations (0, 6, 12, and 24 h) or at different concentrations (50,
100 and 150 pg/ml) for 24 h at 37°C.

Following incubation at 37°C, total RNA was extracted
using invitrogen TRIzol reagent (Thermo Fisher Scientific, Inc.),
the concentration was measured using a BioPhotometer Plus
(Eppendorf, Hamburg, Germany) by optical density at 260 nm,
and the purity of the RNA was evaluated at 260/A280. Reverse
transcription reactions were performed using a PrimeScript RT
reagent kit with a gDNA Eraser (Perfect Real Time) kit and an
miR-590 stem loop RT primer. The PCR amplification reac-
tions were performed using 2 ul sample, 10 1 SYBR Premix
DimerEraser™ (Perfect Real Time) assay kit, 0.6 ul forward
primer (10 #M), 0.6 ul reverse primer (10 M) and 6.8 pl water
in a Roche LC480 PCR system (Roche Diagnostics, Basel,
Switzerland). RT-qPCR was performed using the following
thermocycling conditions: Initial incubation at 95°C for 30 sec,
followed by 40 cycles of 95°C 5 sec,and 60°C 30 sec. All samples
were run in triplicate, and U6 was used as an internal reference.
The results were quantified using the 26449 method (18).

Cell viability and detection of LDH release. The HUVECs
were transfected with 75 nM miR-590 for 24 h at 37°C, as
described above. Following transfection, the cells were treated
with 150 pg/ml oxLLDL for a further 24 h at 37°C. Cell viability
was measured using the MTS method using the CellTiter 96®
AQueous One Solution Cell Proliferation Assay (Promega
Corporation, Madison, WI, USA), and LDH content in the
medium was detected using an LDH assay Kkit, as previously
described (12).

Cell apoptosis detection using flow cytometry (FCM) and
Hoechst staining. The HUVECs were cultured and transfected,
as described above. Following transfection, the cells were
treated with oxLDL (150 ug/ml) for a further 24 h at 37°C.
Endothelial cell apoptosis was evaluated using FCM using
the FC 500 MCL/MPL flow cytometer (Beckman Coulter,
Inc., Brea, CA, USA) and Hoechst (Beyotime Institute of
Biotechnology) staining, as previously described (13). For FCM,
an Annexin V-FITC kit containing propidium iodide was used;
the cells were harvested by trypsinization (Beyotime Institute
of Biotechnology) and incubated with Annexin V-FITC and
propidium iodide for 15 min at room temperature in the dark.
Cell apoptosis rates were then analyzed and quantified using
FCM. For the Hoechst 33342 staining, the cells were washed
twice with phosphate-buffered saline (PBS), and incubated
in 50 pl Hoechst 33342 solution (5 xg/ml in PBS) for 20 min
in dark at room temperature following 15 min fixing with
4% paraformaldehyde (Beyotime Institute of Biotechnology).
Morphological changes in the nuclear chromatin of the apop-
totic cells were examined and analyzed using fluorescence
microscopy (CX31; Olympus Corporation, Tokyo, Japan).

FCM analysis of the production of ROS. The HUVECs were
cultured and transfected, as described above. Following trans-
fection, the cells were treated with oxLDL (150 pg/ml) for a
further 4 h at room temperature. Intracellular ROS production
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was measured using DCFH-DA, which was oxidized and
transformed into high fluorescent dichlorofluorescin by intra-
cellular ROS. Following treatment, the cells were incubated
for 30 min at room temperature with DCFH-DA (10 M) at
37°C. FCM was used to detect the fluorescence intensity.

Extraction of total, nuclear and cytosol proteins. The
HUVECs were cultured and transfected, as described above.
Following transfection, the cells were treated with oxLDL
(150 pg/ml) for a further 24 h. Following treatment, the cells
were collected and washed twice with PBS. Total protein was
extracted by adding 50 ul radioimmunoprecipitation assay
lysis buffer (Beyotime Institute of Biotechnology), containing
1% phenylmethanesulfonyl fluoride (PMSF) and 10 mM NaF,
to the cells for 30 min.

For the cytosol and nuclear proteins, hypotonic or hyper-
tonic lysis buffer (Beyotime Institute of Biotechnology) was
used, respectively (12). The cytosol proteins were extracted
using 200 ml hypotonic buffer, containing 10 mM Hepes
(pH 7.9), 1.5 mM MgCl,, 10 mM KCI, 5 mM dithiothreitol
(DTT), 5 mM PMSF, 10 pg/ml leupeptin, 1 pg/ml aprotinin
and 1% NP-40, and incubated for 15 min at 4°C. The lysates
were then centrifuged at 12,000 x g for 5 min at 4°C, and the
supernatants containing cytosol proteins were separated from
the nuclei-containing pellet. The pellet was re-suspended and
incubated in 100 ml hypertonic buffer, containing 10 yuM
Hepes, 5 mM MgCl,, 12.5% glycerol, 0.2 M NaCl, 0.5 mM
DTT, 1 mM PMSF, 10 pug/ml leupeptin and 1 pg/ml aprotinin,
for 30 min at 4°C. The lysates were subsequently centrifuged
at 12,000 x g for 10 min at 4°C, and the supernatant containing
the desired nuclear proteins were collected. The protein
concentrations were measured using a bicinchoninic acid
method (Beyotime Institute of Biotechnology).

Western blot analysis of the expression levels of LOX-1, p53,
Bcl-2, Bax and caspase-3, phosphorlyation of p38 MAPK,
nuclear translocation of NF-«xB and degradation of IxB. For
the detection of LOX-1, p53, Bcl-2, Bax, caspase-3, p38MAPK,
p-p38MAPK and IkB, 40 ug total proteins were separated by
12% SDS-PAGE and transferred onto polyvinylidene fluoride
(PVDF) membranes (EMD Millipore, Billerica, MA, USA).
The membranes were then incubated in blocking solution
(4% non-fat milk) for 1 h at room temperature, and subsequently
incubated in 1:200 of the LOX-1, p53, Bcl-2, pro-caspase-3,
caspase-3, pP38MAPK, p-p38MAPK or IkB primary antibodies
overnight at 4°C. The membranes were washed and incubated
with a 1:10,000 dilution of secondary antibody for 1 h at room
temperature and were detected using an enhanced chemilu-
minescence system (ChemiDoc XRS; Bio-Rad Laboratories,
Inc., Hercules, CA, USA). Relative intensities were analyzed
using Quantity One® software, version 4.6.2.

For quantification of the expression levels of NF-kB the
cytosol and nuclear extracts were separated using SDS-PAGE
and transferred onto PVDF membranes. The membranes were
then incubated in blocking solution (4% non-fat milk) for 1 h,
followed by incubation with 1:200 of NF-«B (p65) primary
antibodies overnight at 4°C, washing with Tris-buffered saline
and incubated in a 1:10,000 dilution of secondary antibody
for 1 h. Protein expression was detected using an enhanced
chemiluminescence system (P0018; Beyotime Institute of
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Biotechnology), and the relative intensities were analyzed
using Quantity One® software. The relative percentage of
NF-«B (nuclear)/NF-«kB (plasma) was determined to evaluate
the nuclear translocation of NF-«B.

Statistical analysis. All data were obtained from three inde-
pendent experiments and are expressed as the mean + standard
deviation. The significance of differences were analyzed using
one-way analysis of variance or Student's t-test (unpaired).
Multiple comparisons between groups were performed using
Tukey's method. SPSS software, version 19.0 (SPSS, Inc.,
Chicago, IL, USA) was used to perform the statistical analysis.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression levels of miR-590 are altered following treatment
with oxLDL and miR-590 transfection. As shown in Fig. 1A
and B, treatment with oxLDL (150 pg/ml) for 12 and 24 h, or
treatment with 100-150 pg/ml oxLDL for 24 h significantly
inhibited the expression of miR-590, whereas treatment for a
relatively short duration (6 h) or low concentration (50 pg/ml)
of oxLDL had no effect on the expression of miR-590. These
results suggested that miR-590 may function during the process
of oxLDL injury. Following transfection of the HUVECs with
various concentrations of miR-590 mimics, the expression
levels of miR-590 in the cells increased significantly, in a
concentration-dependent manner (Fig. 1C).

miR-590 has an anti-apoptotic effect on oxLDL-treated
HUVECs. To examine the effects of miR-590 on
oxLDL-induced HUVEC apoptosis, morphological changes in
nuclear chromatin in the apoptotic cells were evaluated using
Hoechst staining, and the apoptotic rates were measured using
FCM. As shown in Fig. 2A, the cells in the NC group exhibited
uniform blue chromatin staining with an organized structure,
whereas oxLLDL treatment resulted in apoptotic morphological
changes, featuring bright blue, fluorescent, condensed nuclei
and chromatin fragmentation under the fluorescence micro-
scope, with increased frequency, compared with the NC group.
The overexpression of miR-590 inhibited oxLDL-induced cell
nuclear chromatin morphological alterations. The results of the
FCM revealed that oxLDL treatment significantly increased
the apoptotic rates of the cells (3.55% for the NC group and
17.45% for the oxLDL group), and these increases were
significantly inhibited by overexpression of miR-590 (Fig. 2B
and C). In addition, oxLDL treatment decreased cell viability
and significantly increased LDH release, and these effects
were attenuated by overexpression of miR-590 (Fig. 2D and E).

miR-590 reduces oxLDL-induced overproduction of ROS.
To investigate the mechanisms underlying the anti-apoptotic
effects of miR-590 on oxLDL-induced endothelial cell inju-
ries, the ROS levels in the HUVECs were measured. As shown
in Fig. 3, following 4 h treatment with oxLDL, the ROS levels
in the HUVECS increased ~2-fold, compared with those in
the NC group. This overproduction of ROS was reversed by
miR-590, suggesting that ROS may be involved in the protec-
tive effects of miR-590.
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Figure 1. Effects of oxXLDL on the expression of miR-590 and transfection efficiency in HUVECs. (A) Effects of 150 yg/ml oxLDL on expression levels of
miR-590 at different time points. (B) Effects of different concentrations of oxLDL on expression levels of miR-590. (C) Relative expression levels of miR-590
in HUVECs: following transfection with different concentrations of mimic for 48 h. Data are presented as the mean + standard deviation of three independent
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the cell medium. Data are presented as the mean =+ standard deviation of three independent experiments and are relative to the control. P<0.01, vs. control;
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Effects of miR-590 on the expression levels of oxLDL-induced
p53, Bcl-2, Bax, and caspase-3. To determine which
apoptosis-associated proteins were involved in the effects of
miR-590, the expression levels of p53, caspase-3, Bcl-2 and Bax
were quantified in the HUVECs. oxLDL treatment increased
the expression levels of p53 and Bax and the activation of
caspase-3, but inhibited the expression of Bcl-2. The ratio of
Bcl-2/Bax was decreased to 32.7% of that in the control group
(Fig. 4A and B). The overexpression of miR-590 significantly
attenuated these effects.

Effects of miR-590 on oxLDL-induced upregulated expres-
sion of LOX-1, phosphorylation of p38MAPK, activation
of NF-kB and degradation of IxkB. To determine the signals
involved in the effects of miR-590, the phosphorylation of
p38MAPK, activation of NF-kB and expression levels of
LOX-1 were measured in the HUVECs. The expression
levels of LOX-1 were upregulated 2.05-fold, compared with
the NC cells following treatment with oxLLDL, as previously
described (12,14). By contrast, the overexpression of miR-590
reversed this upregulated expression of LOX-1 in the HUVECs
(Fig. 5A).
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OxLDL treatment also promoted the phosphoryla-
tion of p38MAPK (3.98-fold, compared with the oxLDL
group). The expression levels of NF-kB in the nuclei also
increased following oxLDL treatment (49.8%, vs. NC group;
84.1%, vs. oxLDL group). The phosphorylation of p38MAPK
and nuclear translocation of NF-kB were significantly inhib-
ited by the overexpression of miR-590 (Fig. 5A-D).

Discussion

The present study demonstrated that oxLDL treatment
inhibited the expression levels of miR-590 in a time- and
concentration-dependent manner. The overexpression of
miR-590 inhibited oxLDL-induced endothelial cell apoptosis.
The mechanisms underlying the anti-apoptotic effects of
miR-590 partly involved inhibiting the expression of LOX-1
and subsequent ROS generation, p38SMAPK phosphoryla-
tion and NF-kB activation. Apoptosis-associated proteins,
including p53, Bcl-2, Bax and caspase-3 were also involved in
the effects of miR-590.

Atherosclerosis is a severe vascular disorder, which results
in several complications, including coronary artery disease,
myocardial ischemia, cerebral ischemia and stroke (19).
During the pathogenesis of atherosclerosis, oxLDL-induced
endothelial cell apoptosis is key, and may lead to a reduc-
tion in vascular integrity, the deposition of lipids, invasion of
vascular smooth muscle cells, migration of monocytes and
formation of atherosclerotic plaques (20). In the present study,
an increase in cell apoptosis following oxLDL treatment was
observed, as previously reported (13). Notably, a time and
concentration-dependent decrease in the expression levels of
miR-590 was observed following oxLDL treatment. As the
roles of several microRNAs in atherosclerosis have been eluci-
dated in previous years (21,22), the present study hypothesized
that miR-590 may be involved in oxLDL-induced endothelial
cell apoptosis. Therefore, the present study induced the
overexpression of miR-590 prior to treatment of cells with
oxLDL. As expected, the overexpression of miR-590 inhibited
oxLDL-induced cell apoptosis. These results were consistent
with previous reports (9), and suggested that miR-590 was
involved in oxLDL-induced apoptosis. However, the mecha-
nism underlying the protective effects of miR-590 remain to be
elucidated, therefore, the present study investigated apoptosis-
associated proteins and signaling cascades in oxLDL-treated
endothelial cells.

p53 is a well-known tumor suppressor gene, which is located
on chromosome 17p13.1 (23). Previous studies have investi-
gated the roles of p53 in the apoptotic processes of several
diseases, including atherosclerosis, myocardial ischemia,
infarction and Alzheimer disease (24-27). In atherosclerosis,
p53 has been demonstrated to be involved in endothelial cell
injuries, vascular smooth muscle cell apoptosis and athero-
sclerotic plaque rupture (27). The present study investigated
whether p53 was involved in the protective effects of miR-590,
and observed a significant upregulation in the expression levels
of p53 following oxLDL treatment in the endothelial cells,
and this upregulation was inhibited by the overexpression
of miR-590 . In addition to the changes in the expression of
P53, the results also demonstrated a decrease in the Bcl-2/Bax
ratio and an increase in caspase-3 activation following oxLDL
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treatment, which was also attenuated by the overexpression
of miR-590. p53 is a transcription factor, which regulates the
expression levels of Bcl-2 and Bax directly at the transcrip-
tional level (15,16), and the upregulation of Bax subsequently
promotes caspase-3 activation. Therefore, the present study
hypothesized that miR-590 may inhibit oxLDL-induced
endothelial cell apoptosis via the p53-Bcl-2/Bax-caspase-3
pathway.

LOX-1 is an important receptor involved in oxLDL-induced
cell apoptosis (14). Our previous study demonstrated the
LOX-1-ROS-p38MAPK-NF-kB signals in oxLDL-treated
endothelial cells (12). To examine whether these signals
were involved in the effects of miR-590, the overexpression
of miR-590 was induced in the present study, and the protein
expression levels of LOX-1, production of ROS, phosphory-
lation of p38MAPK and nuclear translocation of NF-kB
were quantified. The results demonstrated that miR-590
significantly inhibited the changes induced by oxLDL. As the
interaction between oxLDL and LOX-1 is considered to be the
initial step in oxLDL-induced endothelial cell injury, the inhi-
bition of LOX-1 is regarded as beneficial for the prevention of
atherogenesis (14). In the present study, a significant decrease
in the expression of LOX-1 was observed following miR-590
overexpression, as previously reported (9). The present study
also investigated whether miR-590 inhibited the expression
LOX-1 directly using dual luciferase reporter assays. No
effects of miR-590 on LOX-1 reporter gene expression levels
were observed (data not shown). A previous study demon-
strated that lipoprotein lipase (LPL) is a target for miR-590 in
human THP-1 macrophages (28). Whether LPL is responsible
for the downregulation in LOX-1 remains to be elucidated.
Considering the complicated signaling networks and interac-
tions in cells, the present study hypothesized that miR-590
downregulated the expression of LOX-1 in an indirect manner.
However, which molecule is the target of miR-590, remains to
be elucidated.

In the oxLDL-treated endothelial cells, the upregulation of
LOX-1 promoted the overproduction of ROS, with subsequent
p38MAPK phosphorylation and NF-«kB activation. NF-«B is
a multifunctional transcriptional factor, which regulates the
expression of several apoptosis-associated genes, and several
studies have demonstrated that the activation of NF-«B is
associated with the activation of caspase-3, induction of Bax
and reduction of Bcl-2, either directly or indirectly (29-31).
The present study demonstrated that miR-590 led to marked
inhibition in the translocation of NF-kB, which subsequently
suppressed caspase-3 activation, Bax induction and the reduc-
tion of Bcl-2, and was responsible for the anti-apoptotic effects
of miR-590.

p53 and NF-«B are transcription factors, which regulate
the expression of certain apoptosis-associated genes, including
Bcl-2 and Bax. However, the association between p53 and
NF-kB remains controversial (32,33). In cancer cells, NF-xB
and p53 antagonize the activity of one another (32), whereas,
in oxLDL-treated endothelial cells, the expression levels
of p53 and NF-xB are upregulated (33). The results of the
present study demonstrated an increase in NF-kB and p53 in
the oxLDL-treated endothelial cells, and these effects were
inhibited by the overexpression of miR-590. These results
indicated that p53 and NF-kB may co-regulate the apoptosis



of endothelial cells, and may be involved in the anti-apoptotic
effects of miR-590.

In conclusion, the present study demonstrated that miR-590

exerted anti-apoptotic effects on oxLDL-treated endothelial
cells. These anti-apoptotic effects of miR-590 were caused, in
part, by the p53-Bcl-2/Bax-caspase-3/apoptotic pathway and
the LOX-1-ROS-p38MAPK-NF-«B signaling cascade. The
results of the present study may provide novel insights into the
protective properties of miR-590 in the prevention of endo-
thelial dysfunction associated with cardiovascular disease,
including atherosclerosis.
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