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miR-291b-3p mediated ROS-induced endothelial
cell dysfunction by targeting HUR
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Abstract. Endothelial dysfunction is an early marker
of atherosclerosis. Previous studies have indicated that
microRNA (miR)-291b-3p regulates the metabolism of
lipids and glucose in the liver via targeting adenosine
monophosphate-activated kinase al and transcription factor
p65. The present study investigated whether miR-291b-3p
mediated H,0,-mediated endothelial dysfunction. The level
of apoptosis of EOMA mouse endothelial cells was analyzed
by terminal deoxynucleotidyl-transferase-mediated dUTP
nick end labelling staining. The mRNA levels of miR-291b-3p,
intercellular adhesion molecule-1 (ICAM-1) and vascular
adhesion molecule-1 (VCAM-1) were determined by quantita-
tive polymerase chain reaction. The level of phosphorylated
extracellular signal-regulated kinase, and levels of B-cell
lymphoma 2 (Bcl-2)-associated X protein and Bcl-2 protein
were detected by western blot analysis. The treatment of H,O,
induced the apoptosis and increased the mRNA levels of
miR-291b-3p, ICAM-1 and VCAM-1 in EOMA cells. It was
also demonstrated that the overexpression of miR-291b-3p
promoted EOMA cell apoptosis and dysfunction. In contrast,
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the downregulation of miR-291b-3p rescued the effect of H,O,
on EOMA cell dysfunction. In addition, Hu antigen R (HuR)
was identified as a target gene of miR-291b-3p in EOMA cells.
The overexpression of HuR reversed the endothelial dysfunc-
tion induced by miR-291b-3p mimics. The present study
provides novel insight into the critical role of miR-291b-3p on
the endothelial dysfunction induced by H,0,. miR-291b-3p
may mediate H,0,-induced endothelial dysfunction via
targeting HuR.

Introduction

Atherosclerosis is a chronic inflammatory disease of the
medium-and large-sized arteries, which is associated with the
interactions between endothelial cells, vascular smooth muscle
cells, macrophages, platelets and cytokines (1). Endothelial
dysfunction and inflammation are early markers of athero-
sclerosis (2). Normally, endothelial cells prevent interaction
between vascular muscle cells and circulating monocytes and
lymphocytes (3). Oxidative stress and inflammation may injure
endothelial cells and promote the development of atheroscle-
rosis (4). The damaged endothelial cells synthesize and release
pro-inflammatory factors, including intercellular adhesion
molecule-1 (ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1), which stimulate the inflammatory cells to attach at
the dysfunctional endothelial cells (5,6). Therefore, protecting
endothelial function is an important therapeutic strategy for
the prevention of atherosclerosis.

MicroRNAs (miRNA/miR) are small, noncoding RNAs,
that negatively regulate target gene expression at the post-tran-
scriptional level by directly binding at 3'-untranslated regions
(UTRs) (7). It was demonstrated previously that miRNAs
may participate in the development of atherosclerosis (8,9).
For example, the miR-17-92 cluster was significantly
downregulated among patients with atherosclerosis (10).
miR-181b and miR-18a were demonstrated to inhibit endo-
thelial inflammatory responses by targeting nuclear factor
kappa-light-chain-enhancer of activated B cells signaling in


https://www.spandidos-publications.com/10.3892/ijmm.2018.3821
https://www.spandidos-publications.com/10.3892/ijmm.2018.3821

2384

acute and chronic vascular disease states (8,11,12). miR-21
suppressed the apoptosis and death of vascular smooth muscle
cell induced by hydrogen peroxide (H,0,) via regulating
programmed cell death 4 (13). miR-429 promoted endothelial
cell apoptosis in high-fat diet mice through suppressing B-cell
lymphoma 2 (Bcl-2) expression (14).

miR-291b-3p is a member of the miR-290 cluster. It was
demonstrated that miR-291b-3p promoted hepatocyte apop-
tosis via the downregulation of RNA-binding protein Hu
antigen R (HuR) (15). Additionally, miR-291b-3p may also
regulate the metabolism of lipids and glucose in the liver via
targeting adenosine monophosphate-activated kinase ol and
transcription factor p65 (16,17). However, it remains unclear
whether the miR-291b-3p is associated with endothelial
dysfunction. Therefore, the present study explored the role of
miR-291b-3p in endothelial dysfunction. The present study
demonstrated that the treatment of H,0O, induced the apoptosis
and increased the mRNA levels of miR-291b-3p, [CAM-1 and
VCAM-1 in EOMA cells. And overexpression of miR-291b-3p
promoted EOMA cell apoptosis and dysfunction. In addition,
HuR was identified as a target gene of miR-291b-3p in EOMA
cells. The overexpression of HuR reversed the endothelial
dysfunction induced by an miR-291b-3p mimic. It was hypoth-
esized that miR-291b-3p may be involved in the endothelial
cell dysfunction induced by H,O, via targeting HuR.

Materials and methods

Cell culture. The EOMA mouse endothelial cell line
(American Type Culture Collection, Manassas, VA, USA) was
cultured in high-glucose Dulbecco's modified Eagle's medium
(H-DMEM; Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% fetal calf serum
(HyClone; GE Healthcare Life Sciences, Logan, UT, USA),
100 units/ml penicillin (Invitrogen; Thermo Fisher Scientific,
Inc.) and 0.1 mg/ml streptomycin (HyClone; GE Healthcare
Life Sciences) at 37°C with humidified air and 5% CO,.
EOMA cells were treated with 100 uM H,0, (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) at 37°C for 24 h.

Transfection of miR-291b-3p mimics and inhibitors in EOMA
cells. The sequences of negative control (NC), microRNA
inhibitor negative control (NCI), miR-291b-3p mimic (291m)
and inhibitor (2911) were as follows (5'-3"): NC sense, UUC
UCCGAACGUGUCACGUTT; NC antisense, ACGUGACAC
GUUCGGAGAATT; NCI, CAGUACUUUUGUGUAGUA
CAA; 291m sense, AAAGUGCAUCCAUUUUGUUUGU;
291m antisense, AAACAAAAUGGAUGCACUUUUU; and
291i, ACAAACAAAAUGGAUGCACUUU. All the siRNA
oligos were purchased from Shanghai GenePharma Co., Ltd,
Shanghai, China). According to the manufacturer's protocol
of HiperFect transfection reagent (Qiagen, GmbH, Hilden,
Germany), EOMA cells were seeded in 6-well plates with
1x10° cell/well with 2 ml H-DMEM medium containing serum
and antibiotics prior to transfection. 5 ul1 20 uM NC, NCI,
291m or 291i sequences were pre-incubated with HiperFect
transfection reagent at room temperature for 10 min. Then, the
solutions were added into the EOMA cells at a final concentra-
tion of 50 nM. The cells were then cultured at 37°C for an
additional 48 h.
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Adenovirus construction. Recombinant adenovirus vectors
expressing mouse HuR (AD-HUR) and control adenovirus
vectors containing green fluorescent protein (GFP) (AD-CON)
were purchased from Shanghai GeneChem Co., Ltd. (Shanghai,
China). A total of 15 ul AD-HuR (1x10" pfu/ml) was trans-
fected into EOMA cells at a multiplicity of infection of 100
for 48 h at 37°C. A total of 15 ul AD-CON (1x10' pfu/ml) was
added to the control groups at a multiplicity of infection of 100
to maintain a consistent viral load.

RNA isolation and reverse transcription quantitative
polymerase chain reaction (RT-qPCR). Total RNA was
harvested from EOMA cells using TRIzol® reagent (Life
Technologies; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocols. A stem-loop reverse transcription
primer and avian myeloblastosis virus transcriptase (Takara
Biotechnology Co., Ltd., Dalian, China) were used to quantify
mature miRNAs. A total of 1 ug RNA was reversed tran-
scribed into first-strand cDNA using random primers (Takara
Biotechnology Co., Ltd.). qPCR was performed to determine
the mRNA levels of miR-291b-3p, VCAM-1, ICAM-1 and
HuR. The relative gene expression was normalized to U6 or
18s. Each reaction was performed in triplicate, and analysis
was performed by the 22244 method (18). The relative level
of miR-291b-3p was normalized by U6 small nucleolar RNA,
which was used as the housekeeping gene. The sequences of RT
primers were as follows (5'-3'): miR-291b-3p, GTCGTATCC
AGTGCAGGGTCCGAGGTATTCGCACTGGATACGACA
CAAAC; U6, GTCGTATCCAGTGCAGGGTCCGAGGTA
TTCGCACTGGATACGACAAATATG. The primers used for
the gPCR were as follows (5'-3"): miR-291b-3p forward, GCA
AAGTGCATCCATTTTGTTTGT; U6 forward, GCGCGT
CGTGAAGCGTTC; Universal reverse primer, GTGCAG
GGTCCGAGGT; VCAM-1 forward, CTCTTACCTGTGCGC
TGTGA; VCAM-1 reverse, GACAGGTCTCCCATGCACAA;
ICAM-1 forward, TTTTCAGCTCCGGTCCTGAC; ICAM-1
reverse, CCGCTCAGAAGAACCACCTT; 18s forward, GGA
AGGGCACCACCAGGAGT; and 18s reverse, TGCAGCCCC
GGACATCTAAG.

Western blot analysis. Western blot analysis was performed
as previously described (17). The cells were lysed with radio-
immunoprecipitation assay lysis buffer (Beijing Solarbio
Science and Technology Co., Ltd., Beijing, China) containing
a protease inhibitor cocktail (Sigma-Aldrich; Merck KGaA)
and phosphatase inhibitor cocktail (Sigma-Aldrich; Merck
KGaA). Following centrifugation at 10,000 x g for 15 min
at 4°C, the supernatants were collected. The proteins were
quantified using a bicinchoninic acid kit (Thermo Fisher
Scientific, Inc.). Cell lysates containing 15 ug protein were
separated by 12% SDS-PAGE and transferred to polyvi-
nylidene fluoride membranes (EMD Millipore, Billerica,
MA, USA). The membranes were blocked with 5% non-fat
dry milk in TBS with Tween-20 (pH 8.0) (Beijing Solarbio
Science and Technology, Co., Ltd.) and probed with the
primary antibodies (1:1,000) at 4°C overnight. Then, the
blots were incubated with horseradish peroxidase-conjugated
anti-rabbit IgG secondary antibody (cat. no. ABCA2103366;
Ab-mart, Inc., Berkeley Heights, NJ, USA) for 2 h at room
temperature, followed by detection with a Immobilon
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Figure 1. H,O, promotes miR-291b-3p expression and apoptosis in EOMA endothelial cells. (A) The levels of apoptosis in EOMA cells treated with H,O, was
measured by TUNEL staining. (B) The mRNA levels of miR-291b-3p and (C) ICAM-1 and VCAM-1 were measured by quantitative polymerase chain reaction.
(D) The phosphorylation of ERK and Bax and Bcl-2 expression were analyzed by western blot analysis. Data are presented as the mean + standard error of
the mean (n=5). “P<0.01 and ""P<0.001 vs. control. CON, control; TUNEL, terminal deoxynucleotidyl-transferase-mediated dUTP nick end labelling; miR,
microRNA; NCI, microRNA inhibitor negative control; 291m, miR-291b-3p mimic; 291i, miR-291b-3p inhibitor; ICAM-1, intercellular adhesion molecule-1;
VCAM-1, vascular cell adhesion molecule-1; ERK, extracellular signal-regulated kinase; p-ERK, phosphorylated ERK; Bcl-2, B-cell lymphoma 2; Bax,

Bcl-2-associated X protein; H,0,, hydrogen peroxide.

Western chemiluminescence kit (EMD Millipore). The
antibodies against HuR (cat. no. 12582), Bcl-2 (cat. no. 3498,
Bcl-2-associated X protein (Bax; cat. no. 5023), GAPDH
(cat. no. 5174), phosphorylated extracellular signal-regulated
kinase (p-ERK)1/2 (p42/44; cat. no. 4370), ERK1/2 (cat.
no. 4695) and GAPDH were purchased from Cell Signaling
Technology, Inc., (Danvers, MA, USA). Image J version 1.42
(National Institutes of Health, Bethesda, MD, USA) was used
to calculated the band intensity.

Luciferase assay. To determine the target gene of miR-291b-3p,
the 3'-UTR and coding region of HuR containing miR-291b-3p
binding sites were amplified from NCTC 1469 cells (America
Type Culture Collection, Manassas, VA, USA) by the following
primers (restriction sites are underlined): HuR-coding
region-F-Xhol: 5'-CCCTCGAGCTGGCTCTGGAATCAT
TGCT-3"; HuR-coding region-R-Xhol: 5'-CCCTCGAGAGGC

AGTCTTCGGTTCTTGA-3"; HuR-UTR -F-Xhol: 5'-CCCTCG
AGCCTATATGGGGTTGCTTCCA-3"; HuR-UTR-R-Xhol:
5'-CCCTCGAGCCAACCAGCCTTCTTTTCTG-3..

PCR was performed with genomic DNA isolated from
EOMA cells. The thermocycler conditions for PCR were
as follows: 95°C for 10 min, followed by 40 cycles of 95°C
for 15 sec, 55°C for 45 sec and 72°C for 30 sec. A total of
2 ug PCR products were digested with 1 ul Xhol (New
England Biolabs. Inc., Ipswich, MA, USA) and inserted
into Xhol-linearlized luciferase reporter vector pmirGLO
(Promega Corporation, Madison, WI, USA). To perform
the luciferase reporter assay, EOMA cells were cultured in
96-well plates at 5,000 cells/well in 100 1 H-DMEM culture
medium. The luciferase reporter plasmid was pmirGLO
from Promega Corporation. Subsequently, the recombinant
luciferase vector (0.1 xg) and miR-291b-3p mimic (5 ng) were
transfected into EOMA cells with Effectene reagent (Qiagen
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GmbH) for 48 h. A dual-luciferase reporter assay system
(Promega Corporation) was subsequently used to detect the
luciferase activity of cells. Luciferase activity was normal-
ized to Renilla luciferase activity. A total of 6 samples were
measured for each group. The experiment was repeated three
times.

Terminal deoxynucleotidyl-transferase-mediated dUTP nick
end labelling (TUNEL) staining. TUNEL staining was used to
detect DNA fragmentation of individual cells using a TUNEL
fluorescence fluorescent isothiocyanate kit (Roche Diagnostics
GmbH, Mannheim, Germany). EOMA cells were fixed with 4%
paraformaldehyde (Beijing Solarbio Science and Technology,
Co., Ltd.) for 20 min at 37°C followed by permeabilization
with 0.1% Triton X-100 (Sigma-Aldrich; Merck KGaA). Then,
cells were incubated with TUNEL reaction mixture at 37°C
for 1 h. The nuclei were counterstained by DAPI (1 xg/ml)
at room temperature for 10 min. And the slide was mounted
by using ProLong Diamond Antifade Mountant (Invitrogen;
Thermo Fisher Scientific, Inc.). Cells in 10 randomly chosen
fields from each cultured cell slide were counted to deter-
mine the percentage of apoptotic nuclei. The experiment was
repeated for 4 times. The stained cells were examined using
a fluorescence microscope (magnification, x200; Olympus
Corporation, Tokyo, Japan).

Statistical analysis. Data were expressed as the mean + standard
error of the mean. The two-tailed unpaired Student's t-test was
used for comparisons of two groups. And one-way analysis of
variance tests followed by Turkey post hoc test were performed
for comparison of two more groups by using SPSS 3.0 (SPSS,
Inc., Chicago, USA). P<0.05 were considered to indicate a
statistically significant difference.

Results

H,0, promotes miR-291b-3p expression and apoptosis in
EOMA endothelial cells. It has been confirmed that H,O,
induces endothelial cell apoptosis (19). To investigate the
effects of miR-291b-3p on endothelial cell apoptosis, the level
of miR-291b-3p was determined in the EOMA cells treated
with 100 uM H,O, for 24 h. TUNEL staining confirmed
that H,O, treatment led to induced apoptosis in EOMA cells
(Fig. 1A). Compared with the control group, the mRNA levels
of miR-291b-3p, ICAM-1 and VCAM-1 were increased in
EOMA cells treated with H,O, (Fig. 1B and C). Additionally,
H,O, treatment induced the phosphorylation of ERK and
upregulated Bax expression, accompanied by decreased Bcl-2
protein expression (Fig. 1D). These results suggested that
miR-291b-3p may be involved in the process of endothelial
cell injury.

miR-291b-3p modulates endothelial cell dysfunction. Next,
the effects of miR-291b-3p on EOMA cell dysfunction were
observed. 291m and 291i were transfected into EOMA
cells for 48 h. The results of the qPCR assay indicated
that the level of miR-291b-3p was increased significantly
in EOMA cells transfected with 291m compared with
those transfected with miRNA mimic controls (Fig. 2A).
Overexpression of miR-291b-3p induced apoptosis and

SUI et al: miR-291b-3p MEDIATED ROS-INDUCED ENDOTHELIAL CELL DYSFUNCTION

upregulated ICAM-1 and VCAM-1 mRNA expression levels
in EOMA cells (Fig. 2B and C). In EOMA cells transfected
with miR-291b-3p mimics, the levels of p-ERK and Bax
proteins were increased, whilst Bcl-2 protein expression was
decreased (Fig. 2D). In contrast, the level of miR-291b-3p
was decreased to 40-50% in EOMA cells transfected with
the miR-291b-3p inhibitor compared with those transfected
with the miRNA inhibitor control (Fig. 2E). Transfection
with miR-291b-3p inhibitors decreased the apoptosis rate
and downregulated mRNA expression levels of ICAM-1
and VCAM-1 in EOMA cells (Fig. 2F and 2G). In addition,
transfection with miR-291b-3p inhibitors in EOMA cells
led to decreased p-ERK and BAX protein levels, accom-
panied by increased Bcl-2 protein expression (Fig. 2H).
The results demonstrated that miR-291b-3p may modulate
apoptosis and the expression of ICAM-1 and VCAM-1 in
EOMA cells.

Downregulation of miR-291b-3p rescues H,0,-induced
dysfunction in EOMA cells. To additionally assess the role
of miR-291b-3p in H,0,-induced EOMA cell dysfunc-
tion, miR-291b-3p inhibitors were transfected into EOMA
cells for 48 h followed by treatment with H,O, for 24 h.
Downregulation of miR-291b-3p inhibited H,O,-induced
apoptosis in EOMA cells (Fig. 3A). Transfection with
miR-291b-3p inhibitors rescued the effect of H,O, on mRNA
expression of ICAM-1 and VCAM-1 (Fig. 3B). In addition,
H,0,-induced the activation of ERK and upregulation of
Bax expression was also inhibited by transfection with
miR-291b-3p inhibitors (Fig. 3C). These observations indi-
cated that miR-291b-3p may be involved in the endothelial
dysfunction induced by H,0,.

HuR, as a target gene of miR-291b-3p, modulates endothelial
apoptosis and dysfunction. It was demonstrated previously
that HuR was a target gene of miR-291b-3p in mouse hepa-
tocytes (15). To confirm the effect of HuR on H,0,-induced
endothelial dysfunction, the HuR protein and mRNA levels
in EOMA cells treated with H,0, were analyzed. The results
indicated that H,O, treatment only decreased HuR protein
levels but did not affect HuR mRNA levels (Fig. 4A). A
previous study had suggested that miR-291b-3p contained 2
binding sites in the coding region from 902-923 bp and in
3'-UTR from 4,289-4,312 bp (15). The results of the lucif-
erase assay indicated that the overexpression of miR-291b-3p
significantly decreased the luciferase activity in EOMA cells
transfected with the luciferase reporter vector containing
the HuR coding region. However, the luciferase activity
was only slightly decreased when the EOMA cells were
co-transfected with the luciferase reporter vector containing
HuR-3'-UTR and miR-291b-3p mimic (Fig. 4B). Therefore,
miR-291b-3p may directly bind at the coding region of
HuR from 902-923 bp. The overexpression of miR-291b-3p
decreased HuR levels (Fig. 4C), whilst the downregula-
tion of miR-291b-3p led to increased HuR levels (Fig. 4D).
However, miR-291b-3p did not alter the mRNA levels of HuR
(Fig. 4E). In addition, the overexpression of HuR decreased
the rate of apoptosis and the mRNA expression of ICAM-1
and VCAM-1 in EOMA cells (Fig. 4F and G). In EOMA cells
transfected with AD-HUR, the p-ERK and BAX levels were



E% PaIDOS INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 42: 2383-2392, 2018 2387

TUNEL DAPI
B

=
[+
o

NC

Relative level of
miR-291b-3p/U6

=4
tn
L

291m
9
T 15 *
§ C 20 251
£ 101 - T )
& 2 wqs § w 2.0
& - 2 “(g
o 51 £~ — Z7% 157
= £E=10 L=
=] =4 = ] —
= 0 . g{;) gg 1.0
NC 291 m s 0. -
" §s0s $% 051
o o
0.0 T 0.0 -
NC 291m NC 291m
D - — e
PERK s S < 20 —20- W 291m
[F ]
— 4 £ "
— c 1.57 S 1.5
w o
o =
5 1.0 £ 1.04
@ —
8 H
0.54 = 0.54 -
2 g
o 0.0 T o 0.04
NC 291m Bal-2 Bax
F TUNEL

DAPI
E 154
NCI
55 [
g s 1.0
[+]
245
2>
54 051
cE 291i
0.0 .
NCI 291
- & G 1.5 q 1.5
= ] T
ElG By %% o
o T £z 104 == = —=
2 EX = "
w4 E= = 2
5 . 2905 wes 28 0s
g 2 53 g5
E (1 o
0 . 0.0 . 0.0 . .
NCI 291i NCI 291 NCI 291i
Cncl
= 25+ . 251
é 151 % *k
H PERK cm—  — $ g 2.04
| — — - ol
o =]
;[ — W10 == 2 1.51
| — | — LR
E w
B2 e — - § 10
% I
> 0.5 B T
Bax [ — - T 054
- D -
z s
GAPDH [ E oo g oo
NCI 291i ’ Nb] 21 Bcl-2 Bax

Figure 2. miR-291b-3p modulates EOMA cell dysfunction. (A) In EOMA cells, transfection with miR-291b-3p mimic increased miR-291b-3p levels and
(B) cell apoptosis rate, accompanied by elevated (C) mRNA expression of ICAM-1 and VCAM-1. (D) The levels of p-ERK/ERK and Bax were raised and
the protein level of Bcl2 was reduced in EOMA cells transfected with the miR-291b-3p mimic. (E) In EOMA cells, transfection with miR-291b-3p inhibi-
tors decreased miR-291b-3p levels and (F) cell apoptosis rate, accompanied by reduced mRNA expression of (G) ICAM-1 and VCAM-1. (H) The levels of
p-ERK/ERK and Bax were decreased and the protein level of Bcl2 was increased in EOMA cells transfected with miR-291b-3p mimic. Data are presented as
the mean = standard error of the mean (n=5). "P<0.05, “P<0.01 and ““P<0.001 vs. the control. miR, microRNA; NC, negative control; ICAM-1, intercellular
adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1; ERK, extracellular signal-regulated kinase; p-ERK, phosphorylated ERK; Bcl-2, B-cell
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decreased, while the Bcl-2 expression levels were increased
(Fig. 4H).

miR-291b-3p regulates apoptosis and dysfunction of EOMA
cells via targeting HuR. In order to additionally assess
whether miR-291b-3p regulated EOMA cell apoptosis via
targeting HuR, miR-291b-3p mimics and AD-HUR were
co-transfected into EOMA cells for 48 h. The results indicated

that transfection with AD-HUR rescued the miR-291b-3p
mimic-induced apoptosis and the increased mRNA expression
of ICAM-1 and VCAM-1 (Fig. 5A and B). However, overex-
pression of miR-291b-3p did not affect the activation of ERK
and the expression levels of Bax and Bcl-2 in EOMA cells
transfected with AD-HUR (Fig. 5C). Taken together, these
results suggested that miR-291b-3p participated in endothelial
dysfunction via regulating HuR protein expression.
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staining. (G) The mRNA levels of ICAM-1 and VCAM-1 in EOMA cells transfected with AD-HUR or AD-CON were measured by qPCR. (H) The levels
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TUNEL, terminal deoxynucleotidyl-transferase-mediated dUTP nick end labelling; ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular cell adhe-
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green fluorescent protein.

Discussion

In the present study, it was demonstrated that miR-291b-3p
participated in endothelial dysfunction via targeting HuR. In
particular, the results indicated that: i) H,O, treatment increased
miR-291b-3p expression; ii) miR-291b-3p may serve an

important role in endothelial dysfunction, which is involved in
the H,0,-induced endothelial dysfunction; and iv) miR-291b-3p
regulated endothelial function via targeting HuR.

Endothelial dysfunction is a major cause of atherosclerosis.
It was demonstrated that H,0, damaged endothelial function
by promoting cell apoptosis and inflammation (20). In the
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present study, EOMA cells were treated with H,O, to establish
cell models of endothelial dysfunction. In this cell model, the
levels of miR-291b-3p and apoptosis were increased, accom-
panied by increased mRNA levels of ICAM-1 and VCAM-1.

The association between H,0O, and endothelial dysfunction
remains incompletely characterized. Accumulating evidence
has suggested that miRNAs are involved in endothelial dysfunc-
tion (21). miR-291b-3p belongs to the miR-290 cluster, which
contains miR-290-3p, miR-291a-3p, miR-291b-3p, miR-292-3p,
miR-294 and miR-295 (22). It was reported that mR-291b-3p may
serve important roles in differentiation of embryonic stem cells,
and the metabolism of lipids and glucose in the liver (15-17,23).
In the present study, miR-291b-3p mimics and inhibitors were
transfected into EOMA cells to additionally investigate the role
of miR-291b-3p in H,0,-induced endothelial dysfunction. The
results suggested that miR-291b-3p served as an effector molecule
of H,0,-associated endothelial dysfunction. miR-291b-3p may
modulate the protein levels of p-ERK, Bax, Bcl-2 and mRNA
expression of [CAM-1 and VCAM-1 in EOMA cells. VCAM-1
and ICAM-1 are secreted by dysfunctional endothelial cells,
leading to attachment of inflammatory cells to the damaged
endothelial cells. The activated ERK pathway induces endothe-
lial cells to generate excessive levels of ICAM-1 and VCAM-1,
which are major factors responsible for the infiltration of inflam-
matory cells to the atheroma-prone sites (5,24).

Next, the present study additionally identified that
miR-291b-3p regulated endothelial function via targeting
HuR. It was demonstrated previously that miR-291b contrib-
uted to hepatocyte apoptosis by regulating the expression of
HuR, which in turn increased Bcl-2 mRNA stability (25).
In the present study, it was identified that miR-291b-3p may
negatively modulate HuR protein levels, and that the overex-
pression of HuR inhibited the effects of miR-291b-3p mimics
on the endothelial functions. HuR is an RNA binding protein
widely expressed in mammalian cells. AU-rich elements
(AREs)-mediated transcript degradation is considered to be
an important gene regulation mechanism at the post-tran-
scriptional level (26). HuR may specifically recognize and
bind to AREs to adjust mRNA stability and translation. HuR
may also be transported between the nucleus and cytoplasm.
This translocation allows HuR to efficiently modulate the
mRNA stability (27). HuR may modulate gene expression
in two distinctive mechanisms: Through one mechanism,
HuR may positively regulate gene expression by stabilizing
target mRNA, including cyclooxygenase-2, cyclin D1 and
cyclin-dependent kinase inhibitor 1 (28-30). Through the
other mechanism, HuR may also negatively modulate gene
expression by decreasing the translation efficiency of mRNA,
including tumor necrosis factor-a, myc proto-oncogene protein
and cyclin-dependent kinase inhibitor 1B (31-33). In a previous
study, it was suggested that HuR upregulated Bcl-2 expression
by stabilizing its mRNA (15). In the present study, it was iden-
tified that the levels of p-ERK and Bax were also decreased in
EOMA cells transfected with AD-HUR. However, the mecha-
nism through which HuR regulates ERK phosphorylation, and
Bax and Bcl-2 expression, requires additional study.

In conclusion, the present study provides novel data that
miR-291b-3p contributes to H,0,-induced endothelial dysfunc-
tion via targeting HUR. The present study may provide a novel
therapeutic strategy for the prevention of atherosclerosis.
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