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Abstract: This study was to investigate the effects of microRNA-21 (miR-21) on ox-LDL-induced HUVECs apoptosis.
MTT assay was performed to evaluate the proliferation of HUVECs. Quantitative RT-PCR was conducted to quantify
the expression of miR-21. Western blotting was used to determine protein expression. Annexin V/propidium iodide
double staining was adopted to detect cell apoptosis. We found that ox-LD significantly induced HUVECs apopto-
sis and reduced miR-21 expression. MiR-21 mimic attenuated the apoptosis of HUVECs under ox-LDL treatment
compared with the NC groups while miR-21 inhibitors promoted that of HUVECs. MiR-21 directly targeted PDCD4
in HUVECs. Moreover, miR-21 significantly regulated the downstream apoptotic proteins like bax, bad, bcl-2 and
caspase3, meanwhile it enhanced the phosphorylation of ERK.
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Introduction

Endothelial cells line the inner layer of vascular
walls and have a key role in the maintenance of
vascular homeostasis. Endothelial dysfunction
is significantly associated with atherosclerosis
and cardiovascular disease, for which oxidized
low-density lipoprotein (Ox-LDL) has been iden-
tified as a risk factor in the pathogenesis of ath-
erosclerosis. Ox-LDL causes vascular endothe-
lial apoptosis by triggering lipid accumulation,
local inflammation, and oxidative events in the
pathogenesis of atherosclerosis and athero-
sclerotic plaque rupture [1]. Meanwhile, the
increased superoxide in vessels during oxida-
tive stress facilitates the oxidation of LDL and
generates higher amount of ox-LDL, which
cause further detrimental effects on endotheli-
al cells.

MicroRNAs (miR) are a group of small endoge-
nous non-coding RNAs interfering with tran-
scriptional and posttranscriptional processes.
These RNAs negatively regulate gene expres-
sion typically by binding to the 3'UTR of their
target mRNAs causing translational inhibition

or degradation of the mRNA. Increasing evi-
dence indicates the importance of miRNAs in
the regulation of atherosclerotic developmental
and pathological processes. For example, miR-
181b was found to be over-expressed in symp-
tomatic human atherosclerotic plagues and
abdominal aortic aneurysms, and correlated
with decreased expression of predicted miR-
181b targets TIMP-3 and elastin [2]. Moreover,
miR-495 significantly promoted HUVECs prolif-
eration by altering cell cycle distribution, and it
also inhibited HUVECs apoptosis by affecting
the expression of cleaved caspase3 [3]. More
recently, Yang XF et al. reported that miR-155
deficiency lead to decreased atherosclerosis in
a novel mouse model of obesity paradox [4].
These results suggest that miRNAs have a fun-
damental role in the development of athero-
sclerosis. Recently, miR profiling studies revea-
led that a miRNA model associating miR-20a,
miR-21, and miR-155, accurately discriminated
early-stage NSCLC patients from controls with
a higher accuracy in advanced stage and squa-
mous carcinoma subgroups [5]. What's more,
miR-21 was over-expressed in primary intrahe-
patic cholangiocarcinoma patients and consid-
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ered as potential diagnostic markers in these
patients [6]. Nevertheless, the signature of
miR-21 expression and possible roles of miR-
NAs in atherosclerosis are not well elucidated.
The potential role of miR-21 in ox-LDL-injured
HUVECs has not been reported in recent
studies.

Therefore, we performed an in vitro experiment
to detect the expression pattern of miR-21 in
ox-LDL-injured HUVECSs. Surprisingly, in ox-LDL-
injured HUVECs, miR-21 levels were found to be
significantly decreased. Thus, it would be very
interesting to elucidate the possible roles of
miR-21 in ox-LDL-injured HUVECs. Overexpre-
ssion of miR-21 resulted in decreased apopto-
sis of ox-LDL-injured HUVECs, whereas inhibi-
tion of miR-21 using antisense methodology
increased HUVECs injury induced by ox-LDL.
Using luciferase/GFP reporter assay, we identi-
fied PDCDA4 as a real target for miR-21. It could
target PDCD4 and modulate the phosphoryla-
tion of p65 and ERK to suppress the apoptosis
of ox-LDL-injured HUVECs. Taken together, our
findings implicate miR-21 as a potential thera-
peutic target for atherosclerosis.

Materials and methods
Cell culture

HUVECs (EA. Hy926 cells) were obtained from
the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). Cells were cultured
in Dulbecco’'s modified Eagle’s medium
(Hyclone, UT, USA) supplemented with 10%
fetal bovine serum (Gibco, CA, USA) and 100 U/
mL penicillin (Sigma-Aldrich, St. Louis, MO,
USA) in a humidified atmosphere containing 5%
CO, at 37°C. Cells were passaged at 80% con-
fluence. HUVECs in ox-LDL treatment group
were treated with 10 pg/mL ox-LDL.

HUVECs were seeded on a 24-well plate at a
density of 5x10* cells per well for 24 hours.
Then plasmid at a concentration of 50 ng/uL
and the miR-21 mimic of 50 nM along with neg-
ative control was transfected into cells using
Lipofectamine 2000 (Invitrogen, USA) following
the instructions. Culture was removed 4 hours
after transfection, and fresh culture medium
was added.

RNA isolation and quantitative real-time PCR

Total RNA from HUVECs was extracted using
Trizol (Invitrogen, CA, USA) and subsequent eth-
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anol purification for analysis of relative mRNA
levels. After DNase | (Takara, Otsu, Japan)
treatment, RNA was reverse-transcribed with
reverse transcriptase kit. The resulting cDNAs
were subjected to qRT-PCR using SYBR Premix
Ex Taq (Takara, China) to measure miR-21 and
PDCD4 mRNA according to the manufacturer’s
instructions. The relative expression levels of
miR-21 were normalized to those of U6 small
nuclear RNA (U6-snRNA). GAPDH mRNA was
calculated with the 2-AACt method.

Cell apoptosis assay

HUVECs apoptosis were detected using a FITC-
Annexin V/Pl staining kit (Sungene, Tianjin,
China) by flow cytometry. The cultured HUVECs
were digested with trypsin and washed, then
suspended in Annexin V binding buffer. Cells
were stained with FITC-Annexin V and Pl accord-
ing to the manufacturer’s instructions, and
then analyzed on the BD FACS Verse flow
cytometer (Becton Dickinson Co., NJ, USA).

Western blot

Cells were lysed for 30 min on ice in a cell lysis
buffer (Beyotime, Jiangsu, China) and protein
concentration was determined using the BCA
assay (Beyotime). Equal amounts of protein
extract were subjected to SDS-PAGE and trans-
ferred to polyvinylidene fluoride membrane.
The membrane was then blocked with 5% non-
fat milk in TBST buffer (Tris-buffered saline with
0.2% Tween-20) for 1 hour. Blots were probed
using the primary antibodies including anti-p-
ERK (Abcam, Cambridge, UK), anti-ERK (Abcam,
Cambridge, UK), anti-p-p65 (Abcam, Cambridge,
UK), anti-p65 (Abcam, Cambridge, UK) and
anti-B-actin (Santa Cruz Biotechnology). After
being washed 3 times, the blots were incubat-
ed with horseradish peroxidase-conjugated
secondary antibodies for 1 hour at room tem-
perature. The membranes were rinsed, and the
signals were detected using ECL detection sys-
tem (Tannon, Shanghai, China).

Luciferase activity assay

The wild-type and mutant-type 3'UTR sequence
of human PDCD4 containing miR-21 binding
sites was amplified by PCR and cloned into the
pmiRGLO vector (Promega, USA). HUVECs were
transfected with 100 ng of the wild-type pmiR-
GLO-PDCD4-3-UTR, or mutant-type pmiRGLO-
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Figure 1. Ox-LDL induced HUVECs apoptosis and inhibited miR-21 expression. A. The cellular morphology after treatment with ox-LDL and control. B. MTT was used
to evaluate the cell viability of HUVECs after treatment with ox-LDL and control. C, D. Flow cytometry was used to detect the apoptosis of HUVECs after treatment
with ox-LDL and control. E. Quantitative realtime PCR was applied to evaluate the expression of miR-21. Data are expressed as mean + SD; n = 8, *P<0.05.
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Figure 2. Aberrant miR-21 expression in HUVECs altered cell viability and apoptosis. A, B. Flow cytometry was used
to detect the apoptosis of HUVECs transfected with milR-21 mimics, miR-21 inhibitor and negative controls under
treatment with ox-LDL and control. C. MTT was used to evaluate the cell viability of HUVECs transfected with miR-
21 mimics, miR-21 inhibitor and negative controls under treatment with ox-LDL and control. Data are expressed as

mean * SD; n = 8, *P<0.05.

PDCD4-3-UTR, along with 100 nM of miR-21
mimics or mimics control (Genepharma,
Shanghai). 50 ng of pRL-TK vector was trans-
fected as an internal control. After 48 hours
transfection, luciferase activities were deter-
mined with a Dual Luciferase Assay kit
(Promega, USA) according to manufacturer’'s
instructions.
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Statistics

All statistical analyses were performed using
the SPSS 13.0. The results are represented as
means + SD of at least three independent
experiments. Differences between two experi-
mental groups were analyzed by T-test. Diff-
erences among more than two experimental
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Figure 3. MiR-21 directly targeted PDCD4. A. Sequence alignment between miR-21 and the 3’'UTR of PDCD4. B.
Luciferase reporter activities of pmiRGLO vectors carrying luciferase gene and a fragment of HFG 3’'UTR containing
the binding sites of miR-21. C, D. Western blot was carried out to analysis the level of PDCD4 after miR-21 mimic or

inhibitor transfected into HUVECs. Data are expressed as mean * SD; n = 8, *P<0.05.

groups were assessed by one-way ANOVA anal-
ysis of variance. P<0.05 was considered statis-
tically significant.

Results

MiR-21 was down-regulated in ox-LDL-injured
HUVECs

After being exposed to ox-LDL for 36 hours,
HUVECs viability was significantly decreased
(Figure 1A and 1B). Flow cytometry analysis
showed the apoptosis rates of ox-LDL-injured
HUVECs were significantly increased to 23.6%
(Figure 1C and 1D). However, the relative
expression of miR-21 was obviously decreased
(Figure 1E). These results suggested that miR-
21 could be down-regulated in HUVECs injured
by ox-LDL.

Overexpression of miR-21 in HUVECs in-
creased cell viability and inhibited apoptosis

To investigate the potential role of miR-21 in

the cell viability and apoptosis of HUVECs, cells
were transfected with miR-21 mimic and inhibi-
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tor and then exposed to ox-LDL. Flow cytometry
analysis showed the gain of miR-21 could par-
tially inhibit HUVECs apoptosis whereas the
loss of miR-21 could increase the apoptosis
rates of HUVECs (Figure 2A and 2B). In con-
trast, MTT assay exhibited the gain of miR-21
significantly increased cell viability whereas the
loss of miR-21 suppressed cell viability (Figure
2C).

PDCD4 was identified as potential target gene
of miR-21

To explore the mechanism by which miR-21
suppress the apoptosis of HUVECs induced by
ox-LDL, potential mRNA targets of miR-21 were
searched using the online bioinformatics
TargetScan algorithm software. PDCD4 was
predicted to be a target of miR-21. To deter-
mine whether PDCD4 was negatively regulated
by miR-21, the 3-UTR of PDCD4 containing
wildtype (WT) or mutant miR-21 target sequenc-
es was cloned into the psiCHECK-2 vector
(Figure 3A). After transfection with miR-21
mimics, the luciferase activity of the WT 3’-UTR
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reporter gene significantly decreased, whereas
the luciferase activity of the mutant reporter
gene was not affected (Figure 3B). To investi-
gate the potential role of miR-21 in PDCD4
expression in HUVECs, cells were transfected
with miR-21 mimic and inhibitor. Flow cytome-
try analysis showed miR-21 mimic group could
suppress the expression of PDCD4 whereas
miR-21 inhibitor group could increase the
expression of PDCD4 in HUVECSs (Figure 3C and
3D). These data suggested that PDCD4 was
the potential target gene of miR-21 and could
possibly affect HUVECs survival.

Si-PDCD4 increased HUVECs survival

To elucidate the function of PDCD4 in HUVECs
apoptosis induced by ox-LDL, knock down of
PDCD4 was introduced in the experiment. MTT
assay showed that the cell viability in ox-LDL
group and si-PDCD4 group were significantly
decreased. However, when compared with ox-
LDL group, si-PDCD4 group showed increased
cell viability (Figure 4A). Flow cytometry analy-
sis showed the apoptosis rate of HUVECs was
decreased after the knock down of PDCD4
(Figure 4B and 4C).
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Overexpression of miR-21 inhibited PDCD4
expression but increased bcl-2 and p-ERK
expression in HUVECs

Western blot experiment was performed to fur-
ther examine the expression of relevant pro-
teins in HUVECs. Results showed that the
expression of PDCD4, Bad, Bax and caspase3
was increased in ox-LDL group compared with
control, but the expression of these proteins in
miR-21 mimic group was significantly sup-
pressed. However, the miR-21 inhibitor exhibit-
ed the opposite effect to miR-21 mimic group
(Figure 5A-D and 5F). Interestingly, the expres-
sion of bcl-2 and p-ERK was down-regulated in
HUVECs after exposure to ox-LDL. The miR-21
mimic could increase the expression of bcl-2
and p-ERK to attenuate the ox-LDL injury. In
contrast, the miR-21 inhibitor suppressed the
expression of bcl-2 and p-ERK in HUVECs and
the expression of ERK was not significantly
changed (Figure 5A, 5E, 5G and 5H). These
data suggested miR-21 could suppress ox-LDL-
induced HUVECSs apoptosis by targeting PDCD4.
What's more, miR-21 could protect HUVECs
from ox-LDL injury by increasing the expression
of bcl-2 and the phosphorylation of ERK
proteins.
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Figure 5. Aberrant expression of miR-21 changed expression level or phosphorylation of proteins under ox-LDL
treatment. A-H. Overexpression or knock down of miR-21 altered the expression level of PDCD4, bax, bad, bcl-2,
caspase3 and the phosphorylation of ERK. Data are expressed as mean + SD; n = 8, *P<0.05.

Discussion

Atherosclerosis contributes to the events car-
diovascular diseases such as myocardial inf-
arction and stroke which is the leading cause
of death and disability worldwide [7]. Apoptosis
of endothelial cells involves in the development
of atherosclerosis tightly during which it initi-
ates the atherosclerotic lesions by inducing
neointima formation, inflammatory cell infiltra-
tion, lipid transport, and plaque rupture [8].

Accordingly, endothelial cells apoptosis could
be induced by ox-LDL [9]. Increasing evidences
have indicated that miRNAs regulate various
physiopathologic processes such as by target-
ing the expression of mMRNA targets. Consider-
ing this, gene therapies based on altering the
miRNAs expression have been developed rap-
idly. As in atherosclerosis, a number of miRNAs
have been identified as important regulators
such as miR-433, miR-106b-5p, miR-125a,
miR-200c and so on [10-13]. However, the
potential role of miR-21 and its target PDCD4
have been limited.

In the current study, we first evaluated the
expression of miR-21 in HUVECs under ox-LDL
treatment. We found that ox-LDL notably
induced the HUVECs apoptosis meanwhile
inhibited its viability. The expression of miR-21
was significantly reduced through ox-LDL treat-
ment. To discover whether miR-21 involves in
the ox-LDL-induced-apoptosis in HUVECs, we
altered the miR-21 expression by transfection
of HUVECs with miR-21 mimic or miR-21 inhibi-
tor as well as their negative controls. As expect-
ed, miR-21 mimic inhibited apoptosis and pro-
moted cell viability in HUVECs under ox-LDL
treatment, on the other hand, miR-21 inhibitor
promoted apoptosis and attenuated cell viabil-
ity in HUVECs.

MiR-21 has been found expressed in heart,
spleen, colon and small intestine [14]. Aberrant
expression of miR-21 was indicated to contrib-
ute to atherosclerosis, cardiac hypertrophy,
heart failure and myocardial infarction [15-17].
PDCD4 inhibits translation initiation via binding
to the translation initiation factor elF4A or
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translation elongation by directly or indirectly
binding to the coding region of specific RNAs
[18]. PDCD4 is a critical mediator of apoptosis
and lost expression of PDCD4 protein has been
identified in many different human cancers.
PDCDA4-deficient cells were significantly less
sensitive to apoptosis [19]. A wide range of
studies demonstrated that PDCD4 plays a criti-
cal role in cardiovascular diseases.

Lin et al. demonstrated that PDCD4 is an impor-
tant target gene of miR-21 associated with anti-
apoptotic effects on cardiac cells under H,0,
treatment. Moreover, PDCD4 gene had a posi-
tive regulatory effect in atherosclerosis by
increasing the expression of IL-10 [20]. MiR-
155 regulated inflammation response by the
SOCS1-STAT3-PDCD4 axis in atherogenesis.
PDCD4 deficiency enhances macrophage lipo-
autophagy and attenuates from cell formation
and atherosclerosis in mice [21].

In the present study, we first predicted and veri-
fied that miR-21 directly targeted PDCD4 in
HUVECs. Knock down of PDCD4 attenuated the
apoptosis of HUVECs induced by ox-LDL which
further confirmed our finding.

MiR-21 has been shown to augment ERK-MAP
kinase activity through inhibition of sprout
homologue 1 and to promote ERK-MAP kinase-
mediated cell survival in cardiac fibroblasts
[22]. MiR-21 activation of ERK signaling via
PTEN is involved in arsenite-induced autophagy
in human hepatic L-02 cell [23]. Thus, we next
investigated the ERK expression and the phos-
phorylation of ERK. The results revealed that
miR-21 inhibited apoptotic proteins expression
such as Bax, bad and caspase3 meanwhile
promoted expression of anti-apoptotic protein
Bcl-2. Furthermore, miR-21 did not alter the
expression of ERK, however, it enhanced the
phosphorylation of ERK.

In conclusion, our work indicated that ox-LDL
induced apoptosis through reducing miR-21
expression and then regulating the PDCD4
expression which is the target of miR-21 in
HUVECs. MiR-21 changed the phosphorylation
of ERK and apoptosis related protein expres-
sion. However, whether the phosphorylation of

Int J Clin Exp Pathol 2017;10(9):10075-10084
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ERK alteration was regulated by PDCD4 or
directly by miR-21 was unclear. It is the further
investigation we will carry out.
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