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Abstract. Atherosclerosis is the most common pathological 
cause of cardiovascular diseases, and endothelial dysfunction 
has a vital role. It has been suggested that inhibiting endothe-
lial cell apoptosis induced by oxidized low-density lipoprotein 
(ox-LDL), an essential atherosclerotic factor, is a potential 
novel therapeutic strategy against atherosclerosis. Previous 
studies have revealed that endothelial lectin-like ox-LDL 
receptor-1 (LOX-1) and long intergenic noncoding RNA p21 
(lincRNA-p21) may serve as therapeutic targets for athero-
sclerosis and associated cardiovascular disorders. The present 
study investigated the role of lincRNA-p21 in oxLDL-induced 
apoptosis and expression of LOX-1 in human coronary artery 
endothelial cells (HCAECs). Primary HCAECs were treated 
with ox-LDL (30, 60 or 90 µg/ml) for 24 or 48 h, and the 
expression of lincRNA-p21, LOX-1 and cell apoptosis rate 
were measured. Ox-LDL dose- and time-dependently induced 
the expression of lincRNA-p21 and LOX-1 and apoptosis in 
HCAECs. Lentiviral overexpression of lincRNA-p21 mark-
edly increased oxLDL-induced apoptosis and the expression 
of LOX-1 in HCAECs. Additionally, the effect was largely 
blocked by selective protein kinase C (PKC) inhibitor, 
rottlerin. However, lentiviral knockdown of lincRNA-p21 
markedly decreased oxLDL-induced apoptosis and the 
expression of LOX-1. In addition, overexpression and knock-
down of lincRNA-p21 markedly increased and decreased 
oxLDL-induced PKCδ activity/phosphorylation, respectively. 
In conclusion, to the best of our knowledge, the present study 
provides the first evidence indicating that lincRNA‑p21 is a 
major mediator of oxLDL-induced apoptosis and expression 
of LOX-1 in human vascular endothelial cells, and acts via 

activation of PKCδ. These results provide insights into the role 
of lincRNA-p21 in the pathogenesis of atherosclerosis.

Introduction

Atherosclerosis is the most common pathological cause of 
cardiovascular diseases (1), and endothelial dysfunction has 
a vital role in atherosclerosis (2). Endothelial cells form the 
inner lining of the blood vessels and regulate vascular function 
and homeostasis. Under pathological conditions, endothelial 
cell apoptosis functions as an initiating step for atheroscle-
rosis, as apoptotic endothelial cells are pro-thrombotic and 
pro-proliferative and contribute to the ensuing atherogenic 
processes (3). Oxidized low-density lipoprotein (ox-LDL), an 
essential atherosclerotic risk factor, is reportedly to be crucial 
for multiple functional alternations during the pathogenesis 
of atherosclerosis, including inducing endothelial cell apop-
tosis (4,5). The morphological changes of cultured endothelial 
cells exposed to ox-LDL are similar to those observed in the 
endothelium covering atherosclerotic lesions (6). Therefore, 
inhibiting endothelial cell apoptosis induced by ox-LDL is a 
potential novel therapeutic strategy against atherosclerosis.

Lectin-like ox-LDL receptor-1 (LOX-1), a small trans-
membrane glycoprotein of 50 kDa encoded by the oxidized 
low-density lipoprotein receptor 1 gene (7), is a scavenger 
receptor originally identified as the primary receptor for 
ox-LDL uptake in endothelial cells (8). Activation of LOX-1 
by ox-LDL mediates pro-atherogenic cellular responses 
implicated in the pathogenesis of atherosclerosis, including 
endothelial dysfunction characterized by reduced endothe-
lium-dependent relaxation, increased monocyte adhesion to 
endothelial cells, and endothelial cell apoptosis and senes-
cence (8). Basal LOX-1 expression in endothelial cell is low, 
however it is induced by various stimuli associated with 
atherosclerosis, including pro‑inflammatory cytokines and 
ox-LDL (9). In human atherosclerotic lesions, LOX-1 is over-
expressed in endothelial cells (9). Therefore, LOX-1 represents 
an attractive therapeutic target for the treatment of human 
atherosclerotic diseases.

A novel class of non-coding RNAs, longer than 
200 nucleotides and termed long noncoding RNAs (lncRNAs), 
reportedly are involved in the regulation of gene expression 
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through epigenetic mechanisms, including chromatin remod-
eling, regulation of splicing and by acting as sponges for 
microRNAs (10,11). Previous studies have revealed that 
lncRNAs are important in vascular injury and remodeling, 
which are the leading causes of cardiovascular diseases (12). 
Long intergenic noncoding RNA p21 (lincRNA-p21) is a 
downstream lncRNA transcript of p53. It has been previously 
reported that lincRNA-p21 acts via several mechanisms ranging 
from repressing genes in the p53 transcriptional network to 
regulating mRNA translation and protein stability, and partici-
pates in diverse biological processes, including apoptosis (13). 
Recent studies have demonstrated that lincRNA-p21 inhibits 
proliferation and promotes apoptosis in vascular endothelial 
cells and smooth muscle cells, suggesting that this lncRNA 
may be useful as a therapeutic target for atherosclerosis and 
associated cardiovascular disorders (14,15).

The present study aimed to investigate the role of 
lincRNA-p21 in oxLDL-induced apoptosis and expression of 
LOX-1 in human coronary artery endothelial cells (HCAECs).

Materials and methods

Cell culture. Primary HCAECs (cat. no. 300-05a) and 
MesoEndo cell growth medium (cat. no. 212-500) were 
purchased from Cell Applications, Inc. (San Diego, CA, 
USA). HCAECs were cultured in MesoEndo cell growth 
medium supplemented with 5% fetal bovine serum (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) and 100 U/ml 
penicillin-streptomycin (Sigma-Aldrich; Merck Millipore, 
Darmstadt, Germany) in an incubator with a humidified atmo-
sphere of 95% air and 5% CO2 at 37˚C.

Preparation of ox‑LDL and cell treatment. Native LDL 
(density, 1.019-1.063 g/ml) was separated from the fresh normo-
lipidemic human serum purchased from Guangdong Blood 
Bank (Guangzhou, China) by discontinuous density-gradient 
ultracentrifugation as previously described (16). Isolated LDL 
was desalted using an Econo-Pac 10 DG chromatography 
column (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and 
sterile‑filtered (0.22 µm pore size; EMD Millipore, Billerica, 
MA, USA). To oxidize LDL, the lipoprotein (0.5 mg/ml in 
sterile PBS) was incubated with 5 µM CuSO4 at 37˚C for 20 h. 
Oxidized LDL was concentrated by centrifuging in Amicon 
Centriplus YM-100 tubes (EMD Millipore) for 2 h at 3,000 x g 
and 8˚C, and subsequently sterile‑filtered. The oxidation was 
confirmed by measuring thiobarbituric acid‑reactive substances 
using tetraethoxypropane as a standard (17). HCAECs were 
treated with ox-LDL (30, 60 or 90 µg/ml) for 24 or 48 h with 
selective protein kinase C (PKC) δ inhibitor, rottlerin (1 µM; 
cat. no. CAS 82-08-6; Santa Cruz Biotechnology, Inc., Dallas, 
TX, USA) (18). Untreated HCAECs (0 µg/ml ox-LDL) were 
used as controls.

Lentiviral transduction. Total RNA from cultured HCAECs 
was isolated using miRNeasy kits (Qiagen China Co., Ltd., 
Shanghai, China) according to the manufacturer's protocol, 
followed by purification with TURBO DNA-free System 
(Ambion; Thermo Fisher Scientific Inc.). RT was performed on 
1,000 ng total RNA using MulV reverse transcriptase (Thermo 
Fisher Scientific, Inc.) and random hexamer primers (Thermo 

Fisher Scientific, Inc.) in a 20‑µl reaction [2 µl RNA (500 ng/µl), 
1 µl MulV reverse transcriptase (50 U/µl), 1 µl hexamer primers 
(100 µM), 2 µl 10X RT reaction buffer, and 14 µl RNAse-free 
water] and incubated at 42˚C for 1 h. Total RNA from cultured 
HCAECs was isolated using miRNeasy kits (Qiagen China 
Co., Ltd.) according to the manufacturer's protocol, followed 
by purification with TURBO DNA-free System (Ambion; 
Thermo Fisher Scientific Inc.). The lincRNA-p21 cDNA 
was amplified by PCR using the extracted total RNA and 
cloning primers with sequences as follows: 5'‑TGG CAG TCT 
GAC CCA CAC TCC CCA CGC CC-3' (forward) and 5'-ACA 
GTG CAC AGA CAA TCA TAC ACA CGT GT-3' (reverse). 
Lentivirus expressing human lincRNA-p21 was generated 
by sub-cloning the above amplified human lincRNA-p21 
cDNA to the pLenti-GIII-CMV lentivirus expression system 
(Applied Biological Materials, Inc., Richmond, BC, Canada). 
The lincRNA-p21 lentiviral vector or blank control lentivector 
was transfected with the packaging vectors psPAX2 (Addgene 
Inc., Cambridge, MA, USA) and pMD2.G (Addegene Inc.) 
into 293T cells (American Type Culture Collection, Manassas, 
VA, USA) by calcium chloride to produce the lentivirus, 
which was subsequently used to transduce HCAECs. Human 
lincRNA-p21-small interfering RNA (siRNA) and scrambled 
control siRNA lentivirus particles were designed and ordered 
from GenePharma Co., Ltd. (Shanghai, China). The siRNA 
sequence targeting lincRNA‑p21 was as follows: 5'‑GGA GGA 
CAC AGG AGA GGC A‑3'. The scrambled control sequence 
was as follows: 5'-GGC GCA GAG ACG GAG AGA A-3'. At 6 h 
after lentiviral transduction, HCAECs were subject to ox-LDL 
treatment.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA from cultured HCAECs was isolated 
using miRNeasy kits (Qiagen China Co., Ltd.) according to the 
manufacturer's protocol, followed by purification with TURBO 
DNA‑free System (Ambion; Thermo Fisher Scientific, Inc.). 
For measuring lncRNAs, RT was performed on 1,000 ng 
total RNA using MulV reverse transcriptase (Thermo Fisher 
Scientific, Inc.) and random hexamer primers (Thermo Fisher 
Scientific, Inc.) in a 20‑µl reaction [2 µl RNA (500 ng/µl), 1 µl 
MulV reverse transcriptase (50 U/µl), 1 µl hexamer primers 
(100 µM), 2 µl 10X RT reaction buffer, and 14 µl RNAse-free 
water] and incubated at 42˚C for 1 h. cDNA was used as template 
for qPCR using an ABI‑Prism 7700 Sequence Detection system 
and the Fast SYBR Green (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). Human ribosomal P0 (RPLP0) mRNA was 
as the reference gene. Primer sequences used are as follows: 
LincRNA-p21, 5'-CCT GTC CCA CTC GCT TTC-3' (forward) 
and 5'-GGA ACT GGA GAC GGA ATG TC-3' (reverse); LOX-1, 
5'-TTA CTC TCC ATG GTG GTG GTG CC-3' (forward) and 
5'-AGC TTC TTC TGC TTG TTG CC-3-3' (reverse); RPLP0, 
5'-TCG ACA ATG GCA GCA TCT AC-3' (forward) and 5'-ATC 
CGT CTC CAC AGA CAA GG-3' (reverse). Analysis of relative 
gene expression levels was performed using the formula 2-ΔCq, 
with ΔCq=Cq(target gene)‑Cq(control) (19).

Cell apoptosis assay. HCAECs were cultured at 5x104 cells 
per well in 96-well tissue culture plates and subject to ox-LDL 
treatment (30, 60 or 90 µg/ml) for 24 or 48 h. Cell apoptosis 
was measured at 24 or 48 h of ox-LDL treatment with a 
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microplate reader-based TiterTACS in situ apoptosis detection 
kit (cat. no. 4822-96-K; R&D Systems, Inc., Minneapolis, MN, 
USA) as described by the manufacturer. Each experiment was 
repeated three times in triplicates.

Western blot analysis. Cells was lysed with a hypotonic buffer 
containing 2% Nonidet-P and a protease inhibitor cocktail 
(Sigma-Aldrich; Merck Millipore) by sonication three times for 
3 sec on ice. The supernatant obtained after centrifugation at 
2,000 x g for 15 min at 4˚C was used for protein concentration 
determination by the Coomassie blue method (Thermo Fisher 
Scientific, Inc.) and for subsequent steps. Equal amount of proteins 
(5 µg) for each sample were separated by 10% SDS-PAGE and 
blotted onto a polyvinylidene difluoride microporous membrane 
(EMD Millipore). The membranes were blocked with 5% skim 
milk powder in TBS-Tween (0.1%) for 2 h and incubated for 
1 h with a 1:1,000 dilution of goat anti-human LOX-1 poly-
clonal antibody (cat. no. sc-11653; Santa Cruz Biotechnology, 
Inc.), mouse anti-human β-actin monoclonal antibody (cat. 
no. sc-81178; Santa Cruz Biotechnology, Inc.), goat anti-human 
phosphorylated PKCδ (p-PKCδ) polyclonal antibody (Tyr 155; 
cat. no. sc-18367; Santa Cruz Biotechnology, Inc.), or rabbit 
anti-human PKCδ polyclonal antibody (cat. no. sc-937; Santa 
Cruz Biotechnology, Inc.). The membranes were then washed 
with TBS-Tween (0.1%) and probed using bovine anti-goat 
(cat. no. sc-2350; Santa Cruz Biotechnology, Inc.), anti-rabbit 
(cat. no. sc-2370; Santa Cruz Biotechnology, Inc.) or anti-mouse 
(cat. no. sc-2371; Santa Cruz Biotechnology, Inc.) secondary 
antibody (1:5,000 dilution for 1 h) conjugated to horseradish 
peroxidase. Peroxidase was detected with a GE Healthcare 
enhanced chemiluminescence kit (GE Healthcare Life Sciences, 
Shanghai, China) using the ChemiDoc Touch Imaging System 
(Bio-Rad Laboratories Inc.) and Image Lab™ Touch Software 
(Bio‑Rad Laboratories Inc.) for image acquisition and onboard 
image analysis. Three independent experiments were performed.

PKCδ activity assay. PKCδ activity assays were performed as 
previously described (20). Briefly, HCAEC lysate was pre‑cleaned 
with protein A/G plus-agarose (Santa Cruz Biotechnology, Inc.) 
and then incubated with rabbit anti-human PKCδ polyclonal 
antibody (cat. no. sc-937; Santa Cruz Biotechnology, Inc.) 
overnight at 4˚C. PKCδ immunocomplexes were then pulled 
down by 3 h of incubation with 30 µl protein A/G plus-agarose. 
The immunocomplexes were resuspended in 2X kinase reac-
tion buffer [300 mM NaCl, 8 mM MnCl2, 12 mM MgCl2, 20% 
(vol/vol) glycerol, 20 µM ATP, 2 mM dithiothreitol, 200 µM 
Na3VO4, and 100 mM Hepes (pH 7.5)]. The protein kinase reac-
tion was initiated by adding 5 µCi [γ-32P] ATP (GE Healthcare 
Life Sciences) and 100 ng histone mixture extracted from calf 
thymus (Sigma-Aldrich; Merck Millipore) into 20 µl reaction 
buffer containing immunoprecipitated PKCδ. After 20 min of 
incubation at 30˚C, the reaction was terminated by adding 2% 
SDS gel loading buffer. The samples were then subjected to gel 
electrophoresis, and phosphorylated histone was revealed by 
autoradiography to indicate PKCδ kinase activity.

Statistical analysis. Statistical analyses were performed using 
SPSS for Windows 19.0 (IBM SPSS, Armonk, NY, USA). 
All values are expressed as the mean ± standard deviation. 
Comparisons of means among multiple groups were performed 
with one-way analysis of variance followed by post hoc pair-
wise comparisons using Tukey's tests. Two-tailed P<0.05 was 
considered to indicate a statistically significant difference.

Results

Ox‑LDL induces expression of lincRNA‑p21 and LOX‑1, and 
induces apoptosis in HCAECs. HCAECs were treated with 
ox-LDL (30, 60 or 90 µg/ml) for 24 or 48 h. As demonstrated 
in Fig. 1, ox-LDL dose- and time-dependently induced the 
expression of lincRNA-p21 (Fig. 1A) and apoptosis (Fig. 1B) in 

Figure 1. Expression of lincRNA-p21 and apoptosis in HCAECs under ox-LDL treatment. HCAECs were treated with ox-LDL (30, 60 or 90 µg/ml) for 
24 or 48 h. HCAECs under normal culture conditions (0 µg/ml ox-LDL treatment) were used as parallel controls. (A) The expression of lincRNA-p21 was 
measured at 24 and 48 h of ox‑LDL treatment with reverse transcription‑quantitative polymerase chain reaction and expressed as fold‑changes to that of 
HCAECs under normal culture conditions (0 µg/ml ox-LDL treatment) for 24 h (designated as 1). (B) The apoptosis rate of HCAECs was measured at 24 and 
48 h ox-LDL treatment with a microplate reader-based apoptosis detection kit. *P<0.05 vs. 0 µg/ml; #P<0.05 vs. 30 µg/ml; $P<0.05 vs. 60 µg/ml. HCAECs, 
human coronary artery endothelial cells; ox-LDL, oxidized low-density lipoprotein; lincRNA-p21, long intergenic noncoding RNA p21.



ZHOU  and  CHEN:  LincRNA-p21 MEDIATES oxLDL-INDUCED APOPTOSIS8516

HCAECs. As demonstrated in Fig. 2, the constitutive expres-
sion level of LOX-1 in HCAECs was low; ox-LDL dose- and 
time-dependently induced the mRNA (Fig. 2A) and protein 
(Fig. 2B) expression of LOX-1 in HCAECs. The similar trends 
of oxLDL-induced expression of lincRNA-p21 and LOX-1, 
and apoptosis in HCAECs suggested that lincRNA-p21 may 
be associated with oxLDL-induced expression of LOX-1 and 
apoptosis in HCAECs.

Effect of lincRNA‑p21 on oxLDL‑induced apoptosis and 
expression of LOX‑1 in HCAECs. Subsequently, HCAECs 
were transduced with human lincRNA-p21 lentivirus or human 
lincRNA-p21 siRNA lentivirus to overexpress or knockdown 
lincRNA-p21, respectively. HCAECs without lentiviral trans-
duction and those transduced with the blank control lentivirus 
or a scrambled siRNA lentivirus were used as controls. The 
cells in all groups were treated with 90 µg/ml ox-LDL for 48 h 
with or without 1 µM selective PKCδ inhibitor, rottlerin (18). 
As presented in Fig. 3A, lentiviral transduction of lincRNA-p21 
and lincRNA-p21-siRNA resulted in significant increase 
and decrease of the expression of lincRNA-p21, respectively 
compared with the control groups (P=0.0032). Inhibition 
of PKCδ by rottlerin exhibited no significant effect on the 
expression of lincRNA-p21 compared with the control groups. 
As demonstrated in Fig. 3B, overexpression of lincRNA-p21 
significantly enhanced oxLDL‑induced apoptosis from ~40% 
in the controls to ~93% (P=0.0007). Inhibition of PKCδ 
signaling by rottlerin combined with lincRNA-21 overexpres-
sion decreased the rate back to ~60%. However, knockdown 
of lincRNA-p21 significantly decreased oxLDL-induced 
apoptosis from ~40% in the control group to ~14% (P=0.0014; 
Fig. 3B).

In HCAECs treated with 90 µg/ml ox-LDL for 48 h, the 
mRNA and protein expression of LOX-1 was measured and 
expressed as fold-changes to that of HCAECs under normal 
culture conditions (0 µg/ml ox-LDL treatment) for 24 h (desig-
nated as 1). As demonstrated in Fig. 4, ox‑LDL significantly 
induced the expression of LOX-1 in HCAECs, as the control 
groups exhibited a >4-fold increase in expression of LOX-1 
at both the mRNA (Fig. 4A) and the protein (Fig. 4B) levels. 
Compared with the controls, overexpression of lincRNA-p21 
significantly enhanced the oxLDL-induced expression of 
LOX‑1 (P=0.0025). The enhancing effect of lincRNA‑p21 on 
LOX-1 expression at the mRNA and the protein levels was 
blocked by ~57% by rottlerin (Fig. 4). However, knockdown of 
lincRNA‑p21 significantly decreased oxLDL‑induced expres-
sion of LOX‑1 at the mRNA and the protein levels by ~72% 
compared with the control groups (P=0.0006; Fig. 4). Rottlerin 
alone blocked ~40% of oxLDL‑induced apoptosis, suggesting 
that PKCδ is important in oxLDL-induced endothelial apop-
tosis. Taken together, the findings suggested that ox-LDL 
induced apoptosis and the expression of LOX-1 in HCAECs 
partially through lincRNA-p21 by a PKCδ-dependent 
mechanism.

Effect of lincRNA‑p21 on PKCδ activity and phosphorylation 
in HCAECs under ox‑LDL treatment. In HCAECs treated 
with 90 µg/ml ox-LDL for 48 h, the PKCδ activity was 
measured and expressed as fold-changes to that of HCAECs 
under normal culture conditions (0 µg/ml ox-LDL treatment) 

for 24 h (designated as 1). As demonstrate in Fig. 5A, ox-LDL 
significantly induced the PKCδ activity in HCAECs, as the 

Figure 2. Expression of LOX-1 in HCAECs under ox-LDL treatment. 
HCAECs were treated with ox-LDL (30, 60 or 90 µg/ml) for 24 or 48 h. 
HCAECs under normal culture conditions (0 µg/ml ox-LDL treatment) 
were used as parallel controls. (A) LOX-1 mRNA levels were measured at 
24 and 48 h of ox‑LDL treatment with reverse transcription‑quantitative 
polymerase chain reaction and expressed as fold-changes to that of HCAECs 
under normal culture conditions (0 µg/ml ox-LDL treatment) for 24 h 
(designated as 1). (B) LOX-1 protein levels were measured at 24 and 48 h 
of ox-LDL treatment via western blot analyses: Lanes 1 and 5, 0 µg/ml 
ox-LDL treatment; lanes 2 and 6, 30 µg/ml ox-LDL treatment; lanes 3 and 7, 
60 µg/ml ox-LDL treatment; and lanes 4 and 8, 90 µg/ml ox-LDL treatment. 
β-actin blotting was used as a loading control. Density of the LOX-1 blot was 
normalized against that of the β-actin blot to obtain a relative blot density, 
which was expressed fold-changes to that of HCAECs under normal culture 
conditions (0 µg/ml ox-LDL treatment) for 24 h (designated as 1). *P<0.05 
vs. 0 µg/ml; #P<0.05 vs. 30 µg/ml; $P<0.05 vs. 60 µg/ml. HCAECs, human 
coronary artery endothelial cells; ox-LDL, oxidized low-density lipoprotein; 
LOX-1, endothelial lectin-like ox-LDL receptor-1.
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control groups exhibited a ~3.65‑fold increase in PKCδ activity 
compared with 0 µg/ml ox-LDL. Compared with the controls, 
overexpression of lincRNA‑p21 significantly enhanced the 
oxLDL-induced PKCδ activity (P<0.05). The enhancing 
effect of lincRNA-p21 and ox-LDL was completely blocked 
by rottlerin (Fig. 5A). However, knockdown of lincRNA-p21 
significantly decreased oxLDL-induced PKCδ activity by 
~69% compared with the control groups (Fig. 5A). A similar 
data trend was observed with the PKCδ phosphorylation at Tyr 
155 (Fig. 5B) (21,22). The findings indicated that PKCδ is a 
downstream effector of lincRNA-p21 in HCAECs.

Discussion

It has been previous suggested that inhibiting oxLDL-induced 
endothelial cell apoptosis is a potential novel therapeutic 
strategy against atherosclerosis (23). Recent studies have 
revealed that endothelial LOX-1 and lincRNA-p21 may serve 
as therapeutic targets for atherosclerosis and associated 
cardiovascular disorders (8,14,15). To the best of our knowl-
edge, the present study provides the first evidence suggesting 
that lincRNA-p21 mediates oxLDL-induced apoptosis and 
expression of LOX-1 in human vascular endothelial cells, 
using HCAECs as an in vitro cell model.

In support of previous studies (9), the present study 
demonstrated that ox-LDL induced increased expression of 
LOX-1 and apoptosis in HCAECs. It was also demonstrated 
that ox-LDL induced increased expression of lincRNA-p21 
in parallel, suggesting that lincRNA-p21 may be associated 
with oxLDL-induced expression of LOX-1 and apoptosis 
in HCAECs. Lentiviral overexpression and knockdown 
of lincRNA-p21 markedly increased and decreased 
oxLDL-induced apoptosis and the expression of LOX-1, 
respectively, suggesting that lincRNA-p21 is a major mediator 

of the effects of ox-LDL on the expression of LOX-1 and apop-
tosis in human vascular endothelial cells.

LOX-1 binds and internalizes ox-LDL by receptor-medi-
ated endocytosis, which is the initial step that leads to 
oxLDL-induced apoptosis (7). In the current study, ox-LDL 
induced the expression of lincRNA-p21, which enhanced 
oxLDL‑induced expression of LOX‑1. The findings suggest 
that the oxLDL/LOX-1/lincRNA-p21 signaling may form 
a positive feedback loop, which facilitates the effect of 
ox-LDL on human vascular endothelial cells as manifested 
by enhanced apoptosis of HCAECs under ox-LDL treatment. 
Notably, although rottlerin, a selective PKCδ inhibitor, did not 
induce a significant effect on the expression of lincRNA‑p21, 
it largely blocked the enhancing effect of lincRNA-p21 on 
oxLDL-induced expression of LOX-1 and apoptosis, suggesting 
that lincRNA-p21 mediates the effects of ox-LDL on human 
vascular endothelial cells partially via a PKCδ-dependent 
mechanism. This was subsequently corroborated by PKCδ 
activity assay results and the activation phosphorylation levels 
of PKCδ, confirming that PKCδ is a downstream effector of 
lincRNA-p21 in HCAECs.

It has been previously reported that lincRNA-p21 acts via 
several mechanisms, ranging from repressing genes in the 
p53 transcriptional network, to regulating mRNA translation 
and protein stability (13). Wu et al (15) demonstrated that 
lincRNA-p21, a transcriptional target of p53, regulates vascular 
smooth muscle cell apoptosis and atherosclerosis by feeding 
back to enhance p53 transcriptional activity. Previous studies 
also have reported that PKCδ mediates activation of p53 and 
promotes cell apoptosis (24-26). The findings of the current 
study suggest that lincRNA-p21 activates PKCδ. This may 
enhance oxLDL-induced HCAEC apoptosis by: i) Increasing 
oxLDL-induced expression of LOX-1 and facilitating the posi-
tive feedback loop of oxLDL/LOX-1/lincRNA-p21 signaling; 

Figure 3. Effect of linkRNA-p21 on apoptosis in HCAECs under ox-LDL treatment. HCAECs were transduced with LV-lincRNA-p21 or LV-lincRNA-p21-siRNA 
to overexpress or knockdown lincRNA-p21, respectively. NC, VC and SC were used as controls. The cells were treated with 90 µg/ml ox-LDL for 48 h with or 
without 1 µM selective protein kinase C-δ inhibitor, RN. (A) The expression of lincRNA‑p21 was measured with reverse transcription‑quantitative polymerase 
chain reaction and expressed as fold-changes to that of HCAECs under normal culture conditions (0 µg/m ox-LDL treatment) for 24 h (designated as 1) (B) The 
apoptosis rate of HCAECs was measured with a microplate reader-based apoptosis detection kit. *P<0.05 vs. NC, VC and SC. HCAECs, human coronary 
artery endothelial cells; ox-LDL, oxidized low-density lipoprotein; LV, lentivirus; NC, no LV transduction; VC, blank control lentivirus; SC, scramble control 
lentivirus; lincRNA-p21, long intergenic noncoding RNA p21; RN, Rottlerin; siRNA, small interfering RNA.
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Figure 4. Effect of lincRNA-p21 on expression of LOX-1 in HCAECs 
under ox-LDL treatment. HCAECs were transduced with LV-lincRNA-p21 
or LV-lincRNA-p21-siRNA to overexpress or knockdown lincRNA-p21, 
respectively. NC, VC and SC were used as controls. The cells were treated 
with 90 µg/ml ox-LDL for 48 h with or without 1 µM of selective protein 
kinase C-δ inhibitor, RN. (A) The LOX-1 mRNA levels was measured with 
reverse transcription‑quantitative polymerase chain reaction and expressed 
as fold-changes to that of HCAECs under normal culture conditions (0 µg/ml 
ox-LDL treatment) for 24 h (designated as 1). (B) The LOX-1 protein levels 
were measured with western blot analyses: Lane 1, HCAECs under normal 
culture conditions (0 µg/ml ox-LDL treatment) for 24 h; lanes 2-8, HCAECs 
treated with 90 µg/ml ox-LDL for 48 h; and plus, lane 2, NC; lane 3, VC; 
lane 4, SC; lane 5, LV-lincRNA-p21; lane 6, LV-lincRNA-p21 + RN; lane 7, 
lincRNA-p21-siRNA; lane 8, RN. b-actin blotting was used as a loading 
control. Density of the LOX-1 blot was normalized against that of the β-actin 
blot to obtain a relative blot density, which was expressed as fold-changes to 
that of HCAECs under normal culture conditions (0 µg/ml ox-LDL treatment) 
for 24 h (designated as 1). *P<0.05 vs. NC, VC and SC. HCAECs, human 
coronary artery endothelial cells; ox-LDL, oxidized low-density lipoprotein; 
LV, lentivirus; NC, no LV transduction; VC, blank control lentivirus; SC, 
scramble control lentivirus; lincRNA-p21, long intergenic noncoding RNA 
p21; RN, Rottlerin; siRNA, small interfering RNA.

Figure 5. Effect of linkRNA-p21 on PKCδ activity and p-PKCδ levels in 
in HCAECs under ox-LDL treatment. HCAECs were transduced with 
LV-lincRNA-p21 or LV-lincRNA-p21-siRNA to overexpress or knockdown 
lincRNA-p21, respectively. NC, VC and SC were used as controls. The cells 
were treated with 90 µg/ml ox-LDL for 48 h with or without 1 µM selective 
PKCδ inhibitor, RN. (A) The PKCδ activity was measured and expressed as 
fold-changes to that of HCAECs under normal culture conditions (0 µg/ml 
ox-LDL treatment) for 24 h (designated as 1) (B) Levels of total PKCδ and 
p-PKCδ at Tyr 155 were determined by western blot analyses: Lane 1, HCAECs 
under normal culture conditions (0 µg/ml ox-LDL treatment) for 24 h; lanes 2-8, 
HCAECs treated with 90 µg/ml ox-LDL for 48 h; and plus, lane 2, NC; lane 3, 
VC; lane 4, SC; lane 5, LV-lincRNA-p21; lane 6, LV-lincRNA-p21 + RN; 
lane 7, lincRNA-p21-siRNA; lane 8, RN. The total PKCδ level was not signifi-
cantly altered by ox-LDL treatment. Density of the p-PKCδ (Tyr 155) blot was 
normalized against that of total PKCδ to obtain a relative blot density, which 
was expressed as fold-changes to that of HCAECs under normal culture condi-
tions (0 µg/ml ox-LDL treatment) for 24 h (designated as 1). *P<0.05 vs. NC, SC 
and VC. HCAECs, human coronary artery endothelial cells; ox-LDL, oxidized 
low-density lipoprotein; PKCδ, protein kinase C δ; p-, phosphorylated; LV, 
lentivirus; NC, no LV transduction; VC, blank control lentivirus; SC, scramble 
control lentivirus; lincRNA-p21, long intergenic noncoding RNA p21; RN, 
Rottlerin; siRNA, small interfering RNA.
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and/or ii) directly activating p53. As inhibition of PKCδ activity 
blocked the majority, but not all, of the enhancing effect of 
lincRNA-p21 on oxLDL-induced expression of LOX-1 and 
apoptosis, other mechanisms may be involved. Future studies 
are required to determine this.

Other than atherosclerosis, LOX-1 is reportedly also critical in 
the pathogenesis of hypertension, myocardial infarction, conges-
tive heart failure, vascular diseases and thrombosis (7). It will be 
intriguing to determine the role of oxLDL/LOX-1/lincRNA-p21 
signaling in other cardiovascular diseases in addition to athero-
sclerosis in future studies. In conclusion, the findings of the 
present study suggest that lincRNA-p21 is a major mediator of 
oxLDL-induced expression of LOX-1 and apoptosis in human 
vascular endothelial cells, predominantly by activating PKCδ. 
This provides novel insights into the role of lincRNA-p21 in the 
pathogenesis of atherosclerosis.
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