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Abstract: An increasing amount of research is demonstrating the role of long noncoding RNAs (lncRNAs) in human 
cardiovascular disease, and in particular, atherosclerosis. To date, the mechanism through which lncRNA OIP5-AS1 
regulates the oxidative low-density lipoprotein (ox-LDL)-mediated endothelial cell apoptosis is still unclear. Results 
from this study found that lncRNA OIP5-AS1 was significantly over-expressed in the human umbilical vein endothelial 
cells (HUVECs) administered with ox-LDL. The silencing of OIP5-AS1 inhibited apoptosis and promoted proliferation 
via inducing G0/G1 cycle arrest. Chromatin immunoprecipitate (ChIP) revealed that lncRNA OIP5-AS1 reduced GSK-
3β expression through recruiting EZH2, a critical element of the Polycomb Repressive Complex 2 (PRC2) complex 
that directly bind with the GSK-3β promoter region. Rescue experiments validated that GSK-3β could eliminate the 
effect of OIP5-AS1 on HUVECs. Overall, these findings suggest that lncRNA OIP5-AS1 accelerates ox-LDL mediated 
vascular endothelial cell apoptosis through targeting GSK-3β via recruiting EZH2, providing potential therapeutic 
strategies for atherosclerosis. 
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Introduction

Atherosclerosis (AS) is a cardiovascular dis-
ease where the arteries harden and narrow due 
to a build-up of plaque, and is the main cause 
of coronary heart disease, cerebral infarction 
and peripheral vascular disease [1-3]. Athero- 
sclerosis is a complicated pathophysiological 
processe, involving lipid disorders, endothelial 
dysfunction, inflammatory cell infiltration and 
vascular smooth muscle cell differentiation [4, 
5]. The pathological basis of atherosclerosis  
is characterized by the involvement of arterial 
lesions in vascular endothelial cells (VECs) 
found in lipid metabolic disorders [6].

The rapid expansion and sophistication of ge- 
nome sequencing technology has allowed for  
a more complete understanding of the role of 
noncoding RNAs (ncRNAs) [7]. Among the types 
of ncRNAs, long noncoding RNAs (lncRNAs) are 
an essential element in epigenetic regulation 
via multiple mechanisms, including transcrip-

tional and posttranscriptional mechanisms.  
For example, lncRNA LINC00305 expression is 
significantly up-regulated in hypoxia induce hu- 
man umbilical vein endothelial cells (HUVECs), 
and enhances apoptosis and suppresses prolif-
eration of HUVECs via targeting miR-136 [8]. 
Further, lncRNA TCONS_00024652 is highly 
expressed in TNF-α-induced HUVECs and regu-
lates cell proliferation and angiogenesis via 
microRNA-21 [9]. 

An increasing number of studies support the 
finding that lncRNAs have an important regu- 
latory function in vascular endothelial cells  
[10]. To further investigate this mechanism, we 
conducted a series of experiments on the role 
of lncRNA OIP5-AS1 in the ox-LDL induced HU- 
VECs in an atherosclerosis simulation environ-
ment. In the current study, lncRNA OIP5-AS1 
was found to be highly expressed in the ox-LDL 
induced HUVECs, and regulates HUVEC prolif-
eration and apoptosis via inhibiting GSK-3β  
by recruiting the EZH2 at GSK-3β promotor. 
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with protease inhibitors (Roche, Basel, Switz- 
land). The lysates were transferred to the SDS 
loading buffer and separated by SDS-PAGE  
and transferred to PVDF member and blocked 
with 5% skim milk in TBST. The primary anti- 
bodies were incubated overnight at 4°C, and 
horseradish peroxidase-conjugated secondary 
antibody at room temperature. The final vision 
blot was visualized using chemiluminescence 
reagent (ECL) kit (Beyotime Biotechnology).

Flow cytometric apoptosis analysis 

Apoptosis was measured on the harvested 
cells (200 ml) using flow cytometric apoptosis 
analysis using the apoptosis Kit. For the apo- 
ptosis, after being trypsinized and resuspend-
ed, HUVECs (1×105) were stained with Annexin 
V-FITC (5 ml) and propidium iodide (PI, 5 ml) for 
15 min at room temperature in the dark using 
the Apoptosis Detection kit (KeyGEN). For cycle 
analysis, the HUVECs were stained with prop-
idium iodide using Cell Cycle Detection kit 
(KeyGen) and analyzed with a FACScan flow 
cytometer (BD Biosciences, San Jose, CA, USA). 

Subcellular fractionation

The cellular localization of OIP5-AS1 was mea-
sured using the NUCLEI EZ PREP NUCLEI 
ISOLATION KIT (Sigma-Aldrich, St. Louis, MO, 
USA). The cytoplasm and nuclear fraction were 
isolated according to the manufacturer’s in- 
structions. After extraction, the precipitate was 
washed with PBS twice and resuspended with 
Nuclei EZ storage buffer.

Chromatin immunoprecipitation (ChIP)-PCR

The potential binding within the PRC2 complex 
(EZH2, H3K27me3 and LSD1) was detected 
using the ChIP assay using the EZ-Magna 
ChIPTM A/G Chromatin Immunoprecipitation Kit 
(Millipore) as previously described [11]. In the 
first step, the cross-linked chromatin DNA was 
unlocked to be short fragments using the  
sonication method. The antibodies (anti-EZH2, 
anti-H3K27me3) against each segment were 
then administrated to immunoprecipitate. Anti- 
body against immunoglobulin (IgG) acted as 
negative control. The value was analyzed by 
real-time PCR. 

Statistical analyses

Statistical analysis was carried out using SPSS 
(Chicago, IL, USA, vision 19.0) and GraphPad 

Materials and methods

Vascular endothelial cells culture 

Vascular endothelial cell (human umbilical vein 
endothelial cell, HUVECs) were obtained from 
Type Culture Collection of the Chinese Aca- 
demy of Sciences (Shanghai, China). HUVECs 
were cultured in DMEM (Dulbecco’s modified 
Eagle medium) supplemented with the 10% 
fetal bovine serum (FBS, Gibco, Gran Island, 
NY, USA) and 100 µg/ml penicillin/streptomy-
cin (Invitrogen; Thermo Fisher Scientific, Inc. 
USA).

Transfection 

For small interfering RNA oligonucleotides (si- 
RNA) transfection experiments, sequences we- 
re transfected into HUVECs with Lipofectamine 
2000 (Invitrogen) according to the manufactur-
er’s instructions. The HUVECs were harvested 
after 48 hours. All siRNA were designed and 
synthesized chemically (GenePharma, RiBio). 
The sequences of siRNAs are presented in 
Table S1. 

Quantitative RT-PCR

The total RNAs from HUVECs were extracted 
with TRIzol reagent (Invitrogen, Carlsbad, Calif, 
USA). Complementary DNA (cDNA) was isolated 
from the total RNA by reverse transcription 
using SuperScript First-Stand Synthesis sys- 
tem (Invitrogen, Carlsbad, Calif, US). PCR was 
carried out using the ReverTra Ace RT-PCR Kit 
(Toyobo, Osaka, Japan) on an ABI7500 real-
time PCR instrument (TaKaRa, Dalian, China). 
GAPDH was used as internal control and the 
final data was measured using the 2-ΔΔCt me- 
thod. 

Proliferative viability assay 

HUVECs were seeded into 96-well plates at a 
density of 5×103 cells per well. After the trans-
fection with siRNAs and the culture for 48 
hours, proliferative viability of HUVECs was 
detected using Cell Counting Kit-8 (CCK-8) 
(Dojindo, Japan) according to the manufactur-
er’s specifications.

Western blotting

Total cell lysates were extracted from the 
HUVECs using the RIPA lysis buffer (Cell Signal 
Technology, Danvers, MA, USA) supplemented 
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Figure 1. lncRNA OIP5-AS1 expression is up-regulated in the ox-LDL treated HUVECs. A. Schematic diagram for the 
location of OIP5-AS1 in chromosome 15 (chr15: 41,576,201-41,591,795). B. RT-PCR showed the level of OIP5-AS1 
in HUVECs treated with ox-LDL (0-150 mg/L). C. RT-PCR showed the level of OIP5-AS1 in HUVECs treated with ox-LDL 
(100 mg/L) following an increasing time gradient. **p value less than 0.01. 

Prism (La Jolla, CA, USA). The statistical ap- 
proaches were Student’s t-test and ANOVA 
analysis. P-value less than 0.05 was consid-
ered statistically significance. 

Results

LncRNA OIP5-AS1 expression is up-regulated 
in ox-LDL treated HUVECs

Results found that lncRNA OIP5-AS1 is a tran-
script of noncoding RNA located in the chro- 
mosome 15 (chr15: 41,576,201-41,591,795) 
(Figure 1A). In the HUVECs treated with ox-LDL 
(0-150 mg/L), lncRNA OIP5-AS1 was signifi-
cantly over-expressed following an increasing 
concentration gradient (Figure 1B). When the 
HUVECs were treated with ox-LDL (100 mg/L), 
lncRNA OIP5-AS1 was significantly over-expre- 
ssed following an increasing time gradient (Fi- 
gure 1C). These results suggest that lncRNA 
OIP5-AS1 expression is up-regulated in ox-LDL 
treated HUVECs. 

Silencing of lncRNA OIP5-AS1 accelerated the 
apoptosis of HUVECs 

Given that OIP5-AS1 is over-expressed in the 
ox-LDL treated HUVECs, loss-of-function experi-

ments were performed to investigate its role  
in HUVECs. The synthesized siRNAs targeting 
OIP5-AS1 were transfected into HUVECs to 
knockdown the level of OIP5-AS1 expression 
(Figure 2A). CCK-8 proliferative analysis found 
that ox-LDL administration decreased the ab- 
sorbance of HUVECs, whereas the siRNA-OIP5-
AS1 co-transfected recovered compared with 
other groups (Figure 2B). Flow cytometry apop-
tosis analysis revealed that ox-LDL administra-
tion enhanced the apoptosis of HUVECs and 
this was restored by siRNA-OIP5-AS1 transfec-
tion (Figure 2C). Flow cytometry cycle analysis 
showed that ox-LDL administration inhibited 
the cellular processes from the G1/G0 phase 
to the S phase, inducing the cycle arrest of 
HUVECS (Figure 2D) and siRNA-OIP5-AS1 tr- 
ansfection rescued it. Therefore, this data sh- 
ow that silencing of lncRNA OIP5-AS1 acceler-
ated HUVEC apoptosis.

LncRNA OIP5-AS1 reduced the GSK-3β expres-
sion through PRC2 complex 

To investigate the underlying mechanism by 
which OIP5-AS1 regulates the pathological pro-
cess, the subcellular location of OIP5-AS1 in 
HUVECs was determined. Results found that 
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Figure 2. Silencing of lncRNA OIP5-AS1 accelerated the apoptosis of HUVECs. A. Specifically synthesized siRNAs targeting OIP5-AS1 were transfected into HUVECs. 
B. CCK-8 proliferative analysis stated the absorbance of HUVECs administrated by ox-LDL and siRNA-OIP5-AS1 transfection. C. Flow cytometry apoptosis analysis re-
vealed apoptosis of HUVECs administered with ox-LDL and siRNA-OIP5-AS1 transfection. D. Flow cytometry cycle analysis cycle distribution of HUVECs administered 
with ox-LDL and siRNA-OIP5-AS1 transfection. **p value less than 0.01. *p value less than 0.05. 
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Figure 3. LncRNA OIP5-AS1 reduced GSK-3β through PRC2 complex. A. The subcellular location of OIP5-AS1 in HU-
VECs was measured using cell cytoplasm/nucleus fraction analysis. B. Western blot analysis revealed that GSK-3β 
protein was under-expressed in the ox-LDL treated HUVECs, which was negatively correlated with that of OIP5-AS1. 
C, D. Western blot analysis showed the GSK-3β protein in HUVECs transfected with siRNA and enhanced plasmid 
for OIP5-AS1. E, F. Chromatin immunoprecipitate (ChIP) followed by qRT-PCR showed the levels relative to IgG im-
munoprecipitate in HUVECs of EZH2 and LSD1 binding and H3K27me3 occupany at GSK-3β promoter region. **p 
value less than 0.01. *p value less than 0.05.

lncRNA OIP5-AS1 is primarily located in the the 
nucleus rather than cytoplasm (Figure 3A). The 
level of GSK-3β protein was under-expressed in 
the ox-LDL treated HUVECs, which was nega-
tively correlated with that of OIP5-AS1 (Figure 
3B). To investigate the relationship between 
OIP5-AS1 and GSK-3β, siRNA and enhanced 
plasmid was respectively transfected for OIP5-
AS1 into HUVECs, and data showed that OIP5-
AS1 was negatively correlated with GSK-3β  
protein in HUVECs (Figure 3C, 3D). Chromatin 
immunoprecipitate (ChIP) followed by qRT-PCR 
showed that EZH2, H3K27me3 and LSD1 were 
directly bound to the GSK-3β promoter region 
in HUVECs (Figure 3E). OIP5-AS1 silencing in- 
hibited the EZH2 and LSD1 binding and reduced 

the H3K27me3 occupation at GSK-3β promot-
er region (Figure 3F). In conclusion, we found 
that lncRNA OIP5-AS1 can reduce GSK-3β 
expression through PRC2 complex binding at 
its promoter region. 

GSK-3β rescues the role of lncRNA OIP5-AS1 
in HUVECs 

Results found that lncRNA OIP5-AS1 reduces 
GSK-3β expression through EZH2, and the 
expression of EZH2 and GSK-3β was negative 
(Figure 4A). Rescue experiments were per-
formed using CCK-8 assay and flow cytometry 
analysis. Cycle analysis revealed that GSK-3β 
silencing induced by si-GSK-3β could acceler-
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Figure 4. GSK-3β rescues the role of lncRNA OIP5-AS1 on HUVECs. A. RT-PCR showed the negative expression of 
EZH2 and GSK-3β. B. Cycle analysis revealed the cycle progression of HUVECs induced by si-GSK-3β transfection 
and siRNA OIP5-AS1 transfection. C. CCK-8 assay measured the proliferation of HUVECs after transfection. D. Apop-
tosis of HUVECs transfected with si-GSK-3β and siRNA OIP5-AS1. **p value less than 0.01. *p value less than 0.05. 

ate the cycle progression, whereas the co-
transfection of si-GSK-3β and siRNA OIP5-AS1 
could recover it (Figure 4B). CCK-8 analysis 
found that GSK-3β silencing decreased HU- 
VECs proliferative ability, and the co-transfec-
tion of si-GSK-3β and siRNA OIP5-AS1 rescued 
it (Figure 4C). GSK-3β silencing promoted apo- 
ptosis, while the co-transfection of si-GSK-3β 
and siRNA OIP5-AS1 reduced apoptosis (Figure 
4D). Thus, we concluded that GSK-3β rescues 
the role of lncRNA OIP5-AS1 in HUVEC apopto-
sis and proliferation. 

Discussion

Increasing evidence shows that lncRNAs are 
involved in numerous pathophysiological pro-
cesses in humans including cardiovascular dis-
ease [12-14]. This study aimed to investigate 
the potential role of lncRNAs in vascular endo-
thelial cells in atherosclerosis and characterize 
the underlying mechanism.

Research shows that lncRNA OIP5-AS1 is an 
oncogene involved in human cancers, including 
osteosarcoma, colorectal cancer, and hepato-
blastoma [15, 16]. For example, OIP5-AS1 is 

increased in osteosarcoma tissue and cells 
and silencing OIP5-AS1 expression significantly 
reduced proliferation and accelerated apopto-
sis. It also triggered G0/G1 phase cycle arrest 
via inhibiting miR-223 by targeting CDK14  
Mrna [17]. In lung adenocarcinoma, OIP5-AS1 
directly sponges miR-448 and Bcl-2 to regulate 
cell proliferation, migration and invasion [18]. 
Taken together, this research suggests that 
OIP5-AS1 plays a role in human disease. 

In this study, OIP5-AS1 level was significantly 
increased in ox-LDL administrated HUVECs in  
a dose- and time-dependent manner. Functi- 
onal experiments showed that OIP5-AS1 silenc-
ing inhibits proliferation, accelerates apoptosis 
and induces the cycle arrest of HUVECs. The- 
refore, OIP5-AS1 might acts as a risk factor for 
atherosclerosis. The above results suggest that 
high levels of lncRNA OIP5-AS1 in the ox-LDL 
treated HUVECs can aggravate VEC injury and 
stimulate atherosclerosis.

Current research suggests that primary regula-
tive mechanism for lncRNA is transcriptional 
control and post-transcriptional control [19, 
20]. For example, competing endogenous RNA 
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(ceRNA), a vital category by which lncRNAs reg-
ulate downstream factors, interprets the most 
common epigenetics findings. In this work, 
OIP5-AS1 is primarily located in the nucleus 
rather than the cytoplasm, suggesting its po- 
tential role in transcriptional regulation. For the 
underlying mechanism, we found that OIP5-
AS1 could decrease GSK-3β expression via re- 
cruiting PRC2 complex, including EZH2, H3K27- 
me3 and LSD1. Through the complex, OIP5- 
AS1 directly inhibited the transcription of GSK-
3β, resulting in a negative correlation between 
OIP5-AS1 and GSK-3β.

The mechanism by which lncRNA directly or 
indirectly regulates the functional protein has 
been widely reported [21-24]. In osteosarcoma 
cells, HOXD-AS1 is over-expressed and epige-
netically represses p57 by recruiting enhancer 
of zeste homolog 2 (EZH2) to the promoter 
region of p57, indicating its oncogenic role [25]. 
In diabetic nephropathy, lncRNA LINC00968 
accelerates proliferation, extracellular matrix 
(ECM) protein (fibronectin, collagen IV) expres-
sion and fibrosis of mesangial cells by epige-
netically repressing p21 via recruiting EZH2 
[26]. 

Results from this study suggest that lncRNA 
OIP5-AS1 regulates proliferation and apoptosis 
in the HUVECs via recruiting the EZH2 to the 
promotor region of GSK-3β to reduce its expres-
sion. These finding might provide a novel target 
for atherosclerosis treatment. 
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Table S1. Primers sequences for qRT-PCR and sequences of siRNA
Sequences

si-OIP5-AS1-1# 5’-GTGACTTAAACAGCTTAAATT-3’
si-OIP5-AS1-2# 5’-TAAACAGTGACTTTAAATTGT-3’
si-OIP5-AS1-3# 5’-CATAAATTCTGAAATTAGTT-3’
OIP5-AS1 Forward, 5’-AGAGAATGGAGAGTGAGGCTACC-3’

Reverse, 5’-CCAGGCATGGACAGAGGGAT-3’
GSK-3β Forward, 5’-TGTGATGAAAGACGGCACAC-3’

Reverse, 5’-CTTCCTTTGGGTATTGTTTGG-3’
GAPDH Forward, 5’-AGAAGGCTGGGGCTCATTTG-3’

Reverse, 5’-AGGGGCCATCCACAGTCTTC-3’


