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Abstract

Circular RNAs (circRNAs) have been discovered to serve as vital regulators in atherosclerosis (AS). However, the role
and mechanism of circ_0002331 in AS process are still unclear. Human umbilical vein endothelial cells (HUVECSs) were
treated with ox-LDL to establish an in vitro model for AS. The expression levels of circ_0002331, Cyclin D2 (CCND2)
and ELAVLI were analyzed by quantitative real-time PCR. Cell proliferation, apoptosis, migration, invasion and angiogen-
esis were assessed by EdU assay, flow cytometry, transwell assay and tube formation assay. The protein levels of CCND2,
ELAVLI, and autophagy-related markers were detected using western blot analysis. IL-8 level was analyzed by ELISA.
The relationship between ELAVL1 and circ_0002331 or CCND2 was analyzed by RIP assay and RNA pull-down assay.
Moreover, FISH assay was used to analyze the co-localization of ELAVL1 and CCND2 in HUVECs. Our data showed that
circ_0002331 was obviously downregulated in AS patients and ox-LDL-induced HUVECs. Overexpression of circ_0002331
could promote proliferation, migration, invasion and angiogenesis, while inhibit apoptosis, autophagy and inflammation in
ox-LDL-induced HUVECs. Furthermore, CCND2 was positively regulated by circ_0002331, and circ_0002331 could bind
with ELAVL1 to promote CCND2 mRNA stability. Besides, CCND2 overexpression suppressed ox-LDL-induced HUVECs
dysfunction, and its knockdown also reversed the regulation of circ_0002331 on ox-LDL-induced HUVECs dysfunction. In
conclusion, circ_0002331 might be a potential target for AS treatment, which could improve ox-LDL-induced dysfunction
of HUVEC:S via regulating CCND2 by binding with ELAVLI.
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Background

Atherosclerosis (AS), a chronic inflammatory disease that
occurs in arterial wall, is the leading pathological basis of
multiple-site vascular diseases [1, 2]. Additionally, the mor-
tality rate of vascular diseases has already surpassed carci-
noma in recent years [3]. Endothelial cells are important
parts of vasculature and play important roles in maintaining

Handling Editor: Amie Lund.

M Xiufeng Yu
t3v2acq@163.com

Department of Cardiovascular Medicine, Lishui People’s
Hospital, Lishui, Zhejiang, China

Department of Emergency Medicine, Lishui People’s
Hospital, No. 1188 Liyang Street, Yanquan Avenue, Liandu
District, Lishui 323000, Zhejiang, China

vascular homeostasis [4]. Besides, ox-LDL has been identi-
fied to be involved in many AS relevant cellular processes
[5, 6]. Therefore, exploring the molecular mechanisms that
affect ox-LDL-induced endothelial cell dysfunction are nec-
essary to discover new potential target for AS treatment.
Circular RNAs (circRNAs) are non-coding RNAs with
stable circular structure formed by back-splicing [7]. Impor-
tantly, circRNAs have been reported to mediate disease
process by regulating multiple cellular activities, including
proliferation, oxidative stress, and autophagy [8]. At pre-
sent, many circRNAs are confirmed to participate in AS pro-
cess. For example, circ_CHMPS5 might be a target for AS
treatment, which was upregulated in AS patients and could
inhibit proliferation and angiogenesis in ox-LDL-induced
human umbilical vein endothelial cells (HUVECsS) [9]. On
the contrary, circ_0026218 could suppress ox-LDL-induced
HUVEC:s apoptosis, oxidative stress and inflammation, so
it played a negative role in AS process [10]. Therefore, the
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search for effective circRNAs may be of great significance
for AS treatment.

Through circRNA microarray analysis, Li et al. found
943 differentially expressed circRNAs in HUVECs treated
with or without ox-LDL, among which circ_0002331 was
significantly downregulated in ox-LDL-induced HUVECs
[11]. However, the role of circ_0002331 is AS process
is still unclear. Our study aimed to explore the role of
circ_0002331 in ox-LDL-induced HUVECs dysfunction
and to reveal its underlying mechanism. This study showed
that circ_0002331 could improve ox-LDL-induced dysfunc-
tion in HUVECsS. In addition, we found that circ_0002331
interacted with RNA-binding protein ELAVLI to regulate
the mRNA stability of Cyclin D2 (CCND2). These results
suggest that circ_0002331 may be a molecular target for
AS therapy.

Materials and Methods
Specimen Collection

This research was approved by the Ethics Committee of
Lishui People's Hospital. Written informed consents were
acquired from all participants. A total of 30 AS patients
(44-72 years old; 18 males and 12 females) and 30 healthy
normal controls (39-70 years old; 18 males and 12 females)
were recruited from the Lishui People's Hospital. In AS
group (n=30), AS patients with >50% stenosis of at least
one of the major coronaries were recruited (Supplementary
Fig. 1). The clinical pathological features of AS patients are
shown in Table 1. In addition, patients with any malignant
tumor, trauma, acute and chronic infection, liver or kidney
disease, cerebrovascular accident, or recent surgical history
were excluded. In normal control group (n=30), age-, sex-,
and ethnicity-matched healthy volunteers were included. The
blood was harvested from each participant and the serum

Table 1 Clinical characteristics of AS patients (n=30)

Variable Number
Gender (male/female) 18/12

Age (year) 60.32+12.34
Drinking, n (%) 14 (46.67)
Smoking, n (%) 17 (56.67)
Total cholesterol (mmol/L) 4.86+0.63
HDL-C (mmol/L) 0.95+0.14
LDL-C (mmol/L) 3.97+0.35
Hypertension, n (%) 18 (60.00)
Diabetes, n (%) 13 (43.33)

AS, atherosclerosis; LDL, low-density lipoprotein; HDL, high-den-
sity lipoprotein
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was prepared by centrifugation. This research was approved
by the Ethics Committee of Lishui People's Hospital. Writ-
ten informed consents were acquired from all participants.

Cell Lines and Cell Culture

HUVECs (Biovector NTCC, Beijing China) were propa-
gated in RPMI-1640 medium (Gibco, Carlsbad, CA, USA)
containing 10% FBS, 1% Penicillin—Streptomycin, 0.1 mg/
mL heparin and 0.05 mg/mL ECGs under standard cul-
ture conditions (5% CO,, 37 °C). For ox-LDL stimulation,
HUVECs were incubated with different concentration of ox-
LDL (Invitrogen, Carlsbad, CA, USA) for 24 h or incubated
with 100 mg/L of ox-LDL for different time. HUVECs were
transfected with the small interfering RNA (siRNA, 50 nM)
and pcDNA overexpression vector (4.0 pg) of circ_0002331,
CCND?2, ELAVLI, as well as corresponding negative con-
trols (si-NC and vector) by Lipofectamine 3000 (Invitrogen).

Quantitative Real-Time PCR (qRT-PCR)

Total RNAs isolated by TRIzol (Invitrogen) were reverse-
transcribed into cDNA using cDNA synthesis kit (Takara,
Dalian, China). After that, qRT-PCR was conducted using
the SYBR Green (Takara) in PCR detection system follow-
ing thermocycling conditions: 95 °C for 1 min, 40cycles of
95 °C for 15 s, 55 °C for 30 s and 72 °C for 30 s. Expres-
sion was calculated using 272" method and normalized
to GAPDH. The sequences of primers: circ_0002331 (F
5’-CTCCCAACCTCATGGTCAGT-3’; R 5’-CTCATC
CTCCTCGTCCTCTG-3’); CCND2 (F 5’-CTGTCTCTG
ATCCGCAAGCAT-3’; R 5°-GGTGGGTACATGGCA
AACTTAAA-3’); ELAVLI1 (F 5°-GGGTGACATCGG
GAGAACG-3’; R 5’-CTGAACAGGCTTCGTAACTCAT-
3’); GAPDH (F 5’-CTGGGCTACACTGAGCACC-3’; R
5’-AAGTGGTCGTTGAGGGCAATG-3’). For subcellular
localization assay, RNA was isolated from the cytoplasmic
and nuclear of HUVECs using Cytoplasmic and Nuclear
RNA Purification Kit (Amyjet scientific, Wuhan, China).
Then, circ_0002331 expression was measured by qRT-PCR
with GAPDH as a cytoplasmic control and U6 as a nuclear
control.

Cell Proliferation Assay

According to EdU Kit (Ribobio, Guangzhou, China),
HUVECs were seeded into a 96-well plate (2x 10° cells per
well) and then incubated with EdU diluent for 2 h. After fix-
ing with 4% paraformaldehyde for 15 min, cells were treated
with glycine and TritonX-100. Then, cells were stained with
Apollo and DAPI solution for 30 min. Fluorescence images
were captured under a microscope, and EdU-positive cells
were analyzed using Image J software.
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Fig. 1 Circ_0002331 expression in AS patients and ox-LDL-induced
HUVECs. (A) The basic information of circ_0002331. (B) The char-
acteristic of circ_0002331 was verified by agarose gel electropho-
resis. (C) The level of circ_0002331 was determined by qRT-PCR
in serum specimens (n=30). (D) The clinical diagnostic value of

Cell Apoptosis Assay

After treatment and transfection, HUVECs were digested
with trypsin. The single cell suspension (5 x 10° cells) was
added into the binding buffers containing Annexin V-FITC
and PI (Beyotime, Shanghai, China) for 15 min. The apop-
totic cells were analyzed under an FACS Calibur flow
cytometer.

Western Blot Assay

Total proteins were extracted by RIPA buffer (Beyotime).
After quantified by a BCA kit (Beyotime), proteins were
loaded onto SDS-PAGE gel and then shifted onto PVDF
membranes. After incubated with the primary antibodies at

ox-LDL (100 mg/L)

circ_0002331 was analyzed by ROC curves in AS patients (n=30).
(E) Circ_0002331 expression in the cytoplasmic and nuclear of cells
was detected by qRT-PCR. (F,G) Circ_0002331 level was measured
by qRT-PCR in ox-LDL-induced HUVECs. *P <0.05, **P<0.01,
***P <0.001

4 °C overnight, membranes were reacted with the secondary
antibodies (1:2000 dilution; Boster, Wuhan, China) at room
temperature for 1 h. The protein was visualized by ECL rea-
gent (Beyotime). The primary antibodies were: anti-Bcl-2
(1:1500 dilution; Boster), anti-Cleavsed-caspase 3 (1:1500
dilution; Boster), anti-Bax (1:1500 dilution; Boster), anti-
LC3I/LC3II (1:1500 dilution; Boster), anti-Beclin-1 (1:1500
dilution; Boster), anti-p62 (1:1500 dilution; Boster), anti-
CCND2 (1:1500 dilution; Boster), anti-p-eNOS (1:1000
dilution; Invitrogen), anti-eNOS (1:1000 dilution; Invitro-
gen) and anti-GAPDH (1:2000 dilution; Boster).
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Fig.2 Effects of circ_0002331 on ox-LDL-induced HUVECs func-
tions. (A) The level of circ_0002331 was measured by qRT-PCR in
HUVEC:s transfected with circ_0002331 or vector. (B-K) HUVECs
were divided into 4 groups: con, ox-LDL, ox-LDL + vector, and ox-
LDL +circ_0002331 groups. EdU assay (B) and flow cytometry
(C,D) were used to assess cell proliferation and apoptosis. (E) The

Migration and Invasion Assays

HUVECs (1 x 10° cells/well for migration and 4 x 10° cells/
well for invasion) were seeded into the upper chamber of
24-well transwell chamber (Corning, Franklin Lakes, NJ,
USA) with serum-free medium, while the medium con-
tained 10% FBS was added into lower chamber. After 24 h,
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expression of Bcl-2, Cleavsed-caspase 3, and Bax was quantified by
WB. (F,G) Transwell assay was employed to measure the migration
and invasion of HUVECs. (H,I) WB was used to show the protein
expression levels of LC3I/LC3II, Beclin-1, p62, and p-eNOS/eNOS.
(J) Branch number was analyzed by tube formation assay. (K) IL-8
level was examined by ELISA. *P <0.05, **P <0.01, ***P <0.001

migrated cells on the basal side of the membrane were fixed
by 4% formaldehyde and stained by crystal violet. Each well
was photographed under the microscope. Transwell chamber
was coated with Matrigel (Corning) for invasion assay, and
other steps were same as that in cell migration assay.
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Tube Formation Assay

HUVEC:s were seeded into 96-well plates (1 X 10* cells/well)
pre-coated with Matrigel (Corning). Following incubation
for 24 h, the number of branches was counted under a micro-
scope with Image-Pro Plus software.

ELISA

The culture medium of HUVECSs was collected for the meas-
urement of IL-8 level according to the instructions of Human
IL-8 ELISA Kit (R&D Systems, Minneapolis, MN, USA).

RIP and RNA Pull-Down Assays

RIP assay was conducted with an RIP kit (Millipore, Bed-
ford, MA, USA). HUVECs were lysed by RIP buffer and
then interacted with anti-ELAVL1 or anti-IgG embrac-
ing magnetic beads. The immunoprecipitated RNAs were
extracted for qRT-PCR assay.

HUVECs were incubated with Bio-circ_0002331 probe
and Bio-NC probe (RiboBio). After 48 h, whole-cell

lysates from HUVECs was pulled down by streptavidin-
coupled magnetic beads (Millipore). The pull-down com-
plexes were collected for qRT-PCR assay to detect the
ELAVLI enrichment.

FISH Assay

HUVECs were fixed in paraformaldehyde, permeabilized in
Triton X-100, and incubated with the corresponding FISH
probes (Genechem, Shanghai, China) in the hybridization
solution. After staining with DAPI, the cells were imaged
under a laser confocal microscope.

Statistical Analysis

All experiments were performed in triplicate, with each
independent experiment set 3 times. All analyses were
conducted by GraphPad Prism 7. Results were exhibited as
mean + SD. Student’s #-test or ANOVA was used to analyze
significance of difference for groups. P-value less than 0.05
was defined to be statistically significant.
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Fig.3 CCND2 was positively regulated by circ_0002331. (A) The
serum level of CCND2 was determined by qRT-PCR in serum speci-
mens (n=230). (B) Pearson’s correlation analysis was used to analyze
relationship between CCND2 and circ_0002331 in serum specimens
(n=30). (C,D) CCND2 protein expression was detected by WB

analysis in serum specimens and ox-LDL-induced HUVECs. (E) The
transfection efficiency of si-circ_0002331 was confirmed by qRT-
PCR. (F) CCND2 protein expression was determined by WB assay
in HUVEC:S transfected with circ_0002331 overexpression vector and
si-circ_0002331. **P <0.01, ***P <0.001
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«Fig.4 Circ_0002331 regulated CCND2 mRNA stability by ELAVLI.
(A) Circinteractome predicted the circ_0002331 binding site on
ELAVLI. RIP assay (B) and RNA pull down assay (C) were used to
assess the interaction between circ_0002331 and ELAVLI. (D) Star-
base predicted the CCND2 binding site on ELAVLI. (E) The associa-
tion between CCND2 and ELAVLI1 was analyzed by RIP assay. (F)
FISH assay was used to analyze the co-localization of ELAVLI and
CCND2 in HUVECs. (G) The transfection efficiencies of si-ELAVL1
and ELAVLI1 overexpression vector were confirmed by WB analy-
sis. (H) CCND2 protein expression was detected by WB assay in
HUVEC:S transfected with si-ELAVL1 and ELAVLI overexpression
vector. (I) Actinomycin D assay was used to analyze the mRNA sta-
bility of CCND2 in HUVECs transfected with si-circ_0002331 and
ELAVLI1 overexpression vector. (J) CCND2 protein expression was
measured by WB assay in HUVECs transfected with circ_0002331
overexpression vector and si-ELAVLI. ***P <0.001

Results

Circ_0002331 was Downregulated in AS Serum
Samples and ox-LDL-Induced HUVECs

Circ_0002331 is derived from the back-splicing of FBXW8
gene (Fig. 1A). Circ_0002331 only could be amplified by
cDNA but no products were observed in gDNA (Fig. 1B),
confirming that circ_0002331 was generated by back-
splicing. Circ_0002331 was obviously decreased in the
serum of AS patients compared to normal control group
(Fig. 1C). Interestingly, ROC assay showed that the AUC
of circ_0002331 was 0.8867 (Fig. 1D), indicating that
circ_0002331 might be a diagnostic biomarker for AS
patients. Besides, circ_0002331 was mainly located in the
cytoplasm of cells (Fig. 1E). Moreover, circ_0002331 was
lowly expressed in ox-LDL-induced HUVECs in a con-
centration-dependent manner and time-dependent manner
(Fig. 1F, G). These results showed that circ_0002331 might
play an important role in AS progression.

Circ_0002331 Overexpression Promoted
ox-LDL-Induced HUVECs Cell Functions

Then, gain-of-functional experiments were used to identify
the roles of circ_0002331 in ox-LDL-induced HUVECs. As
shown in Fig. 2A, circ_0002331 was significantly overex-
pressed in HUVECs transfected with circ_0002331 over-
expression vector. Circ_0002331 upregulation enhanced
the EdU positive cell rate and reduced the apoptosis in
ox-LDL-induced HUVECs (Fig. 2B-D). Treatment with
ox-LDL decreased Bcl-2 level, increased Cleaved-caspase
3 level and enhanced Bax level in HUVECSs, which was
overturned by circ_0002331 overexpression (Fig. 2E). The
suppressive effects of ox-LDL on the migration and invasion
of HUVECs was abolished by circ_0002331 overexpres-
sion (Fig. 2F, G). Considering autophagy was closely tied
to endothelial dysfunction, we also measured the expression

of autophagy-related proteins, and found that ox-LDL
increased LC3II/LC3I and Beclin-1 levels while decreased
p62 level in HUVECs, which was rescued by circ_0002331
overexpression (Fig. 2H). Besides, eNOS is a subtype of
NOS that regulate the production of NO, which has an
important influence on AS [12]. It was reported that ox-
LDL exerts its cytotoxicity by reducing eNOS expression to
promote endothelial cells apoptosis, thereby accelerating the
progression of AS [12, 13]. Next, we further investigated the
expression level of eNOS in ox-LDL-induced HUVECs. As
displayed in Fig. 21, ox-LDL significantly inhibited the phos-
phorylation of eNOS, while overexpression of circ_0002331
partly overturned this effect. Dr. JA Berliner and colleagues
reported that minimally ox-LDL (MM-LDL) and ox-PAPC
can activate human aortic endothelial cells to produce mono-
cyte chemotactic activators and IL-8 [14, 15]. Here, we also
measured angiogenesis and IL-8 levels. Our data showed
that ox-LDL reduced the number of branches and promoted
IL-8 level in HUVECsS, and these effects were abolished by
circ_0002331 overexpression (Fig. 2J, K). Therefore, these
findings implied that circ_0002331 promoted proliferation,
migration, invasion, and angiogenesis, while repressed
apoptosis, autophagy, and inflammation in ox-LDL-induced
HUVECS.

CCND2 was Positively Regulated by Circ_0002331
in HUVECs

In the serum of AS patients, CCND2 had decreased expres-
sion and was positively correlated with circ_0002331
expression (Fig. 3A, B). The results of WB indicated that
CCND2 was lowly expressed in the serum of AS patients
and ox-LDL-induced HUVECs (Fig. 3C, D). After trans-
fection with si-circ_0002331 into HUVECsS, circ_0002331
expression was markedly decreased, indicating the suc-
cessful transfection (Fig. 3E). Importantly, CCND2 protein
expression could be promoted by circ_0002331 overexpres-
sion and reduced by circ_0002331 knockdown (Fig. 3F).
All data revealed that circ_0002331 positively regulated
CCND2 expression in HUVECs.

Circ_0002331 Regulated CCND2 mRNA Stability
by ELAVL1

Basing on the Circinteractome prediction, circ_0002331
is found to have binding sites with ELAVLI1 (Fig. 4A).
Then, RIP assay suggested that circ_0002331 was enriched
in anti-ELAVL1 (Fig. 4B), and RNA pull-down assay
uncovered that ELAVL1 enrichment was increased in Bio-
circ_0002331 probe group (Fig. 4C). These data indicated
that circ_0002331 could bind with ELAVL1. Besides,
Starbase software predicted that CCND2 could bind to
ELAVLI1 (Fig. 4D), and RIP assay showed that CCND2
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enrichment was markedly enhanced in anti-ELAVL1
(Fig. 4E). Besides, the co-localization of ELAVLI and
CCND?2 in cells was observed by FISH assay (Fig. 4F).
Furthermore, ELAVLI1 protein expression was silenced
by si-ELAVLI1 and promoted by ELAVLI1 overexpres-
sion vector (Fig. 4G). CCND?2 protein expression could
be reduced by ELAVL1 knockdown and increased by
ELAVLI1 overexpression (Fig. 4H). In addition, actino-
mycin D results showed that circ_0002331 knockdown
inhibited the mRNA stability of CCND2, and this effect
could be reversed by overexpression of ELAVL1 (Fig. 41).
The promotion effect of circ_0002331 on CCND2 protein
expression could also be abolished by ELAVL1 knock-
down (Fig. 4]). Thus, we believed that circ_0002331 pos-
itively regulated CCND2 mRNA stability by recruiting
ELAVLI.

CCND2 Overexpression Suppressed ox-LDL-Induced
HUVECs Apoptosis, Autophagy and Inflammation

Then, the effect of CCND2 on ox-LDL-induced HUVECs
functions was investigated. WB assay indicated that CCND2
was overexpressed in HUVEC: transfected with CCND2 over-
expression vector than that in control group (Fig. SA). Upreg-
ulation of CCND?2 reversed the ox-LDL-induced inhibitory
effect on EAU positive cell rate (Fig. SB). CCND?2 overexpres-
sion reduced apoptosis rate, Cleaved-caspase 3 and Bax lev-
els, while increased Bcl-2 level in ox-LDL-induced HUVECs
(Fig. 5C, D). Also, migration and invasion were inhibited in
ox-LDL-induced HUVECs, which was rescued by CCND2
overexpression (Fig. 5E, G). Moreover, CCND2 abolished ox-
LDL-dependent autophagy by decreasing the levels of LC3I1/
LC3I and Beclin-1 and increasing the level of p62 (Fig. SH).
In addition, CCND?2 overexpression also relieved ox-LDL-
induced dephosphorylation of eNOS (Fig. 5I). Besides,
upregulation of CCND2 enhanced the number of branches and
reduced IL-8 level in ox-LDL-induced HUVECs (Fig. 5J, K).
All data suggested that CCND2 could relieve ox-LDL-induced
dysfunctions in HUVECs.

Circ_0002331 Regulated ox-LDL-Induced HUVECs
Functions by CCND2

To determine whether circ_0002331 regulated ox-LDL-
induced HUVECs functions through CCND2, ox-LDL-
induced HUVECs were co-transfected with circ_0002331
overexpression vector and si-CCND2. Under ox-LDL condi-
tion, the enhancement effect of circ_0002331 overexpression
on HUVEC: proliferation was weakened by CCND2 knock-
down (Fig. 6A). Circ_0002331 upregulation inhibited cell
apoptosis, Cleaved-caspase 3 and Bax levels, and enhanced
Bcl-2 level in ox-LDL-induced HUVECSs, which were
reversed by silencing CCND2 (Fig. 6B, C). The migration
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and invasion of HUVECS were increased in ox-LDL-induced
HUVEGC:s after upregulation of circ_0002331, which was
rescued by CCND2 knockdown (Fig. 6D, F). The autophagy
inhibition was found in ox-LDL-induced HUVECs when
overexpression of circ_0002331, which was abolished by
CCND?2 silencing (Fig. 6G). Besides, the promotion effect
of circ_0002331 on eNOS phosphorylation and branch
number, as well as the inhibition effect on IL-8 level, were
partly reversed by CCND2 knockdown (Fig. 6H, J). These
data showed that circ_0002331 suppressed ox-LDL-induced
HUVEC:s dysfunction by regulating CCND2 expression.

Discussion

Although the pathogenesis of AS is multifaceted and
unclear, but it is universally acknowledged that endothe-
lial cells injury is the initiating phase for AS progression
[16, 17]. According to previous reports, ox-LDL is a com-
monly accepted rick factor for AS, and ox-LDL after oxi-
dative modification can promote AS more severely [5, 6].
Consistent with previous researches [18, 19], our study
was performed in ox-LDL-treated HUVECsS. In our current
research, circ_0002331 was downregulated in AS serum
and ox-LDL-induced HUVECs. Furthermore, circ_0002331
overexpression promoted proliferation, migration, invasion
and angiogenesis, while inhibited apoptosis, autophagy and
inflammation in ox-LDL-induced HUVECsS, supporting the
protective role of circ_0002331 in AS.

CCND?2 belongs to the cyclin D-type family protein,
which acts biological function via mediating the cyclin-
dependent kinase (CDK) signaling [20]. Dysregulation of
CCND?2 is found to be associated with cell proliferation,
indicating that CCND2 may be a key pro-proliferative cyclin
[21, 22]. A previous study confirmed the role of CCND2 in
endothelial cells, implying the potential association between
CCND?2 and vascular diseases [23]. Huang et al. revealed
that CCND2 decreased ox-LDL-triggered anti-proliferative
effects in HUVECs [24]. Analogously, Wu et al. discovered
that CCND?2 could suppress apoptosis and promote prolif-
eration in HUVECs [25]. Consistent with these reported,
our study confirmed that CCND2 overexpression enhanced
proliferation, migration, invasion and angiogenesis, while
suppressed apoptosis, autophagy and inflammation in ox-
LDL-induced HUVECs. Besides, we found that CCND2
expression was positively regulated by circ_0002331, and
its knockdown abolished the effect of circ_0002331 on ox-
LDL-induced HUVECs dysfunction. These results provide
evidence that circ_0002331 regulates AS process through
CCND2.

Several aberrantly expressed circRNAs, including
circ_0002331, have been identified in AS. At present,
most researches focus on investigating circRNA-mediated
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regulatory networks in the progression of AS. However,
there are few reports on how circRNAs decrease/increase
in cells. Current research suggests that some RNA-binding
proteins can bind to circRNAs flanking intron sequences,
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(H,I) The protein levels of LC3I/LC3II, Beclin-1, p62, and p-eNOS/
eNOS were analyzed by WB assay. (J) Branch number was tested
by tube formation assay. (K) IL-8 level was analyzed by ELISA.
**P<0.01, ***P<0.001

thereby participating in the regulation of the generation of
circRNAs [26]. By searching CircInteractome database,
we found that the flanking regions of circ_0002231 con-
tained the RNA-binding sites of ELAVLI. Importantly, the
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cell proliferation and apoptosis. (C) WB was used to test expression

binding sites between ELAVL1 and CCND2 were discov-
ered by Starbase software. Further analysis showed that
circ_0002331 promoted CCND2 mRNA stability by inter-
acting with ELAVL1. This is a new finding for in our study.

Collectively, our results showed that circ_0002331
protected HUVECSs from ox-LDL-induced dysfunction
through ELAVL1/CCND?2 axis. Therefore, circ_0002331/
ELAVLI1/CCND?2 axis might provide significant theoreti-
cal foundation for developing novel therapies for AS in
the future. However, we have only validated this at the
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molecular and cellular level, and animal studies in vivo
are needed to further confirm our findings. In addition,
activated endothelial cell induced leukocyte recruitment
and adhesion, which exerted a pivotal role in AS develop-
ment [27]. Thus, the next phase of our project is to inves-
tigate the correlation between leukocyte-endothelial cell
interaction and circ_0002331/ELAVL1/CCND?2 axis in AS
development.
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Conclusion

To sum up, our data revealed that circ_0002331 overex-
pression alleviated ox-LDL-induced HUVECsSs apoptosis,
autophagy and inflammation. Mechanistically, circ_0002331
could interact with ELAVLI1 to regulate CCND2 mRNA
stability, thereby protecting HUVECS from ox-LDL-induced
dysfunction. Our finding highlights circ_0002331 as a new
potential molecular targets for AS therapy.
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