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Abstract 

Background: Although long non-coding RNA differentiation antagonizing non-
protein coding RNA (DANCR) has been reported to be involved in atherosclerosis (AS) 
development, its specific mechanism remains unclear.

Methods: DANCR expression levels in blood samples of AS patients and oxidized 
low-density lipoprotein (ox-LDL) treated vascular smooth muscle cells (VSMCs) and 
human umbilical vein endothelial cells (HUVECs) were detected by quantitative real-
time polymerase chain reaction (qRT-PCR). The small interfering RNA targeting DANCR 
(si-DANCR) was used to silence DANCR expression. Cell viability was assessed by 
CCK-8 assay. Cell apoptosis was evaluated by flow cytometry. Levels of inflammatory 
cytokines, anti-oxidative enzyme superoxide dismutase (SOD) activity, and malonal-
dehyde (MDA) were detected by specific commercial kits. An animal AS model was 
established to confirm the role of DANCR/microR-214-5p/COX20 (the chaperone of 
cytochrome c oxidase subunit II COX2) in AS development.

Results: DANCR was significantly increased in the blood samples of AS patients and 
ox-LDL treated VSMCs and HUVECs. DANCR downregulation obviously increased viabil-
ity and reduced apoptosis of ox-LDL-treated VSMCs and HUVECs. Meanwhile, DANCR 
downregulation reduced the levels of inflammatory cytokines, including interleukin 
(IL)-6 (IL-6), IL-1beta (IL-1β), IL-6 and tumor necrosis factor (TNF)-alpha (TNF-α) and MDA 
while increasing the SOD level in ox-LDL-treated VSMCs and HUVECs. DANCR regulated 
COX20 expression by acting as a competing endogenous RNA (ceRNA) of miR-214-5p. 
Rescue experiments demonstrated that miR-214-5p downregulation obviously attenu-
ated si-DANCR-induced protective effects on ox-LDL-caused endothelial injury.

Conclusions: Our results revealed that DANCR promoted AS progression by targeting 
the miR-214-5p/COX20 axis, suggesting that DANCR might be a potential therapeutic 
target for AS.
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Introduction
Atherosclerosis (AS) is a chronic inflammatory disorder and the most common 
leading cause of cerebrovascular diseases (CVD) [1, 2]. Its pathogenesis is not 
well understood, which is one of the reasons for its high mortality [3]. It has been 
reported that endothelial cell dysfunction is an essential process for AS progression 
[4]. Oxidative low-density lipoprotein (ox-LDL) is an accepted substance for mim-
icking AS conditions in vitro via stimulating endothelial cell dysfunction [5]. There-
fore, understanding the specific molecular mechanisms involved in ox-LDL-induced 
endothelial cell dysfunction may contribute to developing efficient diagnostic and 
therapeutic targets for AS.

Long non-coding RNAs (lncRNAs), a type of RNA transcripts more than 200 
nucleotides in length, have been reported to participate in various biological and 
pathological processes [6]. Many lncRNAs have been shown to regulate AS progres-
sion by acting as competing endogenous RNAs (ceRNAs) of microRNAs (miRNAs) 
[7]. For example, OIP5-AS1 reduces ox-LDL-treated HUVEC injury via miR-30c-5p-
mediated NF-kappaB signaling [8]. NEAT1 regulates endothelial functions in sub-
clinical hypothyroidism by targeting the miR-126/TRAF7 axis [9]. PCA3 reduces 
lipid accumulation and AS progression by regulating the miR-140-5p/RFX7/
ABCA1 signaling pathway [10]. Differentiation antagonizing non-protein coding 
RNA (DANCR), a widely studied lncRNA, has been reported to participate in the 
development of various human cancers such as non-small cell lung cancer [11] and 
colorectal cancer [12]. Recently, Zhang et al. found that DANCR participated in AS 
development by regulating ABCA1 [13], indicating that DANCR plays an important 
role in AS progression.

MiRNAs are another type of non-coding RNAs with regulatory functions [14]. 
MiR-214-5p, a newly identified miRNA, has been reported to regulate the progres-
sion of human diseases such as acute kidney injury [15], bone defects [16], prostate 
cancer [17], and breast cancer [18]. Interestingly, previous studies reported that 
DANCR could act as a ceRNA of miR-214-5p to impact the development of human 
diseases, such as non-small lung cancer [19] and pancreatic cancer [20]. Based on this 
evidence, we speculated that DANCR might play a role in AS progression through 
modulating miR-214-5p.

COX20 is a subunit of cytochrome c oxidase and is also known as the chaperone of 
cytochrome c oxidase subunit II (COX2) [21]. Although the function of COX20 in AS 
development remains unclear, COX2 could stimulate inflammation, thereby aggra-
vating AS progression [22]. COX2 inhibition might aid in preventing AS progression 
[23]. As one of the essential chaperones of COX2 [21, 24], COX20 might also play an 
important role in AS. Our study aimed to investigate the potential regulatory rela-
tionship between DANCR and miR-214-5p and the role of COX20 in AS.

In this study, we confirmed that DANCR was significantly upregulated in the blood 
samples of AS patients and ox-LDL treated VSMCs and HUVECs. DANCR negatively 
regulated miR-214-5p by acting as its ceRNA. Furthermore, COX20 was identified as 
a direct target of miR-214-5p. Both in  vitro and in  vivo experiments demonstrated 
that DANCR/miR-214-5p/COX20 closely participated in AS progression and could 
be a potential therapeutic target for AS treatment.
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Materials and methods
Clinical samples

A total of 60 volunteers, including 30 AS patients and 30 healthy controls, were recruited 
at Harrison International Peace Hospital between 2017 and 2020. Atherosclerosis was 
diagnosed with transthoracic echocardiography and carotid ultrasonography. The diag-
nostic criteria for AS required that the main blood vessels of the coronary artery have 
more than 50% stenosis. Meanwhile, patients with cancers, congestive heart failure, val-
vular heart diseases, hematological system diseases, autoimmune diseases, and/or infec-
tion were excluded. The blood samples from 60 volunteers were collected. All patients 
were diagnosed for the first time without any drug treatment, and blood samples were 
collected at the initial diagnosis stage. Table 1 shows the clinical characteristics of AS 
patients.

Cell culture and treatment

HEK-293A, VSMCs, and HUVECs were purchased from ATCC and cultured in RPMI-
1640 medium (Gibco, USA) supplemented with 10% fetal bovine serum (FBS, Invitro-
gen, Carlsbad, USA) in a 37  °C incubator with 5%  CO2. To mimic the atherosclerosis 
condition, 1 ×  106 cells were seeded into six-well plates. After being cultured overnight, 
cells were treated with 25, 50, and 100 μg/ml oxidized low-density lipoprotein (ox-LDL) 
(UnionBiol, Beijing, China) for 48 h, or treated with 50 μg/ml ox-LDL for 6, 12, 24, and 

Table 1 Baseline characteristics of the subjects

Data are presented as mean ± SD. Pearson χ2 test. *P < 0.05 was considered statistically significant

BMI Body Mass Index, TC total cholesterol, TG triglycerides, LDL low‑density lipoprotein, HDL high‑density lipoprotein

Variables Control group AS group p value

Sample size 30 30 –

Gender, number (%)

 Female 14 (46.7) 13 (43.3) 0.605

 Male 16 (53.3) 17 (56.7)

Age (years), mean ± SD 60.54 ± 9.21 64.60 ± 8.61 0.251

BMI (kg/m2), media (IQR) 22.89 (1.52) 23.15 (2.53) 0.49

Diabetes, number (%)

 Yes 13 (43.3) 15 (50) 0.629

 No 17 (56.7) 15 (50)

Hypertension, number (%)

 Yes 12 (40) 18 (40) 0.602

 No 18 (60) 12 (60)

Smoke, number (%)

 Yes 14 (46.7) 15 (50) 0.667

 No 16 (53.3) 15 (50)

Alcohol, number (%)

 Yes 16 (53.3) 15 (50) 0.7

 No 14 (46.7) 15 (50)

TC (mmol/L) 1.21 ± 0.55 1.45 ± 0.65 0.209

TG (mmol/L) 4.01 ± 0.98 4.35 ± 0.73 0.299

LDL (mmol/L) 2.02 ± 0.81 2.56 ± 0.64 0.384

HDL (mmol/L) 1.19 ± 0.47 1.17 ± 0.34 0.977
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48 h. To explore the function of DANCR in AS, cells were treated with 50 μg/ml ox-LDL 
for 48 h.

Cell transfection

MiR-214-5p mimics, miR-214-5p inhibitor and their negative controls (miR-NC and 
inhibitor NC), as well as the small interfering RNA targeting DANCR (si-DANCR) and 
the negative control si-NC, were designed by and purchased from GenePharma (Shang-
hai, China). The sequence of si-DANCR is 5′-UCG GAG GUG GAU UCUGU UA-3′, and 
the sequence of si-NC is 5′-AGC CAA CTA TCC CTT CAG T-3′. 1 ×  106 cells were seeded 
into six-well plates, and cell transfection was performed with 50 nM mimics/inhibitor/
si-RNAs using Lipofectamine 2000 (Invitrogen), and subjected to 50 μg/ml ox-LDL for 
48 h, then cells were used for the following analysis.

CCK‑8 assay

In brief, 1 ×  104 transfected VSMCs and HUVECs were seeded into 96-well plates and 
treated with 50 μg/ml ox-LDL for 48 h. Then 10 μl of CCK-8 reagent (CCK-8, Dojindo 
Molecular Technologies, Japan) was added, and cells were incubated for another 4  h. 
Finally, the absorbance at 450 nm was measured using a microplate reader.

Apoptosis analysis

Cell apoptosis was assessed using Annexin V-fluorescein isothiocyanate (FITC) apop-
tosis detection kit (Beyotime, China). Briefly, 1 ×  106 transfected VSMCs and HUVECs 
were seeded into 6-well plates and treated with 50 μg/ml ox-LDL for 48 h. Cells were 
then incubated with 5 μl of FITC and 5 μl of PI for 20 min. The percentage of apoptotic 
cells was calculated by FACSCalibur (BD Biosciences, Australia).

Quantitative real‑time polymerase chain reaction (qRT‑PCR)

Total RNAs were extracted from blood samples and cells using TRIzol reagent (Invit-
rogen). cDNAs were synthesized via reverse transcription of approximately 1.2  μg of 
total RNAs using PrimeScript RT Master Mix (TaKaRa, Dalian, China). The real-time 
PCR reactions were performed using the Thermal Cycler Dice Real-Time PCR System 
(TaKaRa) at 95 ℃ for 10 s followed by 45 cycles of 95 ℃ for 5 s, 60 ℃ for 10 s, and 72 ℃ 
for 10 s and extension at 72 ℃ for 5 min. The RNA expression was analyzed using the 
 2−ΔΔCt method. GAPDH and U6 were used as the endogenous references for lncRNA/
mRNA and miRNA, respectively. The primers are shown in Table 2.

Western blot

Total proteins were extracted using RIPA lysis buffer. Equal amounts of proteins were 
separated by 12% SDS-PAGE and transferred onto polyvinylidene difluoride (PVDF) 
membranes. After being blocked, the membranes were incubated with primary anti-
bodies against COX20 (1:1000, ab18197, Abcam), caspase 3 (1:1000, ab32147, Abcam), 
cleaved caspase 3 (1:1000, ab53699, Abcam), Bax (1:500, ab32503, Abcam), Bcl-2 (1:500, 
ab32124, Abcam) and GAPDH (1:1000, ab181602, Abcam) overnight at 4 °C. Protein sig-
nals were observed by a chemiluminescence detection system, and relative expression 
levels of target proteins were analyzed using Image-Pro Plus 6.0.
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Oxidative stress assay

To evaluate oxidative stress in  vitro, 1 ×  104 transfected VSMCs and HUVECs were 
seeded into 96-well plates and treated with 50 μg/ml ox-LDL for 48 h. The anti-oxidative 
enzyme superoxide dismutase (SOD) activity and malonaldehyde (MDA) content were 
detected using the appropriate specific detection kits.

ELISA assay

About 1 ×  104 transfected VSMCs and HUVECs were seeded into 96-well plates and 
treated with 50  μg/ml ox-LDL for 48  h. The levels of inflammatory cytokines includ-
ing IL-1β, IL-6, and TNF-α were measured using appropriate specific commercial 
detection kits. The concentrations of high-density lipoprotein cholesterol (HDL-c), low-
density lipoprotein cholesterol (LDL-c), and total cholesterol (TC) in mouse serum were 
detected using appropriate specific commercial detection kits.

Luciferase reporter assay

The binding sites among DANCR, miR-214-5p, and COX20 were predicted by TargetS-
can. To confirm their binding sites, wild type (WT) and mutant (MUT) DANCR and 
COX20 containing miR-214-5p binding sites were synthesized by GenePharma (Shang-
hai, China) and cloned into the luciferase reporter vector pmirGLO (Promega, Madi-
son, Wisconsin). The recombinant luciferase reporter vectors were co-transfected with 
miR-214-5p mimics or miR-NC into VSMCs and HUVECs using Lipofectamine 2000. 
After transfection for 48 h, the relative luciferase activities were measured using the dual 
luciferase reporter system.

Adenovirus construction

The full-length DANCR and miR-214-5p were subcloned in an adenoviral shuttle vec-
tor, pAdtrace-Tox, to construct pAdtrace-DANCR or pAdtrace-miR-214-5p, which were 
further verified by DNA sequencing. The pAdtrace-DANCR or pAdtrace-miR-214-5p 
were transfected into AdEasier cells (BJ5183 cell) to generate recombinant adenovi-
rus AAV-DANCR or AAV-miR-214-5p. The recombinant adenoviruses were ampli-
fied in HEK-293A cells, purified using  CsCl2 banding, and dialyzed against 10  mM 

Table 2 The sequences of specific primers

Gene name Primer sequence (5ʹ to 3ʹ)

DANCR Forward: 5ʹ-GCC ACT ATG TAG CGG GTT TC-3ʹ
Reverse: 5ʹ-ACC TGC GCT AAG AAC TGA GG-3ʹ

miR-214-5p Forward: 5ʹ-GCC GAG TGC CTG TCT ACA CT-3ʹ
Reverse: 5ʹ-CTC AAC TGG TGT CGT GGA -3ʹ

COX20 Forward: 5ʹ-TCT GTT GTG GCT GGC TTT GGAC-3ʹ
Reverse: 5ʹ-CTT CTC TGG CAA TTC TTT CCTGG-3ʹ

GAPDH Forward: 5ʹ-ATC CAC GGG AGA GCG ACA T-3ʹ
Reverse: 5ʹ-CAG CTG CTT GTA AAG TGG AC-3ʹ

U6 Forward: 5ʹ-ACA GAT CTG TCG GTG TGG CAC-3ʹ
Reverse: 5ʹ-GGC CCC GGA TTA TCC GAC ATTC-3ʹ
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Tris-buffered saline with 10% glycerol. These viruses were titrated using the Adeno-X 
Rapid Titer kit (BD Biosciences Clontech, Palo Alto, CA, USA) according to the manu-
facturer’s instructions.

Animal model

All C57BL/6J mice, including 18  ApoE−/− mice and 6 normal mice (6–8 weeks, weigh-
ing 16–21 g), were purchased from Vital River Laboratory Animal Technology Co., Ltd., 
(Beijing, China). The animal model with AS was established by feeding with an athero-
genic diet (10% cholesterol, 10% lard, 78% basal feed, and 2% cholate) for 8 weeks as pre-
viously described [25]. Normal mice in the sham group were fed with a normal diet (ND), 
and  ApoE−/− mice in the AS model group received a high-fat diet (HFD) for 12 weeks. 
After that, 18 model mice were injected with 200 μl of adenovirus (1 ×  1010 pfu/ml) over-
expressing miR-214-5p and COX20 (AAV-miR-214-5p and AAV-COX20) through tail 
vein injection twice a week for the last 4 weeks. The empty adenoviruses without any 
exogenous gene were used as the negative control (AAV-mock). Finally, mice were anes-
thetized by intraperitoneally injecting 3% pentobarbital sodium (Sigma-Aldrich). After 
collecting blood samples, mice were sacrificed for the subsequent pathological morpho-
logic analysis. Each group included six mice.

Hematoxylin and eosin (H&E) staining assay

After sacrifice, the aortas of mice were removed and sectioned into 5 μm thick aorta sec-
tions. The morphological changes were observed after H&E staining as described previ-
ously [26]. The images were captured using an optical microscope (Olympus) at 400× 
magnification.

Statistical analysis

Data were presented as mean ± SD, and statistical analysis was performed using SPSS 
18.0 software. Each experiment was repeated three independent times. The difference 
between two groups was determined by Student’s t test or one-way ANOVA. p < 0.05 
was considered as the significance threshold.

Results
DANCR was significantly upregulated in AS

The clinical characteristics were not significantly different between AS patients and 
healthy controls (Table 1). However, DANCR was significantly upregulated in the blood 
samples of AS patients (Fig.  1A). To confirm this finding, we stimulated VSMCs and 
HUVECs with ox-LDL (25, 50, and 100  μg/ml) for 48  h and found that DANCR was 
significantly upregulated in ox-LDL treated cells (Fig. 1B). Later, 50 μg/ml ox-LDL was 
selected for the subsequent experiments. Figure 1C showed that DANCR was obviously 
upregulated in 50  μg/ml treated VSMCs and HUVECs. These results suggested that 
DANCR might play a potential role in AS.

DANCR downregulation ameliorated ox‑LDL‑induced endothelial injury in vitro

VSMCs and HUVECs were transfected with small interfering RNA targeting DANCR 
(si-DANCR) and then treated with 50 μg/ml ox-LDL for 48 h. The transfection efficiency 
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was confirmed by qRT-PCR (Fig.  2A). Si-DANCR significantly increased viability and 
reduced apoptosis of ox-LDL-treated VSMCs and HUVECs compared with si-NC 
(Fig. 2B, C). The levels of apoptosis-related proteins were detected by Western blot, and 
the results showed that si-DANCR obviously increased the Bcl-2 level, while it reduced 
Bax and cleaved caspase 3 levels in ox-LDL-treated VSMCs and HUVECs (Fig. 2D). In 
addition, si-DANCR significantly reduced the levels of inflammatory cytokines (IL-1β, 
IL-6, and TNF-α) and MDA, while increasing the SOD level in ox-LDL-treated VSMCs 
and HUVECs (Fig. 2E–G). These results indicated that DANCR downregulation amelio-
rated ox-LDL-induced endothelial injury in vitro.

DANCR served as a ceRNA of miR‑214‑5p

TargetScan was used to predict the binding site between DANCR and miR-214-5p, and 
the results are shown in Fig. 3A. To determine their binding relationship, miR-214-5p 
mimics and inhibitor were transfected into VSMCs and HUVECs, and the transfection 
efficiencies were confirmed by qRT-PCR (Fig.  3B). Luciferase reporter assay was per-
formed, and the results indicated that miR-214-5p mimics significantly reduced the 
relative luciferase activity of DANCR WT compared with miR-NC in both VSMCs and 
HUVECs but had no effect on DANCR MUT (Fig. 3C). Meanwhile, si-DANCR signifi-
cantly increased miR-214-5p expression in VSMCs and HUVECs compared with si-NC 
(Fig. 3D). Moreover, miR-214-5p was markedly downregulated in blood samples of AS 
patients compared with that in healthy volunteers (Fig. 3E). In addition, Fig. 3F showed 
a time-dependent reduction of miR-214-5p in 50  μg/ml ox-LDL-treated VSMCs and 
HUVECs. These results suggested that DANCR might serve as a ceRNA of miR-214-5p.

Fig. 1 DANCR was significantly upregulated in AS. A DANCR expression in blood samples of AS patients was 
evaluated by qRT-PCR. B VSMCs and HUVECs were subjected to ox-LDL (25, 50, and 100 μg/ml) treatment for 
48 h. DANCR expression was evaluated by qRT-PCR. C VSMCs and HUVECs were subjected to 50 μg/ml ox-LDL 
treatment for different times. DANCR expression was evaluated by qRT-PCR. Each experiment was repeated 
three independent times. *p < 0.05, **p < 0.01, and ***p < 0.001
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COX20 was a target of miR‑214‑5p

TargetScan was applied to predict the targets of miR-214-5p, and the results suggested 
that COX20 might be a direct target of miR-214-5p (Fig. 4A). The results of the lucif-
erase reporter assay showed that miR-214-5p mimics significantly reduced the relative 
luciferase activity of COX20 WT compared with miR-NC in both VSMCs and HUVECs 
but did not affect that of COX20 MUT (Fig. 4B). Meanwhile, miR-214-5p mimics sig-
nificantly reduced the COX20 level at both mRNA and protein levels in VSMCs and 
HUVECs compared with miR-NC (Fig.  4C, D). These results suggested that COX20 
might be a direct target of miR-214-5p.

MiR‑214‑5p downregulation obviously attenuated the protection of si‑DANCR 

against ox‑LDL‑induced endothelial injury

Next, rescue experiments were performed by co-transfecting si-DANCR and miR-
214-5p inhibitor into VSMCs and HUVECs. CCK-8 and flow cytometry assays of these 
cells treated with 50 μg/ml ox-LDL for 48 h revealed that co-transfection of si-DANCR 
and miR-214-5p inhibitor significantly reduced cell viability and promoted apoptosis of 

Fig. 2 DANCR downregulation ameliorated ox-LDL-induced endothelial injury in vitro. VSMCs and 
HUVECs were transfected with si-DANCR or si-NC and then treated with 50 μg/ml ox-LDL for 48 h. A 
DANCR expression was detected by qRT-PCR. B CCK-8 assay. C Flow cytometry assay. D Expression of 
apoptosis-related proteins was detected by Western blot. The original images are shown in Additional file 1. E 
Expression of inflammatory cytokines was detected by ELISA assay. F, G Levels of MDA (F) and SOD (G) were 
evaluated by specific detection kits. Each experiment was repeated three independent times. **p < 0.01 and 
***p < 0.001
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ox-LDL-treated cells compared with the si-DANCR plus inhibitor NC group (Fig. 5A, 
B). In addition, si-DANCR obviously reduced COX20 expression at both mRNA and 
protein levels in ox-LDL-treated VSMCs and HUVECs compared with si-NC (Fig. 5C, 
D). These results indicated that miR-214-5p downregulation attenuated the protective 
role of si-DANCR in ox-LDL-induced endothelial injury via upregulating COX20.

DANCR/miR‑214‑5p/COX20 participated in the development of AS in vivo

To investigate the role of the DANCR/miR-214-5p/COX20 axis in vivo, an animal model 
with AS was established. The results of H&E staining showed that the aortic sinus plaque 
area was notably reduced in the AS model group compared with the control group 
(Fig. 6A), suggesting that the AS model was successfully established. The levels of inflam-
matory cytokines (IL-1β, IL-6, and TNF-α) and MDA were significantly increased, while 
the level of SOD was decreased in the blood samples of the AS animal model compared 

Fig. 3 DANCR served as a ceRNA of miR-214-5p. A The binding site between DANCR and miR-214-5p was 
predicted by TargetScan. B MiR-214-5p mimics and inhibitor were transfected into VSMCs and HUVECs, and 
the transfection efficiencies were confirmed by qRT-PCR. C Luciferase reporter assay. D VSMCs and HUVECs 
were transfected with si-DANCR or si-NC, and miR-214-5p expression was detected by qRT-PCR. E MiR-214-5p 
expression in blood samples of AS patients was evaluated by qRT-PCR. F VSMCs and HUVECs were subjected 
to 50 μg/ml ox-LDL for different times. MiR-214-5p expression was evaluated by qRT-PCR. Each experiment 
was repeated three independent times. *p < 0.05, and **p < 0.01 vs. miR-NC or control group; ##p < 0.01 vs. 
inhibitor NC group
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with the control group (Fig. 6B, C). Meanwhile, both DANCR and COX20 were signifi-
cantly upregulated, while miR-214-5p was downregulated in the blood samples of the 
AS animal model compared with the control group (Fig.  6D). In addition, the adeno-
virus overexpressing miR-214-5p and COX20 were injected into mice to overexpress 
them, and qRT-PCR results showed that AAV-miR-214-5p significantly increased the 
miR-214-5p level, and AAV-COX20 significantly increased the COX20 level in the blood 
samples of the AS animal model compared with the control group (Fig. 6E, F) Moreover, 
miR-214-5p overexpression obviously reduced the lipid deposition area of the AS animal 
model, and COX20 overexpression further increased the lipid deposition area (Fig. 6G). 
In addition, lipid profiles in mice serum were examined. The results showed that the 
levels of HDL-c, LDL-c, and TC in the AAV-mock group were significantly higher than 
those in the sham group, AAV-miR-214-5p reduced the levels of HDL-c and TC com-
pared with the AAV-mock group, while AAV-COX20 increased the levels of LDL-c and 
TC compared with the AAV-mock group (Additional file 1: Fig. S1). These results sug-
gested that DANCR/miR-214-5p/COX20 closely participated in the development of AS 
in vivo.

Discussion
Increasing evidence has shown an important role of lncRNA-mediated pathogenic 
mechanisms involved in AS progression and also highlighted the regulatory axis of the 
lncRNAs–miRNA–mRNA network [27, 28]. The present study revealed a regulatory axis 
of DANCR/miR-214-5p/COX20 in ox-LDL induced endothelial injury and in an animal 
model in vivo, providing a potential targeted therapeutic means for AS.

Fig. 4 COX20 was a target of miR-214-5p. A The binding site between miR-214-5p and COX20 was predicted 
by TargetScan. B Luciferase reporter assay. C, D VSMCs and HUVECs were transfected with miR-214-5p mimics 
or miR-NC, and COX20 expression was evaluated by qRT-PCR (C) and Western blot (D). The original images are 
shown in Additional file 1. Each experiment was repeated three independent times. *p < 0.05, and **p < 0.01
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Further, we identified that DANCR acted as a ceRNA of miR-214-5p, and the 
luciferase reporter assay confirmed their binding relationships. Rescue experiments 
showed that miR-214-5p downregulation obviously eliminated the protection of si-
DANCR in ox-LDL-induced endothelial injury, and also that miR-214-5p was a direct 
downstream miRNA of DANCR [19, 20] and mediated the function of DANCR in 
AS progression. It has been reported that lncRNA-mediated cell proliferation and 
apoptosis of smooth muscle and endothelial cells, inflammation, and oxidative stress 
were closely associated with the pathogenic processes during AS progression [29–31]. 
Hence, we explored the effects of DANCR on these important factors and found that 
DANCR downregulation reduced the levels of inflammatory cytokines (IL-1β, IL-6, 
and TNF-α) and MDA while it increased the SOD level in ox-LDL-treated VSMCs 

Fig. 5 MiR-214-5p downregulation obviously attenuated si-DANCR-induced protection against 
ox-LDL-induced endothelial injury. A, B VSMCs and HUVECs were transfected with si-DANCR, si-NC, or 
co-transfected with si-DANCR and inhibitor NC, or co-transfected with si-DANCR and miR-214-5p inhibitor, 
and then cells were treated with 50 μg/ml ox-LDL for 48 h. A CCK-8 assay. B Flow cytometry assay. C, D 
VSMCs and HUVECs were transfected with si-DANCR or si-NC, and then treated with 50 μg/ml ox-LDL for 
48 h. COX20 expression was evaluated by qRT-PCR (C) and Western blot (D). The original images are shown 
in Additional file 1. Each experiment was repeated three independent times. **p < 0.01 vs. si-NC; ##p < 0.01 vs. 
si-DANCR plus inhibitor NC group
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and HUVECs. These data revealed that DANCR downregulation could efficiently 
reduce the inflammatory response and oxidative stress during AS progression, con-
tributing to our understanding of the pathogenic mechanism during AS development. 
In addition, DANCR has been identified as the ceRNA of several target miRNAs 
other than miR-214-5p, such as miR-185-5p [32], miR-874-3p [33], miR-1301-3p [34], 
miR-185-5p [35], miR-345-5p [36], miR-125b-5p [37], and miR-144-3p [38]. Since one 
lncRNA might target one or more downstream miRNAs [39], we hypothesized that 
DANCR might also have other target miRNAs that participated in the function of this 
lncRNA in AS progression. We will investigate this hypothesis in subsequent experi-
ments in the future.

To further explore the specific mechanism of miR-214-5p in AS, TargetScan was 
applied and the prediction showed that there was a putative binding site between miR-
214-5p and the 3ʹ UTR of COX20. Luciferase reporter assay determined that miR-
214-5p could directly bind to the 3ʹ UTR of COX20. DANCR could positively regulate 
the expression of COX20. COX20 is a mitochondrial inner membrane protein and has 
been identified as a chaperone of COX2, a subunit of cytochrome c oxidase [40]. Pre-
vious studies indicated that COX20 was important for the tolerance to oxidative stress 

Fig. 6 DANCR/miR-214-5p/COX20 participated in development of AS in vivo. A Representative micrographs 
of the lesion areas in the aortic sinus were observed by H&E staining at ×400 magnification, scale 
bar = 50 μm. B, C Levels of inflammatory cytokines (B), MDA, and SOD (C) in blood samples of AS animal 
model were detected by specific detection kits. D Expression of DANCR, miR-214-5p, and COX20 in blood 
samples of AS animal model was evaluated by qRT-PCR. E, F Adenovirus overexpressing miR-214-5p and 
COX20 were injected into mice, and expression of miR-214-5p (E) and COX20 (F) in blood samples of AS 
animal model was evaluated by qRT-PCR. G Representative micrographs of lesion areas in the aortic sinus 
were observed by H&E staining. ×400 magnification, scale bar = 50 μm. There were six mice in each group. 
Each experiment was repeated three independent times. **p < 0.01 and ***p < 0.001
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[41]. However, the role of COX20 in AS progression has not been studied. Our results 
showed that COX20 was significantly upregulated in the blood samples of an AS animal 
model, and COX20 overexpression obviously promoted the progression of AS in vivo, 
indicating that the role of COX20 in AS might be due to its role in oxidative stress. This 
study investigated the roles of DANCR, miR-214-5p, and COX20 in the proliferation, 
apoptosis, inflammation, and oxidative stress of ox-LDL-treated VSMCs and HUVECs, 
reinforcing that this axis might be a novel therapeutic target for AS.

In this study, we also observed the significant changes in the lipid profile of the experi-
mental mice after the injections of adenovirus genetic constructs (Additional file 1: Fig. 
S1), and these changes might be real reasons for acceleration or deceleration of athero-
sclerotic lesions. In addition, considering that the main target of adenoviral gene deliv-
ery is the liver [42], the possible role of DANCR/miR-214-5p/COX20 signaling in the 
regulation of lipid metabolism in hepatocytes was also suggested. This conjecture should 
be investigated in the future.

In summary, our study demonstrated that DANCR downregulation attenuated AS 
progression via regulating the miR-214-5p/COX20 axis, contributing to our understand-
ing of the pathogenesis in AS.
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