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Abstract. Circular RNAs (circRNAs) have been reported to participate in the development of various diseases. In this study,13

we investigated the potential mechanism underlying the role of circRNAs in atherosclerosis. Human umbilical vein endothelial14

cells (HUVECs) were treated with 100 �g/mL oxidized low-density lipoprotein (ox-LDL) to simulate atherosclerosis. We15

observed that hsa circ 0006867 (circ 0006867), a circRNA markedly increased in ox-LDL-treated endothelial cells, acted as16

a molecular sponge of miR-499a-3p and regulated its expression. This interaction led to changes in the downstream target gene17

ADAM10, thus affecting cell apoptosis and migration. Thus, our study suggests that circ 0006867 regulates ox-LDL-induced18

endothelial injury via the circ 0006867/miR-499a-3p/ADAM10 axis, indicating its potential as an exploitable therapeutic19

target for atherosclerosis.
20
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1. Introduction21

Atherosclerosis (AS) is a complex process involving lipoprotein metabolism, inflammation, oxida-22

tive stress and endothelial injury, which is generally considered to be the common pathological23

mechanism of many cardiovascular diseases [1]. Under physiological conditions, endothelial cells24

are key regulators of vascular homeostasis [2]. Oxidized low-density lipoprotein (ox-LDL)-evoked25

endothelial cell injury is considered to be an important factor in the pathogenesis of AS [3]. However,26

the pathogenesis of AS is still unclear.27

MicroRNAs (miRNAs) are short (approximately 22 nucleic acids) single-stranded noncoding RNAs28

found in almost all living organisms and have been reported to participate in the progression of many29

diseases [4–7]. Several studies have highlighted the potential role of abnormally expressed miRNAs30

as new biomarkers and intervention targets in atherosclerosis [8, 9]. For example, downregulation of31
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miR-211-5p in AS patients indicates a poor prognosis [10]. MiR-455-5p inhibits cell proliferation32

and migration by targeting SOCS3 and is considered to be a reliable predictor of atherosclerosis risk.33

MiR-34a was found to influence the progression of atherosclerosis by regulating Bcl-2 [11].34

MiR-499a-3p has been detected at high levels in AS patient serum and could promote endothelial35

cell proliferation and migration by directly regulating myocyte enhancement factor 2C (MEF2C) [12].36

In contrast, our present study showed that miR-499a-3p expression was significantly decreased in37

ox-LDL-induced endothelial cells, which prompted us to further explore the regulatory mechanism.38

Circular RNAs (circRNAs), which are covalent closed-loop single-stranded RNA without 5’ and39

3’ poly A tails, are widely distributed throughout the human transcriptome and function as com-40

petitive endogenous RNAs (ceRNAs) by sponging miRNAs, thereby regulating gene expression and41

influencing disease progression [13–15]. For example, silencing circIRAK1 promotes viability and42

angiogenesis of ox-LDL-stimulated endothelial cells by regulating the miR-330-5p/TRIM14 axis [16].43

It has been reported that down-regulation of circ 0091822 protects endothelial cells against ox-LDL-44

induced injury by sponging miR-661 [17]. Wei et al. demonstrated that knockdown of circ HECW245

protected endothelial cells against ox-LDL-evoked cytotoxicity via sponging miR-942-5p to regu-46

late the level of TLR4 [18]. In the present study, we used circBank online software to predict that47

circ 0006867 binds to miR-499a-3p and is highly expressed in ox-LDL-treated endothelial injury.48

Circ 0006867 was reported to be aberrantly expressed in inflammatory factor-stimulated chondrocyte49

injury [19]. Our study revealed for the first time the functions of circ 0006867 in endothelial cells and50

its influence on the expression level of a disintegrin and metalloprotease 10 (ADAM10) by competing51

for miR-499-3p, and thus protecting endothelial cells from ox-LDL-induced injury. Our findings may52

provide a new therapeutic candidate for AS.53

2. Materials and methods54

2.1. Cell culture55

Human umbilical vein endothelial cells (HUVECs) were obtained from the Cell Bank of the Shanghai56

Research Institute, Chinese Academy of Medical Sciences (Shanghai, China). The cells were cultured57

at 37◦C in endothelial cell culture medium containing 10% fetal bovine serum (FBS), 100 IU/ml58

penicillin, 100 �g/ml streptomycin and 1% endothelial cell growth supplement (ECGS) in a humidified59

atmosphere of 5% CO2. At approximately 70% confluence, the HUVECs were treated with ox-LDL60

(Solarbio, Beijing, China) at a concentration of 100 mg/L for 24 h for further experiments.61

2.2. Cell transfection62

Circ 0006867 siRNA (si-circ), miR-499a-3p mimic (miR-499a-3p), miR-499a-3p inhibitor (miR-63

499a-3p inhi) and their respective negative control were purchased from Han Heng (Shanghai, China).64

Cell transfection was performed using Lipofectamine 3000 (Invitrogen, China) according to the man-65

ufacturer’s protocols. After 48 h of culture, the cells were used in the experiments.66

2.3. Cell counting kit-8 (CCK-8) assay67

Cell viability was assayed using a CCK-8 kit (Dojindo, Shanghai, China) according to the manufac-68

turer’s protocols. Cells were seeded into 96-well plates at a density of 5 × 103 cells/well before 10 �l69

of CCK-8 reagent was added to each well. After 2 h of incubation at 37◦C, the optical density (OD) at70

450 nm was then measured with a microplate reader (Thermo Fisher, MA, USA).71
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2.4. Flow cytometry72

Cell apoptosis was determined by flow cytometry with an annexin V-fluorescein isothiocyanate73

(annexin V-FITC)/PI double-staining kit (BestBio, Shanghai, China). Cells (1 × 105) were suspended74

in the binding buffer containing 5 �L each of annexin V-FITC and PI. and incubated away from light75

at room temperature. After 30 min, the apoptotic cells were determined using a flow cytometer (BD76

Biosciences, San Jose, CA, USA).77

2.5. Migration assay78

Cell migration ability was measured by Transwell assay (8 �m; BD Biosciences). Briefly, cells79

(5 × 104 cells) suspended in 100 �l of serum-free medium were incubated in the upper chamber, while80

the lower chamber was filled with 20% FBS to induce migration. After incubation for 24 h, the cells on81

the lower side of the chamber were fixed in 4% paraformaldehyde for 20 min, stained with 0.1% crystal82

violet staining solution (Beyotime, Nantong, China) for 10 min, and then counted and photographed83

in five representative fields.84

2.6. Wound healing assay85

Cell motility was evaluated in wound healing assays. Briefly, cells were seeded into 6-well plates. At86

80%–90% confluence, a sterile 200-�L pipette tip was used to introduce a straight line scratch (wound)87

into the cell monolayer, and the cell debris was washed away with PBS. The damaged monolayer was88

allowed to heal under standard conditions for 24 h. The cells were observed under a microscope at 089

and 24 h and the scratch width was measured using ImageJ software (NIH, Bethesda, MD, USA).90

2.7. Dual-luciferase reporter assay91

The relationship between circ 0006867, miR-499a-3p and ADAM10 was verified by a dual luciferase92

reporting assay. The wild-type luciferase vectors encoding circ 0006867 and ADAM10 (circ 0006867-93

wt and ADAM10-wt) and their mutant luciferase vectors (circ 0006867-mu and ADAM10-mu) were94

synthesized by Han Heng Co., Ltd. (Shanghai, China). The luciferase vector and miR-499a-3p mimic95

or mimic NC were cotransfected into 293T cells for 48 h by Lipofectamine 3000. Subsequently, the96

luciferase activity was examined using a dual luciferase reporter detection system (Promega Corp.,97

Madison, WI, USA) according to the manufacturer’s instructions.98

2.8. RNA immunoprecipitation (RIP)99

RIP assays were performed with a Magna RIP Kit (Millipore, MA, US) according to the manufac-100

turer’s guidelines. RT-qPCR was used to detect the enrichment of circ 0006867 and miR-499a-3p. IgG101

and Ago2 antibodies for RIP were purchased from Abcam.102

2.9. Real-time quantitative PCR (RT-qPCR)103

Total RNA was extracted from cultured HUVECs with TRIzol reagent (Sigma, USA), and 1 �g of104

total RNA was reverse transcribed into cDNA using PrimeScriptTM RT Master Mix (TaKaRa). RT-105

qPCR was then performed using SYBR Premix Ex TaqTM II (TaKaRa) to detect the expression levels106

of circ 0006867 and ADAM10 using the Applied Biosystems 7500 Real-Time PCR system (Applied107

Biosystems, CA, USA). GAPDH was used as an internal reference. The relative gene expression was108
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analyzed by 2-��CT method. MiR-499a-3p expression was examined by TaqMan miRNA assay, and109

U6 snRNA was used as an internal reference. The primers were as follows:110

Circ 0006867 F: 5’-ATCTTACCTTGCCCACCA-3’
R: 5’-GATTGATCGTATCTCTGTGAACA-3’

LRBA F: 5’-TATCCAGGATGTGACGCTGGAA-3’
R: 5’-GTCACCATCAGTAGCGGGTTTG-3’

ADAM10 F: 5’-CGATTGGTTATATACTGGGCACTGA-3’
R: 5’-AACCAAGTATGACACCTGCCAAAG-3’

GAPDH F: 5’- GGGAAACTGTGGCGTGAT-3’
R: 5’-GAGTGGGTGTCGCTGTTGA -3’

MiR-499a-3p F: 5’-AACATCACAGCAAGTCTGTGCT-3’
R: 5’-AGTGCAGGGTCCGAGGTATT-3’

U6 F: 5′-GCTTCGGCA GCACATATACTAAAAT-3’
R: 5’-CGCTTCACGAATTTGCGTGTCAT-3’

2.10. RNase R treatment111

RNA samples (2.5 �g) were treated with or without 10 units RNase R (Geneseed, Guang Zhou,112

China; Cat. no. R0301) for 30 min at room temperature, and the expression levels of circ 0006867 and113

LPS responsive beige-like anchor (LRBA) mRNA were detected by RT-qPCR.114

2.11. RNA fluorescence in situ hybridization (FISH)115

FISH assays were performed using a Fluorescent In Situ Hybridization Kit (RiboBio, Guangzhou,116

China) according to the manufacturer’s protocols. The Cy3-labeled probes were observed by a confocal117

microscopy (Leica, Germany).118

2.12. Western blot analysis119

Total proteins were extracted from the transfected HUVECs by radioimmunoprecipitation assay120

buffer (RIPA, Beyotime, China). The proteins were then separated by 10% sodium dodecyl sulfate121

polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene difluoride (PVDF)122

membranes. After being blocked by immersion in 10% skimmed milk at room temperature for 2 h, the123

membranes were incubated overnight at 4◦C with the following primary antibodies: anti-Bax (1:1,000),124

anti-Bcl-2 (1:1,000), anti-c-caspase 3 (1:1,000) and anti-ADAM10 (1:500). All the antibodies were125

purchased from Abcam. The membranes were then washed three times with TBST and incubated126

with horseradish peroxidase-conjugated secondary antibodies at room temperature for 2 h. Finally, the127

protein bands were visualized with an ECL kit (Pierce, Thermo Fisher Scientific, IL, USA).128

2.13. Statistical analysis129

Data were presented as the mean ± standard deviation (SD). Comparisons between groups were130

analyzed by Student’s t-test and one-way analysis of variance (ANOVA) with P < 0.05 set as the131

threshold for statistical significance. All statistical analyses and graph construction were performed132

using SPSS 22.0 and GraphPad Prism 7.133
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3. Results134

3.1. Ox-LDL induced the inhibition of endothelial cell viability, migration and the promotion of135

apoptosis.136

Since ox-LDL can act as an inducer of AS, ox-LDL induced endothelial cell injury was dose -137

and time-dependent, with a concentration of 100 mg/L treated for 24 hours as the optimal treatment138

condition [20, 21]. Therefore, endothelial cells exposed to a concentration of 100 mg/L treatment139

for 24 h was chose as experimental condition. We first analyzed the effect of ox-LDL on endothelial140

cells. CCK-8 assay showed that after treatment with ox- LDL, cell viability was significantly inhibited141

(Fig. 1A). Then the apoptosis rate in the ox-LDL treatment group was significantly higher than that in142

the control group (Fig. 1B). Furthermore, the protein levels of Bcl-2 in HUVECs were significantly143

inhibited, while Bax and cleaved caspase 3 were increased due to the stimulation of ox-LDL (Fig. 1C).144

In addition, cell migration detected by Wound Healing (Fig. 1D) and Transwell (Fig. 1E) assays was145

inhibited by ox-LDL. These data indicated that ox-LDL inhibitd cell viability and migration while146

promoting apoptosis of HUVECs.147

3.2. MiR-499a-3p inhibits the proliferation and migration but promotes apoptosis of148

ox-LDL-induced HUVECs149

After HUVECs were exposed to 100 mg/L ox-LDL, RT-qPCR analysis showed that miR-499a-150

3p expression was down-regulated (Fig. 2A). Next, we explored the functions of miR-499a-3p in151

regulating ox-LDL-induced endothelial cells by transfecting HUVECs with miR-499a-3p mimic and152

inhibitor. The miR-499a-3p mimic significantly elevated the expression of miR-499a-3p in ox-LDL-153

induced HUVECs, while the miR-499a-3p inhibitor markedly reduced its expression (Fig. 2B). CCK-8154

assays demonstrated that ectopic expression of miR-499a-3p inhibited cell viability and this effect was155

prevented by inhibition of miR-499a-3p (Fig. 2C). Flow cytometric analysis indicated that miR-499a-156

3p enhanced cell apoptosis induced by ox-LDL (Fig. 2D). In addition, Western blot analysis of the157

levels of the apoptosis-related proteins Bax, Bcl-2 and c-caspase 3 further confirmed that miR-499a-158

Fig. 1. Ox-LDL induced the inhibition of endothelial cell viability, migration and the promotion of apoptosis. Cell viability
(A), apoptosis (B), and expression of the apoptosis-related proteins Bcl-2, Bax, and cleaved-caspase 3 (C) detected by CCK-8
assay, flow cytometry, and Western blot analysis, respectively, in HUVECs treated with Control or 100 mg/L ox-LDL. Wound
Healing (E) and Transwell (F) assays of cell migration ability. ∗P < 0.05.
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Fig. 2. Expression and functions of miR-499a-3p in ox-LDL-induced HUVECs. (A) Relative miR-499q-3p expression level in
ox-LDL-induced HUVECs. (B-G) HUVECs treated with ox-LDL were transfected with miR-NC, miR-499a-3p mimic, inhi-
NC and miR-499a-3p inhi. (B) RT-qPCR verification of the efficiency of transfection of HUVECs. Detection of cell viability
(C), apoptosis (D), and expression of apoptosis-related proteins Bcl-2, Bax, and cleaved-caspase 3 (E) by CCK-8 assay, flow
cytometry, and WB analysis. Cell migration ability was detected by wound healing (F) and Transwell (G) assays. ∗P < 0.05.

3p induced apoptosis in ox-LDL-treated HUVECs (Fig. 2E). Wound healing and Transwell assays159

demonstrated that the migration ability of ox-LDL-induced HUVECs was suppressed by miR-499a-3p160

upregulation, promoted by miR-499a-3p downregulation (Fig. 2F, G). From these results, we concluded161

that miR-499a-3p inhibited the proliferation and migration of ox-LDL-induced HUVECs.162

3.3. ADAM10 is a functional target gene of miR-499a-3p163

We next investigated the functional target gene of miR-499a-3. TargetScan and RNAhybrid online164

software predicted that the gene, ADAM10 binds directly to the miR-499a-3p seed sequence (Fig. 3A).165
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Fig. 3. ADAM10 is a target gene of miR-499a-3p. MiR-499a-3p and ADAM10 binding sites predicted by TargetScan and
RNAhybrid. (B) Confirmation of the predicted binding by dual-luciferase reporter assay. (C-D) ADAM10 mRNA and protein
expression in ox-LDL HUVECs after transfection with miR-499a-3p mimic or inhibitor. ∗P < 0.05.

This relationship was confirmed by dual-luciferase reporter assays (Fig. 3B), which showed that the166

miR-499a-3p mimic significantly inhibited the luciferase activity of ADAM10-Wt plasmid, but had no167

effect on the luciferase activity of ADAM10-Mut plasmid. Furthermore, RT-qPCR analysis revealed168

that ADAM10 mRNA expression was suppressed by the miR-499a-3p mimic, but elevated by the miR-169

499a-3p inhibitor (Fig. 3C). Western blot analysis confirmed this pattern of changed in the expression170

of ADAM10 at the protein level (Fig. 3D). These results showed that ADAM10 is a target gene of171

miR-499a-3p.172

3.4. Identification of circ 0006867 as a novel upregulated circRNA in ox-LDL-induced HUVECs173

and validation as a molecular sponge of miR-499a-3p174

Circ 0006867 was significantly upregulated in HUVECs treated with ox-LDL (Fig. 4A). We also175

found that circ 0006867 was derived from LRBA on chromosome 4. LRBA deficiency has been shown176

to be associated with vesicular transport, autophagy and apoptosis [22]. Specific primers were designed177

and the amplified products were verified by Sanger sequencing (Fig. 4B). FISH assay revealed that178

circ 0006867 was mainly located in the cytoplasm of HUVECs (Fig. 4C). Furthermore, RNase R179

digestion assays showed the structural stability of circ 0006867 (Fig. 4D). Overall, circ 0006867 was180

found to be upregulated in ox-LDL-induced HUVECs, suggesting that it plays an important role in181

endothelial cell injury induced by ox-LDL.182

Next, we investigated the relationship between circ 0006867 and miR-499a-3p. Bioinformatic analy-183

sis by circbank demonstrated that circ 0006867 contains complementary binding sites for miR-499a-3p184

(Fig. 4E). This binding was further confirmed by RNA immunoprecipitation and dual luciferase reporter185

assay (Fig. 4F, G). The luciferase activity mediated by wild-type circ 0006867 vector was significantly186
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Fig. 4. Identification of circ 0006867 as a novel upregulated circRNA in ox-LDL-induced HUVECs and validation as a
molecular sponge of miR-499a-3p. Relative expression of circ 0006867 in ox-LDL-induced HUVECs. (B) Validation of
circ 0006867 by Sanger sequencing. (C) FISH localization of circ 0006867. (D) Relative expression of circ 0006867 and
LRBA mRNA after RNase R treatment. (E) The predicted binding sites between circ 0006867 and miR-499a-3p. (F-G). Verifi-
cation of the binding between circ 0006867 and miR-499a-3p by dual-luciferase reporter assay and RNA immunoprecipitation
assays. (H). RT-qPCR analysis of the effect of circ 0006867 knockdown on miR-499q-3p expression. ∗P < 0.05.

decreased by cotransfection with miR-499a-3p mimic. Additionally, circ 0006867 silencing increased187

the expression of miR-499a-3p in ox-LDL-induced HUVECs (Fig. 4H). These results indicated that188

circ 0006867 acts as a molecular sponge of miR-499a-3p to negatively regulate its expression.189

3.5. Circ 0006867 regulates the apoptosis and migration of ox-LDL-induced HUVECs via the190

miR-499a-3p/ADAM10 axis191

Having shown that circ 0006867 targets miR-499a-3p and identified ADAM10 as a target gene192

of miR-499a-3p, we decided to further investigate whether circ 0006867 functions by regulating193

the miR-499a-3p/ADAM10 axis. We designed two small interfering RNAs (si-RNAs) against back-194

splice sequences and then detected the interfering efficiency by RT-qPCR before finally selecting195

si-circ 0006867-1 for follow-up experiments (Supplementary Figure 1A). Circ 0006867 silencing196

suppressed ADAM10 expression at both the transcriptional and translational levels, while this effect197

was reversed by the miR-499a-3p inhibitor (Fig. 5A, B). CCK-8 assays showed that the miR-198

499a-3p inhibitor largely alleviated the suppression of ox-LDL-treated HUVEC viability mediated199

by circ 0006867 downregulation (Fig. 5C). Additionally, flow cytometric analysis of apoptosis and200

Western blot analysis of apoptosis-related proteins demonstrated that si-circ 0006867 enhanced the201

apoptosis of HUVECs induced by ox-LDL and this effect was alleviated by the miR-499a-3p inhibitor202
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Fig. 5. Circ 0006867 functions via the miR-499a-3p/ADAm10 axis. (A–G) HUVECs treated with ox-LDL were transfected
with si-NC, si-circ, si-circ+inhi-NC and si-circ+miR-499a-3p inhi. RT-qPCR and Western blot analyses of ADAM10 mRNA
(A) and protein levels (B), respectively. Cell viability (C), apoptosis (D), and expression of the apoptosis-related proteins
Bcl-2, Bax, and cleaved-caspase 3 (E) detected by CCK-8 assay, flow cytometry, and Western blot analysis, respectively.
Wound Healing (F) and Transwell (G) assays of cell migration ability. ∗P < 0.05.

(Fig. 5D, E). The effects of circ 0006867 on HUVEC migration were attenuated by the miR-499a-3p203

inhibitor (Fig. 5F, G). These results suggest that circ 0006867 functions as a cytoprotective factor204

in atherosclerosis by acting as a decoy for miR-499a-3p to regulate the expression of ADAM10205

(Fig. 6).206
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Fig. 6. Schematic representation of the the proposed mechanism of 00006867 in ox- LDL-induced endothelial cell injury.
Circ 0006867 acts as a miR-499a-3p sponge to regulate the miR-499a-3p/ADAM10 pathway. Decreased circ 0006867 in
ox-LDL-induced endothelial cell leads to the upregulation of miR-499a-3p, which downregulated ADAM10 expression,
thereby increasing cell aptopsis and blocking cell migration.

4. Discussion207

Atherosclerosis is the common pathological basis of many cardiovascular diseases, such as CHD208

[23, 24]. Endothelial cell injury is considered to be the initial step in the progression of AS [25–27].209

Therefore, identification of key molecules that regulate the proliferation, migration and apoptosis of210

endothelial cells is a critical step in the development of strategies for the prevention and treatment211

of AS. As one of the major risk factors for atherosclerosis, ox-LDL can increase reactive oxygen212

species production and the expression of leukocyte adhesion molecules, activate apoptotic pathway, and213

finally lead to endothelial cell dysfunction [28]. In this study, endothelial cell injury was stimulated by214

treatment with 100 mg/L ox-LDL for 24 h to simulate AS in vitro. We noted a significant downregulation215

of miR-499a-3p, which has been reported to be abnormally expressed in the serum of AS patients216

and to have a protect endothelial cells against apoptosis [12]. Zheng et al. found that lentivirus-217

mediated upregulation of miR-499a-3p could inhibit endothelial cell proliferation and migration [29].218

In contrast to the findings of a previous study [12], we found that miR-499a-3p enhanced ox-LDL-219

induced endothelial cell apoptosis and inhibited cell migration.220

Accumulating evidence demonstrates that circRNAs can serve as molecular sponges of miRNAs to221

regulate gene expression and thus, contribute to disease progression [30, 31]. In addition, circRNA-222

miRNA-mRNA regulatory networks are reportedly involved in the pathological process of AS [32, 33].223

The biological functions of circRNAs were predicted by functional annotation of downstream target224

genes of miRNAs [34]. CircRSF1 was shown to regulate CCND2 expression by sponging miR-758,225

thus protecting against ox-LDL-induced endothelial cell injury in vitro [35]. Zhao et al. found that226

circ USP36 knockdown reduced ox-LDL-mediated vascular smooth muscle cell injury by regulating227

the miR-182-5p/KLF5 axis [36]. Therefore, in the current study, we hypothesized that the regula-228

tory mechanism of miR-499a-3p was mediated by circRNAs. Bioinformatics analysis revealed the229

presence of miR-499a-3p binding sites in circ 0006867. And silencing circ 00006867 inhibited the230

proliferation, migration and invasion of fibroblasts [37]. Subsequently, we characterized the existence231

of circ 0006867 and defined its expression trend in ox-LDL-induced endothelial cells. We showed232

that circ 0006867 negatively regulates miR-499a-3p and dual luciferase reporter assays further con-233

firmed this binding relationship. While ADAM10 is a target gene of mir-499a-3p. ADAM10 is highly234

expressed in AS plaques, promotes endothelial cell proliferation and migration, and is related to plaque235

progression and neovascularization [38–40]. Additionally, Vorst et al found that endothelial ADAM10236

has an atheroprotective effect, most likely by limiting ox-LDL-induced inflammation [41]. Further237

Rescue experiments revealed that circ 00006867 attenuated ox-LDL-induced endothelial cell apopto-238

sis and promoted migration via the miR-499a-3p/ADAM10 axis. Thus, our study not only elucidates239
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the regulatory role of miR-499a-3p in endothelial cells, but also implicates circ 0006867 as a potential240

intervention target for atherosclerosis.241

However, some limitations of our study should be acknowledged. First, miR-499a-3p expression242

in endothelial cells requires validation in a larger cohort of AS patients. A retrospective analysis of243

patient follow-up data is needed to determine the relationship between miR-499a-3p and the diagnosis,244

treatment and prognosis of AS patients. We selected the target circRNA based only on the highest free245

energy and significant P-value, which excluded other circRNAs involved in this process. Therefore, a246

systematic screen of the entire transcriptome is required to fully elucidate the regulatory mechanism247

of miR-499a-3p. In addition, in vivo studies are required to further validate our findings and provide248

a reliable target for atherosclerosis intervention.249

There is growing evidence that circRNAs regulate gene expression through sponging miRNAs and250

play major roles in the development of AS. Our findings enrich the knowledge of the mechanism251

by which circ 0006867 acted as a molecular sponge of miR-499a-3p and thus, affects ADAM10252

expression.253

In conclusion, this study clarifies a new mechanism of AS progression, which has important implica-254

tions for better clinical treatment. Exploration of AS interventions based on circRNA-miRNA-mRNA255

regulatory networks is certainly a promising prospect.256
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