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Background: Coronary artery disease (CAD) is one of the main risks of death, which is mainly caused by
coronary arteries arteriosclerosis. Circular RNAs (circRNAs) have shown important regulatory roles in
cardiovascular diseases. We amid to explore the role of circ_ROBO2 in CAD.
Methods: Cardiac microvascular endothelial cells (CMECs) stimulated by oxidized low-density lipopro-
tein (ox-LDL) were served as the cellular model of CAD. Real-time quantitative polymerase chain reaction
(RT-qPCR) and western blot assay were performed to detect RNA levels and protein levels, respectively.
Cell proliferation was assessed by 5-ethynyl-20-deoxyuridine (EdU) assay and Cell Counting Kit-8 (CCK-8)
assay. Flow cytometry was employed for measuring cell apoptosis. Matrigel tube formation assay was
used to evaluate angiogenesis ability. The intermolecular interaction was predicted by bioinformatics
analysis and verified by dual-luciferase reporter and RNA-pull down assays.
Results: The expression of circ_ROBO2 was upregulated in CAD patients and ox-LDL-induced CMECs.
Treatment of ox-LDL suppressed cell proliferation and angiogenic ability as well as promoted the
apoptosis of CMECs partly by upregulating circ_ROBO2. MicroRNA-186-5p (miR-186-5p) was identified
as a target of circ_ROBO2, and circ_ROBO2 knockdown attenuated ox-LDL-induced damage in CMECs by
sponging miR-186-5p. Tripartite motif containing 14 (TRIM14) acted as a target of miR-186-5p, and
TRIM14 overexpression alleviated miR-186-5p-mediated inhibitory effect on ox-LDL-induced injury in
CMECs. Circ_ROBO2 positively regulated TRIM14 expression by sponging miR-186-5p.
Conclusion: Circ_ROBO2 played a promoting role in ox-LDL-induced CMECs injury by sponging miR-186-
5p and regulating TRIM14, providing a promising treatment strategy for CAD.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Coronary artery disease (CAD) is a common cardiovascular dis-
ease and is one of the main threats to human health worldwide
[1,2]. CAD is characterized with coronary arteries arteriosclerosis,
which is the main cause of sudden cardiac death [3]. The current
treatment methods for CAD are mainly coronary artery bypass
surgery and percutaneous coronary intervention [4]. However, CAD
patients still had a worse prognosis with high mortality due to its
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complicated pathogenesis. Oxidized low-density lipoprotein (ox-
LDL) has been reported to be implicated in the progression of
atherosclerosis [5]. Thus, ox-LDL plays a critical role in cardiovas-
cular diseases. Previous studies showed that ox-LDL-induced car-
diac microvascular endothelial cells (CMECs) injury was used to
establish CAD cell model [6]. Therefore, searching possible molec-
ular targets to prevent related cell injury may be an effective
method for CAD treatment.

Circular RNAs (circRNAs), a novel type of non-coding RNAs
(ncRNAs), can form covalent closed-loop configurations, lacking 50-
end cap and 30-end poly A tail [7]. Due to the closed-loop structures,
circRNAs are more stable and not easily degraded by RNases [8].
Accumulating studies have confirmed the critical importance of
circRNAs in human diseases in the past few decades [9,10]. In
addition, some circRNAs have been identified to play pivotal roles
in atherosclerosis [11,12]. Moreover, circ_0004104 was upregulated
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in patients with CAD and its knockdown alleviated ox-LDL-induced
vascular endothelial cell injury [13]. A previous report showed that
circRNA roundabout guidance receptor 2 (circ_ROBO2; also known
as circ_0124644) was upregulated in CAD patients [14], implicating
that circ_ROBO2 might be related to CAD development. Therefore,
the role and regulatory mechanism of circ_ROBO2 in CAD were
explored.

Emerging evidence has shown that most circRNAs are located in
the cytoplasm that can function as competitive endogenous RNAs
(ceRNAs) or sponges/decoys for microRNAs (miRNAs) to combine
with miRNAs, leading to the reduction of miRNA molecules and
preventing the degradation of messenger RNAs targeted by these
miRNAs [15,16]. MiRNAs, another kind of ncRNAs, bind to 30UTR of
target mRNAs to reversely modulate gene expression [17]. MiRNAs
can act as important regulators in many diseases, including car-
diovascular diseases [18,19]. MiR-186-5p was reported to play a
critical role in cardiovascular diseases [20]. Moreover, a recent
study indicated that tripartite motif containing 14 (TRIM14) was
involved in the progression of atherosclerosis [21]. Coincidently, we
first found that circ_ROBO2 and TRIM14 shared the complementary
binding sites for miR-186-5p using bioinformatics tools, which
prompted us to establish a circ_ROBO2/miR-186-5p/TRIM14 regu-
latory network.

In this work, we measured circ_ROBO2 expression in CAD pa-
tients and CAD cell model. Then we studied the impact of cir-
c_ROBO2 on proliferation, apoptosis and angiogenesis in OA cell
model. By mechanism study, we predicted and validated that cir-
c_ROBO2 could modulate TRIM14 expression via sponging miR-
186-5p.
2. Materials and methods

2.1. Clinical sample collection

Blood samples were collected from CAD patients (N ¼ 23)
without any therapy and healthy volunteers (N ¼ 31) at the First
People's Hospital of Hangzhou Lin'an District. The experiment was
performed with approval of the ethics committee of the First
People's Hospital of Hangzhou Lin'an District, and all participants
signed the informed consents before enrolling in the study. Blood
samples was then centrifuged (10 min, 3000 rpm) to extract serum
samples.
Table 1
2.2. Cell culture

Human CMECs were commercially provided by Procell (Wuhan,
China) cultured in Dulbecco's modified eagle medium (DMEM;
Invitrogen, Carlsbad, CA, USA) added with 10% fetal bovine serum
(FBS; Invitrogen) under standard conditions (5% CO2, 37 �C). CMECs
were exposed to ox-LDL (100 mg/mL; Solarbio, Beijing, China) for
24 h to construct CAD model in vitro.
Primers sequences used for RT-qPCR.

Name Primers (50-30)

circ_ROBO2
(hsa_circ_0124644)

Forward AGAAGTCAGAATACAGCAGG
Reverse GGTGAGATACAAGTGAAAAT

ROBO2 Forward TCTTCGTTTTGATGCTCTTCCTC
Reverse GTCCTTGTCAGTCTCCACTCGCT

TRIM14 Forward GCGTGGCTGAGCTCTTCTGTC
Reverse TGTGCTGCTGCTTCTTGATTG

miR-186-5p Forward GTATGACAAAGAATTCTCCT
Reverse TGGTGTCGTGGAGTCGT

GAPDH Forward AAGGCTGTGGGCAAGGTCATC
Reverse GCGTCAAAGGTGGAGGAGTGG

U6 Forward CTCGCTTCGGCAGCACATA
Reverse CGAATTTGCGTGTCATCCT
2.3. Cell transfection

Short hairpin RNA targeting circ_ROBO2 (circ_ROBO2) and
matched control (sh-NC), mimic or inhibitor of miR-186-5p (miR-
186-5p or anti-miR-186-5p) and matched control (miR-NC or anti-
miR-NC), TRIM14-overexpressing plasmid (TRIM14) and empty
vector (pcDNA) were commercially provided by RiboBio (Guangz-
hou, China). CMECs were transfected with plasmids or/and oligo-
nucleotides using Lipofectamine 3000 (Invitrogen, Carlsbad, CA,
USA). After transfection for 48 h, the cells were harvested to
perform function experiments.
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2.4. Real-time quantitative polymerase chain reaction (RT-qPCR)

Total RNA was isolated utilizing TRIzol (Invitrogen). Next, the
isolated RNA was reversed into cDNA with PrimeScript RT Master
Mix (for mRNA and circRNA; PrimeScript RT Master Mix) and
miScript II RT kit (for miRNA; Invitrogen). Next, RT-qPCR reaction
was manipulated using the SYBR Green Master Mix (Roche,
Shanghai, China) on Bio-Rad CFX96 system (Bio-Rad, Hercules, CA,
USA). Relative abundance of circ_ROBO2, ROBO2, miR-186-5p and
TRIM14was analyzed using the 2-DDCt method. U6 (for miR-186-5p)
or GAPDH (for circ_ROBO2, ROBO2 and TRIM14) was acted as the
internal reference. Primer sequences were exhibited in Table 1.

2.5. Subcellular fractionation location

PARIS™ Kit (Invitrogen) was used to isolate the fractions of
cytoplasmic and nuclear. RNA samples derived different fractions
were used for RT-qPCR analysis. U6 acted as a nucleus control and
GAPDH acted as a cytoplasm control.

2.6. Cyclization validation

To verify the closed-loop structure of circ_ROBO2, RNA samples
were treated with or without RNase R (BioVision, Mipitas, CA, USA)
for half an hour at 37 �C. RNA levels were examined via RT-qPCR.

To suppress the transcription, cells were exposed to Actino-
mycin D (transcription inhibitor; Seebio, Shanghai, China), and RT-
qPCR was used to examine RNA levels at specific time points.

2.7. Cell proliferation assays

To test cell proliferation and DNA synthesis, 5-ethynyl-20-
deoxyuridine (EdU) assay was conducted with the use of EdU Cell
Proliferation Kit (Beyotime, Jiangsu, China). Briefly, cells were
added into the 24-well plates. After treatment, cells were incubated
with EdU (10 mM) for 2 h. Next, 4% paraformaldehyde was used to
fix EdU labeled cells. After that, we used 0.5% TritonX-100 to per-
meabilize cells, followed by incubation with Click Additive solution
for 0.5 h in a darkness. DAPI was used to stain cell nucleic. Finally,
EdU-positive cells were observed using fluorescence microscope
(Leica, Wetzlar, Germany).

For Cell Counting Kit-8 (CCK-8) assay, CMECs were inoculated
into a 96-well plate. At specific time points, CCK-8 reagent (10 mL;
Beyotime) was placed into each well. 4 h post addition, the record
of absorbance was carried out using the microplate reader (Bio-
Rad) at 450 nm to detect cell viability.

2.8. Western blot assay

The lysis of proteins was administered by RIPA lysis buffer
(Solarbio). After quantification of total protein, protein samples



Fig. 1. Circ_ROBO2 was overexpressed in serum of CAD patients and ox-LDL-treated CMECs. (A) RT-qPCR was applied to measure the level of circ_ROBO2 in serum samples of
CAD patients and healthy controls. (B) The expression of circ_ROBO2 was detected by RT-qPCR in CMECs treated with or without ox-LDL. (C) The expression of circ_ROBO2 was
tested in nuclear and cytoplasm fractions. (D) RT-qPCR was carried out to examine the levels of circ_ROBO2 and ROBO2 mRNA with or without RNase R digestion. (E) Circ_ROBO2
and ROBO2 mRNA levels were examined by RT-qPCR after treatment with Actinomycin D. *P < 0.05.

Q. Ye, C. Ju, Z. Ye et al. Regenerative Therapy 20 (2022) 138e146
(about 30 mg/lane) were separated using SDS-PAGE, followed by
transferring onto PVDFmembranes (Bio-Rad). After sealing with 5%
non-fat milk (Beyotime), the proteins on the membranes were
combined with primary antibodies for 12e16 h at 4 �C. After in-
cubation with corresponding secondary antibody for 1e2 h
(1:5000, ab205718, Abcam, Cambridge, UK), the ECL Substrate Kit
(Abcam) was used to examine the conjugated signals. The primary
antibodies contained proliferating cell nuclear antigen (PCNA;
1:500, ab18197, Abcam), Bcl-2 (1:2000, ab196495, Abcam), Bax
(1:2000, ab53154, Abcam), TRIM14 (SAB1410027, Sigma, St. Louis,
MO, USA), and GAPDH (1:2000, ab9485, Abcam).

2.9. Flow cytometry

CMECs were centrifuged and harvested, followed by resus-
pending in binding buffer (0.4 mL) and staining with Annexin V-
FITC and PI (Sangon Biotech, Shanghai, China). Reacting for 0.5 h,
flow cytometer (BD Biosciences, San Jose, CA, USA) was applied for
detecting apoptotic cells.

2.10. Matrigel tube formation assay

Cell angiogenic ability was evaluated byMatrigel tube formation
assay. In brief, 96-well plates were pre-coated with Matrigel (BD
Biosciences). Then CMECs were plated onto the plates. After
culturing for 48 h, tube images were captured using a microscope
(Leica). The length of each tube was measured using Image J soft-
ware with the Angiogenesis Analyzer plugin. The tube length in
three random fields from eachwell was calculated to determine the
average length.

2.11. Dual-luciferase reporter assay

Circinteractome (https://circinteractome.nia.nih.gov/) was
applied to predict the target miRNAs for circ_ROBO2, starBase
(http://starbase.sysu.edu.cn/) was employed to predict the target
mRNAs for miR-186-5p. The fragments of circ_ROBO2 or TRIM14
30UTR including the miR-186-5p-binding sequence were amplified
and cloned into pmirGLO vector (YouBia, Changsha, China) to
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generate wild-type reporter vectors (circ_ROBO2-WT and TRIM14-
WT). Meanwhile, mutated reporter vectors (circ_ROBO2-MUT and
TRIM14-MUT) without miR-186-5p binding sites were generated as
above described. Thereafter, miR-186-5p/miR-NC and the con-
structed reporter vector were co-transfected into CMECs. Dual
Luciferase Reporter Gene Assay Kit (LMAI Bio, Shanghai, China) was
utilized to analyze the luciferase activities after 48 h co-transfection.

2.12. RNA pull-down assay

Biotin-labeled negative control (Bio-NC), Biotin-labeled wild-
type circ_ROBO2 or TRIM14 (circ_ROBO2-WT or TRIM14-WT) and
Biotin-labeled mutant circ_ROBO2 or TRIM14 (circ_ROBO2-MUT or
TRIM14-MUT) were obtained from RiboBio and individually
transfected into CMECs. 48 h later, cell lysates were incubated with
the streptavidin magnetic beads (Invitrogen) for the co-immuno-
precipitation. At last, miR-186-5p enrichment was tested via RT-
qPCR after RNA isolation from magnetic beads.

2.13. Statistical analysis

The data were displayed as mean ± standard deviation. All ex-
periments were repeated for three times experiments. Statistical
analysis was performed by GraphPad Prism 6.0 software (GraphPad
Prism, San Diego, CA, USA). The comparisons between two groups
were estimated by Student's t-test, while one-way analysis of
variance (ANOVA) was used to compare difference among multiple
groups (more than two groups). Pearson's correlation coefficient
was used to detect the correlations among circ_ROBO2, miR-186-
5p, and TRIM14 in serum of CAD patients. A significant difference
was represented when P < 0.05.

3. Results

3.1. Circ_ROBO2 expression was upregulated in serum of CAD
patients and CMECs treated with ox-LDL

The expression of circ_ROBO2 was detected by RT-qPCR in
serum samples of CAD patients and healthy controls. The results
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Table 2
Relationship between circ_ROBO2 expression and clinical characteristics of CAD patients.

Circ_ROBO2 expression (N ¼ 23)

Clinical characteristics High (N ¼ 11) Low (N ¼ 12) P value

Age (�65 years) 5（45.5%） 7（58.3%） 0.537
Sex, male (%) 6（54.5%） 6（50%） 0.827
Body mass index (�27) 7（63.6%） 6（50%） 0.510
Medical history of hypertension, n (%) 4（36.4%） 5（41.7%） 0.795
Medical history of dyslipidemia, n (%) 7（63.6%） 6（50%） 0.510
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showed that circ_ROBO2 was upregulated in the serum of patients
with CAD relative to healthy controls (Fig. 1A). Moreover, the
relationship between circ_ROBO2 expression and clinical charac-
teristics of CAD patients was analyzed. There were no significant
differences in age, sex, body mass index, medical history of hy-
pertension, and medical history of dyslipidemia between the low
circ_ROBO2 expression group and high expression group (Table 2).
Moreover, an increase expression of circ_ROBO2 was observed in
Fig. 2. Circ_ROBO2 knockdown alleviated ox-LDL-induced dysfunction in CMECs. (A) RT-
(BeG) CMECs were divided into four groups: Control, ox-LDL, ox-LDL þ sh-NC, and ox-LDL þ
was assessed using CCK-8 assay. (D) The protein level of PCNA was detected by western blot
(F) The protein levels of Bcl-2 and Bax were analyzed by western blot assay. (G) Cell angio
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CMECs exposed to ox-LDL compared with the control cells (Fig. 1B).
Next, we explored the localization of circ_ROBO2 in CMECs cells.
We found that circ_ROBO2 was mainly located in the cytoplasm
(Fig. 1C). In general, RNase R can digest linear RNA but not circRNA.
As expected, circ_ROBO2 was resistant to RNase R compared to its
linear counterpart ROBO2 (Fig. 1D), indicating that circ_ROBO2 was
a circRNA. The expression of circ_ROBO2 was almost unaffected
with the treatment of transcriptional inhibitor Actinomycin D (Fig.
qPCR was performed to evaluate the interference efficiency of sh-circ_ROBO2 in CMECs.
sh-circ_ROBO2. (B) DNA synthesis was determined using an EdU assay. (C) Cell viability
assay. (E) The percentage of apoptotic CMECs was assessed by flow cytometry analysis.
genic ability was assessed by Matrigel tube formation assay. *P < 0.05.



Fig. 3. MiR-186-5p was a direct target of circ_ROBO2. (A) The binding sites of circ_ROBO2 and miR-186-5p were predicted by circinteractome. (B and C) Dual-luciferase reporter
assay and RNA-pull down assay were performed to verify the target relationship between circ_ROBO2 and miR-186-5p. (D) The expression of miR-186-5p was detected by RT-qPCR
in CMECs transfected with sh-NC or sh-circ_ROBO2. (E) The expression of miR-186-5p was measured by RT-qPCR in CMECs treated with or without ox-LDL. (F) The level of miR-186-
5p was detected by RT-qPCR in serum samples of CAD patients and healthy controls. (G) The correlation between circ_ROBO2 and miR-186-5p in serum samples of CAD patients was
analyzed. *P < 0.05.

Fig. 4. Circ_ROBO2 downregulation weakened ox-LDL-induced dysfunction in CMECs via sponging miR-186-5p. (A) The expression of miR-186-5p was measured by RT-qPCR in
CMECs transfected with sh-NC, sh-circ_ROBO2, sh-circ_ROBO2 þ anti-miR-NC, or sh-circ_ROBO2 þ anti-miR-186-5p. (BeG) CMECs were divided into six groups: Control, ox-LDL,
ox-LDL þ sh-NC, ox-LDL þ sh-circ_ROBO2, ox-LDL þ sh-circ_ROBO2 þ anti-miR-NC, and ox-LDL þ sh-circ_ROBO2 þ anti-miR-186-5p. (B) EdU assay was used to detect DNA
synthesis. (C) CCK-8 assay was applied to analyze cell viability. (D) PCNA protein level was determined by western blot assay. (E) Flow cytometry was carried out to analyze cell
apoptosis rate. (F) Bcl-2 and Bax protein levels were examined by western blot assay. (G) Matrigel tube formation assay was used to examine angiogenesis. *P < 0.05.
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1E), indicating that circ_ROBO2wasmore stable than its linear form
(ROBO2) in CMECs. These results indicated that circ_ROBO2 was an
upregulated circRNA in CAD.

3.2. Knockdown of circ_ROBO2 attenuated ox-LDL-induced
dysfunction in CMECs

Transfection efficiency was confirmed by RT-qPCR. Transfection
of sh-circ_ROBO2 reduced circ_ROBO2 expression, but did not
affect ROBO2 mRNA expression (Fig. 2A), indicating that trans-
fection of sh-circ_ROBO2was successful. Next, we explored the role
of circ_ROBO2 in ox-LDL-induced CMECs. Cell proliferation was
assessed by EdU and CCK-8 assays.We found that ox-LDL treatment
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suppressed CMEC proliferation via inhibiting DNA synthesis and
cell viability, while knockdown of circ_ROBO2 abated the inhibitory
effect of ox-LDL on proliferation in CMECs (Fig. 2B and C). Western
blot assay showed that PCNA (a growth-promoting protein) protein
expression was decreased by ox-LDL treatment, which was miti-
gated by circ_ROBO2 interference (Fig. 2D). Flow cytometry showed
that ox-LDL exposure induced apoptosis in CMECs, and this effect
was abated by circ_ROBO2 knockdown (Fig. 2E). Consistent with
flow cytometry, ox-LDL treatment decreased the protein expression
of Bcl-2 (anti-apoptotic molecule) and increased the protein
expression of Bax (pro-apoptotic molecule) in CMECs, which was
reversed by circ_ROBO2 downregulation (Fig. 2F). Cell angiogenic
ability was inhibited by treatment of ox-LDL in CMECs, whereas this



Fig. 5. TRIM14 was a direct target of miR-186-5p. (A) The interacted sites between miR-186-5p and TRIM14 30UTR were predicted by starBase. (B and C) The binding relationship
between miR-186-5p and TRIM14 were validated by dual-luciferase reporter assay and RNA-pull down assay. (D) The interference efficiency of anti-miR-186-5p and overexpression
efficiency of miR-186-5p were tested by RT-qPCR. (E and F) TRIM14 mRNA and protein expressionwere analyzed by RT-qPCR and western blot assay in CMECs transfected with miR-
NC, miR-186-5p, anti-miR-NC, or anti-miR-186-5p. (G) TRIM14 mRNA expression was tested by RT-qPCR in serum samples of CAD patients and healthy controls. (H and I) The
correlation between TRIM14 and miR-186-5p or circ_ROBO2 was analyzed in CAD patient serum. (J and K) The mRNA and protein levels of TRIM14 were detected by RT-qPCR and
western blot assay in CMECs treated with or without ox-LDL. (L and M) TRIM14 mRNA and protein levels were assessed by RT-qPCR and western blot assay in CMECs transfected
with sh-NC, sh-circ_ROBO2, sh-circ_ROBO2 þ anti-miR-NC, or sh-circ_ROBO2 þ anti-miR-186-5p. *P < 0.05.
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inhibitory effect was counteracted by transfection of sh-cir-
c_ROBO2 (Fig. 2G). Collectively, ox-LDL-induced injury in CMECs
was partly based on the upregulating circ_ROBO2.

3.3. Circ_ROBO2 acted as a sponge for miR-186-5p

Interestingly, circRNAs has been reported to act as molecular
sponges of miRNAs in the cytoplasm of cells [22]. Given that cir-
c_ROBO2 was dominantly located in cytoplasm, we supposed that
circ_ROBO2 might act as a miRNA sponge. As expected, there were
complementary binding sites between circ_ROBO2 and miR-186-
5p (Fig. 3A), indicating that circ_ROBO2 might act as a sponge of
miR-186-5p. Dual-luciferase reporter assay and RNA pull-down
were executed to verify the interaction between circ_ROBO2 and
miR-186-5p. The results revealed that miR-186-5p overexpression
reduced the luciferase intensity of circ_ROBO2-WT, while the
apparent change of circ_ROBO2-MUT group was unobserved (Fig.
3B). RNA pull-down assay showed that Bio-circ_ROBO2-WT led to
higher miR-186-5p enrichment than treatment of Bio-circ_ROBO2-
MUT or Bio-NC in CMECs (Fig. 3C). Next, we explored the effect of
circ_ROBO2 on miR-186-5p expression. As presented Fig. 3D, the
expression of miR-186-5p was increased by downregulating cir-
c_ROBO2 in CMECs. Moreover, treatment of ox-LDL downregulated
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the expression of miR-186-5p in CMECs (Fig. 3E). Similarly, miR-
186-5p expression was reduced in serum samples of CAD patients
compared with healthy volunteers (Fig. 3F). Next, the correlation
between miR-186-5p and circ_ROBO2 was analyzed in serum
samples of CAD patients. A negative correlation between miR-186-
5p and circ_ROBO2 was observed serum samples of CAD patients
(Fig. 3G). Overall, miR-186-5p was a direct target of circ_ROBO2.

3.4. Circ_ROBO2 silencing attenuated ox-LDL-induced injury in
CMECs partly through upregulating miR-186-5p

To investigate whether the regulatory effect of circ_ROBO2 was
associated with miR-186-5p, we performed rescue experiments.
Knockdown of circ_ROBO2 increased miR-186-5p expression,
which was weakened by transfection of anti-miR-186-5p in CMECs
(Fig. 4A). MiR-186-5p inhibition could abolish the promotive effects
of sh-circ_ROBO2 on DNA synthesis, cell viability, and PCNA protein
expression in ox-LDL-treated CMECs (Fig. 4BeD), indicating that
the promoting effect of circ_ROBO2 knockdown was reversed by
inhibiting miR-186-5p. Moreover, the inhibitory effect of cir-
c_ROBO2 downregulation on apoptosis was abrogated by miR-186-
5p inhibition in ox-LDL-treated CMECs (Fig. 4E). Consistently, the
increase of Bcl-2 protein expression and decrease of Bax protein



Fig. 6. MiR-186-5p overexpression alleviated ox-LDL-induced dysfunction in CMECs through targeting TRIM14. (A and B) The mRNA and protein levels of TRIM14 were
analyzed by RT-qPCR and western blot assay in CMECs transfected with miR-NC, miR-186-5p, miR-186-5p þ pcDNA, or miR-186-5p þ TRIM14. (CeH) CMECs were divided into six
groups: Control, ox-LDL, ox-LDL þ miR-NC, ox-LDL þ miR-186-5p, ox-LDL þ miR-186-5p þ pcDNA, and ox-LDL þ miR-186-5p þ TRIM14. (C and D) EdU assay and CCK-8 assay were
used to detect cell proliferation ability. (E) Western blot assay was performed to apply analyze PCNA protein expression. (F) Cell apoptosis was detected by flow cytometry analysis.
(G) The protein levels of Bcl-2 and Bax were analyzed using western blot assay. (H) The angiogenic ability was assessed using Matrigel tube formation assay. *P < 0.05.

Fig. 7. Schematic diagram of the mechanism by which the circ_ROBO2/miR-186-5p/TRIM14 axis regulates ox-LDL-induced CMECs damage.
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expression caused by sh-circ_ROBO2 were abrogated by down-
regulating miR-186-5p in ox-LDL-exposed CMECs (Fig. 4F). In
addition, the promoting effect of circ_ROBO2 silencing on angio-
genesis was attenuated by miR-186-5p downregulation (Fig. 4G).
These results indicated that circ_ROBO2 downregulation protected
CMECs against ox-LDL-induced dysfunction partly through upre-
gulating miR-186-5p.

3.5. TRIM14 was directly targeted by miR-186-5p

Many reports have shown that the roles of miRNAs are achieved
by decreasing the expression of target mRNAs [23,24]. We used
starBase to predict potential target genes of miR-186-5p. As dis-
played in Fig. 5A, the 30UTR of TRIM14 contained the binding region
with miR-186-5p, indicating that TRIM14 might be a target of miR-
186-5p. The results of dual-luciferase reporter assay showed that
miR-186-5p upregulation reduced the luciferase activity of
TRIM14-WT, but did not affect the luciferase activity of TRIM14-
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MUT (Fig. 5B). Moreover, miR-186-5p was enriched by treatment
with Bio-TRIM14-WT compared to Bio-TRIM14-MUT or Bio-NC
groups (Fig. 5C). Transfection of miR-186-5p increased miR-186-5p
expression and transfection of anti-miR-186-5p significantly
decreased miR-186-5p expression (Fig. 5D), suggesting that miR-
186-5p and anti-miR-186-5p were successfully transfected. More-
over, overexpression of miR-186-5p reduced TRIM14 mRNA and
protein expression, while inhibition of miR-186-5p presented an
opposite effect (Fig. 5E and F), indicating that TRIM14 was nega-
tively regulated by miR-186-5p. In addition, TRIM14 mRNA
expression was increased in serum of CAD patients and negative
correlated with miR-186-5p expression as well as positive corre-
lated with circ_ROBO2 expression in serum of CAD patients (Fig.
5GeI). Furthermore, TRIM14 mRNA and protein expression were
both increased in CMECs treated with ox-LDL (Fig. 5J and K). Next,
we explored whether circ_ROBO2 regulated TRIM14 expression via
sponging miR-186-5p. As presented inFig. 5L and M, down-
regulation of circ_ROBO2 led to the downregulation of TRIM14
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mRNA and protein expression in CMECs, while co-transfection of
sh-circ_ROBO2 and anti-miR-186-5p relieved this inhibition.
Therefore, circ_ROBO2 modulated TRIM14 expression via interact-
ing with miR-186-5p.

3.6. MiR-186-5p ameliorated ox-LDL-induced dysfunction in
CMECs partly by regulating TRIM14

To explore whether miR-186-5p exerted its role in ox-LDL-
induced CMECs via targeting TRIM14, rescue assays were per-
formed. TRIM14 mRNA and protein levels were decreased by
overexpression of miR-186-5p, while this inhibitionwas rescued by
addition of TRIM14 (Fig. 6A and B). Overexpression of miR-186-5p
increased DNA synthesis, cell viability, and PCNA protein expres-
sion, whereas these promotive effects were counteracted by
upregulating TRIM14 (Fig. 6C-E), indicating miR-186-5p could
abate the inhibitory effect of ox-LDL on proliferation by targeting
TRIM14. In addition, cell apoptosis and Bax protein expressionwere
reduced as well as Bcl-2 protein expression was enhanced by miR-
186-5p upregulation, which could be neutralized by increasing
TRIM14 expression (Fig. 6F and G), disclosing that miR-186-5p
inhibited ox-LDL-induced apoptosis by downregulating TRIM14.
Moreover, enforced expression of miR-186-5p neutralized the
suppressive effect of ox-LDL on angiogenesis in CMECs, which was
again reversed by accumulation of TRIM14 (Fig. 6H). Overall, miR-
186-5p overexpression alleviated ox-LDL-induced damage in
CMECs partly through reducing TRIM14 expression.

4. Discussion

CAD is mainly triggered by coronary atherosclerosis, and there is
no effective and specific treatment strategy for CAD. Previous re-
ports have shown that CAD is always accompanied by endothelial
cell injury, which contributes to coronary atherosclerosis and ag-
gravates the development of CAD [25]. Hence, uncovering the un-
derlying mechanisms of CAD caused endothelial cell injury might
help to treat CAD. Studies have shown that ox-LDL has a pivotal role
in the pathogenesis and development of CAD by facilitating endo-
thelial cell dysfunction [26]. Herein, we established CAD cell model
was via exposing CMECs to ox-LDL. Moreover, we studied the role
of circ_ROBO2 in CAD cell model and elucidated a novel ceRNA
network of circ_ROBO2/miR-186-5p/TRIM14.

As a new kind of ncRNAs, circRNAs are involved in numerous
pathophysiological processes in human diseases [27]. Previous re-
searches have demonstrated that some circRNAs are dysregulated
in CAD [28e31]. Circ_ROBO2 has been reported to promote ox-LDL-
mediated endothelial injury in human vascular endothelial cells
[32]. Moreover, circ_ROBO2 promoted hypoxia-induced car-
diomyocytes damage via regulation of miR-590-3p/SOX4 axis [33].
In addition, circ_ROBO2 knockdown inhibited the proliferation and
migration in PDGF-BB-treated human aortic smooth muscle cells
[34]. These findings suggested that circ_ROBO2 played a pivotal role
in cardiovascular diseases. Here, we observed that circ_ROBO2 was
upregulated in serum samples of CAD patients, which was in line
with previous study [14]. Moreover, we found that circ_ROBO2 was
also overexpressed in ox-LDL-induced CMECs. Functional experi-
ments presented that circ_ROBO2 downregulation alleviated ox-
LDL-induced dysfunction in CMECs via promoting cell proliferation
and angiogenesis and reducing apoptosis. Out results demonstrated
that circ_ROBO2 downregulation might be a promising strategy for
CAD treatment.

In general, as a ceRNA, the functions of circRNAs depend on the
miRNA targets. We analyzed circ_ROBO2-miRNA interactions using
circinteractome. We identified that miR-186-5p was a direct target
of circ_ROBO2 after the online prediction and a series of analysis,
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andmiR-186-5p was negatively regulated by circ_ROBO2. MiR-186-
5p was reported to act as a tumor-suppressing or tumor-promoting
miRNA in different malignancies via regulating the downstream
genes and signal pathway [35e38]. In addition, Zhang et al.
declared that SNHG7 sponged miR-186-5p to modulate endothelial
cells’ phenotype [20]. More importantly, Li et al. suggested that
miR-186-5p exerted a protective role by downregulating ROBO1 in
ox-LDL-exposed human umbilical vein endothelial cells [39].
Nevertheless, the function of miR-186-5p in CAD is still unclear. In
this research, a low abundance of miR-186-5p was observed in CAD
patient and ox-LDL-induced CMECs. Rescue experiments showed
that miR-186-5p downregulation abated the protective role of sh-
circ_ROBO2 in ox-LDL-induced dysfunction, disclosing that cir-
c_ROBO2 might modulate the progression of CAD partly via tar-
geting miR-186-5p.

MiRNAs canmodulate gene expression via inhibiting translation
or degrading target mRNAs [40]. Next, we further explored the
possible targets for miR-186-5p. We proved that miR-186-5p
directly targeted TRIM14. Moreover, circ_ROBO2 could positively
regulate TRIM14 expression via interacting with miR-186-5p.
TRIM14 has been identified as an oncogene many cancers [41e43].
Additionally, Huang et al. reported that TRIM14 could promote the
activation of endothelium by regulating NF-kB signaling pathway
[44]. Zhang et al. found that TRIM14 overexpression largely over-
turned the protective role of miR-328-3p in ox-LDL-triggered
dysfunction in human umbilical vein endothelial cells [21]. Here, an
upregulation of TRIM14 was observed in CAD patient and ox-LDL-
exposed CMECs. To analyze whethermiR-186-5p could regulate the
biological phenotypes of CMECs through reducing TRIM14
expression, compensation experiments were performed. Our
findings disclosed that miR-186-5p could protect CMECs against
ox-LDL-induced injury partly via downregulating TRIM14. Despite
these results, there are some limitations and shortcomings in the
current study. First, the role of circ_ROBO2 in CAD disease causal
pathways was not fully demonstrated in our study. Secondly, one
gene may be targeted and regulated by multiple molecules; other
circRNA/miRNAs might also contribute to the progression of CAD
through regulating TRIM14. Third, the role of circ_ROBO2/miR-186-
5p/TRIM14 in CAD is still required to be further confirmed in animal
models in the future study.

In conclusion, circ_ROBO2 weakened ox-LDL-stimulated CMECs
injury partly via sponging miR-186-5p and regulating TRIM14 (Fig.
7), indicating that inhibition of circ_ROBO2 might be a possible
target for the treatment of CAD.
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