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Aims: Vascular smooth muscle cells are key participants in atherosclerosis. Circular RNA hsa_circ_0000345
(circ_0000345) and miR-647 are related to oxygenized low-density lipoprotein (ox-LDL)-induced arterial smooth
muscle cell (ASMC) dysregulation. However, the relationship between circ_0000345 and miR-647 in ox-LDL-
induced ASMC dysregulation is unclear.

Methods: Relative levels of circ_0000345, miR-647, and PAP-associated domain containing 5 (PAPD5) mRNA
in AS patient’s serum and ox-LDL-induced ASMCs were detected via RT-qPCR. Gain-of-function experiments
were utilized to analyze the effects of circ_0000345 upregulation on ox-LDL-induced cell proliferation,
migration, invasion, and inflammatory response in ASMCs. The relationship between circ_0000345 or PAPD5
and miR-647 was validated by dual-luciferase reporter and RNA immunoprecipitation assays.

Results: Circ_0000345 and PAPD5 were lowly expressed in AS patient’s serum and ox-LDL-induced ASMCs,
while miR-647 expression had an opposing trend. Mechanistically, circ_0000345 was verified as a miR-647
sponge, and miR-647 overexpression impaired the inhibitory effects of circ_0000345 upregulation on ox-LDL-
induced ASMC proliferation, migration, invasion, and inflammatory response. Further experiments
demonstrated that PAPD5 was a miR-647 target, and circ_0000345 adsorbed miR-647 to mediate PAPD5
expression. Also, PAPD5 inhibition relieved miR-647 silencing-mediated suppression on ox-LDL-induced ASMC
proliferation, migration, invasion, and inflammatory response.

Conclusions: Circ_0000345 elevated PAPD5 expression via acting as a miR-647 sponge, resulting in alleviating
ox-LDL-induced ASMC dysregulation. The study highlighted the critical role of circ_0000345 in AS.
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Introduction

Atherosclerosis (AS), whose pathological basis is
lipid metabolism disorder, can lead to coronary heart
disease, cerebral infarction, and peripheral vascular
disease®?. Vascular smooth muscle cells (VSMCs), an
important part of the blood vessel wall, have the
potential for self-renewal and differentiation®. The
abnormal proliferation of VSMCs located in the
arterial intima (ASMCs) leads to the thickening of the

aortic intima, which plays an important role in AS

pathogenesis?. Low-density lipoprotein (LDL) is an
independent risk factor for AS®, and oxidized LDL
(ox-LDL) can promote the growth, migration, and
differentiation of ASMCs, leading to ASMC
dysfunction® 7. Thus, exploring the underlying
mechanism of ASMC dysfunction mediated by
ox-LDL is essential to understand AS pathogenesis.
Circular RNAs (circRNAs) are covalently
circularized RNA moieties that are generated by a
noncanonical splicing event. Thanks to their lack of
free 5° and 3’ ends, circRNAs are resistant to
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exonuclease activity®. Furthermore, circRNAs have
the characteristics of cell type and tissue type-specific
expression, which prompts people to pay attention to
the potential functions of circRNAs?. Growing up
evidence has shown the vital roles of circRNAs in
various diseases, including cardiovascular disease!?.
For instance, circ-Ube3a upregulation causes a more
severe myocardial fibrosis after acute myocardial
infarctionV. Another example is that circ-ACSLI
aggravates myocarditis by upregulating MAPK14 2.
Researchers have shown the important roles of
circRNAs in AS. For example, circ-0030042 exerts a
protecting effect on atherosclerotic plaque stability by
targeting elF4A3 9. Furthermore, circ-0068087 %
and circ-USP36 ' mediate ox-LDL-induced
endothelial cell dysfunction, whereas circ-GNAQ
plays an inhibiting impact on endothelial cell
senescence'®. Hsa_circ_0000345 (circ_0000345),
derived from the RSF1 gene, has been uncovered to
take part in endothelial cell damage under ox-LDL
stimulation'” . Presently, the potential mechanism
of circ_0000345-mediated ox-LDL-induced ASMC
dysregulation must be further explored.

One of the important functions of circRNAs is
to regulate gene expression by acting as a sponge for
microRNAs (miRNAs), which play important role in
human diseases!*?V. For example, circ-HIPK3 elevates
Racl expression through adsorbing miR-93-5p,
resulting in aggravating myocardial infarction-induced
cardiac dysfunction??. Recently, regulation of
miRNAs was extensively studied for their roles in
biological processes?”. miR-647 exerts a tumor-
inhibiting role in glioma??, prostate cancer?, gastric
cancer?®, and cervical cancer?®. However, miR-647
has been uncovered to promote ox-LDL-induced
ASMC dysregulation?”. The online prediction tool
(Circular RNA Interactome) shows the possible
function of circ_0000345 as a sponge for miR-647.
Nonetheless, the relationship between circ_0000345
and miR-647 in ox-LDL-induced ASMC
dysregulation is indistinct.

Here, we investigated the relationship between
circ_0000345 and miR-647 in ox-LDL-induced
ASMC dysregulation. Mechanistic investigations
revealed that ox-LDL-mediated circ_0000345
downregulation facilitated ASMC proliferation,
migration, invasion, and inflammatory response via
decreasing PAP-associated domain containing 5
(PAPDS5) expression through functioning as a miR-
647 sponge.
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Materials and Methods

Ethics Statement

Thirty-five patients diagnosed with AS at the
Fourth Affiliated Hospital of Harbin Medical
University were recruited in the present research, and
15 normal subjects were utilized as controls.
Assessment of AS and vascular stenosis was performed
via cerebrovascular magnetic resonance angiography.
Patients with cerebral AS and vascular stenosis > 50%
were included in the AS group. All the participants
gave their written informed consent before they
entered the study. The serum samples of all
participants were used according to the Declaration of
Helsinki under a license approved by the hospital
ethics committee of the Fourth Affiliated Hospital of
Harbin Medical University.

Cell Culture and Treatment

Human ASMCs (ZQ0491, Zhong Qiao Xin
Zhou Biotechnology Co., Ltd., Shanghai, China) were
cultured in the F-12K complete medium (ZQ-507) in
an incubator with 5% carbon dioxide and 20%
oxygen at 37C. The cells were treated with ox-LDL
(50 pug/mL) (Sigma-Aldrich, St. Louis, MO, USA) for
24 h to induce the pathological state of AS, with
ox-LDL solvent PBS as a control.

Transient Transfection

The FuGENE® HD Transfection Reagent
(Promega, Madison, WI, USA) was used to transfect
ASMCs with the circ_0000345 overexpression
plasmid, which was produced by inserting its full-
length sequence into the pCD-ciR vector (Geneseed,
Guangzhou, China). The Lipofectamine RNAIMAX
Reagent (Thermo, Waltham, MA, USA) was utilized
to transfect ASMCs with the synthesized
oligonucleotides si-NC, si-circ_0000345, si-PAPD5,
miR-647 inhibitor (anti-miR-647), anti-miR-NC,
miR-647 mimic, and miR-NC.

RNA Isolation and RT-qPCR

Total RNA was isolated from serum samples and
cells using the Total RNA Extraction Kit (Solarbio,
Beijing, China) as per the manufacturer’s instructions.
The quality and quantity of the extracted RNA were
determined by measuring the absorbance at 260
nm/280 nm (A260/A280) using a NanoDrop
spectrophotometer (Thermo). RNA integrity was
verified using 1% agarose gel electrophoresis in TAE
buffer. For RNase R digestion, total RNA from
ASMCs was incubated with 3U/ug RNase R
(Epicentre Technologies, WI, USA) at 37°C for 30
min, and RNase R solvent DEPC-treated water served
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Table 1. Primer sequences used for RT-qPCR

Genes

Primer sequences (5’-3’)

circ_0000345

PAPD5

miR-647

GAPDH

U6

RSF1

Forward (F): 5~ ATGTGGCCTTCCAAACCATCC-3
Reverse (R): 5>~ AGAACATTGGCTGTAGAACGG-3’
F: 5-CTCCATGCGGCCTCGTC-3’

R: 5-TCGTCTCTAGGGGCAGGAAG-3’

F: 5°-GCCGAGGTGGCTGCACTCACT-3

R: 5-AGCAGGGAGATAACGGACTGAC-3’

F: 5-GACAGTCAGCCGCATCTTCT-3’

R: 5-GCGCCCAATACGACCAAATC-3’

F: 5-CTCGCTTCGGCAGCACA-3’

R: 5-AACGCTTCACGAATTTGCGT-3’

F: 5>-TACTCCACAGTTGATGAAGGCA-3’

R: 5-CATCTCCCATGCCCAGGTACT-3’

as a control. Fractionation of cytoplasmic and nuclear
fractions from ASMCs was performed using Active
Motif’s Nuclear Extract Kit (Carlsbad, CA, USA).
Generation of cDNA was conducted using Hifair® I
Ist Strand cDNA Synthesis Kit (Yesen, Shanghai,
China) or miRCURY LNA™ Universal RT microRNA
PCR system (Exiqon, Aarhus, Denmark) along with 1
pg total RNA. Amplifications were done using the
Lightcycler 480 (Roche, Basel, Switzerland) in
triplicate with a Hieff* qPCR SYBR Green Master
Mix (Yesen) and specific primers (Table 1). All genes
were normalized to the housekeeping gene GAPDH
or U6 and the results were expressed as relative fold
change (equation 2724,

MTT Assay

The MTT Cell Proliferation Assay Kit (Yesen)
was utilized as per the manufacturers instructions.
Approximately 1% 10 cells were allowed to grow for
48 h at 96-well plates and then incubated with the
MTT working solution (10 uL, 5 mg/mL) for 3 h.
After removing the solution from each well, the cells
were incubated with the MTT solubilization buffer
(100 pL). Four hours later, the absorbance of the
solution was measured using a microplate reader (Bio-

Tek, Winooski, VT, USA) at 570 nm.

Western Blotting

Whole-cell extract from ASMCs was prepared
using RIPA buffer containing protease and
phosphatase inhibitor (Thermo). Protein concentration
was determined with a bicinchoninic acid kit
(Beyotime, Nantong, China). Protein samples were
loaded, separated on 8%-10% SDS-PAGE, blotted
on immuno-blot PVDF membranes, blocked in 5%
skim milk, followed by incubation with primary
antibodies against PCNA (ab265609, 1:1000, Abcam,

Cambridge, MA, USA), Cleaved caspase-3 (ab32042,
1:500, Abcam), PAPD5 (ab231266, 1:1000, Abcam),
and GAPDH (ab8245, 1:5000, Abcam). Horseradish
peroxidase-conjugated goat antirabbit IgG H&L was
utilized as a secondary antibody. Protein signals were
detected using chemiluminescence (Thermo).

Flow Cytometry Assay

Apoptotic cells were detected using the Annexin
V-FITC/PI Apoptosis Detection Kit (Yesen) following
the manufacturer’s instructions. The trypsinized
ASMC:s were collected and resuspended in 1 x Binding
Buffer (100 uL), followed by staining with Annexin
V-FITC and PI. A flow cytometry (BD, San Jose, CA,
USA) was utilized for the analysis of the samples after
reacting for 15 min in the dark.

Wound Healing Assay

A linear scratch was made using a sterile pipet tip
after growing to 90%-100% confluence. Pictures
were taken of the same area of the scratch after 0 and
24 h of incubation at 37C. The remaining area of the
wound was judged by Image software (Media
Cybernetics, Silver Spring, MD, USA).

Transwell Invasion Assay

Cell invasion ability was analyzed using 24-well
transwell chambers (Corning, NY, USA) with Matrigel
(Corning). In short, 1x10% ASMCs in F-12K
medium-serum-free (200 pL) were added to the upper
chamber, and 600 pL of F-12K complete medium was
added to the bottom chamber. The cells were allowed
to grow for 24 h, and the cells passed the membranes
were fixed with 4% paraformaldehyde, followed by
staining with 0.5% crystal violet (Yesen). The number
of invading cells was counted under a microscope

(Olympus, Tokyo, Japan) in five randomly chosen fields.
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Fig.1. Expression of miR-647 and circ_0000345 was negatively correlated in the AS patient’s serum.

(A) Pearson’s correlation coefficient analysis of the correlation between miR-647 and circ_0000345 in the AS patient’s serum. (B and C)
Relative levels of circ_0000345 and miR-647 in the AS patient’s serum. (D and E) Relative expression levels of circ_0000345 and miR-647 in

ASMC:s stimulated by different doses of ox-LDL. *P<0.05.

Enzyme-Linked Immunosorbent Assay (ELISA)

The release of proinflammatory cytokines
TNF-a and IL-6 from ASMCs was detected using a
microplate reader (Bio-Tek) with human TNF-a
(E-EL-HO0109c, Elabscience, Wuhan, China)/IL-6
(kt34251, Moshak Biological Technology Co.,
Wuhan, China) ELISA Kit.

Dual-Luciferase Reporter Assay

Sequences of WT-circ_0000345, MUT-
circ_0000345, WT-PAPDS 3'UTR, and MUT-
PAPDS 3’ UTR were ligated into the pGL3-Basic
vector (Promega), respectively. ASMCs were cotransfected
with a recombinant luciferase plasmid, pGL3-Basic
vector, and pRL-TK (Promega) and miR-647 mimic/
miR-NC. Forty-eight hours later, the lysates of
transfected ASMCs were analyzed on a varioskan™
LUX microplate reader (Thermo) with a dual-
luciferase reporter assay kit (Promega).

RNA Immunoprecipitation (RIP)

The Magna RIP RNA-Binding Protein
Immunoprecipitation Kit (Millipore, Billerica, MA,
USA) was used for RIP analysis with an antibody
against Ago2/IgG. Co-precipitated RNA complex was
isolated after digestion with proteinase K (Yesen). The
RNA complex was purified with the RNeasy kit
(Qiagen, Valencia, CA, USA) and subjected to
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RT-qPCR analysis.

Statistical Analysis

Experimental results, which from three biological
replicates, were analyzed with GraphPad Prism
software (Version 6.01, GraphPad Software, San
Diego, California, USA) and expressed as mean=
standard deviation. Significance was evaluated by
Student’s z-test (for two groups) or ANOVA (for
multiple groups). £<0.05 was defined as significant.

Results
Expression of miR-647 and circ_0000345 Had a

Negative Correlation in the AS Patient’s Serum

By consulting the references, we found that
circ_0000345'” and miR-647 play opposite roles in
AS pathogenesis?”. We attempted to investigate the
association between circ_0000345 and miR-647 in
AS pathogenesis. RT-qPCR showed an obvious
decrease in circ_0000345 expression and a
conspicuous elevation in miR-647 expression in the
AS patient’s serum, and their expression had a negative
correlation (Fig. 1A-C). Also, ox-LDL stimulation
decreased circ_0000345 expression in ASMCs in a
dose-dependent manner (Fig.1D). By contrast, miR-

647 expression was gradually increased in ox-LDL-
stimulated ASMCs with the increase of ox-LDL dose
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(Fig. 1E). Together, these findings manifested that the
negative correlation between circ_0000345 and miR-
647 in the AS patient’s serum might be related to AS
pathogenesis.

Characteristics of circ_0000345 in ASMCs

We then explored the characteristics of
circ_0000345 in ASMCs. circ_0000345, located on
chrl1: 77409531-77413540, is derived from exons 6
and 7 of the RSF1 gene (Fig.2A). Because RNase R
preferentially degrades linear RNA sequences, we
utilized this enzyme to digest ASMCs-derived total
RNA. Data in Fig.2B exhibited the resistance of
circ_0000345 to RNase R. Also, the expression of
circ_0000345 using random primers for reverse
transcription was significantly higher than that using
oligo (dT)1s primers (Fig.2C). RT-qPCR analysis of
nuclear and cytoplasmic RNA showed that
circ_0000345 was preferentially expressed in the
cytoplasm of ASMCs (Fig.2D). These results
manifested that circ_0000345 was a stable circRNA
that was mainly localized in the cytoplasm of ASMCs.

Circ_0000345 Overexpression Weakened ox-LDL-
Induced ASMC Proliferation, Migration, Invasion,
and Inflammatory Response

We then tried to investigate whether

circ_0000345 was involved in AS pathogenesis. The
circ_0000345 overexpression plasmid was constructed
and its transfection efficiency was shown in Fig.3A.
Furthermore, ox-LDL stimulation elevated cell
viability and PCNA protein levels in ASMCs, whereas
these changes were weakened by circ_0000345
overexpression (Fig.3B and C). Also, introduction of
circ_0000345 reversed the decrease in apoptosis and
Cleaved caspase-3 protein levels in ASMCs mediated
by ox-LDL stimulation (Fig.3D and 3E).
Additionally, the elevated migration and invasion
capacities of ASMCs caused by ox-LDL stimulation
were overturned after circ_0000345 introduction
(Fig.3F and G). Moreover, the increased release of
TNF-a and IL-6 in ox-LDL-stimulated ASMCs was
impaired by circ_0000345 upregulation (Fig.3H and
I). The effects of circ_0000345 silencing on ox-LDL-
induced ASMC proliferation, migration, invasion,
and inflammatory response were investigated. The
results showed that transfection with si-circ_0000345
decreased circ_0000345 expression in ox-LDL-
induced ASMCs (Supplementary Fig. 1A). Moreover,
circ_0000345 silencing elevated cell viability and
PCNA protein levels in ox-LDL-induced ASMCs,
implying that circ_0000345 knockdown promoted
ox-LDL-induced ASMC proliferation (Supplementary
Fig.1B and C). Also, circ_0000345 downregulation
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Fig.3. Effects of circ_0000345 overexpression on ox-LDL-induced ASMC proliferation, migration, invasion, and inflammatory
response

(A) RT-qPCR verifying the transfection efficiency of the circ_0000345 overexpression plasmid. (B-I) ASMCs with or without ox-LDL
stimulation and circ_0000345/pCD-ciR-transfected ASMCs with ox-LDL stimulation were used. (B) MTT assays showing the viability of
ASMC:s. (C) Western blotting analysis showing the relative levels of PCNA protein in ASMCs. (D) Flow cytometry assays exhibiting the
apoptosis of ASMCs. (E) Western blotting analysis showing the relative levels of Cleaved caspase-3 in ASMCs. (F and G) Wound healing and
transwell invasion assays exhibiting the migration and invasion of ASMCs. (H and I) The release of proinflammatory cytokines TNF-a and
IL-6 in ASMCs. *P<0.05.

reduced cell apoptosis and Cleaved caspase-3 protein inhibited ox-LDL-induced ASMC apoptosis
levels in ASMCs under ox-LDL stimulation, (Supplementary Fig. 1D and E). We also observed a

suggesting that circ_0000345 downregulation marked increase in cell migration and invasion in
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ox-LDL-induced ASMCs (Supplementary Fig. 1F
and G). Additionally, the release of TNF-a and IL-6
in ox-LDL-induced ASMCs was elevated after
circ_0000345 inhibition (Supplementary Fig.1H
and I). Together, these results manifested that
circ_0000345 impaired ox-LDL-induced ASMC
proliferation, migration, invasion, and inflammatory
response.

Function of circ_0000345 as a miR-647 Sponge
Because circ_0000345 was preferentially located
in the cytoplasm, we inferred that circ_0000345
might function as a miRNA sponge. After Circular
RNA Interactome prediction, six miRNAs (miR-942 29,
miR-147 29, miR-647 27, miR-636 3%, miR-515-5p3",
and miR-153-3p3?) related to AS were selected for
further analyzed. We observed that circ_0000345
overexpression repressed miR-647, miR-515-5p, and
miR-153-3p expression levels, especially miR-647
(Supplementary Fig.2). We then constructed
WT-circ_0000345 and MUT-circ_0000345 luciferase
plasmids, and Fig.4A shows the binding sites between
circ_0000345 and miR-647. To verify this prediction,
we transfected miR-647 mimic to ASMCs to
overexpress miR-647 (Fig.4B). And miR-647
overexpression curbed the luciferase activity of the

WT-circ_0000345 luciferase plasmid instead of the

MUT-circ_0000345 luciferase plasmid (Fig.4C).
Moreover, miR-647 and circ_0000345 were markedly
enriched in the RNA complex precipitated by the
antibody against Ago2 (Fig.4D). A siRNA targeting
circ_0000345 was utilized to interference
circ_0000345 in ASMCs (Fig.4E). As expected, miR-
647 expression was downregulated in circ_0000345-
overexpressed ASMCs and upregulated in
circ_0000345-inhibited ASMCs (Fig.4F).
Collectively, circ_0000345 functioned as a miR-647
sponge.

Circ_0000345/miR-647 Axis Participated in
ox-LDL-Induced ASMC Proliferation, Migration,
Invasion, and Inflammatory Response

We then tried to investigate whether ox-LDL
induced ASMC proliferation, migration, invasion,
and inflammatory response through the
circ_0000345/miR-647 axis. The results showed that
exogenetic expression of miR-647 weakened
circ_0000345 overexpression-mediated inhibition on
viability and PCNA protein levels in ox-LDL-
stimulated ASMCs (Fig. 5A and B). Furthermore, the
elevation in apoptosis and Cleaved caspase-3 protein
levels in ox-LDL-stimulated ASMCs mediated by
circ_0000345 overexpression were whittled by the
introduction of miR-647 mimic (Fig.5C and D).
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Fig.5. miR-647 impaired circ_0000345 overexpression-mediated effects on cell proliferation, migration, invasion, and

inflammatory response in ox-LDL-stimulated ASMCs

(A-H) ASMCs with or without ox-LDL stimulation and circ_0000345/pCD-ciR/circ_0000345+miR-NC/circ_0000345+miR-647-
transfected ASMCs with ox-LDL stimulation were used. (A) MTT assays analysis of the viability of ASMCs. (B) Western blotting detection
of the relative levels of PCNA protein in ASMCs. (C) Flow cytometry assays evaluation of the apoptosis of ASMCs. (D) Western blotting
investigation of the relative levels of Cleaved caspase-3 protein in ASMCs. (E and F) Wound healing and transwell invasion assays evaluation
of the migration and invasion of ASMCs. (G and H) ELISA measurement of proinflammatory cytokines TNF-a and IL-6 in ASMCs. *P<

0.05.

Additionally, upregulated miR-647 impaired the
inhibitory effects of circ_0000345 overexpression on
cell migration, invasion, and inflammatory response
in ASMCs under ox-LDL stimulation (Fig.5E-H). In
summary, these findings suggested that ox-LDL
induced ASMC proliferation, migration, invasion,
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and inflammatory response via regulation of the

circ_0000345/miR-647 axis.

PAPD5 was Validated as a miR-647 Target
Considering that circRNA can regulate gene
expression via sequestering miRNA, we further
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(A) The pGL3 plasmid containing WT-PAPD5 3" UTR or MUT-PAPD5 3" UTR was constructed, respectively. (B and C) The targeting
relationship between miR-647 and PAPD5 was demonstrated by dual-luciferase reporter and RIP assays. (D and E) Relative levels of PAPD5
mRNA and protein in the AS patient’s serum. (F) Relative levels of PAPDS5 protein in ASMCs stimulated by different doses of ox-LDL. (G)
RT-qPCR showing the interference efficiency of miR-647 inhibitor. (H) Pearson’s correlation coefficient analysis of the correlation between
miR-647 and PAPD5 mRNA in the AS patient’s serum. (I) Effects of miR-647 inhibition and overexpression on PAPD5 protein levels in

ASMCs. *P<0.05.

investigated the target of miR-647. TargetScan
predicted that PAPD5 might be a potential target for
miR-647. The pGL3 plasmid containing WI-PAPD5
3" UTR or MUT-PAPDS 3’ UTR was constructed
(Fig.6A). Also, there was a prominent decrease in the
luciferase activity of the pGL3 plasmid containing
WT-PAPD5 3’ UTR in presence of miR-647 mimic
(Fig.6B). Moreover, the levels of miR-647 and
PAPD5 mRNA were higher in the RNA complex
derived from the anti-Ago2 group (Fig.6C). We also
observed a significant decrease in PAPD5 mRNA and
protein levels in the AS patient’s serum (Fig. 6D and
E). Analogously, PAPDS5 protein levels were decreased
in ox-LDL-stimulated ASMCs with the increase in
ox-LDL dose (Fig.6F). We also used a miR-647

inhibitor to knockdown miR-647 in ASMCs
(Fig.6G). Also, the expression of miR-647 and
PAPD5 mRNA was negatively correlated in the AS
patient’s serum (Fig. 6H). Expectedly, miR-647 mimic
repressed PAPD5 protein levels in ASMCs, but the
miR-647 inhibitor played an opposing effect (Fig. 61I).
These findings suggested that PAPD5 was a

downstream target for miR-647.

Inhibition of miR-647 Whittled ox-LDL-Induced
ASMC Proliferation, Migration, Invasion, and
Inflammatory Response via Upregulating PAPD5
Whether miR-647 mediated ox-LDL-induced
ASMC proliferation, migration, invasion, and
inflammatory response via PAPD5 had been further
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Fig.7. PAPD5 silencing impaired miR-647 knockdown-mediated effects on ASMC proliferation, migration, invasion, and

inflammatory response under ox-LDL stimulation

(A) Western blotting showing the interference efficiency of si-PAPD5. (B-I) ASMCs with or without ox-LDL stimulation and anti-miR-NC/
anti-miR-647/anti-miR-647+si-NC/anti-miR-647+si-PAPD5-transfected ASMCs with ox-LDL stimulation were used. (B) The viability of
ASMC:s was evaluated. (B) Relative levels of PCNA protein in ASMCs were detected. (C) The apoptosis of ASMCs was detected. (D) Relative
levels of Cleaved caspase-3 protein in ASMCs were analyzed. (E and F) The migration and invasion of ASMCs were determined. (G and H)
The release of proinflammatory cytokines TNF-a and IL-6 in ASMCs was measured. *P<0.05.

explored. The transfection efficiency of si-PAPD5 was
verified and displayed in Fig.7A. Moreover, inhibition
of miR-647 weakened the elevation in viability and
PCNA protein levels and the reduction in apoptosis
and Cleaved caspase-3 protein levels in ASMCs caused
by ox-LDL stimulation, but these effects mediated by
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miR-647 silencing were reversed after PAPD5
knockdown (Fig.7B-E). Additionally, miR-647
knockdown reversed the promoting effects of ox-LDL
on ASMC migration, invasion, and inflammatory
response, whereas the introduction of si-PAPD5 offset
the impacts caused by miR-647 silencing (Fig. 7F-I).
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(A) The correlation between circ_0000345 and PAPDS5 in the AS patient’s serum. (B and C) Relative levels of PAPDS5 protein in ASMCs
with or without ox-LDL stimulation and circ_0000345/pCD-ciR/circ_0000345+miR-NC/circ_0000345+miR-647-transfected ASMCs with

ox-LDL stimulation were detected. * P<0.05.

Collectively, these findings manifested that ox-LDL
induced ASMC proliferation, migration, invasion,
and inflammatory response via the miR-647/PAPD5

axis.

Circ_0000345 Sponged miR-647 to Modulate
PAPD5 Expression

Subsequently, we analyzed the involvement
between circ_0000345 and PAPDS5. Pearson’s
correlation coefficient analysis showed a positive
correlation between circ_0000345 and PAPDS5 in the
AS patient’s serum (Fig.8A). Furthermore,
circ_0000345 overexpression partly reversed the
decreased expression of PAPDS5 in ox-LDL-induced
ASMCs, but this change mediated by circ_0000345
overexpression was weakened after miR-647
upregulation (Fig.8B and C). Together, these results
manifested that circ_0000345 adsorbed miR-647 to
regulate PAPD5 expression in ASMCs with ox-LDL

stimulation.

Discussion

Insights into the roles of circRNAs in human
diseases have made circRNAs attractive tools and
targets for novel therapeutic approaches. Accumulated
evidence highlights the important function of
circRNAs as key regulators in cardiovascular disease??.
There is sufficient evidence to support that abnormal
circRNA expression may be involved in AS
pathogenesis®?. In the present study, we revealed a
mechanism by which ox-LDL-mediated circ_0000345
downregulation facilitated ASMC proliferation,
migration, invasion, and inflammatory response via

the miR-647/PAPD5 axis.

Our results were the same as the previous reports
in that circ_0000345 had a lower level in the AS
patient’s serum than the control group!” ¥,
Researchers revealed that circ_0000345 expression was
decreased in ox-LDL-induced endothelial cells, and
circ_0000345 could weaken ox-LDL-induced
endothelial cell damage through miR-758/CCND2'”
and miR-129-5p/TET?2 axes'®. Our results showed a
lower circ_0000345 level in ox-LDL-stimulated
ASMCs, and circ_0000345 overexpression attenuated
ox-LDL-induced ASMC proliferation, migration,
invasion, and inflammatory response. The above
evidence uncovered that circ_0000345 could combat
ox-LDL-induced ASMC dysregulation and
endothelial cell damage.

The canonical regulation of circRNAs in the
ceRNA mechanism acts as a miRNA sponge to adsorb
miRNA and reduce its abundance®. Our results
exhibited a negative correlation between circ_0000345
and miR-647 expression in the AS patient’s serum.
Also, the function of circ_0000345 as a miR-647
sponge was validated using luciferase reporter and RIP
assays. A previous study reported that miR-647
activated the PI3K/AKT pathway via targeting PTEN,
resulting in promoting ASMC migration and
proliferation?”. Herein, miR-647 was upregulated in
the AS patient’s serum and ox-LDL-induced ASMCs,
and miR-647 upregulation whittled the inhibitory
effects of circ_0000345 overexpression on ox-LDL-
induced ASMC proliferation, migration, invasion,
and inflammatory response. Hence, we inferred that
circ_0000345 relieved ox-LDL-induced ASMC

proliferation, migration, invasion, and inflammatory
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response through adsorbing miR-647.

PAPDS5, a noncanonical polymerase, can
oligoadenylate and destabilize the RNA component of
telomerase’®. PAPD5 can facilitate cellular senescence
by regulating the translation of p53%. Also, PAPD5
mediates the degradation of cancer miR-21, which is
disrupted in other proliferative diseases?®®.
Additionally, CASC2 relieved ox-LDL-induced
ASMC migration and invasion via upregulating
PAPD5 via sponging miR-532-3p3. Our data also
exhibited an overt decrease in PAPDS5 expression in
the AS patient’s serum and ox-LDL-induced ASMCs.
Also, PAPD5 was verified as a miR-647 target, and
PAPD5 silencing partly reversed miR-647
knockdown-mediated repression on ox-LDL-
stimulated ASMC proliferation, migration, invasion,
and inflammatory response. Of note, circ_0000345
acted as a miR-647 sponge and elevated PAPD5
expression via sponging miR-647 in ox-LDL-
stimulated ASMCs. Therefore, we concluded that
circ_0000345 decreased ox-LDL-induced
proliferation, migration, invasion, and inflammatory
response in ASMCs by regulating the miR-647/
PAPDS5 axis. Unfortunately, we did not collect samples
on atherosclerotic plaques, so this study only provided
serum levels of circ_0000345, miR-647, and PAPDS5.
Nevertheless, the levels of circ_0000345, miR-647,
and PAPDS5 in atherosclerotic plaque samples require
further analysis in the future.

In summary, our study verified the
downregulation of circ_0000345 in the AS patient’s
serum and ox-LDL-stimulated ASMCs. Moreover, our
findings identified the important role of
circ_0000345/miR-647/PAPD5 axis on ox-LDL-
induced ASMC dysregulation, providing new insight
into AS pathogenesis.
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Supplementary Fig. 1. Effects of circ_0000345 silencing on cell proliferation, migration, invasion, and inflammatory response in
ox-LDL-stimulated ASMCs

(A-I) ASMCs were transfected with si-NC or si-circ_0000345 and then treated with ox-LDL. (A) Relative expression of circ_0000345 in the
above treated ASMCs. (B) The viability of the above treated ASMCs was determined by MTT assay. (C) Relative protein levels of PCNA in
the above treated ASMCs were detected by western blotting. (D) The apoptosis of the above treated ASMCs was detected via flow cytometry
assay. (E) PCNA protein levels in the above treated ASMCs were measured via western blotting. (F and G) Cell migration and invasion in the
above treated ASMCs were evaluated by wound healing and transwell invasion assays. (H and I) ELISA was used to measure the release of
TNF-a and IL-6 in the above treated ASMCs. *P<0.05.
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Supplementary Fig. 2. Effect of circ_0000345 overexpression on the expression levels of 6 miRNAs (miR-942, miR-
147, miR-647, miR-636, miR-515-5p, and miR-153-3p) in ASMCs was assessed by RT-qPCR.

*P<0.05.
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