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Abstract
Background & objectives: Due to the hidden pathogen, carotid artery stenosis (CAS) always occurred at an advanced stage
leading to serious sequelae and even deaths. The significance of long noncoding RNA (lncRNA) prostate cancer antigen 3 (PCA3)
in CAS incidence and progression were evaluated aiming to explore a potential target for its therapy.
Materials and methods: Serum samples were collected from 83 asymptomatic CAS patients and 52 healthy individuals and
PCA3 was compared using polymerase chain reaction (PCR). The PCA3 levels were compared between stable and unstable pla-
que in CAS patients. The effect of PCA3 on vascular smooth muscle cells (VSMCs) proliferation and motility was assessed by
CCK8 and transwell assay.
Results: PCA3 was downregulated in CAS patients and their unstable plaque tissues compared with healthy individuals and sta-
ble plaque, respectively. Reduced PCA3 could discriminate CAS patients with relatively high sensitivity and specificity and were
associated with higher total cholesterol level and stenosis degree, unstable plaque, and complications. PCA3 downregulation pre-
dicted the adverse outcomes of CAS patients. In VSMCs, overexpressing PCA3 significantly suppressed cell proliferation, migra-
tion, and invasion, which was alleviated by miR-124-3p/ITGB1 axis.
Conclusion: PCA3 served as a biomarker of CAS and regulates the function of VSMCs through sponging miR-124-3p/ITGB1 and
indirectly influence the stability of plaque.
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Introduction
With the improvement of living standards and the ageing struc-
ture of the population, the incidence of atherosclerosis is grad-
ually increasing, and the related cerebrovascular events have
also attracted special attention. Carotid artery stenosis (CAS)
is one of the major adverse outcomes of atherosclerosis,
which accounts for about 30% of ischemic strokes.1 The
onset of CAS is relatively hidden, which is often noticed after
physical examination or clinical symptoms occurring. The
lack of timely intervention results in hemiplegia, aphasia, and
even death.2 In the past decades, great progress has been
made in the therapy of CAS, and the symptoms and prognosis
of CAS patients have also been greatly improved. Previous
studies suggested that the stenosis degree of the vascular

lumen is the main factor associated with therapeutic strategy
and patients’ prognosis.3,4 However, increasing evidence sug-
gested that missed diagnoses caused by asymptomatic features
and complications induced by plaque instability are adverse
prognostic factors.5–7 There is an urgent need for exploring
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effective biomarkers associated with the occurrence and devel-
opment of CAS, especially the stability of plaque. Vascular
smooth muscle cells (VSMCs) play critical roles in the integrity
of fibrous caps, which significantly influences the stability of
plaque.8,9 The apoptosis and senescence of VSMCs and the
reduced collagen and elastin would promote the thinning of
the fibrous cap and the formation of atherogenesis, and
further boost the instability of plaque.10–12 Hence, the regula-
tion of VSMCs’ function is also closely correlated with CAS
pathogen and progression.

Noncoding RNAs (ncRNAs) compromise over 98% of the
human genome. Long ncRNAs (lncRNAs) has become the
focus of recent studies, which are of complex biology but
with various functions. With the deepening of the research,
the role of lncRNAs in vascular diseases has been disclosed.
There have been several lncRNAs revealed to mediate the
occurrence and development of atherosclerosis mainly
through regulating lipid metabolism, inflammation, cell prolif-
eration, apoptosis, and motility.13–15 LncRNA prostate cancer
antigen 3 (PCA3) was located on chromosome 9q21-22,
which was primarily and widely demonstrated to play roles in
the progression and prognosis of prostate cancer. Recently,
the effect of PCA3 on other human diseases has also attracted
huge attention. It has been reported to regulate lipid accumula-
tion and metabolism disorders.16,17 Moreover, PCA3 could also
aggravate the progression of atherosclerosis via promoting the
efflux of cholesterol.16 Therefore, PCA3 was speculated to be
involved in the development of CAS, but there were little
data available to confirm its function.

In this study, PCA3 was compared between CAS patients and
healthy individuals to evaluate its potential in discriminating CAS
patients. The effect of PCA3on the biological function of VSMCs
was also estimated to explore its regulatory effects on plaque
stability exploring the potential regulating mechanism.

Materials and Methods

Study Subjects
This study enrolled 83 asymptomatic CAS patients and 52
healthy individuals from June 2019 to July 2021 according to
the following criteria.

The asymptomatic CAS was defined as patients who had
never suffered transient ischemia, stroke, or other related neuro-
logical symptoms caused by CAS in the past 6 months, and
patients who had only mild dizziness or pain symptoms. CAS
patients were diagnosed by Doppler color ultrasound or CT
angiography at Taizhou Second People’s Hospital and meet
one of the following indications of operation: (1) the degree
of stenosis≥ 70% (by color ultrasound) or 60% (by CT angiog-
raphy); (2) the degree of stenosis < 70% by ultrasound but CT
angiography indicated the unstable lesion.

Patients with one of the following terms were excluded: (1)
patients who possess intracranial aneurysm, which cannot be
managed in advance or simultaneously; (2) patients with coag-
ulation dysfunction or contraindications to heparin and

antiplatelet agents; (3) patients with serious dysfunction in
heart, lung, liver, kidney, or other important organs.

Healthy individuals were enrolled from the group receiving a
routine physical examination at our hospital without any indica-
tions of carotid artery abnormality. The study had been
approved by the Ethics Committee of Taizhou Second
People’s Hospital and all participant or their families had
signed informed consent. The age and gender composition of
study subjects are matched. CAS patients were followed up
for 1 to 6 months (median follow-up time= 108 d) to trace
their disease development and status. The endpoints were
defined as the occurrence of cerebral events and CAS-related
deaths.

Sample Collection
Fasting venous blood samples were collected from each partic-
ipant and were centrifugated to isolate serum. The carotid
plaque samples were collected from CAS patients during per-
forming carotid endarterectomy. The obtained carotid plaque
specimens must be of good integrity, and the samples with
severe damage were excluded. All samples were stored at
−80 °C for the following analyses.

Cell Culture and Transfection
Human vascular smooth muscle cells were incubated in
Dulbecco’s Modified Eagle’s Medium (DMEM) culture
medium with 10% fetal bovine serum (FBS) and 1% antibiotics
at 37 °C reaching the logarithmic phase.

Cells were transfected with the overexpression vector of
PCA3 established with the pcDH-CMV-MCS-EF1-copGFP
lentivirus vector (System Biosciences, USA) using
Lipofectamine 2000 (Invitrogen, USA). The expression of
PCA3 was analyzed by real-time quantitative polymerase
chain reaction (qPCR) to evaluate the transfection efficacy.

Real-Time qPCR
Cells and clinical samples were lysed with a Trizol reagent to
isolate total RNA. Isolated RNA was assessed by NanoDrop
1000 and OD260/280 > 1.8 indicating the qualified purity.
Complementary DNA (cDNA) was generated with the
RevertAidTM First Strand cDNA Synthesis Kit (Takara,
Japan), and the reaction conditions were: room temperature
for 10 min, 42 °C for 60 min, 95 °C for 5 min, and on ice for
5 min. The PCR reaction was conducted on the 7500 PCR
system with SYBR Green reagent. The relative expression
levels were calculated with the 2−ΔΔct method with glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) (for PCA3) and
cel-miR-39 (for miR-124-3p) ad internal references.

Luciferase Reporter Assay
The Luciferase reporter vector was established by cloning 3’
untranslated regions (3’UTR) or mutant 3’UTR of PCA3 or
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ITGB1 into the pGL3 vector (Promega, USA). The established
vectors were co-transfected with miR-124-3p mimic, inhibitor,
or negative controls using Lipofectamine 2000 (Invitrogen,
USA) to evaluate the interaction between PCA3 or ITGB1
and miR-124-3p. The relative luciferase activity of PCA3 and
ITGB1 was assessed by a dual luciferase reporter system
(Promega, USA) normalized to Renila.

Cell Proliferation Assay
Cells were seeded into 96-well plates supplied with a completed
culture medium. After adherent growth, the culture medium
was replaced with fresh culture medium and incubated for 0,
24, 48, 72, and 96 h. CCK-8 reagent was added to each well
and incubated for another 4 h and the absorbance at 450 nm
was detected with a microplate reader. The OD450-time curve
was plotted to evaluate the proliferation of VSMCs.

Cell Motility Assay
Transfected cells were collected and resuspended in FBS-free
culture medium and seeded onto the upper chamber of 24-well
transwell plates. The bottom chamber was filled with a 10%
FBS-containing culturemedium. The transwell plates were incu-
bated at 37 °C for 24 h and the culture medium was removed.
After washing with PBS twice, cells on the subsurface of the
upper chamber were fixed and stained for 30 min, respectively.
Cells were counted under a microscope from 5 random fields.

Statistical Analysis
Receiver operating characteristic curve analysis was employed
to evaluate the significance of serum PCA3 in discriminating

CAS patients from healthy individuals. The association of
PCA3 with patients’ disease conditions was assessed by the
chi-square test. The follow-up data were analyzed by
Kaplan-Meier and Cox regression analysis to identify potential
prognostic factors of CAS.

Cell experimental data were expressed as mean± standard
deviation (SD). (n= 3) and analyzed by student’s t-test or
one-way analysis of variance (ANOVA) using SPSS 26.0 soft-
ware or GraphPad Prism 9.0 (P< .05).

Results

PCA3 was Downregulated in CAS Patients Especially in
Unstable Plaque
Reduced serum PCA3 levels were observed in CAS patients
compared with healthy individuals (Figure 1a). CAS patients
could be differentiated from healthy individuals by PCA3
expression with the cutoff of 0.825, and the sensitivity and spe-
cificity were 83.13% and 86.54%, respectively (area under the
curve= 0.889, Figure 1b). In collected plaque samples from
CAS patients, the significant downregulation of PCA3 was
also observed in the unstable plaque relative to the stable
plaques (Figure 1c).

PCA3 was Correlated With Adverse Development and
Outcomes of CAS Patients
CAS patients were divided into low-PCA3 and high-PCA3
groups according to the average serum PCA3 levels (0.72) in
CAS patients. There were 45 patients in the low-PCA3 group,
and most patients possessed a higher total cholesterol level
and stenosis degree, unstable plaque, and complications of

Figure 1. Expression of PCA3 in serum and plaque samples. PCA3 was significantly downregulated in CAS patients’ serum (a), which showed
sensitively and specifically diagnostic potential in CAS patients (b). (c) CAS patients with unstable plaque showed a lower expression of PCA3.
****P< .0001. Abbreviations: AUC, area under the curve; CAS, carotid artery stenosis; CI, confidence interval; PCA3, prostate cancer antigen 3.
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hypertension and diabetes. A significant association of PCA3
with the total cholesterol (P= .042), stenosis degree (P=
.021), plaque stability (P < .001), hypertension (P= .025), and
diabetes (P= .002) was observed (Table 1).

Additionally, follow-up data showed that the 6-month
development-free survival of the low-PCA3 group was poorer
than that of the high-PCA3 group (Figure 2a). PCA3 was also
identified as an independent prognostic biomarker of CAS
with a hazard ratio (HR) of 9.359 (95% confidence interval
[CI]= 2.225–39.367) together with low-density lipoprotein
levels (HR= 3.826, 95% CI= 1.215–12.047), stenosis degree
(HR= 8.805, 95% CI= 1.667–46.500) and plaque stability
(HR= 4.691, 95% CI= 1.247–17.640, Figure 2b).

PCA3 Regulated the Function of VSMCs via Negatively
Regulating miR-124-3p
PCA3-overexpressed VSMCs were established by cell transfec-
tion. The regulation of miR-124-3p showed no significant effect
on PCA3 expression (Figure 3a), but it could alleviate the

suppression by PCA3 overexpression (Figure 3b).
Additionally, the luciferase reporter also confirmed that
miR-124-3p could negatively regulate the luciferase activity
of PCA3 through several binding sites (Figure 3c).

The overexpression of PCA3 significantly suppressed the
proliferation (Figure 3d), migration (Figure 3e), and invasion
(Figure 3f) of VSMCs, while the upregulation of miR-124-3p
significantly attenuated the inhibitory effect of PCA3
overexpression.

The PCA3/miR-124-3p Axis Could Regulate ITGB1 in
VSMCs
miR-124-3p was predicted to bind 3’UTR of ITGB1 with
several binding sites. In VSMCs, miR-124-3p was found to
negatively regulate the luciferase activity of WT-ITGB1, but
showed no significant influence on the activity of MT-ITGB1
(Figure 4a). In transfected VSMCs, the overexpression of
PCA3 significantly increased the mRNA level of ITGB1,
while miR-124-3p overexpression reversed this elevation
(Figure 4b).

Discussion
CAS and the formation of carotid plaque are the major inducing
factors of stroke. Traditional views have considered stenosis
degree as the main risk factor for the malignant development
of CAS, however, cerebrovascular events also frequently
occurred in some patients with minor stenosis.18 Therefore,
stenosis degree cannot be the unique criterion for the occur-
rence of cerebrovascular events. The stability of plaque has
been included in the assessment of CAS development, but the
mechanism that affected the stability and development of
plaque remains unclear.19,20 With the development of molecu-
lar mechanisms, the identification of CAS development-related
molecules has been widely investigated. There have also been
several lncRNAs suggested to indicate the onset and progres-
sion of CAS and regulate the stability of plaque. For instance,
lncRNA non-coding RNA of nuclear factor of activated T
cells (NRON) was demonstrated to regulate the growth and via-
bility of VSMCs and further influence the stability of plaque
stability.21 Upregulated lncRNA rhabdomyosarcoma 2-associ-
ated transcript (RMST) was identified as a biomarker for
CAS that screened the pathogen of CAS and predicts the occur-
rence of cerebral ischemic events.22 In this study, the downre-
gulation of PCA3 was observed in CAS patients’ serum,
which could discriminate CAS patients sensitively and specifi-
cally, indicating its diagnostic potential. In CAS patients with
unstable plaque, the expression of PCA3 was much lower
than that in the stable plaques, which is consistent with their sig-
nificant association. Blood lipid level has been considered in the
risk assessment of CAS. Here, the total cholesterol and low-
density lipoprotein levels were included, and PCA3 was
found to show a close association with CAS patients’ total cho-
lesterol levels. Moreover, reduced PCA3 level was also

Table 1. Association of PCA3 with Patients’ Clinicopathological
Features.

Total
(n= 83) Low-PCA3 High-PCA3 P-value

Age .734
≤ 60 42 22 20
> 60 41 23 18

BMI (kg/m2) .588
< 24 42 21 21
≥ 24 41 24 17

Gender .865
Male 56 30 26
Female 27 15 12

Total
cholesterol

.042

< 7.5 38 16 22
≥ 7.5 45 29 16

Low-density
lipoprotein

.133

< 4.0 45 21 24
≥ 4.0 38 24 14

Stenosis degree .021
50%–70% 17 5 12
71%–99% 66 40 26

Plaque stability <.001
Stable 37 11 26
Unstable 46 34 12

Hypertension .025
Yes 35 24 11
No 48 21 27

Smoking .104
Yes 40 18 22
No 43 27 16

Diabetes .002
Yes 46 32 14
No 37 13 24

Abbreviations: BMI, body mass index; PCA3, prostate cancer antigen 3.
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significantly associated with CAS patients’ stenosis degree,
plaque stability, and complications of hypertension and diabe-
tes, which indicated the increasing severity and the advanced
development of CAS. Meanwhile, PCA3 downregulation was
also revealed to indicate the adverse outcomes of CAS patients
and was demonstrated to act as an independent prognostic
factor as well as low-density lipoprotein, stenosis degree, and
plaque stability. However, the follow-up survey mainly
focused on the 6-month prognosis of CAS patients in the
present study. Longer follow-up time is needed in the future
investigations to clear the significance of PCA3 in the long-term
outcomes.

VSMCs are highly differentiated cells and are the major
component of the vascular media. The proliferation of

VSMCs after migration and its secretory collagen, elastin,
and other extracellular matrix components would induce arte-
rial lumen stenosis and stabilize atherosclerotic.23 Therefore,
the growth and motility of VSMCs have been considered the
major pathological basis of CAS and other arterial dis-
eases.24,25 The molecular mechanism of VSMCs proliferation,
migration, and phenotypic transformation remains unclear, but
exploring related regulators could benefit the treatment of
angiogenesis diseases.26 The regulator effect of PCA3 was
disclosed in prostate cancer, choriocarcinoma, and ovarian
carcinoma cells.27–29 Herein, overexpressing PCA3 was
found to suppress the proliferation, migration, and invasion
of VSMCs, indicating its potentials inhibitory effect on CAS
development.

Figure 2. Prognostic significance of plaque PCA3 in CAS patients. The lower PCA3 levels were significantly associated with an adverse
6-month development-free survival of CAS patients (a) and were identified as an independent prognostic indicator together with low-density
lipoprotein, stenosis degree, and plaque stability. Abbreviations: BMI, body mass index; CAS, carotid artery stenosis; CI, confidence interval; HR,
hazard ratio; PCA3, prostate cancer antigen 3.
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Competitive endogenous RNA (ceRNA) theory has been
accepted as the major mechanism underlying the function of
lncRNAs. In previous studies, PCA3 was illustrated to
sponge miR-132-3p in regulating prostate cancer lipid meta-
bolic disorder, and its regulatory effect on choriocarcinoma
was suggested to result from the negative regulation of
miR-106b.17,28 miR-124-3p was predicted as a direct down-
stream ceRNA of PCA3, and the negative regulatory effect of
PCA3 on miR-124-3p expression was confirmed in VSMCs.
Previously, miR-124-3p was revealed to be significantly upre-
gulated in CAS patients and was speculated to possess diagnos-
tic potential.30 Here, miR-124-3p was found to attenuate the
inhibition of VSMCs growth and motility by PCA3 overexpres-
sion, indicating its involvement in VSMCs function.

Additionally, ITGB1 was predicted as a direct target of
miR-124-3p from online database. ITGB1 was also reported
to be associated with the occurrence of coronary heart disease
and was downregulated in advanced stage of atherosclerosis.31

The negative regulation of ITGB1 was observed by
miR-124-3p, and the regulatory effect of the PCA3/
miR-124-3p axis was also demonstrated in VSMCs in the
present study. Therefore, ITGB1 was speculated to mediate
the regulatory effect of the PCA3/miR-124-3p axis on VSMCs.

Taken together, the downregulation of PCA3 in CAS could
serve as a potential diagnostic and prognostic biomarker screen-
ing the occurrence and indicating the severe development of
CAS. PCA3 inhibited the proliferation, migration, and invasion
of VSMCs and further affected the stability of plaque via

Figure 3. Effect of the PCA3/miR-124-3p axis on the function of VSMCs. miR-124-3p showed no significant effect on PCA3 expression (a) but
could alleviate the suppressed effect of PCA3 overexpressionon miR-124-3p expression (b). (c) miR-124-3p could negatively regulate the
luciferase activity of wild-type PCA3 in VSMCs. Overexpression of PCA3 dramatically suppressed the proliferation (d), migration (e), and
invasion (f) of VSMCs, which was alleviated by miR-124-3p. nsP> .05, *P< .05, **P< .01, ***P< .001, ****P< .0001. Abbreviations: PCA3,
prostate cancer antigen 3; VSMC, vascular smooth muscle cell.

6 Clinical and Applied Thrombosis/Hemostasis



negatively regulating the miR-124-3p/ITGB1 axis. However,
except for the growth and motility of VSMCs, the secretion
of collagen and the transformation of the VSMCs phenotype
are also critical factors associated with plaque stability and
CAS development.32,33 Therefore, the effect of the PCA3/
miR-124-3p axis on these processes needs further investiga-
tions to deeply declaim the regulatory mechanism. This study
still provided a potential target for the therapy and drug devel-
opment of CAS.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding
The author(s) disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: This work was
supported by the 2021 Clinical Medical Science and Technology
Development Fund of Jiangsu University (grant number JLY2021184).

ORCID iD
Qiang Chen https://orcid.org/0009-0000-3238-1213

References

1. Chang RW, Tucker LY, Rothenberg KA, et al. Incidence of ische-
mic stroke in patients with asymptomatic severe carotid stenosis
without surgical intervention. JAMA. 2022;327(20):1974‐1982.
doi:10.1001/jama.2022.4835

2. Gaba K, Ringleb PA, Halliday A. Asymptomatic carotid stenosis:
intervention or best medical therapy? Curr Neurol Neurosci Rep.
2018;18(11):80. doi:10.1007/s11910-018-0888-5

3. Gedney R, Kung E, Mehta V, Brown A, Bridges M, Veeraswamy
R. Plaque contact surface area and lumen volume predict stroke
risk in extracranial carotid artery stenosis. J Vasc Surg.
2022;76(2):482‐488. doi:10.1016/j.jvs.2022.03.008

4. Safian RD. Asymptomatic carotid artery stenosis: revasculariza-
tion. Prog Cardiovasc Dis. 2017;59(6):591‐600. doi:10.1016/j.
pcad.2017.04.006

5. Dempsey RJ, Varghese T, Jackson DC, et al. Carotid atherosclerotic
plaque instability and cognition determined by ultrasound-measured
plaque strain in asymptomatic patients with significant stenosis. J
Neurosurg. 2018;128(1):111‐119. doi:10.3171/2016.10.Jns161299

6. Shimonaga K, Matsushige T, Takahashi H, et al. Association of
neutrophil extracellular traps with plaque instability in patient
with carotid artery stenosis. Ann Vasc Surg. 2022;85:284‐291.
doi:10.1016/j.avsg.2022.02.023

7. Skagen K, Skjelland M, Zamani M, Russell D. Unstable carotid
artery plaque: new insights and controversies in diagnostics and
treatment. Croat Med J. 2016;57(4):311‐320. doi:10.3325/cmj.
2016.57.311.

8. Harman JL, Jørgensen HF. The role of smooth muscle cells in
plaque stability: therapeutic targeting potential. Br J Pharmacol.
2019;176(19):3741‐3753. doi:10.1111/bph.14779

9. Newby AC, Zaltsman AB. Fibrous cap formation or destruction—the
critical importance of vascular smooth muscle cell proliferation, migra-
tion and matrix formation. Cardiovasc Res. 1999;41(2):345‐360.

10. Wang J, Uryga AK, Reinhold J, et al. Vascular smooth muscle cell
senescence promotes atherosclerosis and features of plaque vul-
nerability. Circulation. 2015;132(20):1909‐1919. doi:10.1161/
circulationaha.115.016457

11. Grootaert MOJ, Moulis M, Roth L, et al. Vascular smooth muscle
cell death, autophagy and senescence in atherosclerosis.
Cardiovasc Res. 2018;114(4):622‐634. doi:10.1093/cvr/cvy007

Figure 4. Regulatory effect of PCA3/miR-124-3p axis on ITGB1 in VSMCs. (a) miR-124-3p could negatively regulate the luciferase activity of
ITGB1 by binding with several sites of ITGB1 3’UTR. (b) PCA3 overexpression significantly enhanced ITGB1 mRNA expression, which was
reversed by miR-124-3p overexpression. nsP> .05, **P< .01, ****P< .0001. Abbreviations: mRNA, messenger RNA; PCA3, prostate cancer
antigen 3; UTR, untranslated regions; VSMC, vascular smooth muscle cell.

Li and Chen 7

https://orcid.org/0009-0000-3238-1213
https://orcid.org/0009-0000-3238-1213
http://dx.doi.org/10.1001/jama.2022.4835
http://dx.doi.org/10.1007/s11910-018-0888-5
http://dx.doi.org/10.1007/s11910-018-0888-5
http://dx.doi.org/10.1007/s11910-018-0888-5
http://dx.doi.org/10.1007/s11910-018-0888-5
http://dx.doi.org/10.1016/j.jvs.2022.03.008
https://doi.org/10.1016/j.pcad.2017.04.006
https://doi.org/10.1016/j.pcad.2017.04.006
http://dx.doi.org/10.3171/2016.10.Jns161299
https://doi.org/10.1016/j.avsg.2022.02.023
http://dx.doi.org/10.3325/cmj.2016.57.311
http://dx.doi.org/10.3325/cmj.2016.57.311
http://dx.doi.org/10.1111/bph.14779
http://dx.doi.org/10.1161/circulationaha.115.016457
http://dx.doi.org/10.1161/circulationaha.115.016457
http://dx.doi.org/10.1093/cvr/cvy007


12. Rudijanto A. The role of vascular smooth muscle cells on the path-
ogenesis of atherosclerosis. Acta Med Indones. 2007;39(2):86‐93.

13. Bian W, Jing X, Yang Z, et al. Downregulation of lncRNA NORAD
promotes Ox-LDL-induced vascular endothelial cell injury and athero-
sclerosis. Aging. 2020;12(7):6385‐6400. doi:10.18632/aging.103034

14. Yu XH, Deng WY, Chen JJ, et al. LncRNA kcnq1ot1 promotes
lipid accumulation and accelerates atherosclerosis via functioning
as a ceRNA through the miR-452-3p/HDAC3/ABCA1 axis. Cell
Death Dis. 2020;11(12):1043. doi:10.1038/s41419-020-03263-6

15. Wang Y, Yang Y, Zhang T, et al. LncRNA SNHG16 accelerates ath-
erosclerosis and promotes ox-LDL-induced VSMC growth via the
miRNA-22-3p/HMGB2 axis. Eur J Pharmacol. 2022;915:174601.
doi:10.1016/j.ejphar.2021.174601

16. Zhao ZW, Zhang M, Liao LX, et al. Long non-coding RNA PCA3
inhibits lipid accumulation and atherosclerosis through the
miR-140-5p/RFX7/ABCA1 axis. Biochim Biophys Acta Mol Cell
Biol Lipids. 2021;1866(5):158904. doi:10.1016/j.bbalip.2021.158904

17. Guo S, Zhang Y, Wang S, et al. LncRNA PCA3 promotes
antimony-induced lipid metabolic disorder in prostate cancer by
targeting MIR-132-3 P/SREBP1 signaling. Toxicol Lett.
2021;348:50‐58. doi:10.1016/j.toxlet.2021.05.006

18. Brinjikji W, Huston 3rd J, Rabinstein AA, Kim GM, Lerman A,
Lanzino G. Contemporary carotid imaging: from degree of steno-
sis to plaque vulnerability. J Neurosurg. 2016;124(1):27‐42.
doi:10.3171/2015.1.JNS142452

19. Miralles M, Arrebola M, Lago A, et al. Intraplaque calcium and its
relation with the progression of carotid atheromatous disease. Int
Angiol. 2022;41(4):312‐321. doi:10.23736/S0392-9590.22.04872-6

20. Migdalski A, Jawien A. New insight into biology, molecular diag-
nostics and treatment options of unstable carotid atherosclerotic
plaque: a narrative review. Ann Transl Med. 2021;9(14):1207.
doi:10.21037/atm-20-7197

21. Du M, Wang C, Yang L, et al. The role of long noncoding RNA
Nron in atherosclerosis development and plaque stability.
iScience. 2022;25(3):103978. doi:10.1016/j.isci.2022.103978

22. Wang C, Zhao F, He Y, Yajun E, Li S. Long non-coding RNA
RMST serves as a diagnostic biomarker in patients with carotid
artery stenosis and predicts the occurrence of cerebral ischemic
event: a retrospective study. Vascular. 2022:17085381221100095.
doi:10.1177/17085381221100095

23. Gerthoffer WT. Mechanisms of vascular smooth muscle cell
migration. Circ Res. 2007;100(5):607‐621. doi:10.1161/01.Res.
0000258492.96097.47

24. Owens GK, Kumar MS, Wamhoff BR. Molecular regulation of
vascular smooth muscle cell differentiation in development and
disease. Physiol Rev. 2004;84(3):767‐801. doi:10.1152/physrev.
00041.2003

25. Shi J, Yang Y, Cheng A, Xu G, He F. Metabolism of vascular
smooth muscle cells in vascular diseases. Am J Physiol Heart
Circ Physiol. 2020;319(3):H613H631. doi:10.1152/ajpheart.
00220.2020

26. Leeper NJ, Maegdefessel L. Non-coding RNAs: key regulators of
smooth muscle cell fate in vascular disease. Cardiovasc Res.
2018;114(4):611‐621. doi:10.1093/cvr/cvx249

27. Zhang G, He X, Ren C, Lin J, Wang Q. Long noncoding RNA
PCA3 regulates prostate cancer through sponging miR-218-5p
and modulating high mobility group box 1. J Cell Physiol.
2019;234(8):13097‐13109. doi:10.1002/jcp.27980

28. Wang YN, Liu SY, Wang L, Han LY. Long noncoding RNA
PCA3 contributes to the progression of choriocarcinoma by
acting as a ceRNA against miR-106b. Int J Clin Exp Pathol.
2019;12(5):1609‐1617.

29. Liu Y, Zong ZH, Guan X, Wang LL, Zhao Y. The role of long
non-coding RNA PCA3 in epithelial ovarian carcinoma tumori-
genesis and progression. Gene. 2017;633:42‐47. doi:10.1016/j.
gene.2017.08.027

30. Gacon J, Badacz R, Stepien E, et al. Diagnostic and prognostic
micro-RNAs in ischaemic stroke due to carotid artery stenosis
and in acute coronary syndrome: a four-year prospective study.
Kardiol Pol. 2018;76(2):362‐369. doi:10.5603/KP.a2017.0243

31. Zhang Y, Zhang H. Identification of biomarkers of autophagy-
related genes between early and advanced carotid atherosclerosis.
Int J Gen Med. 2022;15:5321‐5334. doi:10.2147/IJGM.S350232

32. Owens GK. Molecular control of vascular smooth muscle cell dif-
ferentiation and phenotypic plasticity. Novartis Found Symp.
2007;283:174-191; discussion 191-3, 238-41. doi:10.1002/
9780470319413.ch14

33. Lacolley P, Regnault V, Avolio AP. Smooth muscle cell and arterial
aging: basic and clinical aspects. Cardiovasc Res. 2018;114(4):513‐
528. doi:10.1093/cvr/cvy009

8 Clinical and Applied Thrombosis/Hemostasis

http://dx.doi.org/10.18632/aging.103034
http://dx.doi.org/10.1038/s41419-020-03263-6
http://dx.doi.org/10.1038/s41419-020-03263-6
http://dx.doi.org/10.1038/s41419-020-03263-6
http://dx.doi.org/10.1038/s41419-020-03263-6
https://doi.org/10.1016/j.ejphar.2021.174601
http://dx.doi.org/10.1016/j.bbalip.2021.158904
https://doi.org/10.1016/j.toxlet.2021.05.006
http://dx.doi.org/10.3171/2015.1.JNS142452
http://dx.doi.org/10.23736/S0392-9590.22.04872-6
http://dx.doi.org/10.23736/S0392-9590.22.04872-6
http://dx.doi.org/10.23736/S0392-9590.22.04872-6
http://dx.doi.org/10.21037/atm-20-7197
http://dx.doi.org/10.21037/atm-20-7197
http://dx.doi.org/10.21037/atm-20-7197
http://dx.doi.org/10.1016/j.isci.2022.103978
https://doi.org/10.1177/17085381221100095
http://dx.doi.org/10.1161/01.Res.0000258492.96097.47
http://dx.doi.org/10.1161/01.Res.0000258492.96097.47
http://dx.doi.org/10.1152/physrev.00041.2003
http://dx.doi.org/10.1152/physrev.00041.2003
http://dx.doi.org/10.1152/ajpheart.00220.2020
http://dx.doi.org/10.1152/ajpheart.00220.2020
http://dx.doi.org/10.1093/cvr/cvx249
http://dx.doi.org/10.1002/jcp.27980
https://doi.org/10.1016/j.gene.2017.08.027
https://doi.org/10.1016/j.gene.2017.08.027
http://dx.doi.org/10.5603/KP.a2017.0243
https://doi.org/10.2147/IJGM.S350232
http://dx.doi.org/10.1002/9780470319413.ch14
http://dx.doi.org/10.1002/9780470319413.ch14
http://dx.doi.org/10.1093/cvr/cvy009

	 Introduction
	 Materials and Methods
	 Study Subjects
	 Sample Collection
	 Cell Culture and Transfection
	 Real-Time qPCR
	 Luciferase Reporter Assay
	 Cell Proliferation Assay
	 Cell Motility Assay
	 Statistical Analysis

	 Results
	 PCA3 was Downregulated in CAS Patients Especially in Unstable Plaque
	 PCA3 was Correlated With Adverse Development and Outcomes of CAS Patients
	 PCA3 Regulated the Function of VSMCs via Negatively Regulating miR-124-3p
	 The PCA3/miR-124-3p Axis Could Regulate ITGB1 in VSMCs

	 Discussion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


