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Silencing of IncRNA TFAP2A-AS1 attenuates the development
of acute coronary syndrome by inhibiting TFAP2A expression
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Abstract. Acute coronary syndrome (ACS), the acute mani-
festation of ischemic heart disease, remains a major cause of
morbidity and mortality worldwide. The present study aimed
to elucidate the preliminarily biological role and underlying
mechanism of the long non-coding RNA (IncRNA) transcrip-
tion factor AP-2a (TFAP2A)-ASI1 in ACS. The viability,
apoptosis, invasion, and migration of human coronary artery
endothelial cells (HCAECsS) were assessed using Cell Counting
Kit-8, flow cytometric, Transwell, and wound healing assays.
In addition, reverse transcription-quantitative PCR was
performed to examine the expression levels of TFAP2A-AS1
and TFAP2A. Western blotting was performed to determine
the protein level of TFAP2A. Furthermore, a mouse model of
ACS was established to investigate the effects of TFAP2A-AS1
and TFAP2A on blood lipid levels. Histological changes
were evaluated through hematoxylin and eosin staining. The
results revealed high levels of TFAP2A-AS1 and TFAP2A
expression in patients with ACS and in mouse models. In
HCAECs, knockdown of TFAP2A-ASI1 resulted in decreased
TFAP2A expression, whereas silencing of TFAP2A did not
affect the expression of TFAP2A-ASI. Interference with either
TFAP2A-AS1 or TFAP2A in HCAEC:s led to suppressed cell
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viability, invasion, and migration, as well as an increased
apoptosis rate. Furthermore, it was demonstrated that the
absence of both TFAP2A-AS1 and TFAP2A reduced blood
lipid levels and improved myocardial injury in a mouse model
of ACS. In conclusion, groundbreaking findings revealed that
the suppression of TFAP2A-ASI1 could effectively mitigate the
progression of ACS by reducing the expression of TFAP2A.
This finding not only offers crucial insight into the pathogen-
esis of ACS but also provides a solid theoretical foundation for
the development of novel therapeutic interventions in clinical
settings.

Introduction

Cardiovascular diseases (CVDs) are responsible for the
majority of illnesses and deaths worldwide, accounting
for 49% of female and 40% of male deaths (1). Acute coro-
nary syndrome (ACS), a type of CVD, encompasses acute
ST-segment elevation myocardial infarction (STEMI),
acute non-STEMI ST-segment elevation myocardial infarc-
tion (NSTEMI), and unstable angina pectoris (UA). These
conditions arise from the rupture or invasion of plaques in
coronary arteries affected by atherosclerosis (2,3). ACS often
serves as a significant risk factor for acute heart failure (4).
Despite advancements in treatment options, such as coronary
revascularization, antithrombotic agents, and anticoagulants,
approximately one-fifth of patients with ACS experience recur-
rent adverse cardiovascular events within 3 years following
the initial diagnosis (5,6). Therefore, a deeper understanding
of the molecular mechanisms underlying ACS is crucial for
improving patient outcomes.

Long non-coding RNAs (IncRNAs) are a type of ncRNA
consisting of over 200 nucleotides that cannot encode proteins.
They have been scientifically proven to influence various
biological processes, including epigenetics, transcription, and
post-transcriptional regulation in living organisms (7). Several
studies have highlighted the involvement of numerous IncRNAs
in ACS diagnosis and development of ACS. Chen et al (8)
conducted a microarray analysis of serum samples obtained
from individuals with ACS and identified 353 dysregulated
IncRNAs. Subsequent investigations revealed that the
modulation of arachidonate 15-lipoxygenase expression by
a specific IncRNA ENST00000538705.1 could expedite
the progression of ACS (8). Additionally, Barbalata et al (9)
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found an association between two distinct IncRNAs (LIPCAR
and MALATI1) and hyperglycemia in patients with UA,
identifying them as reliable prognostic indicators of adverse
outcomes in patients with STEMI (9). Another study revealed
a negative association between increased levels of IncRNA
PELATON and ACS prognosis (10). Notably, transcription
factor AP-2a (TFAP2A)-ASI is a relatively understudied
IncRNA located on chromosome 6q24.3. Current research on
IncRNA TFAP2A-ASI has primarily focused on its impact on
the pathogenesis and progression of various human cancers.
For instance, elevated expression of TFAP2A-AS1 has been
associated with improved prognosis in gastric cancer (GC) and
breast cancer (BC), whereas overexpression of TFAP2A-ASI in
GC and BC cells suppressed cell proliferation, migration, and
invasion (11,12). Conversely, TFAP2A-AS1 was shown to be
highly expressed in non-small cell lung cancer (NSCLC) and
oral squamous cell carcinoma (OSCC); however, its absence
inhibited tumor development (13,14). Nevertheless, the precise
biological role and mechanism of action of TFAP2A-ASI in
ACS remain poorly understood.

The aim of the present study was to explore the mechanism
of action of TFAP2A-ASI in the pathogenesis of ACS and to
identify potential molecular targets for therapeutic intervention
in patients with ACS.

Materials and methods

Patients and diagnostic criteria. The present research adhered
to the principles outlined in the Declaration of Helsinki and
received approval (approval ID: KY-2021053) from the Ethics
Committee of Wenzhou People's Hospital (Wenzhou, China).
From September 2021 to October 2022, a total of 5 patients
diagnosed with ACS were admitted to Wenzhou People's
Hospital. Concurrently, 5 healthy individuals of comparable
age were recruited to serve as controls. The diagnostic
criteria for ACS included confirmed stenosis (at least one
major coronary artery =50%) through coronary angiography,
and/or meeting the acute myocardial infarction criteria (typical
clinical symptoms, elevated cardiac enzyme levels, and repre-
sentative electrocardiography findings). The inclusion criteria
were as follows: i) Meeting the diagnostic criteria; ii) age
between 35-75 years; and iii) providing informed consent. The
exclusion criteria were as follows: i) The presence of comorbid
conditions such as cardiomyopathy, valvular heart disease,
severe arrhythmia, heart failure or other concurrent ailments;
ii) challenges in data collection due to religious or language
barriers; and iii) being pregnant or breastfeeding. Venous
blood samples (5 ml) were collected from both patients with
ACS and healthy controls. The samples were then centrifuged
at 3,000 x g at a temperature of 4°C for a duration of 5 min.
Following centrifugation, the samples were stored at -80°C
for subsequent experiments. The clinicopathological factors
of healthy controls and patients with ACS are summarized in
Table I.

Reagents. Human primary coronary artery endothelial cells
(HCAECs), mouse coronary artery endothelial cells (MCAECs)
and 293 cells were sourced from Pricella Biotechnology Co.,
Ltd. The utilization of primary cells was approved (approval
ID: KZ-20240521) by the Ethics Committee of Wenzhou

People's Hospital. Endothelial basal medium 2 (EBM-2) and
fetal bovine serum (FBS) were obtained from Lonza Group,
Ltd. CCK-8 solution was provided by Abbkine Scientific Co.,
Ltd. BD Biosciences provided the Matrigel. Genomeditech
(Shanghai) Co., Ltd. Synthesized TFAP2A-AS1 small
interfering (si)RNA1/2/3, TFAP2A siRNA1/2/3, lentiviral
vectors integrated with TFAP2A-AS1 shorth hairpin
(sh)RNA/TFAP2A shRNA, and the corresponding negative
controls (NC siRNA or NC shRNA). Vazyme Biotech Co.,
Ltd. supplied an Annexin V-FITC/PI Apoptosis Detection kit.
Beyotime Institute of Biotechnology provided the hematoxylin
and eosin (H&E) staining kit, the RIPA lysis buffer, the
enhanced chemiluminescence (ECL) kit and the bicinchonic
acid (BCA) kit. Thermo Fisher Scientific, Inc. provided the
Lipofectamine RNAiIMAX transfection agent and Pierce
Magnetic RNA-Protein Pull-Down kit (cat. no. 20164).
Beijing Solarbio Science & Technology Co., Ltd. supplied the
Total cholesterol (TC) Content Assay Kit (cat. no. BC1980).
Nanjing Jiancheng Bioengineering Institute provided the
high-density lipoprotein-cholesterol (HDL-C) assay kit
(cat. no. A112-1-1) and low-density lipoprotein-cholesterol
(LDL-C) assay kit (cat. no. A113-1-1). Takara Biotechnology
Co., Ltd. supplied the MiniBEST Universal RNA Extraction
kit (cat. no. 9767). Invitrogen; Thermo Fisher Scientific,
Inc. supplied the PrimeScript RT reagent and SYBR Green
Premix for the experiment. Primary antibodies TFAP2A
(cat. no. 13019-3-AP), IgG control (cat. no. 30000-0-AP)
and GAPDH (cat. no. 60004-1-Ig) were purchased from
Proteintech Group, Inc., along with horseradish peroxidase
(HRP)-conjugated secondary antibodies (cat. no. SA00001-2).
The Magna RIP RNA-Binding Protein Immunoprecipitation
kit (cat. no. 17-700) was obtained from MilliporeSigma.

Cell culture. The HCAECs were cultured in EBM-2 supple-
mented with 15% FBS, under conditions of 5% CO, and a
temperature of 37°C. For functional experiments, cells in the
phase of logarithmic growth were collected.

Cell transfection. Cell transfection was performed in strict
accordance with the protocols of Lipofectamine RNAiMAX
transfection reagent. In brief, HCAECs were individu-
ally transfected with 50 nM of TFAP2A-ASI1 siRNA1/2/3
(TFAP2A-ASI1 siRNA1 forward, 5'-UGCUAAUGAGGCGAU
UAGGCU-3' and reverse, 5'-CCUAAUCGCCUCAUUAGC
AUA-3"; TFAP2A-ASI siRNA2 forward, 5'-"AUUUCUAAU
AAAAUUGCACGG-3' and reverse, 5'-GUGCAAUUUUAU
UAGAAAUCA-3'; TFAP2A-AS1 siRNA3 forward, 5'-UGU
UUUUAGGCUCAACUUCAG-3' and reverse, 5'-GAA
GUUGAGCCUAAAAACAGA-3"); TFAP2A siRNA1/2/3
(TFAP2A siRNAL1 forward, 5'-AUUUAAUCCUAUUUU
GUCCAG-3' and reverse, 5'-GGACAAAAUAGGAUUAAA
UCU-3"; TFAP2A siRNA2 forward, 5'-UUGCAUAUCUGU
UUUGUAGCC-3' and reverse, 5-CUACAAAACAGAUAU
GCAAAG-3'; TFAP2A siRNA3 forward, 5-UGCUUUUGG
CGUUGUUGUCCG-3' and reverse, 5'-GACAACAACGCCA
AAAGCAGU-3"); and NC siRNA forward, 5'-GAAAUG
UUUAGGGCCAGUGCU-3' and reverse, 5'-AGCACUGGC
CCUAAACAUUUC-3 for 48 h at 37°C using Lipofectamine
RNAiIMAX transfection reagent. Following transfection, cells
were collected for subsequent experiments.
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Table I. Clinicopathological factors of healthy controls and patients with ACS.

Characteristics Healthy controls (n=5) Patients with ACS (n=5) P-value
Age, years 64.00+3.03 62.40+10.07 0.7425
BMI, kg/m? 24.66+4.21 25.12+3.28 0.8520
Sex (male/female) 2/3 2/3 N/A
Smoking, (N/total) 2/5 2/5 N/A
Drinking, (N/total) 2/5 2/5 N/A
Hypertension, (N/total) 3/5 3/5 N/A
Cardiac troponin I, ug/1 0.014+0.0001 4.57+0.21 <0.0001

ACS, acute coronary syndrome; BMI, body mass index; N/A, not applicable.

Flow cytometric analysis. The apoptosis of HCAECs was
assessed by employing a commercially available Annexin
V-FITC/PI Apoptosis Detection kit. Briefly, HCAECs (2x10%)
were suspended in 500 ul of binding buffer, and subsequently
stained with PI and Annexin V-FITC (both 5 ul) at 4°C for
15 min in the absence of light. Following this step, cell apop-
tosis was evaluated using a FACScan flow cytometer (version
3.0; Becton, Dickinson and Company) and analyzed using
BD CellQuest Pro software (version 5.2.1; Becton, Dickinson
and Company). Cells were classified as viable cells (lower
left quadrant), necrotic cells (upper left quadrant), early
apoptotic cells (lower right quadrant) and late apoptotic cells
(upper right quadrant). The apoptosis rate was estimated
by calculating the total percentages of both early and late
apoptotic cells.

CCK-8 assay. HCAECs were cultured in 96-well plates at
a density of 3,500 cells per well and incubated for various
time intervals (24, 36, 48, and 72 h). Subsequently, each well
was supplemented with 10 ul of CCK-8 solution and further
incubated for 2 h at 37°C. Following the addition of 10 ul
of stop solution to every well, cell viability was assessed
using a microplate reader (DR-3518G; Wuxi Hiwell Diatek
Instruments Co., Ltd.), which measured the absorbance at a
wavelength of 450 nm.

Transwell assay. The upper chamber of Transwell insert was
pre-coated with 50 ul of Matrigel at 37°C for 30 min, which
had been diluted 5-fold in serum-free EBM-2. HCAECs were
incubated for 24 h following digestion, after which the culture
medium was removed by centrifugation (1,500 x g; at 4°C for
5 min). Subsequent to washing with PBS, 1x10° resuspended
cells were seeded into the Transwell chamber and incubated
for an additional 24 h. The cells were then fixed with 4%
paraformaldehyde at 37°C for 15 min, washed, and stained
with crystal violet at 37°C for 15 min. The invasive cells
were observed under a light microscope (Leica Microsystems
GmbH), and images were captured from three randomly
selected fields of view.

Wound healing assay. HCAECs were cultured in 6-well plates
at a density of 3x10° cells per well. Once the cells attained
100% confluence, a scratch was created on the monolayer using
a 10 yul pipette tip. Subsequently, HCAECs were incubated in

serum-free EBM-2 at 37°C for 48 h. The widths of the scratches
at both 0 h (initial width) and 48 h (final width) were observed
using a light microscope (Leica Microsystems GmbH). To
assess the migratory abilities of HCAECs, ImageTool software
version 3.0 (UTHSCSA, San Antonio, USA) was employed
with the following formula: (Initial width-final width)/initial
width x100%.

RNA immunoprecipitation (RIP) assay. The Magna RIP
RNA-Binding Protein Immunoprecipitation kit was used for
RIP assays following the manufacturer's protocol. Briefly,
HCAECs were collected and lysed using RIP lysis buffer. For
each IP reaction, HCAECs (2x107 cells) were resuspended
in 1 ml of lysis buffer and incubated on ice for 30 min. The
samples were then centrifuged at 14,000 x g for 20 min at 4°C.
Whole-cell extracts were incubated with RIP buffer (at 4°C
for 30 min) containing magnetic beads conjugated to human
anti-TFAP2A antibody or the control IgG. The beads were
then washed five times with 1 ml wash buffer and centrifuged
at 1,000 x g for 1 min at 4°C between washes. Subsequently,
100 g of elution buffer was added in the samples to incubate for
10 min at 65°C. Proteinase K was added to the samples to digest
the protein, and the immunoprecipitated RNA was isolated.
Purified RNA was used for reverse transcription-quantitative
PCR (RT-gqPCR) analysis. The expressional level of GAPDH
was used as the control.

RNA pull-down assay. The interaction between TFAP2A-AS1
and TFAP2A protein was examined using Pierce Magnetic
RNA-Protein Pull-Down kit according to the manufacturer's
protocols. Proteins from HCAECs were extracted using lysis
buffer (20 mM Tris-HCI, 150 mM NaCl, 1% NP-40, 10%
glycerin, 2 mM EDTA, 1 mM PMSF, 1X Protease inhibitor
cocktail, and 40 U/ml RNase). For each reaction, HCAECs
(5x10° cells) were resuspended in 1 ml of lysis buffer and
incubated on ice for 60 min. Biotin-labeled TFAP2A-ASI1
or antisense RNA was co-incubated with protein extract
of HCAECs and Protein G-magnetic beads (40 ul). The
generated bead-RNA-Protein compound was collected by
low-speed centrifugation (800 x g for 2 min at 4°C). After
being washed with 2X SDS loading buffer, the bead compound
was boiled for 10 min in SDS buffer, and the retrieved protein
was detected by western blotting with the expressional level
of GAPDH as the control.
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Table II. Real-time PCR primer synthesis list.

Gene

Sequences

LncRNA TFAP2A-AS1

TFAP2A

GAPDH

Forward 5'-GCATCCACGTCCTCTCTCTG-3'
Reverse 5'-GCAGATTGTGGTACTGGCGA-3'
Forward 5'-TCCGCTTCACGCTCGATTT-3'
Reverse 5'-AATCCGTGTCTCCCCCTCTT-3'
Forward 5'-TCAAGAAGGTGGTGAAGCAGG-3'
Reverse 5'-TCAAAGGTGGAGGAGTGGGT-3'

TFAP2A, transcription factor AP-20..

Animal grouping and treatment. Animal experiments were
conducted in accordance with the Guidelines for the Use of
Laboratory Animals and approved by the Ethics Committee of
the First Affiliated Hospital of Wenzhou Medical University
(approval no. xmsq2022-1230). A total of 24 C57BL/6J mice,
weighting 18-22 g and aged 8 to 10 weeks, were procured
from Pengsheng Biological Technology Co., Ltd. The ACS
mouse model was established in accordance with a previ-
ously described protocol (15). C57BL/6J mice were randomly
assigned to four groups: Sham group, ACS model + NC
shRNA group, ACS model + TFAP2A-AS1 shRNA group, and
ACS model + TFAP2A shRNA group. Each group consisted
of six mice. Anesthesia was induced through an intraperito-
neal injection of pentobarbital sodium at a dose of 50 mg/kg.
The limbs of the mice were then secured on a surgical table
while maintaining them in a supine position. A thoracotomy
was performed to expose the heart, followed by ligation of the
anterior descending coronary artery using 6/0 surgical sutures.
To prevent infection, each mouse was administered a subcuta-
neous injection of penicillin at a dose of 50 mg/kg. By contrast,
the mice in the sham group underwent only threading without
ligation. Successful establishment of the ACS mouse model
was confirmed based on significantly elevated ST segment
and/or high T wave readings (data not shown). A three-plasmid
system, along with 9 ug of lentiviral vectors, was co-transfected
into 293 cells using Lipofectamine RNAiIMAX transfection
agent at room temperature. The ratio of lentiviral plasmid to
packaging vector to envelope was maintained at 1:1:1. The
lentivirus-containing culture medium was harvested 48 h
post-transfection and subsequently used to infect MCAECs
(second passage; 5x10° cells per well) with a multiplicity of
infection set at 20. Subsequently, 48 h after infection, the cells
were subjected to selection using 1 pg/ml puromycin. Prior to
surgery, mice in the ACS model + NC shRNA group received
an intramyocardial injection containing lentiviral vectors inte-
grated with the NC shRNA sequence (50 ug; 5-GGCAGGGTG
ATGGGCAACATA-3"). By contrast, those in both the ACS
model + TFAP2A-AS1 shRNA and ACS model + TFAP2A
shRNA groups were administered with lentiviruses carrying
either the TFAP2A-AS1 shRNA sequence (5'-GGCTGGTGA
AGAACCTGAAGG-3") or the TFAP2A shRNA sequence
(5'-GAGTTGCTTGACCCACTTCAA-3"), respectively, via
intramyocardial injection (both at a dose of 50 xg). Anesthesia
was maintained for 30 min. The humane endpoints were rapid
or labored breathing. After a two-week period, euthanasia was

conducted on all groups using an overdose of pentobarbital
sodium administered via intraperitoneal injection at a dose of
200 mg/kg. Death was confirmed by cardiac and respiratory
arrest and a lack of response to tail clamping. Following the
confirmation of death, whole blood samples (300 u1; collected
from the eyeballs) and heart tissues were collected for further
analysis.

RT-gPCR. The extraction of RNA from heart tissues of mice,
HCAECs, and serum samples of patients with ACS, was
conducted using the MiniBEST Universal RNA Extraction
Kit. Subsequently, reverse transcription into cDNA was
performed at 45°C for 45 min using the PrimeScript RT
reagent kit. PCR analysis was then conducted in accordance
with the SYBR Green Premix protocols on a QuantStudio?
system (Thermo Fisher Scientific, Inc.). The reaction condi-
tions consisted of an initial denaturation step at 95°C for
2 min, followed by 40 cycles of denaturation at 95°C for
10 sec, annealing at 60°C for 30 sec, and extension at 72°C
for 30 sec. The primers used in the present study are listed in
Table II. The relative expression levels of TFAP2A-AS1 and
TFAP2A were normalized against GAPDH and calculated
using the 224 method (16).

Western blot analysis. The concentration of total proteins was
determined in HCAECs or heart tissues by extracting them
with RIPA lysis buffer, followed by measurement using a BCA
kit. Subsequently, the proteins were separated using 10% SDS
polyacrylamide gel electrophoresis and then transferred onto
a PVDF membrane. The membrane was blocked using 5%
nonfat milk for 2 h at 25°C. Subsequently, primary antibodies
(TFAP2A at a dilution of 1:5,000; GAPDH at a dilution of
1:50,000) overnight at 4°C, along with their corresponding
secondary antibodies (at a dilution of 1:1,000) at 37°C for
1 h were incubated separately. For the purpose of protein
normalization, GAPDH was employed as a reference. The
protein signals were detected using an ECL kit and quantified
with Alpha Innotech software version 6.0 (Alpha Innotech
Corporation).

Biochemical tests. The whole blood samples from mouse
eyeballs were maintained at ambient temperature for 2 h,
followed by centrifugation at a force of 1,000 x g for a 20 min at
4°C.To determine the serum levels of TC,HDL-C,and LDL-C,
commercially available kits were employed in conjunction
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with an automated bioanalysis system (Gallery Plus Discrete
Analyzer; Thermo Fisher Scientific, Inc.).

H&E staining. The myocardial tissues of mice were subjected
to fixation (4% paraformaldehyde at 25°C for 12 h), deparaf-
finization, and hydration prior to embedding in paraffin.
Subsequently, they were sectioned into slices with a thick-
ness of 4 ym. The sections underwent a 3-min H&E staining
process at 25°C. Following the application of neutral gum
for mounting, the images were captured using a Leica light
microscope.

Statistical analysis. In vitro experiments were performed in
triplicate, and each experiment was repeated 3 times. In vivo
experiments were performed using six mice per group. The
differences between two groups were evaluated using unpaired

Student's t-test. To assess variations among multiple groups,
a one-way ANOVA followed by Tukey's post hoc multiple
comparisons test was utilized. Data analysis was performed
using SPSS software version 22.0 (Dotmatics). The data were
presented as the mean + standard deviation, and P<0.05 was
considered to indicate a statistically significant difference.

Results

Serum from patients with ACS exhibits elevated expression
of TFAP2A-ASI and TFAP2A. After obtaining the necessary
consent from the participants, venous blood samples were
collected from individuals diagnosed with ACS. Subsequently,
centrifugation was conducted to obtain serum samples, and
then the expression levels of TFAP2A-AS1 and TFAP2A
were determined using RT-qPCR. The findings, as depicted in
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Figure 3. Silencing of TFAP2A-AS1 and TFAP2A suppresses the proliferative, migratory, and invasive capacities while enhancing the apoptotic rate of
HCAEC:s. (A) The apoptosis rate, (B) viability, (C) invasion and (D) migration of HCAECs transfected TFAP2A-AS1 siRNA, TFAP2A siRNA or NC siRNA

Hkk

was assessed by flow cytometric analysis, Counting Kit-8 assay, Transwell invasion assay and wound healing assay, respectively. Scale bar, 100 ym. ""P<0.001
vs. NC siRNA. TFAP2A, transcription factor AP-2a; HCAECs, human coronary artery endothelial cells; siRNA, small interfering RNA; NC, negative control.

Fig. 1A, revealed a significant upregulation of TFAP2A-AS1
expression in patients with ACS compared with that observed
in healthy individuals (P<0.001; Fig. 1B). Similarly, elevated
levels of TFAP2A were also detected in patients with ACS
when compared with controls without any health issues
(P<0.001; Fig. 1B).

Silencing of TFAP2A-AS1 suppresses TFAP2A expression.
To investigate the roles of TFAP2A-AS1 and TFAP2A in the
progression of ACS in vitro, gene silencing techniques were
initially employed to downregulate the expression levels of
either TFAP2A-AS1 or TFAP2A in HCAECs. As illustrated
in Fig. 2A, the HCAECs were transfected with TFAP2A-AS1
siRNA1, TFAP2A-AS1 siRNA2, and TFAP2A-ASI siRNA3
individually. It was revealed that the expression level of
TFAP2A-ASI1 was significantly decreased following trans-
fection (P<0.001). The selection of TFAP2A-AS1 siRNA3

for subsequent experiments was based on its relatively high
silencing efficiency. Similarly, TFAP2A siRNA transfec-
tion also significantly inhibited TFAP2A expression, and
TFAP2A siRNA1 was selected for the subsequent experi-
ments (P<0.001; Fig. 2B). The regulatory associations between
TFAP2A-AS1 and TFAP2A were then determined. The
results of RT-qPCR and western blotting demonstrated that
transfection of TFAP2A siRNA did not affect TFAP2A-ASI
expression, while transfection of TFAP2A-AS1 siRNA mark-
edly decreased the mRNA expression and protein level of
TFAP2A (P<0.01; Fig. 2C and D). The findings indicated that
TFAP2A-ASI1 possesses the capability to regulate the expres-
sion of TFAP2A; however, the converse does not hold true. A
RIP assay was performed to confirm the functional interaction
between TFAP2A-AS1 and TFAP2A. RNA from RIP assays
using an antibody against TFAP2A was subjected to qPCR
analysis, which demonstrated an enrichment of TFAP2A-AS1
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Figure 4. Knockdown of TFAP2A-AS1 and TFAP2A leads to a reduction in serum lipid levels and an improvement in myocardial injury in an ACS mouse
model. (A) The expression of TFAP2A-ASI and TFAP2A in ACS mice after injection of TFAP2A-AS1 shRNA, TFAP2A shRNA or NC shRNA was detected
by reverse transcription-quantitative PCR. (B) The protein levels of TFAP2A in ACS mice after injection of TFAP2A-AS1 shRNA, TFAP2A shRNA or NC
shRNA were determined using western blotting. (C) The levels of TC, LDL-C and HDL-C in ACS mice after injection of TFAP2A-ASI shRNA, TFAP2A
shRNA or NC shRNA were determined using biochemical tests. (D) Hematoxylin and eosin staining was performed to observe the pathological condition of

ok

myocardial tissues in different groups. Scale bar, 50 ym. ""P<0.001 vs. sham;

"P:

<0.05,"P<0.01, and “#P<0.001 vs. the ACS model + NC shRNA. TFAP2A,

transcription factor AP-2a; ACS, acute coronary syndrome; shRNA, short hairpin RNA; ns, no significance.

(P<0.001; Fig. 2E). Next, whether TFAP2A-AS]1 interacted
with TFAP2A protein was examined using an RNA pull-down
assay, and it was revealed that the expression level of TFAP2A
interacting with biotin-labeled TFAP2A-AS1 was higher than
that with the antisense TFAP2A-AS1 group (Fig. 2F). These
data suggested the interaction between TFAP2A-ASI1 and
TFAP2A protein.

Silencing of TFAP2A-ASI and TFAP2A inhibits the prolif-
erative, migratory, and invasive capacities while enhancing
the apoptotic rate of HCAECs. The flow cytometric analysis
showed that transfection of both TFAP2A-ASI1 siRNA and
TFAP2A siRNA significantly increased the apoptosis rate of
HCAECs (P<0.001; Fig. 3A). Starting from 24 h, the viability
of HCAECs was significantly reduced following the silencing
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TFAP2A-ASI or TFAP2A (P<0.001; Fig. 3B). Additionally,
the effects of TFAP2A-AS1 and TFAP2A on the invasive and
migratory capacities of HCAECs were also assessed. The rela-
tive number of invasive cells was significantly decreased in the
TFAP2A-AS1 siRNA and TFAP2A siRNA groups compared
with those in the NC siRNA group, as demonstrated in Fig. 3C
(P<0.001). Similar patterns were observed in the effects of
TFAP2A-AS1 siRNA and TFAP2A siRNA on cell migration
(P<0.001; Fig. 3D).

Knockdown of TFAP2A-ASI and TFAP2A leads to a decrease
in the serum lipid levels and an improvement in myocardial
injury in a mouse model of ACS. A mouse model of ACS was
established in the present study. As demonstrated in Fig. 4A,
the expression of TFAP2A-AS1 and TFAP2A was signifi-
cantly increased in mice with ACS (P<0.001). However, their
expression levels were reduced after injection of TFAP2A-AS1
shRNA and TFAP2A shRNA, respectively (P<0.001). Notably,
injection of TFAP2A shRNA did not affect the expression
of TFAP2A-ASI, while injection of TFAP2A-AS1 shRNA
significantly decreased the mRNA expression of TFAP2A
in mice with ACS (P<0.01). Moreover, similar patterns were
observed for the protein level of TFAP2A (P<0.01; Fig. 4B).
Furthermore, it was revealed that compared with the sham
group, the serum levels of TC and LDL-C were significantly
elevated in a mouse model of ACS (P<0.001; Fig. 4C), while
the levels of HDL-C were significantly decreased (P<0.001).
Notably, the intramyocardial injection of both TFAP2A-AS1
shRNA and TFAP2A shRNA not only led to a reduction in the
levels of TC and LDL-C (P<0.05), but also resulted in increased
levels of HDL-C (P<0.001) in mice with ACS. Subsequently,
heart tissues from mice across various groups were collected
for the purpose of pathological examination. As depicted
in Fig. 4D, cardiomyocytes from the sham group exhibited
a normal morphology characterized by a well-organized
arrangement and an absence of breaks. By contrast, cardiomy-
ocytes derived from the ACS mice displayed signs of swelling
and thickening, accompanied by irregular morphology and
disordered arrangement. Following intramyocardial injec-
tion of both TFPAF-A21 shRNA and TFAF-A21 shRNA, a
significant improvement in the morphology and arrangement
of cardiomyocytes was observed.

Discussion

Despite significant advancements in the diagnosis and
treatment of ACS, CVDs remain the leading cause of death
globally. Low- and middle-income countries bear a consid-
erable burden, with ~7 million deaths and 129 million cases
of disability reported annually (17-19). Furthermore, despite
a significant decline in mortality rates associated with ACS,
it is still estimated that ~40% of patients will succumb to
death within five years following a coronary event. The
risk of fatality increases 5 to 6-fold in individuals who
experience recurrent events (20,21). The economic impact
associated with ACS is also substantial; with each patient
in the U.S. incurring an estimated annual cost ranging from
$22,528 to $32,345 primarily due to hospitalizations (22).
Consequently, ACS not only imposes a significant burden on
patients but also affects society at large. Therefore, there is

an urgent need to explore more effective treatment options
for this condition.

Most research on IncRNA TFAP2A-ASI primarily focuses
on its role in cancer. Aberrant expression of TFAP2A-AS1
has been shown to influence the occurrence and develop-
ment of multiple human cancers, including GC, BC, NSCLC
and OSCC (11-14). In the present study, the dysregulation of
TFAP2A-AS1 was also observed in both patients with ACS and
corresponding mouse models, suggesting that TFAP2A-AS1
may be significantly associated with the progression of ACS.
The significance of endothelial cells in the pathogenesis of ACS
should not be underestimated. The pathology of ACS represents
a complex and multifaceted process, with plaque rupture identi-
fied as one of its primary triggers (3,23). Following a myocardial
infarction, significant alterations occur in the behavior of endo-
thelial cells, which are crucial for angiogenesis. Consequently,
the abnormal proliferation, migration and invasion of these
endothelial cells post-myocardial infarction may potentially
contribute to plaque instability and erosion, ultimately leading
to the onset and development of ACS (24,25). In the present
study, it was demonstated that knockdown of TFAP2A-ASI
not only significantly suppressed the proliferative, invasive and
migrated potentials of HCAECs, but also markedly increased
the apoptosis rate. Furthermore, previous studies have reported
that elevated levels of TC and LDL-C are associated with endo-
thelial dysfunction (26,27). Based on the findings of the present
study which demonstrated that silencing of TFAP2A-ASI
effectively inhibited the aberrant proliferation, invasion, and
migration of HCAEC:s, it is reasonable to propose that the down-
regulation of TFAP2A-AS1 may play a pivotal role in regulating
blood lipid levels. In the animal experiments, as anticipated, a
significant reduction in the levels of TC and LDL-C, accom-
panied by an elevation in the levels of HDL-C were observed
upon the injection of TFAP2A-AS1 shRNA in mice with ACS.
The aforementioned results indicated that the downregulation
of TFAP2A-ASI may play a crucial role in the regulation of
endothelial dysfunction. Moreover, the myocardial injury symp-
toms observed in ACS mice were significantly ameliorated
following the injection of TFAP2A-AS1 shRNA. Therefore, the
findings indicated that the absence of TFAP2A-AS1 may confer
a beneficial effect on mitigating the progression of ACS.

TFAP2A, a member of the AP-2 family, has been identi-
fied as a transcription factor involved in various aspects of
development (28). In branchio-oculo-facial syndrome, a rare
autosomal-dominant disorder characterized by cleft palate
and craniofacial abnormalities, a deletion in the TFAP2A
gene has been observed (29). Additionally, studies have shown
that the expression of TFAP2A is upregulated and func-
tions as an oncogene in the progression of various cancers,
including cervical cancer, gallbladder carcinoma, and ovarian
cancer (30-32). Moreover, TFAP2A is essential for cardiac
morphogenesis specifically during outflow tract formation and
cardiac septation by regulating cell proliferation and terminal
differentiation (33,34). It was therefore hypothesized that
TFAP2A may also play a crucial role in ACS. In the present
study, an increased expression of TFAP2A in both patients
with ACS and a mouse model was observed Moreover, it
was also demonstrated that the knockdown of TFAP2A
could modulate endothelial dysfunction by inhibiting blood
lipid levels in ACS mice, as well as suppressing the aberrant
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proliferation, migration and invasion of HCAECs. All these
results supported our hypothesis that TFAP2A is associated
with the progression of ACS. Additionally, a recent study by
Yang et al (35) demonstrated that the expression levels of
both TFAP2A-ASI and TFAP2A were upregulated in OSCC,
exhibiting a positive correlation between their expression
levels. This suggested that TFAP2A-ASI can interact with
TFAP2A to affect OSCC progression. Based on the observed
effects of TFAP2A-AS1 and TFAP2A on HCAECs and mouse
models, a potential association between TFAP2A-AS1 and
TFAP2A in the progression of ACS was postulated. The find-
ings demonstrated that knockdown of TFAP2A-AS] led to
decreased expression of TFAP2A, while no reciprocal effect
was observed for TFAP2A on the expression of TFAP2A-ASI.
In addition, the RIP and RNA pull-down assays further verified
the interaction of TFAP2A-AS1 with TFAP2A. These results
suggest a positive regulatory role for TFAP2A-AS1 in modu-
lating the expression of TFAP2A. Consequently, the present
study concludes that the silencing of TFAP2A-ASI may
impede the progression of ACS by inhibiting the expression
of TFAP2.

Some limitations that must be acknowledged in this study
are as follows: Firstly, confirming whether TFAP2A-ASI regu-
lates TFAP2A expression in a post-transcriptional manner may
require a more rigorous approach. Secondly, the sample size
of patients was relatively limited, and increasing the sample
size would provide more robust data and enhance the statis-
tical power of the findings. Thirdly, the study was conducted
on a specific population in Wenzhou, China. Expanding the
research to include diverse populations in China, will be
considered in future studies.

In summary, the present research demonstrated that
TFAP2A-ASI acts as a pathogenic IncRNA in ACS. The
suppression of TFAP2A-ASI led to a significant decrease in
TFAP2A expression, thereby hindering the progression of
ACS through the regulation of endothelial dysfunction. This
newly identified regulatory axis may represent a potential
therapeutic target for the treatment of ACS.
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