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TFAP2A promotes cervical cancer via a positive
feedback pathway with PD-L1
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Abstract. Transcription factor AP-2 alpha (TFAP2A) is a
critical cell growth regulator that is overexpressed in various
tumor tissues. However, its role in the development of cervical
cancer remains unknown. In the present study, public data-
bases were thus explored and a higher expression of TFAP2A
was found in cervical cancer. A total of 131 clinical samples
were collected and it was also identified that TFAP2A was
highly expressed in cervical tumor tissues. TFAP2A was also
found to be associated with a higher tumor stage, lymph node
metastasis and a poor patient survival. In vitro experiments
revealed that the knockdown of TFAP2A inhibited the prolif-
eration and migration of cervical cancer cells and promoted
apoptosis. Furthermore, it was observed that TFAP2A could
bind the programmed death-ligand 1 (PD-L1) promoter region
and PD-L1 rescued TFAP2A expression. In vivo experi-
ments also revealed that TFAP2A promoted tumor growth.
Collectively, in the present study it was demonstrated that
TFAP2A is a transcription factor of PD-L1 and a prognostic
factor with clinical value, identifying a positive feedback loop
of TFAP2A/PD-L1.

Introduction

Cervical cancer is a very lethal type of cancer with a high
incidence and mortality (1), ~80% of them are cervical squa-
mous cell carcinoma (2). Although in recent years, with the
ongoing developments of treatment technologies and the broad
availability of the HPV vaccine the incidence and mortality
rate of cervical cancer have decreased (3), the therapeutic effi-
cacy remains limited, and the main cause of the mortality of
cervical cancer patients is the invasive metastasis of the tumor.
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Therefore, the mining of molecular markers that can effec-
tively modulate the invasive metastasis of cervical cancer may
be beneficial in order to reduce the mortality rate of patients
with cervical cancer.

TFAP2A is a crucial mediator of embryonic development
that is aberrantly overexpressed in various types of cancer,
including basal-squamous bladder cancer (4), pancreatic
cancer (5), gastric cancer (6), lung adenocarcinoma (7), naso-
pharyngeal carcinoma (8) and ovarian cancer (9); TFAP2A
mainly functions as a transcription factor that can promote
the expression of particular genes, including direct upregu-
lation of bone morphogenetic protein 4 (BMP4) promoting
angiogenesis and leads to drug resistance (10) and induction
of keratin 16 and transforming growth factor-f§ (TGF-p)
overexpression promoting the epithelial-mesenchymal
transition of tumors (11,12). Accumulating evidence has
demonstrated that TFAP2A has potential use as a diagnostic
marker for specific tumors, and it is involved in cancer cell
proliferation, invasion and migration (13). A high TFAP2A
expression has been shown to be associated with a poor
tumor prognosis and an increased risk of recurrence (14). It
is also involved in tumor adaptability to hypoxia and food
deprivation (8,15). The aforementioned findings suggested
that TFAP2A is involved in cancer genesis and progression.
However, the role of TFAP2A in cervical cancer remains
unknown.

Programmed death-ligand 1 (PD-L1) is mainly expressed
on the surface of tumor cells, and an increased PD-L1 expres-
sion is associated with the poor survival of cancer patients (16).
In addition, its immunosuppressive signal activation results in
the immunological tolerance in tumor cells (17) and it promotes
tumor stem cell proliferation (18), indicating that PD-L1 is
associated with cancer progression. Previously, immunosup-
pressants that target PD-L1 have exhibited exceptional efficacy
in the treatment of cervical cancer (19). However, certain
patients do not benefit from immunotherapy due to resistance.
The response rate of PD-1 antibodies for cervical cancer has
been reported to be only ~20% (20). Therefore, there is a need
for the understanding of the mechanisms regulating PD-L1
in tumors in order to address the limitations of current treat-
ments. PD-L1 regulation is also diverse (21). At present, the
association between TFAP2A and PD-L1 in cervical cancer
is not clear and it would thus be of interest to investigate this.

In the present study, the expression of TFAP2A was first
evaluated and it was found that it was highly expressed in
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cervical cancer and was associated with a poor survival rate
of patients with cervical cancer. Furthermore, it was identified
that TFAP2A functions as the transcription factor of PD-L1
and PD-L1 can also elevate the expression of TFAP2A, which
indicates a positive feedback loop between them. In vivo
experiments demonstrated that the decreased expression of
TFAP2A inhibited cervical tumor growth. The present study
demonstrated that TFAP2A may function as a molecular
marker for cervical cancer and revealed a positive feedback
loop between TFAP2A and PD-LI.

Materials and methods

Data collection. In the present study, four GSE data-
sets were used: GSE39001 (https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE39001), GSE63514
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE63514),
GSE9750 (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE9750) and GSE52903 (https:/www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE52903). These datasets were
utilized to evaluate the mRNA expression of TFAP2A between
clinical cancer specimens and normal specimens. GSE52903
and The Cancer Genome Atlas (https://xenabrowser.net/) were
used to analyze the association between TFAP2A and the clini-
copathological characteristics of patients with cervical cancer,
as well as to examine the link between TFAP2A and PDLI.

Tissue sample collection. Clinical samples, including 91
cervical cancer tissues and 30 normal cervical tissues, were
obtained from the Zhongnan Hospital of Wuhan University
(Wuhan, China) from January 2019 to December 2021. All
procedures were approved (approval no. 2022120K) by the
Ethical board of Zhongnan Hospital of Wuhan University
(Wuhan, China). Of the 91 cervical cancer tissues, 80 were
squamous carcinomas and 11 were adenocarcinomas.

Cells and cell culture. For the purposes of the present study,
three human cervical cancer cell lines (HeLa, SiHa and C33a)
and normal cervical epithelial cell lines (END1/E6E7) were
selected. The cell lines were purchased from the American
Type Culture Collection (ATCC). The cell culture medium
consisted of 90% DMEM or RPMI-1640, 10% fresh inactivated
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.) and 1% penicillin-streptomycin solution (Thermo Fisher
Scientific, Inc.). The culture conditions were set in an incubator
with 5% CO,, 37°C and saturated humidity.

Cell transfection. PD-L1 and TFAP2A overexpression
plasmids were constructed by inserting full-length cDNA
(482 ng/ul) into target vectors (GV238 and GV710; Shanghai
GeneChem Co., Ltd.). PD-L1 (591 ng/ul), TFAP2A (377 ng/ul),
and HPV 16 E6 (483 ng/ul) short hairpin RNA were synthe-
sized and cloned into pLKO.1 TRC (Shanghai GeneChem Co.,
Ltd.) vector to knock down the target genes. The aforemen-
tioned overexpression plasmids and gene knockdown plasmid
were transfected into cervical cancer cells using Lipofectamine
2000°® reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
The effects of plasmid transfection were detected after 48 h
using western blot analysis. The sequences used are presented
in Table SI.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) was used to collect and extract total RNA from
the cervical cancer cells. Following 15 min (50°C, 10 min; 85°C,
5 min) of RNA reverse transcription (Prime ScriptTM RT
Master Mix; used according to the manufacturer's protocol),
the Ct values of the samples were monitored by qPCR. The
thermocycling conditions were as follows: i) Pre-denaturation
at 95°C for 30 sec; ii) cycle reaction (40 times) at 95°C for
10 sec and at 60°C for 30 sec; and dissolution curve: 95°C for
15 sec, 60°C for 60 sec, 15°C for 4 sec. SYBR-Green Master
mix (Thermo Fisher Scientific, Inc.) was used for gPCR and
data were calculated using the 2"22°¢ method (22). GAPDH
was used as the reference gene. The primers used are listed
in Table SI.

Western blot analysis. After washing the cells with ice-cold
PBS, protein lysate (RIPA lysate: PMSF ratio, 100:1; Beyotime
Institute of Biotechnology) was added and collected. The BCA
method (Tiangen Biotech Co., Ltd.) was used to measure
the protein concentration. Protein loading buffer was added
and boiled at 100°C and stored at -80°C. The exact amount
of protein (30 pg) was separated with 12% SDS-PAGE. The
electrophoresis time was 1-1.5 h, and the proteins were then
transferred onto PVDF membranes (Bio-Rad Laboratories,
Inc.) and blocked with 5% skimmed milk at room temperature
for 2 h. Corresponding diluted primary antibodies [PD-L1
(1:1,000), TFAP2A (1:1,000), GAPDH (1:5,000) and HPV 16
E6 (1:1,000) were then added followed by overnight incuba-
tion at 4°C. An HRP-labeled secondary antibody (1:10,000)
was then added and incubated at room temperature for 1 h.
ECL chemiluminescence imaging system (Tanon-5200; Tanon
Science and Technology Co., Ltd.) was used for imaging. The
antibodies used for western blot analysis are listed in Table SII.

Cell Counting Kit-8 (CCK-8) assay. The transfected HelLa and
SiHa cells were transferred into 96-well plates (5x10° cells/well)
and 10 pl/well of CCK-8 solution [Multisciences (Lianke)
Biotech Co., Ltd] was added at 0, 24, 48, 72 and 96 h. The
enzyme marker (PerkinElmer, Inc.) was used for detection of
the absorbance at 450 nm after 2 h of incubation at 37°C.

Wound healing assay. The transfected HeLLa and SiHa cells
were laid flat in six-well plates (1x10° cells/well), and when
the density reached ~60%, a wound was created in the cell
monolayer using a 200-ul pipette tip and marked and cultured
with medium containing 2% FBS, followed by observation of
the cells under a light microscope (Olympus Corporation) for
0 and 48 h and images were captured.

Transwell assay. Cellular migration and invasion were exam-
ined using Transwell assay. Cell invasion assays were performed
in advance. The diluted Matrigel gel (BD Biosciences) was
added to the Transwell chamber (Corning, Inc.) at 70 pl/well
and incubated at 37°C until set. Subsequently, 200 pl cell
dilution containing 1% FBS medium (1x10%/ml) were added
to the upper chamber, while 800 1 medium containing 10%
FBS were added to the bottom chamber. Following 48 h of
incubation at 37°C, the cells were subjected at room tempera-
ture to fixation 30 min with formaldehyde and crystal violet
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(Beyotime Institute of Biotechnology) staining 20 min and
placed under a fluorescent microscope (Olympus Corporation)
to observe and obtain images for counting.

Clonal formation assay. The transfected cells were spread flat
in six-well plates at a concentration of 300 cells/well, observed
and cultured for 2 weeks. After the number of cells in the
minimal clonal cell mass was >50, formaldehyde fixation for
30 min and 0.1% crystal violet solution staining for 20 min
were performed and images were obtained by a fluorescent
microscope (Olympus Corporation).

Apoptosis detection. The transfected cells were digested, resus-
pended and stained according to the instructions provided with
the FITC Annexin V apoptosis detection kit [cat. no. AP104;
Multisciences (Lianke) Biotech Co., Ltd.]. The number of
apoptotic cells was immediately detected and counted using a
flow cytometer (cut flex; Beckman Coulter, Inc.).

Dual-luciferase reporter assays. An overexpression plasmid
(pGL3 plasmid) containing PD-L1 gene promoters of different
lengths (P, P1, P2, P3, P4 and P5) and TFAP2A overexpres-
sion plasmid (pCDNA3.1 plasmid) were constructed. In
24-well plates, 0.5 ug target plasmids and 0.01 ug pRL-TK
plasmid (Shanghai GeneChem Co., Ltd.) per well were
co-transfected into 293T cells (ATCC) using Lipofectamine
2000® reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
The cells were analyzed to determine the activity of luciferase
using a Dual-Luciferase® Reporter Assay System (Promega
Corporation) following 48 h of transfection. Normalization
was performed by comparison with Renilla luciferase activity.

Chromatin immunoprecipitation (ChIP). ChIP-qPCR primers
containing the binding sequences of the PD-L1 promoter and
TFAP2A gene were designed, and the cells were cross-linked
with 1% formaldehyde, sonicated to fragment DNA, and the
corresponding 4 g Ab or IgG and 50 pl protein A/G-agarose
(cat. no. 20421; MilliporeSigma) were then added for immu-
noprecipitation. The samples were washed and uncross-linked
after rotating and mixing overnight at 4°C, and the PCR
products were recovered using the PCR product recovery kit
(the IP products were purified using the PCR product recovery
kit; Tiangen Biotech Co., Ltd.), and finally RT-qPCR was
performed using the designed primers, and positive controls
were set to analyze the enriched DNA fragments (23). The
primers used are listed in Table SI.

Tumor xenograft model. The animal experiment was
approved (approval no. ZN2021257) by the Experimental
Animal Ethics Committee of Zhongnan Hospital of Wuhan
University (Wuhan, China). A total of 12 BALB/C nude mice
(female, weighing 18-20 g, aged 4-6 weeks) were housed in an
SPF-grade environment at the Animal Testing Center of the
Central South Hospital of Wuhan University in Vital River,
Beijing, China. The housing temperature was maintained
at 22+2°C, with a relative humidity of 40-60%. A 12-h diurnal
cycle was applied, and the mice were fed ad libitum with
standard chow diet and water. All mice were experimented
on after 1 week of acclimatization. The sh-TFAP2A and
sh-NCs HeLa cells (5x10° cells, 100 x1 DMEM-containing
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medium) were stably transfected with lentivirus and injected
subcutaneously into the axilla of the nude mice. Tumor volume
and mouse body weight were recorded every other day for
~18 days until tumor volume did not exceed 2,000 mm?. The
mice were anesthetized with 1-1.5% isoflurane and euthanized
by cervical dislocation. Tumors were excised from each mouse
and their weights were calculated for statistical analysis. The
tumor volume was calculated as follows: Volume=(length x
width)*/2.

Immunohistochemistry (IHC) and hematoxylin-eosin (H&E)
staining. The collected tumor tissues were fixed with 4% para-
formaldehyde for 24 h at room temperature, alcohol-gradient
dehydrated and paraffin-embedded and sectioned strictly
according to the IHC staining and H&E staining procedures.
The 4-pum sections were then stained with antibodies against
TFAP2A (1:450; cat. no. 67076-1-Ig; Proteintech Group,
Inc.) and PD-L1 (1:150; cat. no. 66248-1-1g; Proteintech
Group, Inc.). Incubation was performed overnight at 4°C, and
secondary antibodies [Goat Anti-Rabbit IgG H&L (HRP;
1:1,000; cat. no. ab6721; Abcam)] were used for re-staining
at room temperature for 1 h followed by counterstaining
(10-20 sec) with 1X hematoxylin solution (cat. no. DA1010;
Beijing Solarbio Science & Technology Co., Ltd.) and
mounting, followed by staining analysis, a procedure inde-
pendently analyzed by two experienced pathologists. H&E
staining solidifies the data to identify whether the tissue type
is cervical cancer. The data of IHC staining were scored using
a semi-quantitative scoring system. The average gray value of
positive cells (staining intensity) and the percentage of positive
areas (stained area) were used together as a measure of THC
staining, resulting in four scores: High positive (3+), positive
(2+), low positive (1+) and negative (0). Finally, the scores of
the three replicates were summed to obtain the final score; the
median was used as a cut-off to distinguish between high and
low protein expression.

Statistical analysis. SPSS 25.0 statistical software (IBM
Corp.) was used for statistical analysis, GraphPad Version 5.0
Software (Dotmatics) for analysis and graphing, and
ImageJ-win32 software (National Institutes of Health) for
image analysis. Kaplan-Meier plotter followed by the log-rank
test was used for survival analysis. Data are expressed as the
mean = SD, and the unpaired t-test was used for statistical
analysis. P<0.05 was considered to indicate a statistically
significant difference.

Results

TFAP2A is highly expressed in cervical cancer tissues
and is associated with the clinicopathological features of
patients. The analysis results of multiple cervical cancer
RNA-sequencing datasets in the Gene Expression Omnibus
database suggested that the expression level of TFAP2A was
significantly higher in cervical cancer tissues than in normal
cervical tissues (Fig. 1A-D). In addition, seven sets of paired
cancer-paraneoplastic tissues were collected and TFAP2A gene
expression was evaluated. The results from RT-qPCR further
supported the data mining results (Fig. 1E). Furthermore,
30 normal cervical tissues and 91 cervical cancer tissues were
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Figure 1. TFAP2A expression is increased in cervical cancer and is associated with clinicopathological features. (A-D) Analysis of TFAP2A mRNA expression
in different datasets. (E) Expression of TFAP2A mRNA in six sets of paired cancer-paraneoplastic tissue samples. (F) IHC staining of TFAP2A expression and
H&E staining in normal and cancer tissues. (G) Analysis of TFAP2A mRNA expression in different FIGO grades. (H) The expression level of the TFAP2A
gene in different histopathology grades. (I) The expression level of TFAP2A gene in different FIGO T Stages. (J) The expression level of the TFAP2A gene
according to lymph node metastasis. (K) The expression level of TFAP2A gene in association with patient survival. in each group. ‘P<0.05, “P<0.01 and
“"P<0.001. TFAP2A, transcription factor AP-2 alpha; H&E, hematoxylin-eosin; IHC, immunohistochemical.
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Table I. Association between TFAP2A and the clinicopathological parameters of patients with cervical cancer.

Expression level of TFAP2A

Clinicopathological characteristics Low High P-value

Total cases, n (%) 46 45

Age, years 0.159
<55 24 (26.4%) 30 (33.0%)
>55 22 (24.2%) 15 (16.5%)

Underlying diseases 0.763
Yes 35 (38.5%) 33 (36.3%)
No 11 (12.1%) 12 (13.2%)

Pregnancy 0.599
<3 22 (24.1%) 24 (26.4%)
>3 24 (26.4%) 21 (23.1%)

Childbirth 0.014
<2 27 (30.0%) 37 (40.7%)
>2 19 (20.9%) 8 (8.8%)

CEA (ng/ml) 0.526
<5 40 (45.0%) 39 (43.9%)
>5 4 (4.5%) 6 (6.7%)

CA125 (U/ml) 0.080
<35 38 (43.2%) 44 (50.0%)
>35 5 (5.7%) 1(1.1%)

HE4 (pmol/ml) 0.044
<60.5 32 (41.6%) 25 (50.6%)
>60.5 6 (7.8%) 14 (18.2%)

SCC (ng/ml) 0.193
<15 6 (8.0%) 12 (16.0%)
>1.5 29 (38.7%) 28 (37.3%)

FIGO stage 0.043
Ib-Ila 39 (43.3%) 31 (34.4%)
IIb-IV 6 (6.7%) 14 (15.6%)

HPYV infection 0.013
Negative 12 (13.2%) 3(3.3%)
Positive 34 (37.4%) 42 (46.2%)

Lymph node metastasis 0.534
Yes 5 (5.8%) 7 (8.1%)
No 38 (44 .2%) 36 (41.9%)

Vascular invasion 0.006
Yes 18 (28.1%) 8 (12.5%)
No 13 (20.3%) 25 (39.1%)

Nerve Violation 0.772
Yes 18 (34.6%) 20 (38.5%)
No 6 (11.5%) 8 (15.4%)

TFAP2A, transcription factor AP-2 alpha; SCC, squamous cell carcinoma; CEA, carcinoembryonic antigen; HE4, human epididymis protein 4.

collected for IHC and H&E staining to further assess TFAP2A  of the database cervical cancer samples revealed that patients
gene expression. The results suggested that the positive staining ~ with high levels of TFAP2A mRNA expression had a higher
of TFAP2A was significantly higher in the cancerous tissues ~ FIGO grade (Fig. 1G), a higher pathological stage (Fig. 1H)
than in normal tissues (Fig. 1F). At the same time, the analysis  and a larger tumor size (Fig. 1I), as well as more lymph node
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Figure 2. TFAP2A positively regulates PD-L1 expression in cervical cancer. (A) IHC staining of PD-L1 expression and hematoxylin-eosin staining in normal
and cancer tissues. (B) The association between PD-L1 and TFAP2A protein (semi-quantitative analysis using IHC staining). (C) The association between
PD-L1 and TFAP2A protein in The Cancer Genome Atlas database. (D) Western blot analysis of TFAP2A and PD-L1 expression in normal (END1) and
cervical epithelial (HeLa, C33a and SiHa) cell lines. (E) Reverse transcription-quantitative PCR of TFAP2A and PD-L1 expression in normal (END1) and
cancer) cervical epithelial (HeLa, C33a and SiHa) cell lines. (F) Western blot analysis revealed that PD-L1 expression was reduced in TFAP2A-overexpressing
cervical cancer cell lines. (G) Western blot analysis revealed that PD-L1 expression was reduced in cervical cancer cell lines subjected to TFAP2A knock-
down. n=3 for cell culture analysis. "P<0.05, “P<0.01 and ““P<0.001. TFAP2A, transcription factor AP-2 alpha; PD-L1, programmed death-ligand 1; H&E,

hematoxylin-eosin; IHC, immunohistochemical.

metastases when compared with those with a low TFAP2A
expression (Fig. 1J). Kaplan-Meier survival analysis revealed
that a high expression of TFAP2A was positively associated
with a poor overall survival of patients with cervical cancer
(Fig. 1K). It was also validated in clinical samples, as shown
in Table I, that patients with a high TFAP2A expression exhib-
ited fewer births, higher human epididymis protein 4 levels,
a higher FIGO grade, more HPV infections, and were more
prone to vascular invasion. These findings suggested that
TFAP2A is highly expressed in cervical cancer tissues and is

associated with the clinical characteristics and prognosis of
patients with cervical cancer.

TFAP2A positively regulates PD-LI expression in cervical
cancer tissues and cell lines. The IHC staining results of 30
normal cervical tissues and 91 cervical cancerous tissues revealed
that positive PD-L1 staining was significantly higher in cancerous
tissues than in normal tissues (Fig. 2A). Combined with the
database analysis, a significant positive association was identified
between PD-L1 and TFAP2A protein expression (Fig. 2B and C).
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Figure 3. Knockdown of TFAP2A inhibits the proliferation, migration and invasion, and promotes the apoptosis of cervical cancer cells. (A) Wound healing
assay revealed that the downregulation of TFAP2A significantly reduced the cell migration rate. Representative images were obtained at 48 h. Scale bars,
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In addition, the expression of TFAP2A and PD-L1 was
examined in three cervical cancer cell lines and cervical epithe-
lial cells. It was found that TFAP2A and PD-L1 expression was
higher in the HeLLa and SiHa cervical cancer cell lines than in the
ENDI cells (Fig. 2D and E). To further validate the association
between TFAP2A and PD-L1 in cervical cancer, TFAP2A was

stably knocked down and overexpressed in HeLa and SiHa cells
using lentiviral transfection. Notably, the protein level of PD-L1
was significantly increased following TFAP2A overexpression
(Fig. 2F), whereas the protein level of PD-L1 was significantly
decreased following TFAP2A knockdown (Fig. 2G), indicating
that TFAP2A positively regulated PD-L1 expression.
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programmed death-ligand 1; sh-, short hairpin.

TFAP2A knockdown inhibits cervical cancer cell
proliferation, migration and invasion, and promotes
apoptosis. In HeLa and SiHa cells in which TFAP2A was
knocked down, the role of TFAP2A in cervical cancer was
investigated. As shown by the results of wound healing assay,
cell migration was significantly reduced following TFAP2A
knockdown (Fig. 3A). Cell proliferation and colony formation
were also inhibited after TFAP2A knockdown (Fig. 3B and C).
Furthermore, TFAP2A knockdown increased apoptosis
(Fig. 3D). Of note, TFAP2A knockdown inhibited cell migra-
tion and invasion (Fig. 3E). These findings indicated that tumor
metastasis was reduced and apoptosis was promoted following
TFAP2A knockdown. These findings indicated that TFAP2A
has potential oncogenic properties.

TFAP2A and PD-LI form a positive feedback loop that
may be influenced by the HPV E6 protein. To further
investigate the association between TFAP2A and PD-LI,
PD-L1 was overexpressed and knocked down in the HeLa
and SiHa cervical cancer cell lines using plasmid transfec-
tion. Notably, it was found that the overexpression of PD-L1
resulted in an elevated protein level of TFAP2A (Fig. 4A),

whereas the knockdown of PD-L1 resulted in a decrease in
its expression (Fig. 4B). Such consistent changes suggest that
TFAP2A and PD-L1 regulate each other, forming a posi-
tive feedback loop. The results based on Table I suggested
that TFAP2A expression is linked to HPV infection. In the
present study, HPV 16 E6 was knocked down in SiHa cells
to further investigate this link. The results revealed that the
knockdown of E6 protein led to a significant decrease in
TFAP2A and PD-L1 protein expression (Fig. 4C), suggesting
that HPV E6 protein regulates TFAP2A and PD-L1 protein
expression. A positive feedback regulates TFAP2A and
PD-L1, according to these findings. HPV E6 protein may
upregulate TFAP2A expression, resulting in an increased
PD-L1 protein expression.

TFAP2A promotes the proliferation and migration, and
inhibits the apoptosis of cervical cancer cells via PD-LI.
To investigate the functional axis between TFAP2A and
PD-L1 in cervical cancer, sh-TFAP2A stable cell lines were
generated using the SiHa and HeLa cells, which were then
transiently transfected with a PD-L1 overexpression plasmid
(sh-TFAP2A#1 + PD-L1). The results of western blot analysis
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revealed that the expression of PD-L1 was also significantly  expression of PD-L1 was partially restored following the
decreased following the knockdown of TFAP2A, and the overexpression of PD-L1 in the sh-TFAP2A group (Fig. 5A).
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units; sh-, short hairpin.

In the sh-TFAP2A#1 + PD-L1 group, cell proliferation was
increased (Fig. 5B), colony formation was restored (Fig. 5C)
and cell migration was also significantly promoted (Fig. 5D)
compared with the sh-TFAP2A#1 + Vector group. At the same
time, the proportion of apoptotic cells decreased (Fig. SE).
These results demonstrated that TFAP2A relies on the PD-L1
pathway to regulate the proliferation, migration and apoptosis
of cervical cancer cells.

TFAP2A suppresses the progression of cervical cancer by
targeting PD-LI. TFAP2A and PD-L1 are closely related and
regulate each other. Herein, to investigate the binding between
them, the enrichment of TFAP2A in the PD-L1 promoter
region was first predicted using bioinformatics (Fig. 6A).
A subsequent dual luciferase reporter gene assay (Fig. 6B)
confirmed that a TFAP2A binding site was located in the
PD-L1 promoter region. RT-qPCR was also used to examine
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the immune complexes. The findings revealed that TFAP2A
physically interacted with PD-L1 protein (Fig. 6C and D).
Finally, to improve the understanding of the role of TFAP2A
in the development of cervical cancer in vivo, a mouse cervical
cancer transplantation tumor model was generated using
HeLa cells. The results revealed that the group subjected to
knockdown TFAP2A exhibited a slower tumor growth and a
significantly lower final tumor weight and volume (Fig. 6E-G).
TFAP2A knockdown significantly inhibited the growth of
HeLa-derived tumors in vivo. On the whole, it was found that
TFAP2A can promote the transcription of PD-L1 promoter
by binding to it and affect the expression of HPV 16 E6, thus
promoting the progression of cervical cancer (Fig. 6H).

Discussion

In the present study, it was found that TFAP2A was highly
expressed in cervical cancer tissues and cells, and was associ-
ated with a more advanced tumor stage and distant metastasis.
The silencing of TFAP2A expression significantly inhibited
the proliferation and migration of cervical cancer cells, and
promoted apoptosis. A mouse xenograft tumor model was
used to confirm the tumor-promoting function of TFAP2A. In
addition, it was found that TFAP2A directly targeted PD-L1
to promote cervical cancer cell growth, and HPV E6 may be a
potential influencing factor of this pathway.

The transcription factor TFAP2A, a' AP-2 family member,
has been demonstrated to be involved in essential life
processes, including embryonic ectodermal development, stem
cell differentiation and cell growth and proliferation (24). The
role of TFAP2A in carcinogenesis and development has only
recently been recognized. It is highly expressed in a variety of
cancer types, including bladder cancer, melanoma, head and
neck squamous carcinoma (25), gastric cancer (6), ovarian
cancer (9), lung adenocarcinoma (7) and nasopharyngeal
carcinoma (8). The overexpression of TFAP2A predicts a
very poor prognosis. In head and neck squamous carcinoma,
TFAP2A downregulation has been shown to be associated
with a reduced proliferation (26,27). The high expression
of TFAP2A promotes cancer cell proliferation and inhibits
apoptosis (13). In nasopharyngeal carcinoma, TFAP2A over-
expression has been shown to be positively associated with
tumor stage, local infiltration and a decreased overall survival,
and TFAP2 silencing results in a slower proliferation of cancer
cells (8). The silencing of TFAP2A has been shown to inhibit
the proliferation, migration and invasiveness of esophageal
cancer cells, and to enhance apoptosis (28). The increased
expression of TFAP2A has been demonstrated in gallbladder
cancer, and its inhibition reduces the proliferation, migra-
tion and invasion of gallbladder cancer cells (29). However,
TFAP2A has been revealed to be a tumor suppressor and to
be expressed in low levels in a few malignancies, including
hepatocellular carcinoma, glioma and colon cancer (30). This
suggests that TFAP2A has a dual identity and can serve as
an oncogene or tumor suppressor gene, depending on the
tumor type. As a result, the present study aimed to examine
its expression profile in cervical cancer. It was identified that
TFAP2A was highly expressed in cervical cancer and was
associated with tumor stage and lymph node metastasis. It
should be noted that due to the extremely low incidence of
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cervical adenocarcinoma (2), the present study mainly focused
on squamous carcinoma of the cervix. More than 80% of the
selected public data sets and follow-up clinical specimens
were also cervical squamous carcinoma, and the selected
cell line SiHa was also derived from squamous carcinoma of
the cervix (31). In addition, it was confirmed that TFAP2A
knockdown inhibited the proliferation, invasion and migration
of cervical cancer cells, while promoting apoptosis, indicating
oncogenic potential.

TFAP2A was found to act as a transcription factor to
regulate the level and activity of downstream signaling
proteins, acting in various cancers or different types of cell
lines by activating different signaling pathways. For example,
in melanoma, TFAP2 promotes tumor metastasis by acti-
vating the Enhancer of Zeste Homolog 2 (EZH2). Gene (25).
TFAP2A promotes the growth and survival of nasopharyngeal
carcinoma by targeting the HIF-1 and VEGF pathways in
nasopharyngeal carcinoma cells (8). In lung cancer, TFAP2A
directly upregulates BMP4 to promote angiogenesis and lead
to acquired resistance to anlotinib (32). TFAP2A activates
heme oxygenase-1 (HO-1) to promote tumor growth (15),
upregulates telomerase to resist apoptosis (33), induces Keratin
16 (KRT16) and Inositol-Trisphosphate 3-Kinase A (ITPKA)
overexpression, and promotes lung cancer tumorigenicity
through epithelial-mesenchymal transition (7,11). In addition,
several studies have found that certain long non-coding RNAs
or microRNAs (miRs) regulate the post-transcriptional levels
of TFAP2A which affect the biological functions of tumors.
For example, Linc00467 can regulate miR-1285-3p/TFAP2A
expression, thereby facilitating the invasion of head and neck
squamous cell carcinoma cells and inhibiting apoptosis (13).
Long-stranded non-coding RNA TFAP2A-ASI1 produces
oncogenic effects in oral squamous cell carcinoma by regu-
lating the miR-1297/TFAP2A axis (34). miR-876-5p inhibits
breast cancer progression by regulating cell proliferation,
migration and invasion in a TFAP2A-dependent manner (35).
TFAP2A enhances lung adenocarcinoma metastasis via
miR-16 family/ TFAP2A/PSGY/TGF-f signaling pathway (12).
Silencing of lymphocytic leukemia deletion genel (DLEUI)
inhibited ovarian cancer cell proliferation, migration and inva-
sion by regulating the miR-429/TFAP2A axis (9). Zinc-finger
protein 471 (ZNF471) acts as a tumor suppressor in gastric
cancer by transcriptionally repressing the downstream targets
TFAP2A and Plastin 3 (PLS3) (6). Of note, the present study
found that TFAP2A interacted directly with PD-L1 and
produced a hitherto unknown positive feedback signaling loop
in cervical cancer.

PD-L1 is an immunosuppressive signaling protein that
induces tumor immune escape (36). Previous studies have
examined the expression of PD-L1 in cervical cancer and
have reported that PD-L1 is more commonly expressed in
cervical cancer than in normal cervical tissues, ranging from
34.4-96% (37,38). PD-L1 expression has been observed to be
more widespread in cervical squamous cell carcinoma, with a
percentage of tissue-positive samples exceeding 37% (39,40).
These findings demonstrated that PD-L1 is widely expressed in
cervical cancer tumor cells. These results support prior results
regarding the elevated expression of PD-L1 in cervical cancer.
Furthermore, PD-L1 protein is substantially connected with
cervical cancer prognosis, with a higher PD-L1 expression
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being positively associated with tumor metastasis (41), tumor
progression (42) and a poor prognosis of patients with cervical
cancer (43). In the present study, TFAP2A was found to
promote the proliferation and migration of cervical cancer
cells through PD-L1, while inhibiting cell apoptosis However,
certain researchers have concluded that PD-L1 expression is not
associated with progression-free or overall survival in patients
with cervical cancer (37), and that borderline PD-L1 expression
is associated with an improved prognosis than diffuse PD-L1
expression or no PD-L1 expression (44). The explanation for
the contradictory prior research may be due to the degree and
pattern of PD-L1 expression, in addition to the diverse tissue
subtypes with varied PD-L1 expression and function, which
can influence the different prognoses of cervical cancer.

The regulatory mechanisms of PD-L1 expression in
malignancies are complex and diverse, including genomic
abnormalities, transcriptional control, mRNA stability, onco-
genic signaling and protein stability (21). The current study
demonstrated that TFAP2A promoted the expression of PD-L1
by binding to the promoter region of PD-LI, and its binding
site was 1876-1997 bp in the PD-L1 promoter region. But how
TFAP2A upregulate PD-L1 remains unknown. Earlier studies
have found that the C-terminal region of AP-2 family proteins
contains a helix-turn-helix domain that mediates dimeriza-
tion and site-specific DNA sequence GCCNNGGC binding,
thereby inducing transcriptional activation (45). It has also
been confirmed that the activator of human AP-2a is located
in amino acids 52-108 (46). In other words, TFAP2A may
activate PD-L1 transcription by specifically recognizing and
binding to the GCCNNNGGC sequence in the 1876-1997 bp
region of the PD-L1 promoter. In addition, the transcription
process of PD-L1 in the nucleus is also very complex. Studies
have found that under hypoxia (47), p-Stat3 physically inter-
acts with PD-L1 to promote its nuclear translocation. Another
study reported that PD-L1 in the nucleus further regulates
Gasb6 expression and activates the MerTK signaling pathway
to promote proliferation of NSCLC cells (48).

In addition, it was also identified that PD-L1 can affect the
expression of TFAP2A. However, there are no relevant studies
on how PD-L1 affects TFAP2A, but studies have found the
intrinsic function of PD-L1 in tumors and its interaction with
other carcinogenic pathways. The high expression of PD-L1
interacts with mTOR signaling pathway to promote the
growth and autophagy of ovarian cancer cells and melanoma
cells (49). PD-L1 binds to ITGB4 in cervical cancer (50), trig-
gering AKT/GSK3p and SNAII/SIRT3 signaling pathways.
PD-L1/ITGB6/STATS3 signaling axis regulates bladder cancer
cell proliferation, glucose metabolism and chemotherapy resis-
tance (51). PD-L1 regulates the proliferation and apoptosis of
AML cell lines through the PI3K/AKT signaling pathway (52).
However, PI3K-AKT pathway can affect the expression of
TFAP2A (53), suggesting that PI3K-AKT pathway may be a
key mediator in PD-L1 regulation of TFAP2A, which is inter-
esting and worthy of further exploration.

Finally, the signaling upstream of TFAP2A was actively
investigated and it was identified that the oncogenic
protein HPV E6 may be a potential factor in regulating the
TFAP2A/PD-L1 signaling pathway. Studies have found that
the PD-L1 expression was linked to promoting HPV-induced
cervical carcinogenesis. The HPV E5/E6/E7 oncogene

stimulates numerous signaling pathways, including PI3K/AKT,
MAPK, hypoxia-inducible factor 1, STAT3/NF-kB and
microRNAs, which regulate the PD-L1/PD-1 axis (54). It has
also been reported that the AP-2 transcription factor family,
in which TFAP2A is located, was found to have binding sites
in the transcriptional control region (upstream regulatory
region, URR) of several HPV types (55-58), including HPV11
and HPV18S, suggesting that AP-2 may be a key activator of
viral E6/E7 oncogene expression, but it was further found to
have only a slight effect on the activity of the E6/E7 oncogene
promoter (59). Suggesting that AP-2 itself is not critical for the
E6/E7 promoter, it is also possible that additional AP-2 binding
sites may be present in the viral URRs and affect the activity
of the E6/E7 promoter, as AP-2 is an epithelial transcription
factor and therefore may contribute to the preferential tran-
scriptional activity of HPV URRs. However, there is no study
on the functional significance of TFAP2A on HPV E6/E7. The
present study found a potential association between TFAP2A
and E6, and also provided a little idea about the regulatory
mechanism of E6 in cervical cancer.

In conclusion, the present study demonstrated the high
expression profile of TFAP2A in cervical cancer and that it is
associated with a poorer prognosis. TFAP2A plays a key role
in promoting cervical cancer progression by directly inter-
acting with PD-L1. Thus, the present study revealed a possible
molecular mechanism of TFAP2A in cervical cancer. The
inhibition of TFAP2A may therefore provide some theoretical
basis for the treatment of patients with cervical cancer.
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