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ABSTRACT 
 

Background: TFAP2A is critical in regulating the expression of various genes, affecting various biological 
processes and driving tumorigenesis and tumor development. However, the significance of TFAP2A in 
carcinogenesis processes remains obscure. 
Methods: In our study, we explored multiple databases including TCGA, GTEx, HPA, cBioPortal, TCIA, and other 
well-established databases for further analysis to expound TFAP2A expression, genetic alternations, and their 
relationship with the prognosis and cellular signaling network alternations. GO term and KEGG pathway 
enrichment analysis as well as GSEA were conducted to examine the common functions of TFAP2A. RT-qPCR, 
Western Blot and Dual Luciferase Reporter assay were employed to perform experimental validation. 
Results: TFAP2A mRNA expression level was upregulated and its genetic alternations were frequently present 
in most cancer types. The enrichment analysis results prompted us to investigate the changes in the tumor 
immune microenvironment further. We discovered that the expression of TFAP2A was significantly associated 
with the expression of immune checkpoint genes, immune subtypes, ESTIMATE scores, tumor-infiltrating 
immune cells, and the possible role of TFAP2A in predicting immunotherapy efficacy. In addition, high TFAP2A 
expression significantly correlated with several ICP genes, and promoted the expression of PD-L1 on mRNA and 
protein levels through regulating its expression at the transcriptional level. TFAP2A protein level was 
upregulated in fresh colon tumor tissue samples compared to that in the adjacent normal tissues, which 
essentially positively correlated with the expression of PD-L1. 
Conclusions: Our study suggests that targeting TFAP2A may provide a novel and effective strategy for cancer 
treatment. 

mailto:600964@csu.edu.cn
mailto:gangyin@csu.edu.cn
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/


www.aging-us.com 1022 AGING 

INTRODUCTION 
 

Transcription factor activating enhancer binding protein 2 

(TFAP2), a vital class of transcription factors whose 

family members include five different paralogs in 

humans and mice: Tfap2a to Tfap2e, encoding proteins α, 

β, γ, δ, and ε respectively [1, 2]. All AP-2 proteins 

possess a highly conserved helix-span-helix dimerization 

motif at the carboxyl terminus, followed by a central 

motif region with a less conserved proline-rich and the 

glutamine-rich region at the amino terminus [3]. These 

proteins can form heterodimers and homodimers, which 

are able to regulate the specific expression of various 

downstream genes through binding to the functional 

element on their promoters, thereby influencing various 

biological processes such as embryonic development, cell 

proliferation, cell differentiation, cell migration, and cell 

apoptosis [4–6]. 

 

TFAP2A, a member of TFs AP-2 family, binds to  

CG-rich sequences through a DNA-binding domain to 

regulate the transcription of downstream genes [7]. 

TFAP2A is reported to be involved in vertebrate early 

embryogenesis of tissues undergoing morphogenetic 

transformation, especially in the differentiation and 

development of facial prominences, neural crest, 

kidney, and eye [3, 6, 8–10]. Mutations in TFAP2A 

lead to branchio-oculo-facial syndrome, a kind of 

disease that is characterized by skin defects, ocular 

anomalies, and facial clefting [11]. Nowadays, studies 

have shown that TFAP2A plays essential roles in 

various tumor-associated biologic processes, including 

cell cycle, cell apoptosis, and Epithelial-mesenchymal 

transition (EMT) [12–14]. Because of the differences 

across intra-tumoral heterogeneity of human cancers, 

TFAP2A has paradoxical effects on different kinds of 

carcinomas. For instance, in Lung adenocarcinoma 

(LUAD), TFAP2A promotes EMT indirectly via 

transcriptionally overexpressing KRT16. Moreover, the 

binding of TFAP2α at certain Hoxa gene loci promotes 

the development of acute myeloid leukemia [15]. And 

TFAP2A accelerates drug resistance by promoting 

angiogenesis in lung cancer [16]. However, it can also 

act as a tumor suppressor in glioma, colon cancer, 

melanoma, clear cell renal cell carcinoma, and so on 

[17–20]. 

 

Although several studies have reported that TFAP2A 

promoted cancer progression by regulating different 

pathways, the common function of TFAP2A in pan-

cancer has rarely been analyzed systematically. In this 

study, we first analyzed the expression of TFAP2A, and 

its prognosis values, genomic alternations in pan-
cancer. Next, we explored its correlations with co-

expressed genes and differential genes in various cancer 

types. By integrating the results, we found the potential 

common roles of TFAP2A in pan-cancer were related to 

tumor immunity. Following that, we explored the 

relationship between TFAP2A expression with Immune 

checkpoint (ICP) genes, immune subtypes, immune cell 

infiltrations, immunotherapy efficacy, and PD-L1 

expression in cancer cell lines to unravel the role of 

TFAP2A from the perspective of tumor immunity. 

Taken together, this study highlighted the potential role 

of TFAP2A in pan-cancer, hence offering a novel and 

promising insight into prognosis and immunotherapy. 

 

MATERIALS AND METHODS 
 

Data handling and TFAP2A expression analysis 

 

TFAP2A expression TOIL TPM data of pan-cancer 

tissues were obtained from TCGA via UCSC Xena 

Browser and GTEx v.7 TPM data of normal tissues 

were accessed from the GTEx Portal [21]. All analyses 

of expression data were performed using log2(TPM+1) 

values. Data exploration and processing, statistical 

analysis, and visualization were performed using 

Strawberry Perl scripts software (Version: 5.32.1.1) and 

R (version: 3.6.3). 

 

TIMER2 database was also employed for cross-

verification of expression data. TFAP2A mRNA and 

protein expression in cancer cell lines was accessed 

using CCLE [22]. 

 

Survival prognosis analysis 
 

Level 3 RNASeq HTSeq-FPKM files for cancer 

patients were downloaded from TCGA. Filtering was 

made to exclude the data of normal samples or samples 

with missing clinical information and further processing 

was to determine the ideal point to divide groups using 

the R-package “survminer”. Kaplan–Meier plotter 

analysis and Cox proportional hazard models were used 

to identify the relationship between TFAP2A mRNA 

expression and survival outcomes indexes including 

Overall survival (OS), Disease specific survival (DSS) 

and Progression-free interval (PFI). Hazard ratios (HR) 

with corresponding 95% Confidence intervals (CIs) and 

log-rank P-values were calculated. Cox regression 

multivariable analysis was used to build the nomogram 

prognostic model to predict the probability of a patient 

event. The R-packages “survival”, “survminer”, 

“ggplot2” and “rms” were employed to perform 

statistical analyses and visualization. 

 

Genomic alterations in pan-cancer 
 

TFAP2A genomic alterations analysis based on the data 

from TCGA PanCancer Atlas Studies were conducted 

by using cBioPortal database [23]. Genetic alternations 
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in single cancer study, alternations summary of multiple 

cancers, mutation types and sites of TFAP2A were 

obtained from “Cancer Type Summary”, “OncoPrint” 

and “Mutations” modules, respectively. Using “Plots” 

module to investigate the relationship between Copy 

number variation (CNV) and TFAP2A mRNA 

expression. Based on whether the genetic alternation 

occurred, TFAP2A related alternation genes were 

identified via “Comparison” module. 

 

TFAP2A gene correlation analysis in pan-cancer 

 

To assess the potential functional significance of 

TFAP2A, we performed gene correlation analysis by 

analyzing RNASeq data from TCGA (excluding normal 

samples data and transferring FPKM values to the log2 

of TPM). Ensembl 101 was used for gene annotations. 

We divided samples into two groups, separated by the 

median value of TFAP2A mRNA expression. To 

explore a more general association between TFAP2A 

and cancer, we used Pearson’s correlation coefficients 

greater than 0.3 and Pearson P-values less than 0.05 as 

the cutoff to select preliminary gene candidates. Then 

occurrence frequencies of genes in 33 cancer types 

meeting the above conditions were determined for Gene 

ontology (GO) term and Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathway enrichment analysis. 

IDs conversion was done using R-package 

“org.Hs.eg.db”, and for enrichment analysis was 

“clusterProfiler”. The R-packages “stat”, “DESeq2”, 

and “ggplot2” were used to perform statistical analyses 

and visualization. 

 

Gene set enrichment analysis 

 

We evaluated the differential gene expression in low 

and high TFAP2A expression samples, which was 

implemented by the “DESeq2” R-package. To further 

explore the biological functions of TFAP2A in cancer, 

we performed a GSEA using the MSigDB C2 canonical 

pathways collection and found the common pathways in 

various cancer types. TFAP2A gene alternation-related 

genes were analyzed in the same way. The R-Packages 

“clusterProfiler” was used for Gene set enrichment 

analysis (GSEA) analysis. The enrichment with False 

discovery rate (FDR, q-value) less than 0.25 and p-value 

less than 0.05 was considered as a significant enrichment. 

 

Association analysis of TFAP2A expression with the 

expression of ICP genes and immune subtypes 

 

To explore the correlation between the expression of 

TFAP2A and cancer immunity, we did a correlation 
analysis of TFAP2A with ICP genes collected from 

previous literature using TIMER2 and visualized the 

results using “ggplot2” R-package [24, 25]. Analysis of 

TFAP2A expression with immune subtypes was 

explored via the TSDIB database [26]. 

 

Analysis of TFAP2A expression with tumor immune 

microenvironment 

 

To infer the composition of the Tumor microenvironment 

(TME), we calculated the Immune Score, Stromal Score, 

and ESTIMATE Score through the R-package 

“estimate”. Single sample GSEA (ssGSEA) computed 

using the “GSVA” R-package, was performed to 

investigate immune cell infiltration signatures in TME. 

ssGSEA utilized the specific markers of various immune 

cells as a gene set to calculate their enrichment score 

based on a previous study [27]. Correlation analyses were 

estimated using Spearman's rho. 

 

Correlation of TFAP2A expression with 

immunotherapy 

 

To evaluate the effect of TFAP2A expression on 

predicting immunotherapy efficacy, we extracted the 

calculated Immunotherapy Scores of PD-1 or CTLA4 

blockade treatment from TCIA (http://tcia.at/) [28]. We 

separated samples into two groups according to 

TFAP2A expression and integrated them with 

immunotherapy scores data using the R-package 

“limma”. We used the R-package “ggpubr” for results 

visualization. 

 

Cell lines and cell culture and plasmid transfection 

 

The breast invasive carcinoma (BRCA) cell line MCF-7 

was kindly provided by Chief Physician Jinhui Hu. The 

COAD cell line Caco2 were kindly provided by 

Professor Wancai Yang. MCF-7 cells were cultured in 

DMEM (BI) and Caco2 cells were cultured in RPMI 

1640 (BI), and both media were replenished with 10% 

FBS (BI). All cells were cultured at 37 degrees Celsius 

in the presence of 5% CO2. 

 

5 × 105 cells were seeded in a 6-well plate and transient 

transfected with 1.5 μg pEGFP-N1 or pEGFP-N1-

TFAP2A using lipofectamine 2000 (Thermo Fisher 

Scientific, USA) according to the manufacturer 

instructions. These cells from each group were cultured 

for another 48 h and harvested for RNA or proteins 

extraction. 

 

RNA extraction and RT-qPCR analysis 

 

Cells total RNA was extracted with TRIzol reagent 

(Vazyme, Nanjing, China). 1 ug of RNA was reverse 
transcribed to cDNA using the GoScript Reverse 

Transcription System (Promega, USA). Reverse 

transcription-quantitative polymerase chain reaction 

http://tcia.at/
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(RT-qPCR) was carried out by the Applied Biosystems 

7500 Real-Time PCR System using the GoTaq RT-

qPCR Master Mix (Promega, A6001). We chose 

GAPDH to normalize TFAP2A and PD-L1 expression 

levels. Relative gene expression was calculated using 

the 2-ΔΔCt method. All the sequences of qPCR primers 

were shown in Supplementary Table 1. 

 

Western blot analysis 

 

Cells were harvested and immediately lysed by RIPA 

strong lysis buffer (Beyotime, China) containing 

protease inhibitors and phosphatase inhibitors: 1% 

PMSF (Roche, Mannheim, Germany) and 2% PIC 

(Roche, Switzerland). After centrifugating for 20 min, 

protein concentration in the supernatant was collected in 

tubes and determined using a Pierce™ BCA protein 

assay kit (Thermo Fisher Scientific, USA). The 

supernatant was then mixed with protein loading buffer 

(NCM Biotech) and boiled at 100° C for 5 min. Equal 

amounts of proteins (10 μg) were electrophoresed and 

separated by SDS-PAGE gels (Bio-Rad, USA), 

transferred onto PVDF membranes (Immobilon®-P), 

and blocked with 5% BSA solution at room temperature. 

Then the membranes were incubated overnight at 4° C 

with indicated primary antibodies. Followed by washing 

membranes three times and incubating with secondary 

antibodies for 2 h at room temperature, and visualized by 

the NcmECL Ultra (A+B) chemiluminescence reagent 

(NCM Biotech) and exposed using a chemiluminescence 

imaging system (SAGECREATION MiniChemi 610), 

GAPDH was used as an internal control. Anti-rabbit 

TFAP2A antibody was purchased from Abclonal 

(A0416, 1:800), anti-rabbit PD-L1 antibody was 

purchased from Proteintech (66248-1-Ig, 1:3000), anti-

mouse GAPDH antibody was purchased from Utibody 

(UM4002, 1:2000). 

 

Dual luciferase reporter assay 

 

Briefly, HEK-293T cells were seeded in the 24-well 

plate and then cotransfected with plasmids: TFAP2A 

OE plasmid, Renilla luciferase plasmid along with PD-

L1 promoter (-2400 to +100 bp). The luciferase 

activity was measured for at least three independent 

experiments by using the Dual-Glo Luciferase Kit 

(Promega) after transfection for 24 h. Firefly luciferase 

activity in each sample was calculated by 

normalization to Renilla activity. According to the 

binding sites of TFAP2A on PD-L1 promoter 

predicted by JASPAR (https://jaspar.genereg.net/), 

four truncated PD-L1 promoter were constructed (-

1900 to +100, -1400 to +100, -900 to +100, and -400 

to +100 bp) to identify a specific binding site. The five 

PD-L1 promoter region sequences can be found in 

Supplementary Table 2. 

Tissues protein extraction 

 

A total of 4 pairs of fresh colon tissue samples and 

adjacent normal colon tissue samples were obtained by 

surgical resection, which were acquired from The Third 

Xiangya Hospital of Central South University (Changsha, 

China). 

 

RESULTS 
 

Differential expression of TFAP2A in pan-cancer 

and normal tissues 

 

To investigate the expression of TFAP2A in human pan-

cancer, the mRNA levels of TFAP2A were examined 

based on the TCGA and GTEX databases. The results 

indicated that TFAP2A mRNA levels not only in non-

paired samples but also in paired samples were higher in 

most human tumors compared to the matched normal 

tissues (Figure 1A and Supplementary Figure 1B). On the 

contrary, in the other small fraction of cancer types, 

TFAP2A mRNA expression was significantly lower, 

including KIRC, and KIRP. The mRNA expression of 

TFAP2A were also searched in human pan-cancer by 

using the TIMER database, which showed that TFAP2A 

expression was upregulated in Bladder urothelial 

carcinoma (BLCA), BRCA, Cervical squamous cell 

carcinoma and endocervical adenocarcinoma (CESC), 

Cholangiocarcinoma (CHOL), Colon adenocarcinoma 

(COAD), Esophageal carcinoma (ESCA), Glioblastoma 

multiforme (GBM), Head and neck squamous cell 

carcinoma (HNSC), HNSC-HPV, Kidney chromophobe 

(KICH), Kidney renal clear cell carcinoma (KIRC), 

Kidney renal papillary cell carcinoma (KIRP),  

Liver hepatocellular carcinoma (LIHC), LUAD,  

Lung squamous cell carcinoma (LUSC), Prostate 

adenocarcinoma (PRAD), Rectum adenocarcinoma 

(READ), Skin cutaneous melanoma (SKCM), Stomach 

adenocarcinoma (STAD), Thyroid carcinoma (THCA), 

Uterine corpus endometrial carcinoma (UCEC) than the 

control groups (Figure 1B). 

 

Furthermore, TFAP2A mRNA and protein levels in 

tissue-derived cancer cell lines were examined 

according to the CCLE database. TFAP2A expression 

was tissue-specific in various cancer cell lines, 

especially overexpressed in the breast, prostate, skin in 

mRNA levels (Figure 1C), and upper in aerodigestive, 

uterus, esophagus in protein levels (Supplementary 

Figure 1C). Similar to its expression abundances in 

tumor tissues, TFAP2A mRNA expression also showed 

low tissue specificity (Supplementary Figure 1A). 

Additionally, we analyzed the IHC images provided by 

HPA database. As shown in Supplementary Figure 1D, 

the protein level of TFAP2A was significantly  

higher in BLCA, BRCA, CESC, and SKCM than in 

https://jaspar.genereg.net/
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corresponding normal tissues (Supplementary Figure 1D). 

Taken together, TFAP2A has higher expression levels 

in most types of cancer. Besides, we conducted 

Western blot to check the constitutive expression of 

TFAP2A in normal ovarian epithelial cell line FE25 

and ovarian cancer cell lines such as 8910, OVCAR3, 

A2780, and SKOV3 (Supplementary Figure 1E). The 

expression of TFAP2A was higher in ovarian cancer 

cell lines than in FE25, which was consistent with the 

predicted results above. 

 

 
 

Figure 1. Different expression of TFAP2A. (A) Different Expression of TFAP2A. (A) Differential TFAP2A mRNA expression between 

unpaired TCGA cancers and GTEX normal tissues; Red columns: cancer samples; Blue columns: normal samples; (B) The TFAP2A mRNA 
expression in 33 cancer types from TIMER database; (C) TFAP2A mRNA expression in different cancer cell lines from CCLE database;  
*p < 0.05, **p < 0.01, and ***p < 0.001. 
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The co-relationship between TFAP2A expression 

and prognosis 

 

To investigate the possible role of TFAP2A in clinical 

prognosis, we examined the data from the TCGA 

database to identify the co-relationship between 

TFAP2A expression with prognosis utilizing Cox 

regression analysis. The outcomes included OS, DSS, 

and PFI in many types of cancers. Results indicated that 

TFAP2A was positively associated with the HR in 

KIRC and KIRP yet negatively associated with Ovarian 

serous cystadenocarcinoma (OV) and UVM (Figure 

2A), which would be further studied. Subsequently, 

higher TFAP2A expression was correlated with worse 

outcomes in KIRC and KIRP (HR>1). While in OV and 

UVM (HR<1), the reverse applied (Figure 2B). Kaplan-

Meier survival curves of other human cancers were also 

displayed in Supplementary Figures, OS, DSS, and PFI 

were included (Supplementary Figure 2A–2C). Next, 

KIRC (HR>1) as well as KIRP (HR<1) were chosen to 

establish Nomogram prognostic model, respectively, 

which directly predicted 5-year survival probability. 

Consistent with previous results, higher expression of 

TFAP2A in KIRC was significantly associated with 

shorter survival whereas higher expression of TFAP2A 

in KIRP was significantly associated with longer 

survival. Ultimately, both Cox regression analysis and 

Nomogram prognostic model manifested that TFAP2A 

could be a valuable and worthy prognostic factor. 

 

The genetic alteration analysis of TFAP2A in 

various cancers 

 

The genetic alteration of TFAP2A in various cancers 

was then investigated by cBioPortal. The highest gene 

alteration frequency of TFAP2A occurred in ovarian 

serious carcinomas (>6%), which was all made up of 

amplification. In addition to ovarian serous 

carcinomas, more than 4% of esophageal carcinoma, 

skin cutaneous melanoma, uterine corpus endometrial 

carcinoma, diffuse large B-cell lymphoma, and bladder 

urothelial carcinoma obtained TFAP2A gene alteration 

(Figure 3A). Amplification, deep deletion, and 

missense mutation are the top three factors among the 

types of genetic alterations of TFAP2A (Figure 3B). 

Besides, not only were a total of 96 TFAP2A 

mutations that included 77 missenses, 11 truncating, 4 

splices, 4 SV/fusion summarized, but also the 

alteration types, occurrence sites, and case numbers of 

TFAP2A were displayed (Figure 3C). Additionally, 

amplification, gain function, and diploid were 

TFAP2A's hypothesized copy-number modifications 

that were most frequently seen (Figure 3D). A higher 
copy number of TFAP2A was associated with 

increased expression. The gene alteration of SERTM2, 

PGA4, MIR325HG, ZMZ1-AS1, GCNT2, PAK1IP1, 

MEDD9, TFAP2A-AS1, LINC00518, SYCP2L was 

more prevalent in the altered group than unaltered 

group, and the alteration event frequency of SERTM2, 

PGA4, MIR325HG, ZMZ1-AS1 even reached  

100% (Figure 3E). We also used GSEA to analyze  

all differentially altered genes between TFAP2A 

altered group and unaltered group, the top five 

pathways, “REACTOME DNA METHYLATION”, 

“REACTOME ACTIVATED PKN1 STIMULATES 

TRANSCRIPTION OF AR ANDROGEN RECEPTOR 

REGULATED GENES KLK2 AND KLK3”, 

“REACTOME SIRT1 NEGATIVELY REGULATES 

RRNA EXPRESSION”, “REACTOME PRC2 

METHYLATES HISTONES AND DNA”, and 

“KEGG SYSTEMIC LUPUS ERYTHEMATOSUS” 

were displayed (Supplementary Figure 3). 

 

Genes co-expressed with TFAP2A and enrichment 

analysis 

 

We screened genes co-expressed with TFAP2A in 33 

cancers, then estimated whether the genes co-expressed 

with TFAP2A in more than one half of cancer types. 

Following that, 26 genes were ultimately selected. We 

visualized the correlation of TFAP2A and its co-

expressed genes by using heatmap (Figure 4). TFAP2A-

AS1 undisputedly gained the highest score among all 

the 26 genes. KDM5B, a histone demethylase which 

can demethylate 'Lys-4' of histone H3, is critical for 

epigenetic regulation [29]. Recent research suggested 

that KDM5B promoted immune escape by recruiting 

SETDB1 to silence retroelements. Then we carried out 

GO term and KEGG pathway analysis (Supplementary 

Figure 4A). The results illustrated that the 26 genes 

mentioned above were primarily enriched in immune-

related pathways like “Leukocyte transendothelial 

migration”, “Fc gamma R-mediated phagocytosis”, 

which had high GeneRatio. And significant histone 

demethylase and cell junction organization pathways. 

 

GSEA of differential genes between high or low 

TFAP2A expression groups 

 

After enrichment analysis of genes co-expressed with 

the TFAP2A, we carried out GSEA to analyze genes 

that exist expression differences between low and high 

TFAP2A expression groups (Figure 5). Among 33 

cancer types, 16 of them significantly enriched in 

specific pathways (p-value < 0.05 and FDR < 0.25), 

and we further prioritized them in each cancer type 

according to the absolute Normalized enrichment score 

(NES). Through comprehensive consideration, two of 

the most common and relevant pathways are “GPCR 
LIGAND BINDING” and “IMMUNOREGULATORY 

INTERACTIONS BETWEEN A LYMPHOID AND A 

NON-LYMPHOID CELL”. The data suggested that 
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Figure 2. Prognosis analysis of TFAP2A in different cancer types. (A) Correlation between TFAP2A expression and OS, DSS, PFI 

analyzed by Cox regression respectively. HR > 1 represents high-risk cancer type and HR < 1 represents low-risk cancer type. (B) Kaplan-
Meier survival curve of KIRC, KIRP, OV, UVM with high and low TFAP2A expression. (C) Nomogram predicting 5-year survival probability for 
KIRC and UVM. 
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Figure 3. The genomic alterations of TFAP2A. (A) Details of TFAP2A genomic alterations in TCGA pan-cancer datasets; (B) The summary 

of TFAP2A genomic alterations in cancer cohort; (C) TFAP2A genetic mutations counts, types, and sites. (D) The correction of TFAP2A mRNA 
expression with main types of its genomic alterations; (E) The alteration frequency comparisons of TFAP2A related genes between TFAP2A 
altered and unaltered group. 
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TFAP2A positively regulated “GPCR LIGAND 

BINDING” signaling pathways in Adrenocortical 

carcinoma (ACC), COAD, Lymphoid neoplasm 

diffuse large B-cell lymphoma (DLBC), OV,  

and THCA. TFAP2A negatively regulated 

“IMMUNOREGULATORY INTERACTIONS 

BETWEEN A LYMPHOID AND A NON-

LYMPHOID CELL”, related to the control of 

immunological response, in BRCA, CHOL, ESCA, 

GBM, HNSC, LUAD, LUSC, OV, Pancreatic 

adenocarcinoma (PAAD), SKCM, UCEC, UVM. 

These results suggested TFAP2A had a complex 

regulation in pan-cancer. 

 

Correlation of TFAP2A expression with ICP genes 

 

These findings prompted us to wonder whether 

TFAP2A contributed to tumor immunity. To figure out 

the link between TFAP2A expression and tumor 

immunity, a total of 60 ICP genes consisting of 24 

inhibitors and 36 stimulators were analyzed in 16 cancer 

types (Figure 6A). Next, we examined the effect of 

TFAP2A overexpression on ICP genes’ expression. 

Consistent with the cancer types determined in section 

7, we selected BRCA cell line MCF-7 and COAD cell 

line Caco2 to carry out experimental validations. Most 

of the ICP genes had a significant correlation with 

TFAP2A expression in BRCA and COAD. Eight ICP 

genes which have significant correlation (p<0.001) with 

TFAP2A expression were chosen, including CTLA4, 

IDO1, LAG3, PDCD1, IL12A, CCL5, PRF1, and 

ICAM1. Considered to be a result of low expression in 

cell lines, CTLA4 and PDCD1 could not be detected. 

Compared to the control group, all ICP genes’ 

expression upregulated except IL12A in MCF-7, and 

the levels of all ICP genes decreased except ICAM1 in 

Caco2 after overexpressing TFAP2A (Supplementary 

Figure 5), which essentially in agreement with the 

results of analyzation. 

 

Immune subtypes were classified into six types, 

including C1 (wound healing), C2 (IFN-γ Dominant), 

C3 (inflammatory), C4 (lymphocyte depleted), 

C5(immunologically quiet), and C6 (TGF-β dominant) 

[25]. TFAP2A expression was closely correlated with 

immune subtypes in BRCA, COAD, HNSC, LUAD, 

LUSC, PAAD, SKCM, and UVM (Figure 6B). 

Considering the results, we made the assumption that 

TFAP2A could have an immune-related function in 

pan-cancer based on the aforementioned findings. 

 

Immune cell infiltrations and immunotherapy 

efficacy associated with TFAP2A level 

 

To investigate the potential of TFAP2A in 

immunotherapy, we concentrated on the immunological 

 

 
 

Figure 4. The relationship between TFAP2A expression and co-expressed genes in pan-cancer (the most relevant 26 genes). 
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effects of TFAP2A expression. ESTIMATE was an 

algorithm, which was developed by Yoshihara et al.  

for predicting tumor purity in the TME. The  

algorithm included stromal score, immune score, and 

estimate score. We utilized the ESTIMATE Score to 

evaluate TFAP2A expression in 16 cancers TME. 

ESTIMATEScore, ImmuneScore, and StromalScore 

indicated that TFAP2A expression was negatively 

relevant to 12 out of 16 cancers. TFAP2A expression 

and ESTIMATEScore showed the strongest positive 

correlation in COAD, whereas it exhibited the strongest 

negative correlation in BRCA. Thus, we chose BRCA 

 

 
 

Figure 5. GSEA of differential genes in high and low TFAP2A expression group. Enrichment pathways in ACC, BRCA, CHOL, 
COAD, DLBC, ESCA, GBM, HNSC, LUAD, LUSC, OV, PAAD, SKCM, THCA, UCEC, UVM. The blue curve represents “REACTOME_GPCR_ 
LIGAND_BINDING” pathway, the red curve represents “REACTOME_IMMUNOREGULATORY_INTERACTIONS_BETWEEN_A_ 
LYMPHOID_AND_A_NON_LYMPHOID_CELL” pathway. 



www.aging-us.com 1031 AGING 

and COAD to assess immune cell infiltration and the 

major infiltration of immune cells (Figure 7A). Lollipop 

chart and scatter diagram showed that TFAP2A 

expression was negatively associated with many 

immune cell infiltrations in BRCA, while it accelerated 

numerous immune cell infiltration in COAD like Th1, 

cytotoxic cells, macrophages, Th2 cells, aDC, and CD8 

T cells (Figure 7B–7E). Immune cell infiltration in other 

14 types of cancer also can be found in Supplementary 

Table 3. 

 

Following that, we continued to take BRCA and COAD 

as examples (Figure 8A, 8B). Low TFAP2A expression 

BRCA patients were predicted to obtain better 

immunotherapy efficacy in receiving CTLA4 or PD-1 

blockade treatment, but related to unsatisfying immuno-

therapy efficacy in COAD patients. Thus, on the one 

hand, we could detect the expression level of TFAP2A 

to estimate the immunotherapy response. On the other 

hand, TFAP2A might be used as an innovative 

therapeutic target to obtain a promising efficacy. 

 

Experimental validation of the role of TFAP2A in 

BRCA and COAD 

 

4 pairs of colon tissue samples and adjacent normal 

colon tissue samples were collected to investigate the 

expression of TFAP2A and PD-L1. The protein levels 

 

 
 

Figure 6. The relationship between TFAP2A expression and immune characteristics. (A) Co-expression analysis of TFAP2A with ICP 
genes in ACC, BRCA, CHOL, COAD, DLBC, ESCA, GBM, HNSC, LUAD, LUSC, OV, PAAD, SKCM, THCA, UCEC, UVM; (B) Analysis of TFAP2A 
expression with immune subtypes in BRCA, COAD, HNSC, LUAD, LUSC, PAAD, SKCM, UVM. 



www.aging-us.com 1032 AGING 

 
 

Figure 7. The relationship between TFAP2A expression and infiltrating immune cells. (A) The ESTIMATEScore, ImmuneScore and 

StromalScore in ACC, BRCA, CHOL, COAD, DLBC, ESCA, GBM, HNSC, LUAD, LUSC, OV, PAAD, SKCM, THCA, UCEC, UVM; (B, C) Lollipop chart 
examining the correlation of TFAP2A with immune cell infiltration in (B) BRCA and (C) COAD; (D, E) Scatter diagram illustrated the relationship 
between TFAP2A expression and infiltrating immune cells in (D) BRCA and (E) COAD. *p < 0.05, **p < 0.01, and ***p < 0.001. 
 

 
 

Figure 8. The relationship between TFAP2A expression and immunotherapy efficiency. (A, B) Analysis of TFAP2A expression with 

the efficacy of blocking CTLA4 or PD1 in (A) BRCA and (B) COAD. 
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of TFAP2A were elevated in three tumor tissue samples 

compared to the adjacent normal tissues. While one out 

of four tissues didn’t match the previous results. 

Overall, these results indicated that TFAP2A expression 

was positively correlated with PD-L1 expression in 

most of fresh colon tissues. 

 

Considering TFAP2A’s crucial function and its tight 

relationship with significant PD-1 blockade treatment 

efficacy disparities in BRCA and COAD patients. We 

interfered with the expression of TFAP2A to validate the 

impacts of TFAP2A expression on PD-L1 expression, 

MCF-7 and Caco2 cell lines were chosen to carry out cell 

experiments. The TFAP2A overexpression promoted the 

expression of PD-L1 on mRNA and protein levels in both 

MCF-7 and Caco2 cell lines (Figure 9B). Based on the 

above experimental results that TFAP2A and PD-L1 

might have a regulatory relationship. Considering the 

basic function of TFAP2A, a transcriptional factor, we 

speculated a possibility that TFAP2A directly binds to 

the PD-L1 promoter to promote its transcription. The 

results of the dual-luciferase reporter assay indicated that 

the luciferase activity driven by the PD-L1 promoter was 

dramatically enhanced by TFAP2A OE. Next, we 

explored the JASPAR database and found there are 18 

TFAP2A-binding regions on PD-L1 promoter (P1 -2400 

to +100bp) with a relative profile score threshold of 80%. 

We constructed a series of truncated reporter plasmid P2, 

P3, P4, and P5 according to the full-length promoter of 

PD-L1 (P1) to identify a specific binding site. The P5, 

which ranges from -400 to +100bp, had the strongest 

ability to drive the luciferase activity. Our results 

suggested that TFAP2A acts as a transcriptional activator 

in the PD-L1 expression regulation and the essential 

binding site for the this may be in the -400 to +100bp 

region of PD-L1 promoter. 

 

 
 

Figure 9. Experimental validation of the role of TFAP2A in BRCA and COAD. (A) RT-qPGR and Western blot analysis of the PD-L1 

mRNA and protein levels, respectively, were determined in MCF-7 and Caco2 cells with TFAP2A overexpression; (B) TFAP2A protein levels in 
fresh colon cancer tissue (T) and adjacent normal samples (N) (4 pairs) detected by Western blot; (C) Schematic diagram showed the 
predicted binding site of TFAP2A on PD-L1 promoter and truncated PD-L1 promoter constructs. Relative luciferase activity in HEK-293FT cells 
co-transfected with the PD-L1 promoter and TFAP2A OE plasmid. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. 
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DISCUSSION 
 

The TFAP2A gene encodes TFAP2α protein and is 

localized predominantly in the nucleus. As its name 

suggests, TFAP2α works mainly via recognizing the 

consensus DNA sequence 5’-GCCNNNGGC-3’ of 

target genes and regulating their transcription [1]. 

Numerous studies have shown that TFAP2α influenced 

tumor progression by interacting with diverse molecules 

and regulating different pathways in multiple cancers. 

TFAP2α can also work by interacting with other types 

of molecules such as miRNAs, proteins, or long non-

coding RNAs. MiR-200b, which is negatively 

correlated with the expression of TGF-β and is able to 

bind the 3′-UTR of TFAP2α in CHOL. Concurrently, 

TFAP2α binds to the promoter of TGFB1 and promotes 

its transcription, which enhances EMT [30]. As we 

mentioned above, Wwox interacts with TFAP2α 

proteins. Wwox is a WW domain-containing protein 

and acts as a tumor suppressor. Wwox binds the 

proline-rich motif of TFAP2α and brings it out of the 

nucleus to reduce its transcriptional activity and 

subsequently affect tumor progression [31]. Besides, 

TFAP2α can bind to a 513-nt region at the 3’ end of 

long noncoding RNA CCAL, which promotes 

ubiquitin-dependent TFAP2α degradation by the 

proteasome and activates the cancer-promoting Wnt/β-

catenin pathway in Colorectal cancer (CRC) [32]. 

 

The function of TFAP2A in prognosis and tumor 

immunity in pan-cancer was still controversial and 

obscure. TFAP2A has been found to act as a 

transcription factor regulating the level and activity of 

multiple downstream signaling proteins. It exerts either 

transcriptional activation or repression function. For 

example, TFAP2A has been found to directly bind to 

KRT16 and ITPKA promoter, resulting in hyper-

expression of them in LUAD [33, 34]. Additionally, 

TFAP2A prevented the deacetylation activity of the 

NuRD Complex on E2F pathway promoters by 

competing with the same chromatin fragments, which 

drove hyper-acetylation of promoter nucleosomes and 

facilitated transcription in melanoma [35]. Which 

impact ultimately predominates will depend on other 

factors or on TFAP2A expression levels because 

TFAP2A may activate some of its targets while 

repressing others [36]. Overall, the functional 

mechanism of TFAP2A in cancer appears to be 

complex and context-dependent, with oncogenic and 

tumor-suppressive functions depending on the specific 

cancer type, interaction molecular and cellular context. 

In this study, we focused our study on the involvement 

of TFAP2A in pan-cancer to identify its common 

functional roles. We first determined the expression of 

TFAP2A in normal and tumor tissues. TFAP2A 

expression is significantly higher in most cancer types 

except ACC, PRAD, Sarcoma (SARC), Testicular germ 

cell tumors (TGCT), and THCA, which is consistent 

with the analysis from the TIMER2 database and those 

in previous studies, such as in CHOL, Esophageal 

cancer (EC), Gastric cancer (GC), HNSC, Non-small 

cell lung cancers (NSCLC), OC, etc. [32, 37–41], 

suggests TFAP2A indeed promote oncogenesis and 

tumor progression. As we know, proteoforms are 

molecular actuators of gene function, so we explored 

the HPA database to obtain Immunohistochemistry 

(IHC) images. The IHC images showed that the protein 

expression levels of TFAP2A in several cancer types 

were higher, which was in accordance with the mRNA 

levels from other databases. It is almost consistent with 

the prediction of bioinformatic results that the levels of 

TFAP2A and PD-L1 protein were upregulated in three 

out of four colonic cancer tissues. PD-L1 expression 

was also positively related to TFAP2A expression. 

More colonic tissues and other kinds of cancer tissues 

are needed to further confirm their expression 

correlations. TFAP2A, especially in combination with 

PD-L1, may be employed as a predictive biomarker for 

prognosis in patients with COAD. The connection 

between TFAP2A expression and patient prognosis was 

then shown. In roughly half of cancer types, TFAP2A 

expression was strongly linked to a poorer prognosis. 

Among them, high TFAP2A expression meant 

significantly worse prognosis with a few exceptions, 

which was supported by other studies and proved that 

TFAP2A perhaps could be a useful pan-cancer 

prognosis biomarker [14, 42–44]. It was interesting to 

note that TFAP2A mRNA expression in cognate cancer 

tissues was higher, whereas better outcomes in patients 

bearing high TFAP2A expression in some cancer types. 

The phenomenon can be interpreted as tissue and cancer 

specificity of cancer-related genes [45]. 

 

Genome instability and mutation are well-known to be 

important causes of tumor development and progression 

[46]. TFAP2A gene is located on chromosome 6p24.3 

[1]. Several studies have shown TFAP2A gene 

alternation may cause diseases. In a study about patients 

with nonsyndromic cleft lip and palate, Single-

nucleotide variants (SNVs) were identified on TFAP2A 

in the non-coding region [47]. Another study identified 

a novel susceptibility allele, which lies on 6p24 and 

within a region containing TFAP2A, was related to risk 

in BRCA2 mutant carriers rather than general 

population or BRCA1 mutant carriers [48]. To 

understand TFAP2A genetic alterations in pan-cancer, 

we explored the cBioPortal database. The most altered 

type of TFAP2A was amplification, which may be one 

of the causes of the increase of TFAP2A mRNA 
expression in cancer. Besides, it was found that genes 

altered by co-occurrence with TFAP2A including 

TFAP2A-AS1, GCNT2, PAK1IP1, TMEM14C, 
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C6ORF52, etc. We further performed the analysis with 

GSEA of these genes and found them closely related to 

DNA and histone methylation in cancer. 

 

In order to get further understanding of the common 

functions of TFAP2A in pan-cancer, we performed 

enrichment analysis of co-expressed and differentially 

expressed genes with TFAP2A in pan-cancer and 

collated the data. Not surprisingly, the gene most 

relevant to TFAP2A was TFAP2A-AS1, a long non-

coding RNA (lncRNA) that has been reported to 

promote Oral squamous cell carcinoma cell growth and 

migration by regulating the expression of TFAP2A [49]. 

The second gene most related to TFAP2A was 

KDM5B, a histone demethylase which has been proven 

essential for immune evasion in melanoma [29]. The 

result of GO term and KEGG pathway enrichment 

analysis showed cell adhesion pathway significantly 

correlated with TFAP2A, as well as histone 

demethylation and immune-related genes co-expressed 

with TFAP2A. GSEA likewise outputs enrichment of 

immunoregulation and GPCR ligands pathways. The 

negative relationship between TFAP2A in most cancer 

types indicated that TFAP2A may play a crucial role in 

tumor immune escape. It was noteworthy that TFAP2A 

might be involved in epigenetic modifications 

regulating, such as mentioned DNA and histone 

methylation, which were imbalanced in many cancers 

and could be considered for further investigation [50]. 

Here, it’s worth mentioning that many studies have 

shown that GPCRs are aberrant expression and 

activation in cancer, which is connected to inflam-

mation and immune cells evasion in cancer [51, 52]. A 

study about immune-related gene identification in 

COAD determined 11 prognosis-related genes. The 

result showed immune-related TDGF1 was positively 

modulated by TFAP2A and reminded us of the function 

of TFAP2A in tumor immunity [53]. 

 

These results strongly suggested the potential role of 

TFAP2A in tumor immunity. Following the above, we 

explored in more depth the relationship between 

TFAP2A and tumor immunity in 16 cancer types. First, 

co-expression analysis showed a significant correlation 

between TFAP2A and ICP genes, which suggested that 

TFAP2A might coordinate ICP gene activity in 

different signaling pathways [54]. RT-qPCR was 

conducted to further clarify the relationship between 

TFAP2A and ICP genes. Although the experimental 

data is a slight discrepancy from the predicted results, 5 

out of 6 are the same tendency as them. The regulatory 

mechanism between TFAP2A and ICP genes expression 

is complex, which calls for in-depth exploration. The 
result prompted the potential target role of TFAP2A in 

immunotherapy. Then, we found TFAP2A expression 

related to immune subtypes, C1-C6, in one-half of 16 

cancer types. C1-C3 subtypes were sensitive to 

immunotherapy, and patients might not benefit from 

immune neoadjuvant therapy in the latter three subtypes 

[25]. Therefore, TFAP2A has the potential to be a 

treatment guidance for evaluating immune neoadjuvant 

therapy effects. A recent study about pancreatic cancer 

showed that solasonine is directly bound to TFAP2A 

and suppressed its protein levels [55]. This makes it 

possible to combine immune checkpoint inhibitors or 

agonists of stimulatory ICP with drug-targeted TFAP2A 

[56, 57]. Next, we discovered a connection between 

TFAP2A and the immune, stromal, and ESTIMATE 

scores of the TME. Among them, we chose the cancer 

types which were the strongest negative and positive 

correlated with the immune score, BRCA, and COAD, 

to evaluate the infiltration of Tumor-infiltrating 

lymphocytes (TILs). The commonality between both 

cancer types was that they were significantly associated 

with Th1 and Cytotoxic Cells infiltration, which usually 

predicted better clinical outcomes [58]. A study showed 

that the regulator of G protein signaling (RGS)1 was 

upregulated in helper Th1 cells and Cytotoxic T 

lymphocytes (CTLs), which reduced their trafficking to 

and survival in breast tumors [59]. The study reminded 

us of the potential regulatory role of TFAP2A in Th1-

related and GPCR ligand pathways. To validate the 

value of TFAP2A in immunotherapy efficacy, we 

assessed the differences in the predicted effect of 

immunotherapy between low and high TFAP2A 

expression in BRCA and COAD patients. Anti-PD-

1/PD-L1 and anti-CTLA4 have now been universally 

acknowledged as significant breakthroughs in tumor 

therapy [60]. The discrepancy of predicted effect in two 

groups patients was most significant when receiving 

PD-1 blockade treatment. For therapeutic purposes, 

defining the potential function of TFAP2A in 

immunotherapy, as well as if it’s possible to employ 

TFAP2A as an effective biomarker guiding clinical 

treatment, are still expected. Given the big differences 

in the predicted efficacy of receiving PD-1 blockade 

treatment or not, the obvious correlation of TFAP2A 

and PD-1 was shown. A tremendous number of 

researches indicated that high levels of PD-L1 

expression was seen in a few cancers and exploited the 

PD-L1 and/or PD-1 signaling alternation to induce T-

cell-mediated immune escape [61]. To further clarify 

whether TFAP2A expression had influences on tumor 

immunity, we studied the effect of TFAP2A 

interference on PD-L1 expression using two cancer cell 

lines. RT-qPCR and WB were proceeded in MCF-7 and 

Caco2. Our results showed that higher TFAP2A 

expression facilitated the mRNA and protein expression 

of PD-L1. The binding sites where TFAP2A acts as a 
facilitator are mainly located in the PD-L1 promoter 

region ranging from -400 to +100bp through luciferase 

reporter assay. Our observations strongly suggested that 
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TFAP2A is a transcription factor for PD-L1. The 

hypothesis requires further experimental validation by 

luciferase reporter assay, chromatin immuno-

precipitation, etc. Besides, TFAP2A and PD-L1 

positively correlated with each other at transcriptional 

level. And we guessed one of the reasons was there 

might be also a transcription factor for TFAP2A which 

activated its transcription. It’s reported that PD-L1 

protein expression can be affected by various kinds of 

factors, including some post-translational modifications 

like ubiquitination, glycosylation, phosphorylation, and 

palmitoylation [62], which perhaps can explain more 

than one PD-L1 bands detected in each lane. The 

smaller molecular weight bands corresponded to the 

unmodified form and were consistent with the results of 

its mRNA expression. The large molecular weight 

bands corresponded to the modified form and the 

variation in protein level might be responsible for 

protein stability. We leave these questions to future 

study about how TFAP2A interacts with PD-L1 and 

whether TFAP2A is responsible for the modification 

and effect the protein stability of PD-L1. 

 

Even though we conducted a comprehensive and 

progressive examination of TFAP2A and employed 

different databases for cross-validation, there are still 

several limitations in our work. First, to increase 

confidence in our findings, in vivo and more in vitro 

experiments are required to validate our hypothesis 

about the probable function of TFAP2A. Next, the 

exact mechanism is still unknown although we have 

concluded that TFAP2A influences TME and 

immunotherapy efficacy. Finally, we did not analyze 

and elucidate the potential role of TFAP2A in  

cancer-associated biological processes other than 

immune regulation, such as DNA and histone 

methylation. 

 

Abbreviations 
 

LAML: Acute myeloid leukemia; ACC: Adrenocortical 

carcinoma; BLCA: Bladder urothelial carcinoma;  

BSA: Bovine serum albumin; LGG: Brain lower grade 

glioma; BRCA: Breast invasive carcinoma; CCLE: 

Cancer cell line encyclopedia; cBioPortal: cBio cancer 

genomics portal; CESC: Cervical squamous cell 

carcinoma and endocervical adenocarcinoma; CHOL: 

Cholangiocarcinoma; COAD: Colon adenocarcinoma; 

CRC: Colorectal cancer; Cis: Confidence intervals; 

CNV: Copy number variation; CTLs: Cytotoxic T 

lymphocytes; DSS: Disease specific survival; DMEM: 

Dulbecco’s modified eagle’s medium; EMT: Epithelial-

mesenchymal transition; EC: Esophageal cancer; ESCA: 

Esophageal carcinoma; FDR: False discovery rate; FBS: 

Fetal bovine serum; GC: Gastric cancer; GO: Gene 

ontology; GSEA: Gene set enrichment analysis; GTEx: 

Genotype-tissue expression project; GBM: Glioblastoma 

multiforme; GAPDH: Glyceraldehyde-3-phosphate 

dehydrogenase; GPCR: G-protein-coupled receptors; 

HR: Hazard ratios; HNSC: Head and neck squamous cell 

carcinoma; HPA: Human protein atlas; ICP: Immune 

checkpoint; IHC: Immunohistochemistry; KICH: Kidney 

chromophobe; KIRC: Kidney renal clear cell carcinoma; 

KIRP: Kidney renal papillary cell carcinoma; KEGG: 

Kyoto encyclopedia of genes and genomes; LIHC: Liver 

hepatocellular carcinoma; lncRNA: Long non-coding 

RNA; LUAD: Lung adenocarcinoma; LUSC: Lung 

squamous cell carcinoma; DLBC: Lymphoid neoplasm 

diffuse Large B-cell lymphoma; MESO: Mesothelioma; 

NSCLC: Non-small cell lung cancers; NES: Normalized 

enrichment score; OSCC: Oral squamous cell carcinoma; 

OV: Ovarian serous cystadenocarcinoma; OS:  

Overall survival; PAAD: Pancreatic adenocarcinoma; 

PCPG: Pheochromocytoma and paraganglioma;  

PFI: Progression-free interval; PRAD: Prostate 

adenocarcinoma; READ: Rectum adenocarcinoma; RT-

qPCR: Reverse transcription-quantitative polymerase 

chain reaction; RPMI: Roswell park memorial institute; 

SARC: Sarcoma; ssGSEA: Single sample GSEA; SNVs: 

Single-nucleotide variants; SKCM: Skin cutaneous 

melanoma; STAD: Stomach adenocarcinoma; TGCT: 

Testicular germ cell tumors; TCGA: The cancer genome 

atlas; TCIA: The cancer immune atlas; THYM: 

Thymoma; THCA: Thyroid carcinoma; TIMER2:  

Tumor immune estimation resource version 2; TME: 

Tumor microenvironment; TILs: Tumor-infiltrating 

lymphocytes; UCS: Uterine carcinosarcoma; UCEC: 

Uterine corpus endometrial carcinoma; UVM: Uveal 

melanoma. 

 

AUTHOR CONTRIBUTIONS 
 

Conceptualization, G.Y. and C.X.; methodology, C.X. 

and HaiXuan; software, C.X. and S.T.; validation, C.X., 

HaiXuan; formal analysis, C.X. and HaiXuan; 

investigation, C.X. and Q.P.; resources, C.X. Q.P. and 

K.G.; writing original draft preparation, C.X. and 

HaiXuan; writing review and editing, G.Y., Q.P., G.S., 

C.X. and HanXi.; visualization, C.X. and M.N.; 

supervision, G.Y.; project administration, Q.P. and G.Y. 

All authors have read and agreed to the published 

version of the manuscript. 

 

ACKNOWLEDGMENTS 
 

We thank Professor Wancai Yang for COAD cell lines, 

Chief Physician Jinhui Hu for BRCA cell lines. 

 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of 

interest. 



www.aging-us.com 1037 AGING 

ETHICAL STATEMENT AND CONSENT 
 

The present study was approved by the Protection of 

Human Subjects Committee of The Third Xiangya 

Hospital (protocol number 24054). All the involved 

patients have been informed and signed written consent. 

 

FUNDING 
 

This research was funded by the National Natural 

Science Foundation of China (NSFC) (Grant No. 

81572900), the Key Project of Hunan Province (No. 

2022WK2012), the Postgraduate Research Innovation 

Project of Hunan Province (Grant No. CX20210324), 

and the Student Innovation Project of Central South 

University (Grant No. 1053320212256 and Grant NO. 

2023ZZTS0860). 

 

REFERENCES 
 
1. Eckert D, Buhl S, Weber S, Jäger R, Schorle H. The AP-2 

family of transcription factors. Genome Biol. 2005; 
6:246. 

 https://doi.org/10.1186/gb-2005-6-13-246 
PMID:16420676 

2. Green SA, Simoes-Costa M, Bronner ME. Evolution of 
vertebrates as viewed from the crest. Nature. 2015; 
520:474–82. 

 https://doi.org/10.1038/nature14436  
PMID:25903629 

3. Bauer R, McGuffin ME, Mattox W, Tainsky MA. Cloning 
and characterization of the Drosophila homologue of 
the AP-2 transcription factor. Oncogene. 1998; 
17:1911–22. 

 https://doi.org/10.1038/sj.onc.1202114 
PMID:9788434 

4. Krendl C, Shaposhnikov D, Rishko V, Ori C, Ziegenhain 
C, Sass S, Simon L, Müller NS, Straub T, Brooks KE, 
Chavez SL, Enard W, Theis FJ, Drukker M. GATA2/3-
TFAP2A/C transcription factor network couples human 
pluripotent stem cell differentiation to trophectoderm 
with repression of pluripotency. Proc Natl Acad Sci 
USA. 2017; 114:E9579–88. 

 https://doi.org/10.1073/pnas.1708341114 
PMID:29078328 

5. Rothstein M, Simoes-Costa M. Heterodimerization of 
TFAP2 pioneer factors drives epigenomic remodeling 
during neural crest specification. Genome Res. 2020; 
30:35–48. 

 https://doi.org/10.1101/gr.249680.119 
PMID:31848212 

6. Van Otterloo E, Milanda I, Pike H, Thompson JA, Li H, 
Jones KL, Williams T. AP-2α and AP-2β cooperatively 

function in the craniofacial surface ectoderm to 
regulate chromatin and gene expression dynamics 
during facial development. Elife. 2022; 11:e70511. 

 https://doi.org/10.7554/eLife.70511 PMID:35333176 

7. Zhu M, Cornwall-Scoones J, Wang P, Handford CE, Na J, 
Thomson M, Zernicka-Goetz M. Developmental clock 
and mechanism of de novo polarization of the mouse 
embryo. Science. 2020; 370:eabd2703. 

 https://doi.org/10.1126/science.abd2703 
PMID:33303584 

8. Holzschuh J, Barrallo-Gimeno A, Ettl AK, Durr K, Knapik 
EW, Driever W. Noradrenergic neurons in the zebrafish 
hindbrain are induced by retinoic acid and require 
tfap2a for expression of the neurotransmitter 
phenotype. Development. 2003; 130:5741–54. 

 https://doi.org/10.1242/dev.00816 PMID:14534139 

9. Gestri G, Osborne RJ, Wyatt AW, Gerrelli D, Gribble S, 
Stewart H, Fryer A, Bunyan DJ, Prescott K, Collin JR, 
Fitzgerald T, Robinson D, Carter NP, et al. Reduced 
TFAP2A function causes variable optic fissure closure 
and retinal defects and sensitizes eye development to 
mutations in other morphogenetic regulators. Hum 
Genet. 2009; 126:791–803. 

 https://doi.org/10.1007/s00439-009-0730-x 
PMID:19685247 

10. Zarelli VE, Dawid IB. Inhibition of neural crest 
formation by Kctd15 involves regulation of 
transcription factor AP-2. Proc Natl Acad Sci USA. 2013; 
110:2870–5. 

 https://doi.org/10.1073/pnas.1300203110 
PMID:23382213 

11. Li H, Sheridan R, Williams T. Analysis of TFAP2A 
mutations in Branchio-Oculo-Facial Syndrome indicates 
functional complexity within the AP-2α DNA-binding 
domain. Hum Mol Genet. 2013; 22:3195–206. 

 https://doi.org/10.1093/hmg/ddt173  
PMID:23578821 

12. Li X, Glubrecht DD, Godbout R. AP2 transcription factor 
induces apoptosis in retinoblastoma cells. Genes 
Chromosomes Cancer. 2010; 49:819–30. 

 https://doi.org/10.1002/gcc.20790 PMID:20607706 

13. Pu M, Li C, Qi X, Chen J, Wang Y, Gao L, Miao L, Ren J. 
MiR-1254 suppresses HO-1 expression through seed 
region-dependent silencing and non-seed interaction 
with TFAP2A transcript to attenuate NSCLC growth. 
PLoS Genet. 2017; 13:e1006896. 

 https://doi.org/10.1371/journal.pgen.1006896 
PMID:28749936 

14. Xiong Y, Feng Y, Zhao J, Lei J, Qiao T, Zhou Y, Lu Q, Jiang 
T, Jia L, Han Y. TFAP2A potentiates lung 
adenocarcinoma metastasis by a novel miR-16 
family/TFAP2A/PSG9/TGF-β signaling pathway. Cell 

https://doi.org/10.1186/gb-2005-6-13-246
https://pubmed.ncbi.nlm.nih.gov/16420676
https://doi.org/10.1038/nature14436
https://pubmed.ncbi.nlm.nih.gov/25903629
https://doi.org/10.1038/sj.onc.1202114
https://pubmed.ncbi.nlm.nih.gov/9788434
https://doi.org/10.1073/pnas.1708341114
https://pubmed.ncbi.nlm.nih.gov/29078328
https://doi.org/10.1101/gr.249680.119
https://pubmed.ncbi.nlm.nih.gov/31848212
https://doi.org/10.7554/eLife.70511
https://pubmed.ncbi.nlm.nih.gov/35333176
https://doi.org/10.1126/science.abd2703
https://pubmed.ncbi.nlm.nih.gov/33303584
https://doi.org/10.1242/dev.00816
https://pubmed.ncbi.nlm.nih.gov/14534139
https://doi.org/10.1007/s00439-009-0730-x
https://pubmed.ncbi.nlm.nih.gov/19685247
https://doi.org/10.1073/pnas.1300203110
https://pubmed.ncbi.nlm.nih.gov/23382213
https://doi.org/10.1093/hmg/ddt173
https://pubmed.ncbi.nlm.nih.gov/23578821
https://doi.org/10.1002/gcc.20790
https://pubmed.ncbi.nlm.nih.gov/20607706
https://doi.org/10.1371/journal.pgen.1006896
https://pubmed.ncbi.nlm.nih.gov/28749936


www.aging-us.com 1038 AGING 

Death Dis. 2021; 12:352. 
 https://doi.org/10.1038/s41419-021-03606-x 

PMID:33824285 

15. Ding X, Yang Z, Zhou F, Wang F, Li X, Chen C, Li X, Hu X, 
Xiang S, Zhang J. Transcription factor AP-2α regulates 
acute myeloid leukemia cell proliferation by 
influencing Hoxa gene expression. Int J Biochem Cell 
Biol. 2013; 45:1647–56. 

 https://doi.org/10.1016/j.biocel.2013.04.024 
PMID:23660297 

16. Zhang LL, Lu J, Liu RQ, Hu MJ, Zhao YM, Tan S, Wang 
SY, Zhang B, Nie W, Dong Y, Zhong H, Zhang W, Zhao 
XD, Han BH. Chromatin accessibility analysis reveals 
that TFAP2A promotes angiogenesis in acquired 
resistance to anlotinib in lung cancer cells. Acta 
Pharmacol Sin. 2020; 41:1357–65. 

 https://doi.org/10.1038/s41401-020-0421-7 
PMID:32415222 

17. Hallberg AR, Vorrink SU, Hudachek DR, Cramer-
Morales K, Milhem MM, Cornell RA, Domann FE. 
Aberrant CpG methylation of the TFAP2A gene 
constitutes a mechanism for loss of TFAP2A expression 
in human metastatic melanoma. Epigenetics. 2014; 
9:1641–7. 

 https://doi.org/10.4161/15592294.2014.988062 
PMID:25625848 

18. Su W, Xia J, Chen X, Xu M, Nie L, Chen N, Gong J, Li X, 
Zhou Q. Ectopic expression of AP-2α transcription 
factor suppresses glioma progression. Int J Clin Exp 
Pathol. 2014; 7:8666–74. 

 PMID:25674231 

19. Qin S, Shi X, Wang C, Jin P, Ma F. Transcription Factor 
and miRNA Interplays Can Manifest the Survival of 
ccRCC Patients. Cancers (Basel). 2019; 11:1668. 

 https://doi.org/10.3390/cancers11111668 
PMID:31661791 

20. Beck AC, Cho E, White JR, Paemka L, Li T, Gu VW, 
Thompson DT, Koch KE, Franke C, Gosse M, Wu VT, 
Landers SR, Pamatmat AJ, et al. AP-2α Regulates S-
Phase and Is a Marker for Sensitivity to PI3K Inhibitor 
Buparlisib in Colon Cancer. Mol Cancer Res. 2021; 
19:1156–67. 

 https://doi.org/10.1158/1541-7786.MCR-20-0867 
PMID:33753551 

21. Vivian J, Rao AA, Nothaft FA, Ketchum C, Armstrong J, 
Novak A, Pfeil J, Narkizian J, Deran AD, Musselman-
Brown A, Schmidt H, Amstutz P, Craft B, et al. Toil 
enables reproducible, open source, big biomedical 
data analyses. Nat Biotechnol. 2017; 35:314–6. 

 https://doi.org/10.1038/nbt.3772 PMID:28398314 

22. Barretina J, Caponigro G, Stransky N, Venkatesan K, 
Margolin AA, Kim S, Wilson CJ, Lehár J, Kryukov GV, 

Sonkin D, Reddy A, Liu M, Murray L, et al. The Cancer 
Cell Line Encyclopedia enables predictive modelling of 
anticancer drug sensitivity. Nature. 2012; 483:603–7. 

 https://doi.org/10.1038/nature11003 PMID:22460905 

23. Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, 
Aksoy BA, Jacobsen A, Byrne CJ, Heuer ML, Larsson E, 
Antipin Y, Reva B, Goldberg AP, et al. The cBio cancer 
genomics portal: an open platform for exploring 
multidimensional cancer genomics data. Cancer 
Discov. 2012; 2:401–4. 

 https://doi.org/10.1158/2159-8290.CD-12-0095 
PMID:22588877 

24. Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, Li B, Liu XS. 
TIMER2.0 for analysis of tumor-infiltrating immune 
cells. Nucleic Acids Res. 2020; 48:W509–14. 

 https://doi.org/10.1093/nar/gkaa407 PMID:32442275 

25. Thorsson V, Gibbs DL, Brown SD, Wolf D, Bortone DS, 
Ou Yang TH, Porta-Pardo E, Gao GF, Plaisier CL, Eddy 
JA, Ziv E, Culhane AC, Paull EO, et al, and Cancer 
Genome Atlas Research Network. The Immune 
Landscape of Cancer. Immunity. 2018; 48:812–30.e14. 

 https://doi.org/10.1016/j.immuni.2018.03.023 
PMID:29628290 

26. Ru B, Wong CN, Tong Y, Zhong JY, Zhong SSW, Wu WC, 
Chu KC, Wong CY, Lau CY, Chen I, Chan NW, Zhang J. 
TISIDB: an integrated repository portal for tumor-
immune system interactions. Bioinformatics. 2019; 
35:4200–2. 

 https://doi.org/10.1093/bioinformatics/btz210 
PMID:30903160 

27. Bindea G, Mlecnik B, Tosolini M, Kirilovsky A, Waldner 
M, Obenauf AC, Angell H, Fredriksen T, Lafontaine L, 
Berger A, Bruneval P, Fridman WH, Becker C, et al. 
Spatiotemporal dynamics of intratumoral immune cells 
reveal the immune landscape in human cancer. 
Immunity. 2013; 39:782–95. 

 https://doi.org/10.1016/j.immuni.2013.10.003 
PMID:24138885 

28. Charoentong P, Finotello F, Angelova M, Mayer C, 
Efremova M, Rieder D, Hackl H, Trajanoski Z. Pan-
cancer Immunogenomic Analyses Reveal Genotype-
Immunophenotype Relationships and Predictors of 
Response to Checkpoint Blockade. Cell Rep. 2017; 
18:248–62. 

 https://doi.org/10.1016/j.celrep.2016.12.019 
PMID:28052254 

29. Zhang SM, Cai WL, Liu X, Thakral D, Luo J, Chan LH, 
McGeary MK, Song E, Blenman KRM, Micevic G, Jessel 
S, Zhang Y, Yin M, et al. KDM5B promotes immune 
evasion by recruiting SETDB1 to silence retroelements. 
Nature. 2021; 598:682–7. 

 https://doi.org/10.1038/s41586-021-03994-2 

https://doi.org/10.1038/s41419-021-03606-x
https://pubmed.ncbi.nlm.nih.gov/33824285
https://doi.org/10.1016/j.biocel.2013.04.024
https://pubmed.ncbi.nlm.nih.gov/23660297
https://doi.org/10.1038/s41401-020-0421-7
https://pubmed.ncbi.nlm.nih.gov/32415222
https://doi.org/10.4161/15592294.2014.988062
https://pubmed.ncbi.nlm.nih.gov/25625848
https://pubmed.ncbi.nlm.nih.gov/25674231
https://doi.org/10.3390/cancers11111668
https://pubmed.ncbi.nlm.nih.gov/31661791
https://doi.org/10.1158/1541-7786.MCR-20-0867
https://pubmed.ncbi.nlm.nih.gov/33753551
https://doi.org/10.1038/nbt.3772
https://pubmed.ncbi.nlm.nih.gov/28398314
https://doi.org/10.1038/nature11003
https://pubmed.ncbi.nlm.nih.gov/22460905
https://doi.org/10.1158/2159-8290.CD-12-0095
https://pubmed.ncbi.nlm.nih.gov/22588877
https://doi.org/10.1093/nar/gkaa407
https://pubmed.ncbi.nlm.nih.gov/32442275
https://doi.org/10.1016/j.immuni.2018.03.023
https://pubmed.ncbi.nlm.nih.gov/29628290
https://doi.org/10.1093/bioinformatics/btz210
https://pubmed.ncbi.nlm.nih.gov/30903160
https://doi.org/10.1016/j.immuni.2013.10.003
https://pubmed.ncbi.nlm.nih.gov/24138885
https://doi.org/10.1016/j.celrep.2016.12.019
https://pubmed.ncbi.nlm.nih.gov/28052254
https://doi.org/10.1038/s41586-021-03994-2


www.aging-us.com 1039 AGING 

PMID:34671158 

30. Zhang D, Li H, Jiang X, Cao L, Wen Z, Yang X, Xue P. Role 
of AP-2α and MAPK7 in the regulation of autocrine 
TGF-β/miR-200b signals to maintain epithelial-
mesenchymal transition in cholangiocarcinoma. J 
Hematol Oncol. 2017; 10:170. 

 https://doi.org/10.1186/s13045-017-0528-6 
PMID:29084594 

31. Salah Z, Aqeilan R, Huebner K. WWOX gene and gene 
product: tumor suppression through specific protein 
interactions. Future Oncol. 2010; 6:249–59. 

 https://doi.org/10.2217/fon.09.152  
 PMID:20146584 

32. Ma Y, Yang Y, Wang F, Moyer MP, Wei Q, Zhang P, 
Yang Z, Liu W, Zhang H, Chen N, Wang H, Wang H, Qin 
H. Long non-coding RNA CCAL regulates colorectal 
cancer progression by activating Wnt/β-catenin 
signalling pathway via suppression of activator protein 
2α. Gut. 2016; 65:1494–504. 

 https://doi.org/10.1136/gutjnl-2014-308392 
PMID:25994219 

33. Guoren Z, Zhaohui F, Wei Z, Mei W, Yuan W, Lin S, 
Xiaoyue X, Xiaomei Z, Bo S. TFAP2A Induced ITPKA 
Serves as an Oncogene and Interacts with DBN1 in 
Lung Adenocarcinoma. Int J Biol Sci. 2020; 16:504–14. 

 https://doi.org/10.7150/ijbs.40435  
PMID:32015686 

34. Yuanhua L, Pudong Q, Wei Z, Yuan W, Delin L, Yan Z, 
Geyu L, Bo S. TFAP2A Induced KRT16 as an Oncogene 
in Lung Adenocarcinoma via EMT. Int J Biol Sci. 2019; 
15:1419–28. 

 https://doi.org/10.7150/ijbs.34076  
PMID:31337972 

35. White JR, Thompson DT, Koch KE, Kiriazov BS, Beck AC, 
van der Heide DM, Grimm BG, Kulak MV, Weigel RJ. 
AP-2α-Mediated Activation of E2F and EZH2 Drives 
Melanoma Metastasis. Cancer Res. 2021; 81:4455–70. 

 https://doi.org/10.1158/0008-5472.CAN-21-0772 
PMID:34210752 

36. Bogachek MV, Chen Y, Kulak MV, Woodfield GW, Cyr 
AR, Park JM, Spanheimer PM, Li Y, Li T, Weigel RJ. 
Sumoylation pathway is required to maintain the basal 
breast cancer subtype. Cancer Cell. 2014; 25:748–61. 

 https://doi.org/10.1016/j.ccr.2014.04.008 
PMID:24835590 

37. Cao L, Wang S, Zhang Y, Wong KC, Nakatsu G, Wang X, 
Wong S, Ji J, Yu J. Zinc-finger protein 471 suppresses 
gastric cancer through transcriptionally repressing 
downstream oncogenic PLS3 and TFAP2A. Oncogene. 
2018; 37:3601–16. 

 https://doi.org/10.1038/s41388-018-0220-5 
PMID:29610526 

38. Liang Y, Cheng G, Huang D, Yuan F. Linc00467 
promotes invasion and inhibits apoptosis of head and 
neck squamous cell carcinoma by regulating miR-1285-
3p/TFAP2A. Am J Transl Res. 2021; 13:6248–59. 

 PMID:34306364 

39. Sun T, Zhang K, Li W, Liu Y, Pangeni RP, Li A, Arvanitis L, 
Raz DJ. Transcription factor AP2 enhances malignancy 
of non-small cell lung cancer through upregulation of 
USP22 gene expression. Cell Commun Signal. 2022; 
20:147. 

 https://doi.org/10.1186/s12964-022-00946-9 
PMID:36123698 

40. Xu H, Wang L, Jiang X. Silencing of lncRNA DLEU1 
inhibits tumorigenesis of ovarian cancer via regulating 
miR-429/TFAP2A axis. Mol Cell Biochem. 2021; 
476:1051–61. 

 https://doi.org/10.1007/s11010-020-03971-9 
PMID:33170430 

41. Zhu JL, Xue WB, Jiang ZB, Feng W, Liu YC, Nie XY, Jin LY. 
Long noncoding RNA CDKN2B-AS1 silencing protects 
against esophageal cancer cell invasion and migration 
by inactivating the TFAP2A/FSCN1 axis. Kaohsiung J 
Med Sci. 2022; 38:1144–54. 

 https://doi.org/10.1002/kjm2.12596  
PMID:36161699 

42. Mao X, Zhang X, Zheng X, Chen Y, Xuan Z, Huang P. 
Curcumin suppresses LGR5(+) colorectal cancer stem 
cells by inducing autophagy and via repressing TFAP2A-
mediated ECM pathway. J Nat Med. 2021; 75:590–601. 

 https://doi.org/10.1007/s11418-021-01505-1 
PMID:33713277 

43. Zhang Y, Wang X, Chen X. Identification of core genes 
for early diagnosis and the EMT modulation of ovarian 
serous cancer by bioinformatics perspective. Aging 
(Albany NY). 2021; 13:3112–45. 

 https://doi.org/10.18632/aging.202524 
PMID:33493131 

44. Zhuang H, Zhou Z, Ma Z, Li Z, Liu C, Huang S, Zhang C, 
Hou B. Characterization of the prognostic and 
oncologic values of ITGB superfamily members in 
pancreatic cancer. J Cell Mol Med. 2020; 24:13481–93. 

 https://doi.org/10.1111/jcmm.15990 PMID:33073486 

45. Sack LM, Davoli T, Li MZ, Li Y, Xu Q, Naxerova K, 
Wooten EC, Bernardi RJ, Martin TD, Chen T, Leng Y, 
Liang AC, Scorsone KA, et al. Profound Tissue 
Specificity in Proliferation Control Underlies Cancer 
Drivers and Aneuploidy Patterns. Cell. 2018; 173:499–
514.e23. 

 https://doi.org/10.1016/j.cell.2018.02.037 
PMID:29576454 

46. Hanahan D, Weinberg RA. Hallmarks of cancer: the 
next generation. Cell. 2011; 144:646–74. 

https://pubmed.ncbi.nlm.nih.gov/34671158
https://doi.org/10.1186/s13045-017-0528-6
https://pubmed.ncbi.nlm.nih.gov/29084594
https://doi.org/10.2217/fon.09.152
https://pubmed.ncbi.nlm.nih.gov/20146584
https://doi.org/10.1136/gutjnl-2014-308392
https://pubmed.ncbi.nlm.nih.gov/25994219
https://doi.org/10.7150/ijbs.40435
https://pubmed.ncbi.nlm.nih.gov/32015686
https://doi.org/10.7150/ijbs.34076
https://pubmed.ncbi.nlm.nih.gov/31337972
https://doi.org/10.1158/0008-5472.CAN-21-0772
https://pubmed.ncbi.nlm.nih.gov/34210752
https://doi.org/10.1016/j.ccr.2014.04.008
https://pubmed.ncbi.nlm.nih.gov/24835590
https://doi.org/10.1038/s41388-018-0220-5
https://pubmed.ncbi.nlm.nih.gov/29610526
https://pubmed.ncbi.nlm.nih.gov/34306364
https://doi.org/10.1186/s12964-022-00946-9
https://pubmed.ncbi.nlm.nih.gov/36123698
https://doi.org/10.1007/s11010-020-03971-9
https://pubmed.ncbi.nlm.nih.gov/33170430
https://doi.org/10.1002/kjm2.12596
https://pubmed.ncbi.nlm.nih.gov/36161699
https://doi.org/10.1007/s11418-021-01505-1
https://pubmed.ncbi.nlm.nih.gov/33713277
https://doi.org/10.18632/aging.202524
https://pubmed.ncbi.nlm.nih.gov/33493131
https://doi.org/10.1111/jcmm.15990
https://pubmed.ncbi.nlm.nih.gov/33073486
https://doi.org/10.1016/j.cell.2018.02.037
https://pubmed.ncbi.nlm.nih.gov/29576454


www.aging-us.com 1040 AGING 

 https://doi.org/10.1016/j.cell.2011.02.013 
PMID:21376230 

47. Shibano M, Watanabe A, Takano N, Mishima H, 
Kinoshita A, Yoshiura KI, Shibahara T. Target Capture/ 
Next-Generation Sequencing for Nonsyndromic Cleft 
Lip and Palate in the Japanese Population. Cleft Palate 
Craniofac J. 2020; 57:80–7. 

 https://doi.org/10.1177/1055665619857650 
PMID:31337262 

48. Gaudet MM, Kuchenbaecker KB, Vijai J, Klein RJ, 
Kirchhoff T, McGuffog L, Barrowdale D, Dunning AM, 
Lee A, Dennis J, Healey S, Dicks E, Soucy P, et al, 
KConFab Investigators, Ontario Cancer Genetics 
Network, HEBON, EMBRACE, GEMO Study 
Collaborators, and GENICA Network. Identification of a 
BRCA2-specific modifier locus at 6p24 related to breast 
cancer risk. PLoS Genet. 2013; 9:e1003173. 

 https://doi.org/10.1371/journal.pgen.1003173 
PMID:23544012 

49. Yang K, Niu Y, Cui Z, Jin L, Peng S, Dong Z. Long 
noncoding RNA TFAP2A-AS1 promotes oral squamous 
cell carcinoma cell growth and movement via 
competitively binding miR-1297 and regulating TFAP2A 
expression. Mol Carcinog. 2022; 61:865–75. 

 https://doi.org/10.1002/mc.23438 PMID:35730908 

50. Michalak EM, Burr ML, Bannister AJ, Dawson MA. The 
roles of DNA, RNA and histone methylation in ageing 
and cancer. Nat Rev Mol Cell Biol. 2019; 20:573–89. 

 https://doi.org/10.1038/s41580-019-0143-1 
PMID:31270442 

51. Liu Y, An S, Ward R, Yang Y, Guo XX, Li W, Xu TR. G 
protein-coupled receptors as promising cancer targets. 
Cancer Lett. 2016; 376:226–39. 

 https://doi.org/10.1016/j.canlet.2016.03.031 
PMID:27000991 

52. O’Hayre M, Degese MS, Gutkind JS. Novel insights into 
G protein and G protein-coupled receptor signaling in 
cancer. Curr Opin Cell Biol. 2014; 27:126–35. 

 https://doi.org/10.1016/j.ceb.2014.01.005 
PMID:24508914 

53. Sun YL, Zhang Y, Guo YC, Yang ZH, Xu YC. A Prognostic 
Model Based on the Immune-related Genes in Colon 
Adenocarcinoma. Int J Med Sci. 2020; 17:1879–96. 

 https://doi.org/10.7150/ijms.45813 PMID:32788867 

54. Gaikwad S, Agrawal MY, Kaushik I, Ramachandran S, 
Srivastava SK. Immune checkpoint proteins: Signaling 
mechanisms and molecular interactions in cancer 
immunotherapy. Semin Cancer Biol. 2022; 86:137–50. 

 https://doi.org/10.1016/j.semcancer.2022.03.014 
PMID:35341913 

55. Liang X, Hu C, Han M, Liu C, Sun X, Yu K, Gu H, Zhang J. 
Solasonine Inhibits Pancreatic Cancer Progression With 
Involvement of Ferroptosis Induction. Front Oncol. 
2022; 12:834729. 

 https://doi.org/10.3389/fonc.2022.834729 
PMID:35494004 

56. Ribas A, Wolchok JD. Cancer immunotherapy using 
checkpoint blockade. Science. 2018; 359:1350–5. 

 https://doi.org/10.1126/science.aar4060 
PMID:29567705 

57. Mayes PA, Hance KW, Hoos A. The promise and 
challenges of immune agonist antibody development 
in cancer. Nat Rev Drug Discov. 2018; 17:509–27. 

 https://doi.org/10.1038/nrd.2018.75 PMID:29904196 

58. Ruffell B, DeNardo DG, Affara NI, Coussens LM. 
Lymphocytes in cancer development: polarization 
towards pro-tumor immunity. Cytokine Growth Factor 
Rev. 2010; 21:3–10. 

 https://doi.org/10.1016/j.cytogfr.2009.11.002 
PMID:20005150 

59. Huang D, Chen X, Zeng X, Lao L, Li J, Xing Y, Lu Y, 
Ouyang Q, Chen J, Yang L, Su F, Yao H, Liu Q, et al. 
Targeting regulator of G protein signaling 1 in tumor-
specific T cells enhances their trafficking to breast 
cancer. Nat Immunol. 2021; 22:865–79. 

 https://doi.org/10.1038/s41590-021-00939-9 
PMID:34140678 

60. Wang Y, Zhang H, Liu C, Wang Z, Wu W, Zhang N, 
Zhang L, Hu J, Luo P, Zhang J, Liu Z, Peng Y, Liu Z, et al. 
Immune checkpoint modulators in cancer 
immunotherapy: recent advances and emerging 
concepts. J Hematol Oncol. 2022; 15:111. 

 https://doi.org/10.1186/s13045-022-01325-0 
PMID:35978433 

61. Cha JH, Chan LC, Li CW, Hsu JL, Hung MC. Mechanisms 
Controlling PD-L1 Expression in Cancer. Mol Cell. 2019; 
76:359–70. 

 https://doi.org/10.1016/j.molcel.2019.09.030 
PMID:31668929 

62. Shi C, Wang Y, Wu M, Chen Y, Liu F, Shen Z, Wang Y, 
Xie S, Shen Y, Sang L, Zhang Z, Gao Z, Yang L, et al. 
Promoting anti-tumor immunity by targeting TMUB1 
to modulate PD-L1 polyubiquitination and 
glycosylation. Nat Commun. 2022; 13:6951. 

 https://doi.org/10.1038/s41467-022-34346-x 
PMID:36376293 

  

https://doi.org/10.1016/j.cell.2011.02.013
https://pubmed.ncbi.nlm.nih.gov/21376230
https://doi.org/10.1177/1055665619857650
https://pubmed.ncbi.nlm.nih.gov/31337262
https://doi.org/10.1371/journal.pgen.1003173
https://pubmed.ncbi.nlm.nih.gov/23544012
https://doi.org/10.1002/mc.23438
https://pubmed.ncbi.nlm.nih.gov/35730908
https://doi.org/10.1038/s41580-019-0143-1
https://pubmed.ncbi.nlm.nih.gov/31270442
https://doi.org/10.1016/j.canlet.2016.03.031
https://pubmed.ncbi.nlm.nih.gov/27000991
https://doi.org/10.1016/j.ceb.2014.01.005
https://pubmed.ncbi.nlm.nih.gov/24508914
https://doi.org/10.7150/ijms.45813
https://pubmed.ncbi.nlm.nih.gov/32788867
https://doi.org/10.1016/j.semcancer.2022.03.014
https://pubmed.ncbi.nlm.nih.gov/35341913
https://doi.org/10.3389/fonc.2022.834729
https://pubmed.ncbi.nlm.nih.gov/35494004
https://doi.org/10.1126/science.aar4060
https://pubmed.ncbi.nlm.nih.gov/29567705
https://doi.org/10.1038/nrd.2018.75
https://pubmed.ncbi.nlm.nih.gov/29904196
https://doi.org/10.1016/j.cytogfr.2009.11.002
https://pubmed.ncbi.nlm.nih.gov/20005150
https://doi.org/10.1038/s41590-021-00939-9
https://pubmed.ncbi.nlm.nih.gov/34140678
https://doi.org/10.1186/s13045-022-01325-0
https://pubmed.ncbi.nlm.nih.gov/35978433
https://doi.org/10.1016/j.molcel.2019.09.030
https://pubmed.ncbi.nlm.nih.gov/31668929
https://doi.org/10.1038/s41467-022-34346-x
https://pubmed.ncbi.nlm.nih.gov/36376293


www.aging-us.com 1041 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figures 

 

 

 

 

 
 

Supplementary Figure 1. Different expression of TFAP2A. (A) TFAP2A mRNA expression in normal tissue from GTEx database;  

(B) Differential TFAP2A mRNA expression between paired TCGA cancers and normal tissues. The red column represents cancer samples and 
the blue column represents normal samples. Normal group was normal tissue in TCGA and GTEX database; (C)The TFAP2A protein expression 
in different cancer cell lines from CCLE database. (D) Immunohistochemistry of TFAP2A in BLCA, BRCA, CESC, SKCM and corresponding 
normal tissues from the HPA database (antibody: CAB000326): in urinary bladder (staining: not detected; intensity: negative; quantity: 
none)and in BLCA tissues (staining: medium; intensity: strong; quantity: <25%); In breast (staining: low; intensity: moderate; quantity: <25%) 
and in BRCA tissues (staining: high; intensity: strong; quantity: >75%); In cervix (staining: medium; intensity: moderate; quantity: 75%-25%) 
and in CESC tissues (staining: medium; intensity: strong; quantity:<25%); in skin (staining: medium; intensity: moderate; quantity: >75%) and 
in SKCM tissues (staining: high; intensity: strong; quantity: >75%); (E) Western blot analysis of the constitutive expression of TFAP2A in 
normal ovarian epithelial cell line FE25 and ovarian cancer cell lines. *p < 0.05, **p < 0.01, and ***p < 0.001. 
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Supplementary Figure 2. Kaplan-Meier survival curve of human cancers with high and low TFAP2A expression. (A) OS of ACC, 
BLCA, CESC, LGG, LIHC, LUAD, PAAD, PCPG, SARC, SKCM, STAD, THCA with high and low TFAP2A expression; (B) DSS of ACC, BLCA, ESCA, LGG, 
LIHC, LUAD, MESO, PAAD, PCPG, SARC, SKCM, STAD, UCEC with high and low TFAP2A expression; (C) PFI of ACC, BLCA, LIHC, LUAD, MESO, 
PAAD, PRAD, SKCM with high and low TFAP2A expression. 
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Supplementary Figure 3. GSEA of differentially mutated genes between TFAP2A altered group and unaltered group. 

 

 

 
 

Supplementary Figure 4. GO term and KEGG pathway enrichment analysis of co-expressed genes with TFAP2A. 
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Supplementary Figure 5. Detection of six ICP genes’ levels after TFAP2A overexpression in MCF-7 and Caco2 by RT-qPCR;  
*p < 0.05, **p < 0.01, and ***p < 0.001. 
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Supplementary Tables 
 

 

Supplementary Table 1. Sequence of primers. 

Primer name  Sequence 

TFAP2A-F GACCTCTCGATCCACTCCTTAC 

TFAP2A-R GAGACGGCATTGCTGTTGGACT 

PD-L1-F TGCCGACTACAAGCGAATTACTG 

PD-L1-R CTGCTTGTCCAGATGACTTCGG 

GAPDH-F CGGAGTCAACGGATTTGGTCGTAT 

GAPDH-R AGCCTTCTCCATGGTGGTGAAGAC 

IDO1-F GCCTGATCTCATAGAGTCTGGC 

IDO1-R TGCATCCCAGAACTAGACGTGC 

LAG3-F GCAGTGTACTTCACAGAGCTGTC 

LAG3-R AAGCCAAAGGCTCCAGTCACCA 

IL12A-F TGCCTTCACCACTCCCAAAACC 

IL12A-R CAATCTCTTCAGAAGTGCAAGGG 

CCL5-F ACACACTTGGCGGTTCTTTCGG 

CCL5-R CCTGCTGCTTTGCCTACATTGC 

PRF1-F ACTCACAGGCAGCCAACTTTGC 

PRF1-R CTCTTGAAGTCAGGGTGCAGCG 

ICAM1-F AGCGGCTGACGTGTGCAGTAAT 

ICAM1-R TCTGAGACCTCTGGCTTCGTCA 
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Supplementary Table 2. The sequences of five PD-L1 promoter region and predicted binding sites. 

Site Sequences 

P1 (−2400 to 

+100 bp) 

ATGACTCACCTGAGGACAATGTTAAAATGTTGACCTCCAAGACCCTGCCCCCAAGTTTGGATCCCAGGCAGAACCCTGGA

ATCTGTATTTTAAACATTAACCCCAAGTCGAGTGTAATGCAAGTAACCATCAGAGACACTCTGAGAAACAGCACATTGGCA

ATGATGAATTTATATGTCTAAAAATGAATAGAGTAGATGTTACATGAATAGGAAGTGGTGGTATTCAAGATGACCATAGTATC

TAGCTCTTCAGCCCTGGCTCCCCACTGCTCTTCTCCCATCTCAGCACTTCTCCATCTATTTCGTCCAAATAAAAAAATTCACA

CAGAGTTTCAGGACTTAACCCCCCACTCATTAACCATCTGTTTTGCTTTACATATTTTTCTGAGGTAATAAAATTTCTCTTTTT

CTAAACACAGCCTGTTTTTCAATCTCCGGGTAGTTGATCAATTGTATGGGAAAATGAATGGCTGAAGGGTAGAAACAGGTG

GGAAAGATGAACAAAAACACGAATCCTCACATTACTAATACGCAAATCACTGAGCAGCAAGCTGAGCAAATACCCTCAAT

TCCCATCAGCAACTTTAGAGAAAGGCAAATTCCGTTTGCCTCATTGATCATTTAGGTAGACCCTGAACACTGCTTTCATAAA

ACAAAAACAAAATACCCATCCCCAGTTTAAAAAATTATTCATAGATCATCCAGGCCATCTAGGAGGATATGATTTAATCCTG

GCTACTTGGTAAATTATTTGCCCAAGTTAACTCAGCTAGTTAGTGGTAGATGGCTCTGAAGCCAGTTGTTTTTTTTTGTTTTG

TTTTTTGCAGACCTCAAGAGTCATGATGAACTAGCAGATCATAAAGTTTATGCCCTGGGTCTTGACCATTTTTAGAAAAATA

AAACATTAAATGAAAATATCAGAGGGCATTGCAGATAGTAGATCTAAGTATTTTTTCATGAAACTTGTTGTACATGTGTGTGT

CATACACAGACTATATATATGCAGTACCTGTAAACTGTATTGCCACATAATGTCTATATTTTCCTAGAGGTCACAGTCACCAA

AGTTGGGAAGTCACCCAACTTCGGGAACTTTGGGAAGTCACCCAAACTTACAGTCACCAAAATTGCTCTATTCTACTATGT

GACCTCAAAAGTGATTTGAAAGAAGGAACATCTGAGCTGGGCCCAAACCCTATTGCAATTTTATTGGGGCCAAAGAGAAC

TCCATGCTCCTGCCAAATCAAGGCAGTGTCAGCCTCAATAATTTCCCAGATAAAAATAAAAATCTGTGATACAATCAGAATG

TGAAAATTCTTATTTTGGAAGCAAATGTCATAACCAATGCAAGGGCTATCTCAATATTCATTCATTATGCAGTATTTTGAACT

GCAGTTGAAATGAATAAGAAGGAAAGGCAAACAACGAAGAGTCCAATTTCTCAATTTAGAAAAAGAGAAAAAAAAGAAA

AGGGAGCACACAGGCACGGTGGCTCAAGCCTGTAATATCAGCACTTTGGCGGATCACTTGAGGTCAAGGAGTTCGAGAAA

AGAGAGCACCTAGAAGTTCAGCGCGGGATAATACTTAAGTAAATTATGACACCATCGTCTGTCATCTTGGGCCCATTCACTA

ACCCAAAGCTTTCAAAAGGGCTTTCTTAACCCTCACCTAGAATAGGCTTCCGCAGCCTTAATCCTTAGGGTGGCAGAATATC

AGGGACCCTGAGCATTCTTAAAAGATGTAGCTCGGGATGGGAAGTTCTTTTAATGACAAAGCAAATGAAGTTTCATTATGT

CGAGGAACTTTGAGGAAGTCACAGAATCCACGATTTAAAAATATATTTCCTATTATACACCCATACACACACACACACACCT

ACTTTCTAGAATAAAAACCAAAGCCATATGGGTCTGCTGCTGACTTTTTATATGTTGTAGAGTTATATCAAGTTATGTCAAGA

TGTTCAGTCACCTTGAAGAGGCTTTTATCAGAAAGGGGGACGCCTTTCTGATAAAGGTTAAGGGGTAACCTTAAGCTCTTA

CCCCTCTGAAGGTAAAATCAAGGTGCGTTCAGATGTTGGCTTGTTGTAAATTTCTTTTTTTATTAATAACATACTAAATGTGG

ATTTGCTTTAATCTTCGAAACTCTTCCCGGTGAAAATCTCATTTACAAGAAAACTGGACTGACATGTTTCACTTTCTGTTTCA

TTTCTATACACAGCTTTATTCCTAGGACACCAACACTAGATACCTAAACTGAAAGCTTCCGCCGATTTCACCGAAGGTCAGG

AAAGTCCAACGCCCGGCAAACTGGATTTGCTGCCTTGGGCAGAGGTGGGCGGGACCCCGCCTCCGGGCCTGGCGCAACG

CTGAGCAGCTGGCGCGTCCCGCGCGGCCCCAGTTCTGCGCAGCTTCCCGAGGCTCCGCACCAGCCGCGCTTCTGTCCGCC

TGCAGGTAGGGAGCGTTGTTCCTCCGCGGGTGCCCACGGCCCAGTATCTC 

P2 (−1900 to 

+100 bp) 

GAACAAAAACACGAATCCTCACATTACTAATACGCAAATCACTGAGCAGCAAGCTGAGCAAATACCCTCAATTCCCATCAG

CAACTTTAGAGAAAGGCAAATTCCGTTTGCCTCATTGATCATTTAGGTAGACCCTGAACACTGCTTTCATAAAACAAAAAC

AAAATACCCATCCCCAGTTTAAAAAATTATTCATAGATCATCCAGGCCATCTAGGAGGATATGATTTAATCCTGGCTACTTGG

TAAATTATTTGCCCAAGTTAACTCAGCTAGTTAGTGGTAGATGGCTCTGAAGCCAGTTGTTTTTTTTTGTTTTGTTTTTTGCA

GACCTCAAGAGTCATGATGAACTAGCAGATCATAAAGTTTATGCCCTGGGTCTTGACCATTTTTAGAAAAATAAAACATTAA

ATGAAAATATCAGAGGGCATTGCAGATAGTAGATCTAAGTATTTTTTCATGAAACTTGTTGTACATGTGTGTGTCATACACAG

ACTATATATATGCAGTACCTGTAAACTGTATTGCCACATAATGTCTATATTTTCCTAGAGGTCACAGTCACCAAAGTTGGGAA

GTCACCCAACTTCGGGAACTTTGGGAAGTCACCCAAACTTACAGTCACCAAAATTGCTCTATTCTACTATGTGACCTCAAA

AGTGATTTGAAAGAAGGAACATCTGAGCTGGGCCCAAACCCTATTGCAATTTTATTGGGGCCAAAGAGAACTCCATGCTCC

TGCCAAATCAAGGCAGTGTCAGCCTCAATAATTTCCCAGATAAAAATAAAAATCTGTGATACAATCAGAATGTGAAAATTCT

TATTTTGGAAGCAAATGTCATAACCAATGCAAGGGCTATCTCAATATTCATTCATTATGCAGTATTTTGAACTGCAGTTGAAA

TGAATAAGAAGGAAAGGCAAACAACGAAGAGTCCAATTTCTCAATTTAGAAAAAGAGAAAAAAAAGAAAAGGGAGCAC

ACAGGCACGGTGGCTCAAGCCTGTAATATCAGCACTTTGGCGGATCACTTGAGGTCAAGGAGTTCGAGAAAAGAGAGCAC

CTAGAAGTTCAGCGCGGGATAATACTTAAGTAAATTATGACACCATCGTCTGTCATCTTGGGCCCATTCACTAACCCAAAGC

TTTCAAAAGGGCTTTCTTAACCCTCACCTAGAATAGGCTTCCGCAGCCTTAATCCTTAGGGTGGCAGAATATCAGGGACCCT

GAGCATTCTTAAAAGATGTAGCTCGGGATGGGAAGTTCTTTTAATGACAAAGCAAATGAAGTTTCATTATGTCGAGGAACT

TTGAGGAAGTCACAGAATCCACGATTTAAAAATATATTTCCTATTATACACCCATACACACACACACACACCTACTTTCTAGA

ATAAAAACCAAAGCCATATGGGTCTGCTGCTGACTTTTTATATGTTGTAGAGTTATATCAAGTTATGTCAAGATGTTCAGTCA

CCTTGAAGAGGCTTTTATCAGAAAGGGGGACGCCTTTCTGATAAAGGTTAAGGGGTAACCTTAAGCTCTTACCCCTCTGAA

GGTAAAATCAAGGTGCGTTCAGATGTTGGCTTGTTGTAAATTTCTTTTTTTATTAATAACATACTAAATGTGGATTTGCTTTAA

TCTTCGAAACTCTTCCCGGTGAAAATCTCATTTACAAGAAAACTGGACTGACATGTTTCACTTTCTGTTTCATTTCTATACA

CAGCTTTATTCCTAGGACACCAACACTAGATACCTAAACTGAAAGCTTCCGCCGATTTCACCGAAGGTCAGGAAAGTCCAA

CGCCCGGCAAACTGGATTTGCTGCCTTGGGCAGAGGTGGGCGGGACCCCGCCTCCGGGCCTGGCGCAACGCTGAGCAGC

TGGCGCGTCCCGCGCGGCCCCAGTTCTGCGCAGCTTCCCGAGGCTCCGCACCAGCCGCGCTTCTGTCCGCCTGCAGGTAG

GGAGCGTTGTTCCTCCGCGGGTGCCCACGGCCCAGTATCTC 

P3 (−1400 to 

+100 bp) 

ATATGCAGTACCTGTAAACTGTATTGCCACATAATGTCTATATTTTCCTAGAGGTCACAGTCACCAAAGTTGGGAAGTCACC

CAACTTCGGGAACTTTGGGAAGTCACCCAAACTTACAGTCACCAAAATTGCTCTATTCTACTATGTGACCTCAAAAGTGAT

TTGAAAGAAGGAACATCTGAGCTGGGCCCAAACCCTATTGCAATTTTATTGGGGCCAAAGAGAACTCCATGCTCCTGCCAA

ATCAAGGCAGTGTCAGCCTCAATAATTTCCCAGATAAAAATAAAAATCTGTGATACAATCAGAATGTGAAAATTCTTATTTT

GGAAGCAAATGTCATAACCAATGCAAGGGCTATCTCAATATTCATTCATTATGCAGTATTTTGAACTGCAGTTGAAATGAATA

AGAAGGAAAGGCAAACAACGAAGAGTCCAATTTCTCAATTTAGAAAAAGAGAAAAAAAAGAAAAGGGAGCACACAGGC

ACGGTGGCTCAAGCCTGTAATATCAGCACTTTGGCGGATCACTTGAGGTCAAGGAGTTCGAGAAAAGAGAGCACCTAGAA

GTTCAGCGCGGGATAATACTTAAGTAAATTATGACACCATCGTCTGTCATCTTGGGCCCATTCACTAACCCAAAGCTTTCAA



www.aging-us.com 1047 AGING 

AAGGGCTTTCTTAACCCTCACCTAGAATAGGCTTCCGCAGCCTTAATCCTTAGGGTGGCAGAATATCAGGGACCCTGAGCA

TTCTTAAAAGATGTAGCTCGGGATGGGAAGTTCTTTTAATGACAAAGCAAATGAAGTTTCATTATGTCGAGGAACTTTGAG

GAAGTCACAGAATCCACGATTTAAAAATATATTTCCTATTATACACCCATACACACACACACACACCTACTTTCTAGAATAAA

AACCAAAGCCATATGGGTCTGCTGCTGACTTTTTATATGTTGTAGAGTTATATCAAGTTATGTCAAGATGTTCAGTCACCTTG

AAGAGGCTTTTATCAGAAAGGGGGACGCCTTTCTGATAAAGGTTAAGGGGTAACCTTAAGCTCTTACCCCTCTGAAGGTAA

AATCAAGGTGCGTTCAGATGTTGGCTTGTTGTAAATTTCTTTTTTTATTAATAACATACTAAATGTGGATTTGCTTTAATCTTC

GAAACTCTTCCCGGTGAAAATCTCATTTACAAGAAAACTGGACTGACATGTTTCACTTTCTGTTTCATTTCTATACACAGCT

TTATTCCTAGGACACCAACACTAGATACCTAAACTGAAAGCTTCCGCCGATTTCACCGAAGGTCAGGAAAGTCCAACGCCC

GGCAAACTGGATTTGCTGCCTTGGGCAGAGGTGGGCGGGACCCCGCCTCCGGGCCTGGCGCAACGCTGAGCAGCTGGCG

CGTCCCGCGCGGCCCCAGTTCTGCGCAGCTTCCCGAGGCTCCGCACCAGCCGCGCTTCTGTCCGCCTGCAGGTAGGGAGC

GTTGTTCCTCCGCGGGTGCCCACGGCCCAGTATCTC 

P4 (−900 to 

+100 bp) 

CCTGTAATATCAGCACTTTGGCGGATCACTTGAGGTCAAGGAGTTCGAGAAAAGAGAGCACCTAGAAGTTCAGCGCGGGA

TAATACTTAAGTAAATTATGACACCATCGTCTGTCATCTTGGGCCCATTCACTAACCCAAAGCTTTCAAAAGGGCTTTCTTA

ACCCTCACCTAGAATAGGCTTCCGCAGCCTTAATCCTTAGGGTGGCAGAATATCAGGGACCCTGAGCATTCTTAAAAGATGT

AGCTCGGGATGGGAAGTTCTTTTAATGACAAAGCAAATGAAGTTTCATTATGTCGAGGAACTTTGAGGAAGTCACAGAATC

CACGATTTAAAAATATATTTCCTATTATACACCCATACACACACACACACACCTACTTTCTAGAATAAAAACCAAAGCCATAT

GGGTCTGCTGCTGACTTTTTATATGTTGTAGAGTTATATCAAGTTATGTCAAGATGTTCAGTCACCTTGAAGAGGCTTTTATC

AGAAAGGGGGACGCCTTTCTGATAAAGGTTAAGGGGTAACCTTAAGCTCTTACCCCTCTGAAGGTAAAATCAAGGTGCGT

TCAGATGTTGGCTTGTTGTAAATTTCTTTTTTTATTAATAACATACTAAATGTGGATTTGCTTTAATCTTCGAAACTCTTCCCG

GTGAAAATCTCATTTACAAGAAAACTGGACTGACATGTTTCACTTTCTGTTTCATTTCTATACACAGCTTTATTCCTAGGACA

CCAACACTAGATACCTAAACTGAAAGCTTCCGCCGATTTCACCGAAGGTCAGGAAAGTCCAACGCCCGGCAAACTGGATT

TGCTGCCTTGGGCAGAGGTGGGCGGGACCCCGCCTCCGGGCCTGGCGCAACGCTGAGCAGCTGGCGCGTCCCGCGCGGC

CCCAGTTCTGCGCAGCTTCCCGAGGCTCCGCACCAGCCGCGCTTCTGTCCGCCTGCAGGTAGGGAGCGTTGTTCCTCCGC

GGGTGCCCACGGCCCAGTATCTC 

P5 (-400 to 

+100 bp) 

GACGCCTTTCTGATAAAGGTTAAGGGGTAACCTTAAGCTCTTACCCCTCTGAAGGTAAAATCAAGGTGCGTTCAGATGTTG

GCTTGTTGTAAATTTCTTTTTTTATTAATAACATACTAAATGTGGATTTGCTTTAATCTTCGAAACTCTTCCCGGTGAAAATCT

CATTTACAAGAAAACTGGACTGACATGTTTCACTTTCTGTTTCATTTCTATACACAGCTTTATTCCTAGGACACCAACACTAG

ATACCTAAACTGAAAGCTTCCGCCGATTTCACCGAAGGTCAGGAAAGTCCAACGCCCGGCAAACTGGATTTGCTGCCTTG

GGCAGAGGTGGGCGGGACCCCGCCTCCGGGCCTGGCGCAACGCTGAGCAGCTGGCGCGTCCCGCGCGGCCCCAGTTCTG

CGCAGCTTCCCGAGGCTCCGCACCAGCCGCGCTTCTGTCCGCCTGCAGGTAGGGAGCGTTGTTCCTCCGCGGGTGCCCAC

GGCCCAGTATCTC 

 

Site Sequences 

-2354 to -2343 bp TGCCCCCAAGTT 

-2301 to-2290 bp AACCCCAAGTCG 

-2165 to -2137 bp GCCCTGGCT 

-1930 to -1919 bp TGGCTGAAGGGT 

-1530 to -1519 bp TGCCCTGGGTCT 

-1183 to -1175 bp GCCAAAGAG 

-923 to -912 bp AGCACACAGGCA 

-908 to -897 bp TGGCTCAAGCCT 

-766 to -756 bp AACCCAAAGCT 

-711 to -695 bp GCCTTAATCCTTAGGGT 

-498 to -490 bp GCCATATGG 

-371 to -361 bp AACCTTAAGCT 

-80 to -67 bp GCTGCCTTGGGCAG 

54 to -33 bp CCCCGCCTCCGGGCCTGGCGCA 

-13 to +4 bp TCCCGCGCGGCCCCAGTT 

+14 to +24 bp TTCCCGAGGCT 

+47 to +58 bp CGCCTGCAGGTA 

+81 to +92 bp TGCCCACGGCCC 
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Supplementary Table 3. The correlation between TFAP2A expression and infiltrating immune cells in ACC, 
CHOL, DLBC, ESCA, GBM, HNSC, LUAD, LUSC, OV, PAAD, SKCM, THCA, UCEC, UVM. 

 ACC CHOL DLBC ESCA GBM HNSC LUAD LUSC OV PAAD SKCM THCA UCEC UVM 

aDC -0.0119 0.0311 0.076 -0.0429 -0.2658*** 0.1248** 0.1132** -0.1847*** 0.1571** -0.0249 -0.2668*** 0.1249** 0.0103 -0.3809*** 

B cells -0.1997 -0.1109 -0.1792 -0.3292*** -0.0836 -0.1491*** -0.1241** -0.3088*** 0.1075* -0.2144** -0.1579*** 0.1317** -0.0686 -0.2074 

CD8 T cells -0.3361** -0.2129 -0.2765 -0.2376** 0.0499 -0.0894* -0.125** -0.2204*** 0.1387** -0.2137** -0.096* 0.1965*** -0.0891* -0.002 

Cytotoxic 

cells 
-0.2947** -0.2311 -0.1711 -0.0456 -0.2981*** -0.1564*** -0.0685 -0.3204*** 0.1611** -0.291*** -0.2006*** 0.0771 -0.2009*** -0.3821*** 

DC -0.2205 -0.1367 0.0129* -0.1264 -0.2132** -0.16*** -0.172*** -0.2476*** 0.1614** -0.195** -0.1626*** 0.1437** -0.1017* -0.1835 

Eosinophils -0.157 -0.512** -0.2054 -0.5642*** -0.1447 0.0128 -0.1992*** -0.3001*** 0.0172 -0.3718*** -0.1179* 0.3074*** -0.0648 -0.2331* 

iDC -0.2167 -0.0093 -0.1399 -0.0392 -0.187* -0.1435** -0.1737*** -0.3792*** 0.0715 -0.2377** -0.3453*** 0.185*** -0.0881* -0.2789* 

Macrophages -0.227* -0.0193 -0.0486* -0.0386 -0.2506** -0.119** -0.0855* -0.3176*** 0.0575 -0.0766 -0.3864*** 0.1079* -0.0583 -0.4255*** 

Mast cells -0.1284 -0.0955 0.045* -0.2941*** -0.0718 -0.1265** -0.2024*** -0.3157*** 0.0277 -0.3485*** -0.2279*** 0.1346** -0.0255 -0.3164** 

Neutrophils -0.1552 0.0414 0.0062** -0.2031** -0.1833* 0.093* -0.0236 -0.1975*** 0.146** -0.1496* -0.2375*** 0.0678 0.0408 -0.3409** 

NK 

CD56bright 

cells 

-0.3455** 0.0324 -0.0601 -0.3471*** -0.1915* -0.2606*** 0.0275 0.0136 0.053 0.2771*** -0.1525*** 0.0753 -0.0977* -0.2395* 

NK 

CD56dim 

cells 

-0.092 -0.1115 0.1701 0.25** -0.2563*** 0.0227 0.1073* -0.1439** 0.1732*** -0.0856 -0.3123*** 0.0948* -0.1049* -0.4691*** 

NK cells -0.0647 0.4293** 0.0084** 0.1271 -0.2709*** -0.1462** 0.079 0.0708 -0.0414 -0.1085 -0.1512** 0.0165 0.009 -0.204 

pDC -0.2412* -0.3959* -0.0856 -0.514*** 0.0094 -0.3327*** -0.1099* -0.1987*** 0.0461 -0.3113*** -0.3251*** 0.0817 -0.122** -0.2523* 

T cells -0.2983** -0.1876 -0.1779 -0.2887*** -0.2323** -0.1025* -0.0766 -0.3223*** 0.1656** -0.322*** -0.2327*** 0.1255** -0.1476*** -0.4195*** 

T helper cells 0.025 -0.2633 -0.0424* -0.16* -0.1086 0.1407** -0.0194 -0.1176** 0.1232* -0.0956 -0.2449*** 0.2024*** -0.0034 -0.1389 

Tcm 0.0653 -0.2232 -0.1659 0.402*** 0.1082 0.2179*** -0.0571 0.0592 0.1172* -0.084 -0.1351** 0.1837*** 0.1377** 0.0207 

Tem -0.0886 -0.1104 -0.1344 -0.5188*** 0.0941 -0.1586*** -0.1342** -0.1038* 0.1313* -0.1389 -0.0322 0.0322 -0.0873* -0.1192 

TFH -0.211 -0.0165 -0.2302 -0.174* 0.0984 -0.0307 -0.1301** -0.2556*** 0.0294 -0.349*** -0.3006*** 0.2019*** -0.0548 -0.3773*** 

Tgd -0.0889 -0.0082 0.0038** 0.0793 0.0311 0.1851*** 0.0317 -0.2336*** -0.1038* -0.1999** -0.2453*** 0.1336** -0.0131 -0.5756*** 

Th1 cells -0.11 -0.0206 0.0319* -0.0735 -0.0521 0.1011* -0.0253 -0.2637*** 0.1208* -0.0619 -0.341*** 0.2395*** -0.1164** -0.5636*** 

Th17 cells -0.0772 -0.2342 -0.0299* -0.5629*** -0.1172 0.0138 -0.0981* -0.1642*** 0.1109* -0.2741*** -0.1342** 0.0729 -0.0152 0.3918*** 

Th2 cells 0.3564** 0.0625 -0.0725 0.1119 0.118 0.1258** 0.2262*** -0.1154** 0.0834 0.2516*** -0.1307** 0.1733*** 0.1428*** -0.5833*** 

(Spearman correlation coefficient and P-Value, *p < 0.05, **p < 0.01, and ***p < 0.001.) 
 


