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Introduction

Lung cancer consistently remains one of the leading causes 
of morbidity and mortality among patients with cancers all 
over the world (1,2). Despite recent advances in diagnostic 
and therapeutic techniques, the 5-year overall survival 
(OS) rate of lung cancer stilly remains poor (3). Lung 

adenocarcinoma (LUAD) is currently the most common 
sub-type of lung carcinomas (4). The early diagnosis of 
patients with LUAD will help patients have a relatively 
superior prognosis. Therefore, it is an urgent need to 
clarify molecular mechanisms and determine new reliable 
biomarkers and therapeutic targets of LUAD (5,6). 
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Transcription factor AP-2 alpha (TFAP2A) is an AP-2 
family transcription factor, contributed to regulate cell 
differentiation, proliferation, and apoptosis (7,8). The protein 
encoded by TFAP2A gene is a transcription factor that 
binds the consensus sequence 5'-GCCNNNGGC-3' (7).  
The loss or elevation of TFAP2A expression might 
lead to differentiation, proliferation, and eventually to 
tumorigenesis, tumor progression, invasion, or metastasis (7).  
The dysregulation of TFAP2A has been observed in several 
types of cancers, such as hepatocellular carcinoma (9), 
breast cancer (10), gastric cancer (11), and basal-squamous 
bladder cancer (8). Previous studies also suggested TFAP2A 
was overexpressed in patients with LUAD compared 
with normal individuals (12,13). However, the prognostic 
effects of TFAP2A were not studied in the patients with 
LUAD. Additionally, a wider understanding of functions 
of TFAP2A in the LUAD required further investigation. A 
comprehensive study investigating the expression levels and 
prognostic effects of TFAP2A in the LUAD would improve 
the diagnosis and therapy of LUAD.

In this study, we conducted comprehensive investigation 
and meta-analyses to study the expression levels of TFAP2A 
in the patients with LUAD. Our results demonstrated 
TFAP2A increased in the LUAD, and the overexpression 
of TFAP2A was associated with worse prognosis of patients 
with LUAD. Furthermore, we also identified cell division 
cycle 6 (CDC6) and aurora kinase A (AURKA) might 
be two target genes of TFAP2A in the development and 
progress of LUAD.  

Methods

GEPIA analyses

GEPIA (http://gepia.cancer-pku.cn/) provides the users 
opportunities to comprehensively study the differential 
expression, profiling plotting, patient survival, similar gene 
detection and dimensionality reduction analyses (14). The 
present study included TFAP2A into the GEPIA dataset to 
explore its expression values and effects on the prognosis of 
patients with LUAD.

Oncomine dataset analyses

The Oncomine (www.oncomine.org) dataset (15), a public 
cancer microarray database accessible online aiming to 
facilitate the discovery of cancer related genes through 

genome-wide expression analyses, was applied to evaluate 
the mRNA levels of TFAP2A between LUAD and control 
samples. The differences in mRNA levels of TFAP2A 
were performed by Students’ t-test. The threshold was 
established at P<10−4 and fold change (FC) >2 fold. 

The Kaplan-Meier plot analyses

Prognostic values of TFAP2A in patients with LUAD were 
evaluated using the Kaplan-Meier plotter dataset (www.
kmplot.com) (16). By far, 866 patients with LUAD have 
been included in the Kaplan-Meier plotter dataset. Patients 
were divided into high and low groups based on the median 
of TFAP2A expression levels. The hazard ratio (HR) 
with 95% confidence intervals and log rank P value were 
calculated to evaluate the differences between two groups.

The meta-analyses of TFAP2A in the LUAD

The Lung Cancer Explorer (LCE, http://lce.biohpc.
swmed.edu/lungcancer/index.php#page-top) (17) was a 
lung cancer-specific database with over 6700 patients from 
56 studies. The users can perform meta-analyses to study 
the gene expression of lung cancer patients. In the current 
study, we investigated the expression levels of TFAP2A in 
LUAD tumors vs. normal controls, and survival vs. non-
survival patients.

The target genes of TFAP2A

The Animal Transcription Factor Data Base (Animal 
TFDB3.0, http://bioinfo.life.hust.edu.cn/AnimalTFDB/) is 
a resource aiming to provide the most comprehensive and 
accurate information for transcription factors (TFs) and 
cofactors (18). In the current study, we studied the targeted 
genes of TFAP2A in Animal TFDB 3.0.

The GO and KEGG pathway analyses

To obtain an insight into the target genes of TFAP2A at 
the functional level, Gene Ontology (GO) enrichment 
and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analyses were accomplished using the Database 
for Annotation, Visualization and Integrated Discovery 
(DAVID, https://david.ncifcrf.gov/). FDR <0.05 was 
considered to indicate a statistically significant difference.

http://bioinfo.life.hust.edu.cn/AnimalTFDB/
https://david.ncifcrf.gov/
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Results

The different transcriptional levels of TFAP2A in patients 
with LUAD

To study the expression levels of TFAP2A in the patients 
with LUAD, we investigated the transcription levels of 
TFAP2A in the GEPIA and Oncomine databases. In 
the GEPIA database, the expression levels of TFAP2A 
were studied in 483 patients with LUAD and 347 normal 
individuals. The results indicated the transcriptional 
expression levels of TFAP2A were significantly elevated in 
the patients with LUAD (P<0.01) (Figure 1A). Up to now, six 
studies had indicated TFAP2A was significantly elevated in 
patients with LUAD in the Oncomine database. The study 
by Su et al. (19) on LUAD suggested the TFAP2A mRNA 
levels increased 3.64-fold compared with normal samples 
(P=2.48×10−8) (Figure 1B). The study on LUAD conducted 
by Stearman et al. (20) revealed the transcription levels of 
TFAP2A elevated 8.20-fold compared with normal samples 
(P=7.10×10−8) (Figure 1C). The study conducted by Selamat 
et al. (21) demonstrated the levels of TFAP2A mRNA were 
3.58-fold elevated in LUAD samples compared with normal 
samples (P=9.99×10−20) (Figure 1D). In Hou et al.’s study 
(22), the levels of TFAP2A mRNA were elevated by 3.69-
fold compared with normal lung samples (P=6.28×10−9) 
(Figure 1E). Compared with normal lung samples, TFAP2A 
levels increased 6.33-fold in Landi et al.’s LUAD group 
(P=7.52×10−12) (Figure 1E) (23). Compared with normal lung 
tissues, the TFAP2A mRNA levels increased 3.68-fold in 
Garber et al.’s LUAD group (P=3.43×10−5) (Figure 1F) (24). 
Therefore, the overexpression of TFAP2A in the patients 
with LUAD was confirmed.

The prognostic values of TFAP2A in patients with LUAD

To study the prognostic effects of TFAP2A in patients with 
LUAD, we studied the association between transcription 
levels of TFAP2A and survival time of patients with LUAD. 
In the GEPIA dataset, our results indicated patients with 
high-TFAP2A expression exhibited shorter OS periods than 
those with low-TFAP2A expression (HR=2.0, P=8.6×10−6) 
(Figure 2A). Meanwhile, our study demonstrated LUAD 
patients with high-TFAP2A expression had shorter 
progression-free-survival (PFS) periods than those with low-
TFAP2A (HR=1.3, P=0.077) (Figure 2B). Additionally, we 
validated the prognostic effects of the TFAP2A mRNA in 
the patients with LUAD using the Kaplan-Meier plotter 

dataset. Kaplan-Meier analyses revealed patients with LUAD 
having higher TFAP2A levels exhibited shorter OS periods 
than those with lower TFAP2A levels [HR=2.06 (1.62–2.62), 
P=1.6×10−9] (Figure 2C). Meanwhile, Kaplan-Meier analyses 
also indicated patients with higher TFAP2A suggested 
shorter PFS periods than those with lower TFAP2A levels 
[HR=1.89 (1.37–2.59), P=6.6×10−5] (Figure 2D).

The meta-analyses of TFAP2A in patients with LUAD

To further validate our results, meta-analyses of TFAP2A in 
patients with LUAD were performed in the LCE database. 
A comparative analysis suggested 7 datasets were conducted 
to study the expression levels of TFAP2A between patients 
with LUAD (n=827) and normal individuals (n=246). As 
shown in Figure 3A, significant evidence of heterogeneity 
was observed (I2=76%, P=1.40×10−4), and a random-effects 
model was conducted to calculate the Standardized Mean 
Difference (SMD) among all 7 datasets. The overall SMD 
for 7 studies was 1.57 (1.17–1.97) (P=2.0×10−14) (Figure 3A).  
Therefore, our meta-analyses results indicated patients 
with LUAD have higher TFAP2A levels than normal 
individuals. Meanwhile, we evaluated the expression levels 
of TFAP2A between survival and non-survival patients with 
LUAD. Finally, 20 studies with 2,878 patients with LUAD 
were included for meta-analyses. As shown in Figure 3B, 
significant evidence of heterogeneity was detected in all 
studies (I2=38%, P=0.04), and a random-effects model was 
carried out to calculate the HR. Overall HR for 20 studies 
was 1.22 (1.12–1.33) (P<0.01) (Figure 3B). Therefore, we 
demonstrated the levels of TFAP2A up-regulated in patients 
with LUAD, and the expression levels of TFAP2A might 
affect the prognosis of patients with LUAD.  

The target genes of TFAP2A in the patients with LUAD

To identify the potential target genes of TFAP2A, we 
investigated the TFAP2A in the Animal TFDB3.0 database. 
As shown in Figure 4, 63 target genes of TFAP2A were 
identified. Then, GO analyses indicated those genes were 
related to positive regulation of metabolic process, positive 
regulation of macromolecule metabolic process and positive 
regulation of nitrogen compound metabolic process (Table 1).  
KEGG analyses suggested those genes were associated 
with pathways in cancer, mitophagy and Wnt signaling 
pathway (Table 2). Then, we uploaded those genes into 
GEPIA dataset to study the correlations with TFAP2A. Our 
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Figure 1 Differentially transcription levels of TFAP2A in patients with lung adenocarcinoma (LUAD). (A) The TFAP2A elevated in the 
patients with LUAD compared with normal controls in the GEPIA dataset (Normal: n=347; LUAD: n=483, *P<0.01); (B) in Su et al.’s 
groups, the TFAP2A mRNA levels increased 3.64-fold compared with normal controls (P=2.48×10−8); (C) in Stearman et al.’s datasets, the 
transcription levels of TFAP2A elevated 8.20-fold in the patients with LUAD (P=7.10×10−8); (D) in Selamat et al.’s groups, the TFAP2A 
mRNA levels increased 3.58-fold compared with normal lung samples (P=9.99×10−20); (E) in Hou et al.’s groups, the TFAP2A mRNA levels 
elevated 3.69-fold compared with normal lung samples (P=6.28×10−9); (F) compared with normal lung samples, the TFAP2A mRNA levels 
increased 6.33-fold in Landi et al.’s groups (P=7.52×10−12); (G) compared with normal lung tissues, the TFAP2A mRNA levels increased 
3.68-fold in Garber et al.’s groups (P=3.43×10−5).
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results found only cell division cycle 6 (CDC6) (R=0.23, 
P=3.2×10−7) (Figure 5A) and aurora kinase A (AURKA) 
(R=0.18, P=7.5×10−5) (Figure 5B) were significantly 
correlated with the expression levels of TFAP2A in patients 
with LUAD. Meanwhile, CDC6 and AURKA were 
elevated in the patients with LUAD (P<0.01) (Figure 5C,D).  
Furthermore, CDC6 and AURKA were significantly 
associated with the prognosis of patients with LUAD 
(HR=1.5, P=0.0049 and HR=1.3, P=0.047, respectively) 
(Figure 5E,F). Therefore, we considered CDC6 and 
AURKA might be two potential targets of TFAP2A in the 
patients with LUAD.

Discussion

The comprehensive investigation of TFAP2A in the 
patients with LUAD would help to develop TFAP2A-
targeted therapy. In the present study, we evaluated the 
dysregulation and the prognostic effects of TFAP2A in 
patients with LUAD using bioinformatics methods from 
the public databases. Our study found TFAP2A upregulated 
in patients with LUAD, and the increasing TFAP2A was 
associated with shorter survival time of patients with 
LUAD. Finally, CDC6 and AURKA were considered as 
two potential targeted genes of TFAP2A. Our study also 

Figure 2 Elevated TFAP2A was associated with shorter survival time of patients with lung adenocarcinoma (LUAD). (A) In the patients 
with LUAD, high-TFAP2A patients exhibited shorter overall survival periods than low-TFAP2A patients in the GEPIA dataset (High: 
n=237, Low: n=239); (B) high-TFAP2A patients have shorter progression-free-survival periods than low-TFAP2A patients in the GEPIA 
dataset (High: n=127, Low: n=375); (C) patients with high-TFAP2A expression exhibited shorter overall survival time than those with low-
TFAP2A expression in the Kaplan-Meier plot dataset (High: n=354, Low: n=366); (D) high-TFAP2A patients exhibited shorter progression-
free-survival periods than low-TFAP2A patients in the Kaplan-Meier plot dataset (High: n=224, Low: n=237). 
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demonstrated CDC6 and AURKA might serve as feature 
genes closely related to the development and prognosis of 
patients with LUAD. 

Previous studies demonstrated TFAP2A could exhibit 
either oncogenic or suppressive characteristics in various 
tumor models (7). As an oncogene, TFAP2A modulated 

the expression of multiple target genes involved in the 
development and progression of human cancers. Shi  
et al.’s (25) study suggested TFAP2A highly expressed in 
various nasopharyngeal carcinoma cell lines and tumor 
tissue specimens. A positive correlation of TFAP2A 
overexpression with advanced tumor stage, local invasion, 

Figure 3 The meta-analyses of TFAP2A in patients with lung adenocarcinoma (LUAD). (A) Forest plot of TFAP2A between patients with 
LUAD (n=827) and normal tissues (n=246) (HR=1.17–1.97, P=2.0×10−14). B. Forest plot of TFAP2A between survival and non-survival 
patients with LUAD [n=2,968, HR=1.22 (1.12–1.33), P<0.01].
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clinical progression, and poor prognosis of patients with 
nasopharyngeal carcinomas were also observed. Yamashita 
et al.’s (8) study suggested TFAP2A are significantly 
overexpressed in basal-squamous bladder cancer, and 
TFAP2A overexpression is associated with the presence of 
lymph node metastasis and distant recurrence. In our current 
study, we indicated TFAP2A upregulated in patients with 
LUAD, which was consistent with Yuanhua et al.’s and Pu et 
al.’s studies (12,13). Moreover, our study also demonstrated 
higher TFAP2A was associated with shorter survival time of 
patients with LUAD. Therefore, we considered TFAP2A 
might be an oncogene in the development and progression of 
LUAD. However, the mechanisms how TFAP2A affected the 
development of LUAD were poorly studied. The Yuanhua 
et al.’s (12) study indicated TFAP2A induced the expression 
of KRT16 promoting the tumorigenicity of LUAD through 
affecting the epithelial-mesenchymal transition (EMT). In 
Pu et al.’s study (13), the cell apoptosis and cell cycle of non-

Figure 4 The target genes of TFAP2A in lung adenocarcinoma 
(LUAD). Totally, 63 targets genes of TFAP2A were detected in the 
Animal TFDB3.0 database.

Table 1 The Go analyses of target genes of TFAP2A

GO term Term description Counts FDR

Biological process

GO:0009893 Positive regulation of metabolic process 45 4.23×10−18

GO:0010604 Positive regulation of macromolecule metabolic process 44 4.23×10−18

GO:0051173 Positive regulation of nitrogen compound metabolic process 42 3.28×10−17

GO:0031325 Positive regulation of cellular metabolic process 42 1.04×10−16

GO:2000112 Regulation of cellular macromolecule biosynthetic process 46 4.87×10−16

Molecular function

GO:0044212 Transcription regulatory region DNA binding 24 1.76×10−16

GO:0043565 Sequence-specific DNA binding 24 9.57×10−13

GO:0008134 Transcription factor binding 19 4.80×10−12

GO:0003690 Double-stranded DNA binding 21 6.61×10−12

GO:0000987 Proximal promoter sequence-specific DNA binding 17 1.01×10−11

Cellular component

GO:0005654 Nucleoplasm 41 3.71×10−14

GO:0031981 Nuclear lumen 43 8.59×10−14

GO:0044454 Nuclear chromosome part 19 8.59×10−14

GO:0005634 Nucleus 52 9.26×10−13

GO:0044427 Chromosomal part 21 3.21×10−12

GO, gene ontology.
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small cell lung cancer cell were induced by MiR-1254 via 
inhibited HO-1 transcription by suppressing the TFAP2A. 
These results suggested TFAP2A might influence a wide 
range of physiological or pathological processes by regulating 
different pathways and interacting with specific molecules (7). 
Therefore, we speculated that TFAP2A should be explored 
as a therapeutic target of patients with LUAD. 

To better understand the role of TFAP2A in the 
LUAD, we investigated the potential target genes of 
TFAP2A. In our study, only the CDC6 and AURKA 
were considered to affect the development and progress 
of LUAD. The CDC6 could regulate DNA replication 
licensing, tumorigenesis, and prognosis in lung cancer 
(26). Li et al.’s reports suggested CDC6 might serve as 
a potential prognostic marker of LUAD (27). He et al.’s 
study also indicated CDC6 might link LUAD to smoking 
history, and CDC6 will be useful for future clinical studies 
(28). Meanwhile, previous studies demonstrated AURKA 
was potential biomarker for predicting poor prognosis 
of LUAD (27,29). AURKA played important roles in the 
proliferation of human LUAD cells, which suggested 
AURKA could be a promising tool for the therapy of 
LUAD (30). Meta-analyses also identified AURKA was 
the most obvious class of hub nodes (31). Therefore, we 
considered TFAP2A might contribute to the development 
of LUAD via affecting the expression of AURKA and 
CDC6. However, deeply associations among TFAP2A, 

AURKA and CDC6 were unknown, further studies were 
warranted to investigate the mechanisms. 

In the current study, dysregulation of TFAP2A was 
investigated in the patients with LUAD. Up-regulation 
of TFAP2A and its clinical significance were validated in 
various large online databases. However, some limitations 
also were obvious. First, lung cancer had several subgroups, 
we only investigate the TFAP2A expression levels in patients 
with LUAD, further investigations of TFAP2A in other 
lung cancer subgroups were necessary. Second, although we 
evaluated the overexpression of TFAP2A mRNA in various 
public databases, the protein levels of TFAP2A were not 
studied in our research. Finally, the mechanisms of TFAP2A 
in the development of LUAD needed to be studied in the 
future study. 

Conclusions

In conclusion, our study had performed comprehensive 
analyses to study the TFAP2A in the progress of LUAD. 
Elevated TFAP2A was detected and validated in the patients 
with LUAD. The higher TFAP2A were associated with 
the worse prognosis of patients with LUAD. Moreover, 
CDC6 and AURKA were considered as two target genes 
of TFAP2A. However, further molecular biological 
experiments were required to investigate mechanisms of 
TFAP2A in LUAD.

Table 2 The KEGG analyses of target genes of TFAP2A

KEGG term Term description Counts FDR

hsa05200 Pathways in cancer 16 1.16×10−9

hsa04137 Mitophagy 7 7.28×10−8

hsa04310 Wnt signaling pathway 9 7.28×10−8

hsa05169 Epstein-Barr virus infection 10 7.28×10−8

hsa05215 Prostate cancer 8 7.28×10−8

KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 5 Elevated CDC6 and AURKA were associated with shorter survival time of patients with lung adenocarcinoma (LUAD). (A) The 
expression of CDC6 was associated with the TFAP2A in the patients with LUAD (R=0.23, P=3.2×10−7); (B) the expression of AURKA was 
associated with the TFAP2A in the patients with LUAD (R=0.18, P=7.5×10−5); (C) the CDC6 elevated in the patients with LUAD compared 
with normal controls in the GEPIA dataset (Normal: n=347; LUAD: n=483, *P<0.01); (D) the AURKA elevated in the patients with LUAD 
compared with normal controls in the GEPIA dataset (Normal: n=347; LUAD: n=483, *P<0.01); (E) high-CDC6 patients have shorter 
overall survival periods than low-CDC6 patients in the GEPIA dataset (High: n=127, Low: n=375); (F) high-AURKA patients exhibited 
shorter overall survival periods than low-AURKA patients in the GEPIA dataset (High: n=237, Low: n=239). 
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