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Comprehensive Analysis Reveals the Potential Roles of 
Transcription Factor Dp-1 in Lung Adenocarcinoma

Yipeng Songa, Rongna Mab, c

Abstract

Background: Transcription factor Dp-1 (TFDP1) was overexpressed 
and interacted with other genes to impact multiple signaling pathways 
in various human cancers. However, there is less research about the 
TFDP1 specific roles in lung adenocarcinoma (LUAD).

Methods: We first explored TFDP1 expression levels and relative 
diseases from a pan-cancer perspective using the ONCOMINE, 
TIMER, and Open Targets Platform databases. Then, we used UAL-
CAN, GEPIA 2, TCGA-LUAD data, and Kaplan-Meier plotter to ex-
amine TFDP1 clinicopathological features and prognosis in LUAD 
patients. Genomic alterations and DNA methylation analysis were 
performed by cBioPortal and MethSurv, respectively. Then, we used 
a cancer single-cell state atlas (CancerSEA) to find TFDP1 functions 
at a single-cell resolution. LinkedOmics was used to find TFDP1 
coexpressed genes, biological processes, and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathways. Then, Gene Set Cancer 
Analysis (GSCA) was used to examine the drug resistence of TFDP1 
in LUAD.

Results: We found that TFDP1 was overexpressed in most human 
cancers and related to various diseases, including LUAD. Moreover, 
LUAD patients with high TFDP1 expression levels might be signifi-
cantly associated with individual cancer stages and have a poor prog-
nosis. Multivariate analysis revealed that the American Joint Com-
mittee on Cancer (AJCC) pathologic stage, AJCC stage T, and AJCC 
stage N were the independent prognostic factors. LUAD patients with 
TFDP1 alterations suggested poor overall survival (OS), and disease-
free survival (DFS), while hypermethylation might lead to a good 
prognosis. TFDP1 and its coexpressed genes were enriched in multi-
ple signaling pathways and biological processes involved in the cell 
cycle, spliceosome, and DNA replication. Furthermore, TFDP1 was 
strongly positively related to the half-maximal inhibitory concentra-
tion (IC50) values of multiple drugs.

Conclusions: In summary, TFDP1 was a possible biomarker and po-
tential therapeutic target for LUAD patients.

Keywords: TFDP1; Omics analysis; Prognostic biomarker; Thera-
peutic target; Lung adenocarcinoma

Introduction

Lung cancer is one of the most worldwide malignancies, with 
11.4% of 19.3 million new cancer patients in the world in 
2020, leading to 1.8 million deaths worldwide and ranking as 
the primary cause of cancer mortality [1]. Lung cancer caus-
es about 30% of cancer deaths and is China’s most common 
malignant tumor [2], where lung adenocarcinoma (LUAD) is 
the most prevalent subtype [3, 4]. Although different therapies 
have been used in LUAD patients, the survival rate still re-
mains at a low level, which can seriously reduce human life 
expectancy [5, 6]. Therefore, identifying novel biomarkers for 
improving the prognosis of LUAD patients is hugely impera-
tive and meaningful.

Transcription factor Dp-1 (TFDP1), also known as 
DRTF1, DP1, or Dp-1, plays a vital role in various human 
cancers [7-9]. Melchor et al showed that 13q34 amplification 
significantly overexpressed TFDP1 protein, and TFDP1 was 
one of the most potential target genes in human breast can-
cer [10]. Pellicelli et al revealed that TFDP1 participated in 
the transcriptional regulation of PITX1 in osteoarthritis [11]. 
Recent research showed that TFDP1 was identified as a criti-
cal colorectal cancer (CRC) molecule and could be directly 
bound to miR-4711-5p, which provoked G1 arrest in the CRC 
[12, 13]. TFDP1 was identified as a probable target of 13q34 
amplification in hepatocellular carcinomas [14]. Drucker et al 
showed that karyopherin-α2 imported E2F1/TFDP1 to regu-
late the protein stathmin in liver cancer [15]. COMMD9 acted 
on TFDP1 to enhance the p53 signaling pathway in non-small 
cell lung cancer (NSCLC) [16]. Five genes, including TFDP1, 
were used to establish a prognostic signature nomogram in 
LUAD [17]. However, there are few studies on the specific 
roles and molecular mechanisms of TFDP1 in LUAD.

Therefore, using various databases, we first analyzed 
TFDP1 expression levels in different human cancers and found 
TFDP1-related diseases. Then, we explored TFDP1 overex-
pression associated with clinicopathologic features and prog-
nosis of LUAD patients. We evaluated TFDP1 genomic altera-
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tions and DNA methylation in LUAD patients. LinkedOmics 
was used to explore TFDP1 relative genes and Gene Set Cancer 
Analysis (GSCA) in LUAD. We further investigated TFDP1 
functions at single-cell resolution and the drug sensitivity of 
TFDP1-coexpressed genes. We systematically analyzed the 
roles of TFDP1 in LUAD and found that TFDP1 can be a pos-
sible prognostic biomarker for treating LUAD patients.

Materials and Methods

Expression level analysis

ONCOMINE [18] is an online cancer database, which con-
tains 715 data sets and 86,733 samples [19]. In this study, ON-
COMINE was utilized for comparing differences in the TFDP1 
transcriptional expression in various human cancers between tu-
mors and normal tissues. These were the thresholds: gene rank: 
10%, data type: mRNA, P value: 0.01, and fold change: 1.5.

TIMER [20] is a useful web resource to investigate im-
mune infiltrates across human cancers systematically. Users 
can input specific parameters to intuitively study the human 
cancer’s genomic features, clinical, and immunological by dy-
namically displaying figures [21]. The DiffExp module was 
employed to explore the differential levels of any gene of in-
terest between cancer tissues and normal tissues accross all 
The Cancer Genome Atlas (TCGA) tumors, in which statisti-
cal significance is evaluated using the Wilcoxon test. We used 
the DiffExp module of TIMER to verify TFDP1 expression in 
various human tumors. The expression levels were displayed 
with (log_2 (TPM)).

UALCAN [22] is an intuitive web tool for studying genes 
of interest in cancer data (Children Brain Tumor Tissue Con-
sortium (CBTTC), Clinical Proteomics Tumor Analysis Con-
sortium (CPTAC), and TCGA) [23]. Thus, we employed UAL-
CAN to investigate the TFDP1 protein expression differences 
in the CPTAC database.

Relative diseases analysis

With scoring and ranking target-disease relationships, the 
Open Targets Platform [24] utilizes drugs, animal models, sci-
entific literatures, genomics, transcriptomics, and genetics to 
identify drug targets [25]. We used the Open Targets Platform 
to find TFDP1-associated diseases.

Pathological characteristics analysis

We used UALCAN to analyze the correlation between TFDP1 
mRNA expression and individual cancer stages and histologi-
cal subtypes of LUAD patients. Gene Expression Profiling 
Interactive Analysis (GEPIA) 2 [26] is a user-friendly web 
tool for investigating the RNA-Seq levels of 9,736 cancers 
and 8,587 normal samples in the Genotype-Tissue Expression 
(GTEx) and the TCGA datasets [27]. We utilized pathological 
stage plot to profile TFDP1 expression in LUAD stages with a 

box plot. Then, we utilized SPSS 19.0 (SPSS Inc., Chicago, IL, 
USA) to perform univariate and multivariate Cox regression 
analysis for assessing the prognostic indicators of overall sur-
vival (OS) in LUAD (using the TCGA-LUAD dataset). With 
the average TFDP1 mRNA levels, LUAD patients are divided 
into the high-expression and low-expression groups.

Survival prognosis analysis

Kaplan-Meier plotter [28] is mainly used to evaluating the 
impact of 54,000 genes on survival values in 21 cancer types 
(European Genome-phenome Archive (EGA), Gene Expres-
sion Omnibus (GEO), and TCGA) [29]. We used the Kaplan-
Meier plotter to investigate the association of TFDP1 expres-
sion levels with the prognosis values in LUAD patients (OS, 
first progression survival (FPS), and post progression survival 
(PPS)).

Genomic alteration analysis

cBioPortal [30] can provide researchers with a high-quality 
and intuitive online resource to explore multi-dimensional 
cancer datasets. This study utilized cBioPortal to study TFDP1 
genomic alterations in LUAD patients from the TCGA data-
base [31, 32]. GeneMANIA [33] uses 2,830 association net-
work data to study functions of input genes and research other 
genes related to the input gene sets [34]. We created gene-gene 
interaction networks for TFDP1, GRK1, LAMP1, RASA3, and 
ATP4B using GeneMANIA and discovered their associated 
genes in LUAD patients.

Methylation analysis

MethSurv [35] provides a rapid and intuitive web to perform 
survival analysis of DNA methylation data in 25 human can-
cers and 7,358 patients in the TCGA database [36]. MethSurv 
were employed to study TFDP1 DNA methylation CpG sites 
in LUAD patients and the association of TFDP1 DNA meth-
ylation levels with the LUAD prognosis values.

Single-cell analysis

CancerSEA [37] can comprehensively decode 14 functions 
from 41,900 single cells spanning 25 different cancers at the 
single-cell resolution [38]. We used CancerSEA to find which 
functional states of TFDP1 were related to LUAD.

LinkedOmics analysis

LinkedOmics [39] is an interactive web resource for investi-
gating cancer multi-omics data in 32 types of TCGA cancer 
and 10 CPTAC cancer cohorts [40]. Firstly, we utilized the 
LinkFinder module to explore coexpressed genes of TFDP1 
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in the TCGA LUAD data (Pearson Correlation test). Then, the 
LinkInterpreter module performed enrichment analysis about 
differential genes from the LinkFinder results. Gene Set En-
richment Analysis (GSEA) was employed to do gene ontol-
ogy (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway analysis. The rank criterion was as follows: 
minimum number of genes: 3, false discovery rate (FDR) < 
0.01, and simulations: 500.

Drug sensitivity analysis

GSCA [41] was employed to examine the association between 
TFDP1 expression and drug sensitivity in the Cancer Therapeu-
tics Response Portal (CTRP) and Genomics of Drug Sensitivity 
in Cancer (GDSC) databases [42]. The scores of the TFDP1-
drug pairs were calculated by -log10FDR * |cor|, with the abso-
lute correlation coefficient |cor| > 0.1 and FDR < 0.05. The top 
30 ranked drugs were demonstrated by the lollipop plot.

The Institutional Review Board approval and the declara-
tion of ethical compliance with human/animal study are not 
applicable for this study.

Results

TFDP1 expression levels and its relative diseases

To explore differences in TFDP1 transcriptional levels be-
tween cancer tissues and normal tissues across various human 
cancers, we employed ONCOMINE to analyze TFDP1 levels 
in 20 types of cancer. Compared with normal tissues, TFDP1 
mRNA levels were significantly overexpressed in 15 of all 20 
cancer types, including lung cancer (Fig. 1a). Then, we studied 
TFDP1 expression patterns in human cancers using the TIM-
ER database, which contains the RNA-seq data of various hu-
man cancers in the TCGA database. TFDP1 expression levels 
were markedly downregulated in kidney renal clear cell carci-
noma (KIRC), thyroid carcinoma (THCA), kidney renal papil-
lary cell carcinoma (KIRP), and kidney chromophobe (KICH), 
while TFDP1 levels were markedly upregulated in 13 cancers, 
including LUAD (Fig. 1b).

Then, we tried to analyze TFDP1 protein expression levels 
using the CPTAC database with UALCAN. Compared with 
normal tissues, the protein expression levels of TFDP1 were 
significantly upregulated in LUAD tissues (Fig. 1c). In ad-
dition, using the Open Targets Platform, we also found that 
TFDP1 was associated with respiratory (e.g., LUAD), thorac-
ic, reproductive system, breast, gastrointestinal, immune sys-
tem, and endocrine system diseases (Fig. 1d). These findings 
revealed that the TFDP1 transcriptional levels were markedly 
overexpressed in LUAD.

TFDP1 pathological characteristics analysis in LUAD pa-
tients

Using the UALCAN and GEPIA 2 databases, we further an-

alyzed the relationship between TFDP1 mRNA expression 
and the pathological stages in LUAD. We found that TFDP1 
mRNA levels were highly related with the cancer stages in 
LUAD (Fig. 2a). The TFDP1 levels increased with each can-
cer stage of LUAD, reaching its greatest expression in the 
stage 4. Similarly, we also found a remarkable correlation (P 
= 0.00459) of TFDP1 expression with pathological stages us-
ing GEPIA 2 (Fig. 2b), in which patients with more advanced 
pathological stages were inclined to have higher TFDP1 ex-
pression. Moreover, TFDP1 was overexpressed in all LUAD 
histological subtypes compared with normal tissues, and 
the highest expression levels were found in the lung clear 
cell adenocarcinoma subtypes. TFDP1 expression was sig-
nificantly upregulated in the LUAD-not otherwise specified 
(NOS), LUAD-mixed, lung bronchioloalveolar carcinoma 
non mucinous (LBC-nonmucinous), lung solid pattern pre-
dominant adenocarcinoma, lung acinar adenocarcinoma, and 
lung papillary adenocarcinoma subtypes (Fig. 2c). Then, Cox 
univariate analysis revealed that TFDP1 mRNA expression, 
American Joint Committee on Cancer (AJCC) pathologic 
stage, AJCC stage T, and AJCC stage N were significantly 
associated with OS in LUAD (Table 1). Multivariate analysis 
further confirmed that AJCC pathologic stage, AJCC stage T, 
and AJCC stage N were the independent prognostic factors 
in LUAD. These findings revealed a substantial correlation 
between the TFDP1 mRNA levels and the LUAD pathologi-
cal phases.

High TFDP1 levels impacts on the LUAD prognosis

Next, the Kaplan-Meier plotter was employed to investigate 
whether TFDP1 mRNA levels were associated with LUAD 
prognosis. As shown in Figure 3, LUAD patients having 
high TFDP1 expression demonstrated a poor OS (hazard ra-
tio (HR) = 2.43, 95% confidence interval (CI): 1.88 - 3.14), 
P = 1.8 × 10-12), FPS (HR = 1.72, 95% CI: 1.24 - 2.39, P 
= 0.0011), and PPS (HR = 1.78, 95% CI: 1.07 - 2.96, P = 
0.024). These results indicated that higher TFDP1 levels 
were associated with worse prognosis and TFDP1 could be 
a prognostic biomarker in LUAD. These above findings re-
vealed that TFDP1 was crucial to the tumorigenesis and pro-
gression of LUAD.

Genomic alteration analysis of TFDP1 in LUAD patients

With the TCGA data, we applied cBioPortal to analyze genom-
ic alterations of TFDP1 in LUAD. Figure 4a displayed five 
types of TFDP1 alterations in various human cancers. More-
over, TFDP1 was altered in 3.89% of 566 LUAD patients, 
including deep deletion: 1.77% (10 cases), mutation: 1.59% 
(nine cases), amplification: 0.35% (two cases) and multiple al-
terations: 0.18% (one case).

We demonstrated that the 10 genes with the highest al-
teration frequencies in the LUAD altered groups were RYR2, 
MUC16, TTN, ZFHX4, TP53, GRK1, LAMP1, RASA3, 
CSMD3, and ATP4B, cooccurred with TFDP1 modifications 
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(Fig. 4b). Additionally, we found that TFDP1 alterations cooc-
curred with GRK1, LAMP1, RASA3, and ATP4B (log ratio > 
4). Also, GeneMANIA was employed to create a gene-gene 
interaction network of the five genes (Fig. 4f). Compared with 
LUAD patients without TFDP1 alteration, TFDP1-altered pa-
tients might have a poor OS (Fig. 4d) and disease-free survival 

(DFS) values (Fig. 4e).

DNA methylation analysis of TFDP1 in LUAD patients

We used MethSurv to analyze TFDP1 DNA methylation in 461 

Figure 1. TFDP1 expression in various types of human cancer and its relative diseases. (a) The difference of TFDP1 mRNA lev-
els in cancer tissues and normal tissues (ONCOMINE). (b) The TFDP1 expression difference from the TIMER database. (c) The 
TFDP1 protein expression differences in the CPTAC database (UALCAN). (d) TFDP1-associated diseases obtained by Open 
Targets Platform. (***P < 0.001). TFDP1: transcription factor Dp-1; CPTAC: Clinical Proteomics Tumor Analysis Consortium.
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LUAD patients from the TCGA data. The results revealed that 
TFDP1 at most CpG sites had higher DNA methylation levels 
(Fig. 5). Moreover, we found that four CpG sites (cg10439691, 
cg11976193, cg26355737, and cg01595804) were signifi-
cantly associated with the prognostic values (Table 2). High 
DNA methylation of CpG cg10439691 and cg11976193 were 
strongly related to poor prognosis, while hypermethylation of 
CpG cg26355737 and cg01595804 was strongly related to a 
good prognostic value in LUAD.

Functions of TFDP1 in LUAD

To further study TFDP1 functions in LUAD, CancerSEA was 

employed to investigate the functional heterogeneity from a 
single-cell resolution. Figure 6a illustrated the correlations be-
tween TFDP1 and 14 functional states in LUAD. We found 
that TFDP1 was positively related to cell cycle (P ≤ 0.01), 
DNA damage (P ≤ 0.01), proliferation (P ≤ 0.05), and DNA 
repair (P ≤ 0.05) in the EXP0067 dataset (Fig. 6b-f).

GSEA analysis of TFDP1 coexpressed genes in LUAD

To understand the genes related to TFDP1 and the mecha-
nisms of TFDP1, LinkedOmics was employed to study TFDP1 
mRNA sequencing data in 515 LUAD patients from the TCGA 
cohort. Figure 7a showed that 2,946 genes (dark red dots) were 

Figure 2. Relationship of TFDP1 with the pathological stages of LUAD patients analyzed by UALCAN (a) and GEPIA 2 (b). (c) 
TFDP1 expression differences in the LUAD histological subtypes. (*P < 0.05, **P < 0.01, ***P < 0.001). TFDP1: transcription 
factor Dp-1; LUAD: lung adenocarcinoma.
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positively related to TFDP1, and 2,553 genes (dark green dots) 
were negatively related to TFDP1 in LUAD (FDR < 0.01). The 
top 50 positively TFDP1-correlated genes were demonstrated 
with heat maps in red (Fig. 7b) and the 50 negative genes in 
blue (Fig. 7c). Interestingly, survival maps of most positively 
and negatively TFDP1-correlated genes displayed high and 
low HRs, respectively (Fig. 7d). Moreover, TFDP1 expression 
was most positively correlated with CUL4A (positive rank# 1, 

Pearson correlation = 0.65, P = 3.703 × 10-63), TUBGCP3 (cor-
relation = 0.6442, P = 1.057 × 10-61), PCID2 (correlation = 
0.6172, P = 2.206 × 10-55), C13orf34 (correlation = 0.6136, P 
= 1.35 × 10-54), and C13orf37 (correlation = 0.5714, P = 5.786 
× 10-46) (Fig. 7e), whereas TFDP1 was most negatively cor-
related with LMF1 (negative rank #1, correlation = -0.3745, 
P = 1.35 × 10-18), PBXIP1 (correlation = -0.3672, P = 7.019 
× 10-18), COL4A3 (correlation = -0.3525, P = 1.62 × 10-16), 

Figure 3. The TFDP1 prognosis in LUAD patients using the Kaplan-Meier plotter. (a)The OS curve of TFDP1 in LUAD. (b) The 
first progression (FP) curve of TFDP1 in LUAD. (c) The PPS curve of TFDP1 in LUAD. TFDP1: transcription factor Dp-1; LUAD: 
lung adenocarcinoma; OS: overall survival; PPS: post progression survival

Table 1.  Univariate and multivariate Cox regression analysis in LUAD

Variables
Univariate analysis Multivariate analysis

N Hazard ratio P value Hazard ratio P value
TFDP1
    Low 377 Reference
    High 142 1.43 (1.05 - 1.94) 0.023* 1.29 (0.94 - 1.76) 0.117
AJCC pathologic stage < 0.001*
    I 289 Reference
    II 124 2.25 (1.58 - 3.21) < 0.001* 1.16 (0.63 - 2.14) 0.625
    III 80 3.52 (2.42 - 5.11) < 0.001* 1.62 (0.68 - 3.86) 0.274
    IV 26 3.72 (2.16 - 6.43) < 0.001* 2.32 (1.16 - 4.65) 0.017*
AJCC stage T < 0.001*
    T1 172 Reference
    T2 280 1.50 (1.05 - 2.13) 0.025* 1.23 (0.84 - 1.77) 0.268
    T3 46 2.94 (1.75 - 4.94) < 0.001* 2.30 (1.24 - 4.28) 0.008*
    Other 21 3.49 (1.91 - 6.39) < 0.001* 1.67 (0.81 - 3.43) 0.162
AJCC stage N < 0.001*
    N0 340 Reference
    N1 95 2.26 (1.60 - 3.18) < 0.001* 1.87 (1.06 - 3.30) 0.032*
    N2 70 3.11 (2.14 - 4.53) < 0.001* 1.82 (0.82 - 4.03) 0.138
    Other 14 1.23 (0.45 - 3.34) 0.690 0.88 (0.31 - 2.55) 0.818

*P < 0.05. TFDP1: transcription factor Dp-1; LUAD: lung adenocarcinoma; AJCC: American Joint Committee on Cancer.
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C1orf116 (correlation = -0.3521, P = 1.79 × 10-16), and ZBTB4 
(correlation = -0.3495, P = 3.08 × 10-16) (Fig. 7f).

As shown in Figure 8, GO results of GSEA revealed that 

genes coexpressed with TFDP1 were mainly involved in the 
clusters related to cell proliferation, including chromosome seg-
regation (Fig. 8c), DNA replication (Fig. 8d), spindle organiza-

Figure 5. The heatmap shows TFDP1 methylation levels at different CpG sites in LUAD patients (MethSurv). TFDP1: transcrip-
tion factor Dp-1; LUAD: lung adenocarcinoma.

Table 2.  The Significant Correlation of TFDP1 Methylation at Different CpG Sites With the Prognosis in LUAD

CpG sites HR CI P value UCSC_RefGene_Group Relation_to_UCSC_CpG_Island
cg10439691 1.525 (1.104; 2.105) 0.010365787 Body Island
cg11976193 1.435 (1.045; 1.97) 0.025736416 Body N_Shelf
cg01595804 0.678 (0.475; 0.969) 0.032998214 Body Island
cg26355737 0.699 (0.499; 0.978) 0.03671796 Body N_Shore

TFDP1: transcription factor Dp-1; LUAD: lung adenocarcinoma; HR: hazard ratio; CI: confidence interval.



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   www.wjon.org 213

Song et al World J Oncol. 2023;14(3):205-223

tion (Fig. 8e), cell cycle checkpoint (Fig. 8f), chromatin remod-
eling, telomere organization, and DNA recombination. KEGG 
pathway results also displayed that these genes were primarily 
enriched in cell proliferation, for example, cell cycle (Fig. 8h), 
DNA replication (Fig. 8i), spliceosome (Fig. 8k), homologous 
recombination (Fig. 8l), and nucleotide excision repair.

Drug sensitivity analysis

We next used GSCA to analyze the drug sensitivity of mRNA 
levels of TFDP1 expression in the CTRP and GDSC databas-
es. TFDP1 expression was positively related to the half-max-
imal inhibitory concentration (IC50) values of CHIR-99021, 
trametinib, bleomycin (50 µM), BEZ235, selumetinib, elesclo-
mol, FH535, 17-AAG, docetaxel, and AG-014699 in the top 
30 drugs from the GDSC database (Fig. 9a). Additionally, the 
details of more TFDP1-drug pairs can be found here (Supple-
mentary Material 1, www.wjon.org). Figure 9b illustrated that 
the IC50 values of the top 30 small molecules were strongly 
negatively associated with TFDP1 mRNA expression in the 
CTRP database. Furthermore, the scores of the TFDP1-drug 
pairs showed that TFDP1 expression was positively associated 
with VAF-347 (cor = 0.125, FDR = 0.032) and SGX-523 (cor 
= 0.118, FDR = 0.02) (Supplementary Material 2, www.wjon.
org). These results could provide the base for the TFDP1 po-
tential roles in LUAD.

Discussion

In this study, we first explored TFDP1 levels in different tis-

sues from a pan-cancer perspective. Our results revealed that 
TFDP1 was markedly upregulated in three-fourths of 20 can-
cer types in the ONCOMINE data. The significant TFDP1 
expression differences between tumor tissues and adjacent 
normal tissues for the lung (LUAD and lung squamous cell 
carcinoma (LUSC)) were confirmed from the TCGA dataset 
analyzed by TIMER. Additionally, the TFDP1 protein expres-
sion was significantly upregulated in LUAD tissues. Based on 
the Open Targets Platform, TFDP1 was related to various hu-
man diseases, including respiratory (LUAD and LUSC), tho-
racic, reproductive system, gastrointestinal, immune system, 
and endocrine system diseases. TFDP1 was overexpressed in 
breast and bladder cancer, confirmed by quantitative real-time 
polymerase chain reaction (qRT-PCR) and could be a poten-
tial biomarker [43, 44]. Jibrim et al used real-time polymerase 
chain reaction (PCR) to evaluate TFDP1 expression levels and 
found that TFDP1 expression was underexpressed in women’s 
endometrium [45]. From the UALCAN and GEPIA 2 data-
bases, consistent results displayed that TFDP1 expression was 
strongly related to the LUAD cancer stages. As cancer stag-
es advanced, TFDP1 mRNA expression levels elevated, and 
the highest levels were expressed in the highest cancer stage. 
Moreover, TFDP1 was overexpressed in all LUAD histologi-
cal subtypes compared with normal tissues and significantly 
upregulated in several subtypes. We also found that AJCC 
pathologic stage, AJCC stage T, and AJCC stage N were the 
independent prognostic factors in LUAD. High expression of 
TFDP1 might mean poor OS, FPS, and PPS valus in LUAD pa-
tients. These findings unlocked that TFDP1 was overexpressed 
and could be a potential prognostic biomarker in LUAD. Abba 
et al showed that TFDP1 could be a target of overexpression 
and amplification in breast cancer [46]. Barh et al revealed 

Figure 6. Single-cell functional analysis of TFDP1 in LUAD (CancerSEA). (a) Relevance of TFDP1 across 14 functions in multiple 
human cancers. (b-f) The various functions were markedly associated with TFDP1 in LUAD. TFDP1: transcription factor Dp-1; 
LUAD: lung adenocarcinoma.
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Figure 7. TFDP1 coexpressed genes in LUAD (LinkedOmics). (a) The volcano plot shows the TFDP1-related significantly co-
expressed genes (Pearson test) in LUAD. (b) The heat map shows the top 50 positively TFDP1-correlated genes. (c) The heat 
map shows the top 50 negatively TFDP1-correlated genes. (d) Survival maps show the top 50 genes positively and negatively 
related to TFDP1, respectively. (e) Correlations between the top five positively TFDP1-correlated genes and TFDP1. (f) Cor-
relations between the top five negatively TFDP1-correlated genes and TFDP1. TFDP1: transcription factor Dp-1; LUAD: lung 
adenocarcinoma.
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Figure 7.  (continued) TFDP1 coexpressed genes in LUAD (LinkedOmics). (a) The volcano plot shows the TFDP1-related signifi-
cantly coexpressed genes (Pearson test) in LUAD. (b) The heat map shows the top 50 positively TFDP1-correlated genes. (c) The 
heat map shows the top 50 negatively TFDP1-correlated genes. (d) Survival maps show the top 50 genes positively and negatively 
related to TFDP1, respectively. (e) Correlations between the top five positively TFDP1-correlated genes and TFDP1. (f) Correlations 
between the top five negatively TFDP1-correlated genes and TFDP1. TFDP1: transcription factor Dp-1; LUAD: lung adenocarcinoma.
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that TFDP1 was overexpressed in the NSCLC stage-II and IV 
blood and could be a potential diagnostic marker in NSCLC 
[47], which supported our findings. Zhang et al revealed that 
high TFDP1 expression implied a poor prognosis in oral squa-
mous cell carcinoma [48]. Yang et al identified that TFDP1 ex-
pression might be related to significant somatic copy number 
aberrations in Chinese papillary THCA [49]. All these studies 
showed that TFDP1 expression levels were abnormally ex-
pressed in various cancer tissues and played a crucial role in 
multiple cancer types.

Furthermore, cBioPortal was utilized to explore TFDP1 
genomic alteration of LUAD patients. The results showed that 
deep deletion (10 cases), mutation (nine cases), amplification 
(two cases), and multiple alterations (one case) of TFDP1 were 
found in 566 LUAD patients. Moreover, LUAD patients with 
TFDP1 alterations were associated with poor OS and DFS. 
Combined with our above findings, TFDP1 might be involved 
in all stages of LUAD progression and could be used as a po-
tential target of LUAD treatment. However, the development 
and progression of cancers were usually promoted by the com-
bined action of multiple cooccurrences of gene alterations 
[11, 13, 16]. Therefore, we found that RYR2, MUC16, TTN, 
ZFHX4, TP53, GRK1, LAMP1, RASA3, CSMD3, and ATP4B 
cooccurred with TFDP1 alterations and alteration patterns of 
TFDP1 cooccurred with GRK1, LAMP1, RASA3, and ATP4B 
in LUAD patients. Then, we constructed a gene-gene interac-
tion network of the five cooccurred genes. Wang et al found 
that Rac3 acted on TFDP1, CCND1, and MYC to regulate cell 
proliferation of LUAD during tumorigenesis [50]. Ren et al 
found that RYR2 mutation could lead to a better prognosis by 
downregulation of DKK1, which was associated with TP53, 
MTOR, and VEGF in NSCLC [51]. Therefore, the specific 
mechanism of genes cooccurred with TFDP1 alterations in 
LUAD may be worth further research.

DNA methylation is a key epigenetic factor for various 
cancer types and has been employed to diagnose different can-
cers [52-54]. Inoshita et al found that TFDP1 was a distinctive 
sex-biased DNA methylation gene in peripheral blood samples 
[55]. DNA methylation levels of TFDP1 were high in human 
islets [56]. Next, we used MethSurv to find LUAD patients 
with hypermethylation of CpG cg26355737 and cg01595804 
led to a good prognosis. Liu et al revealed that low TFDP1 
DNA methylation levels were strongly related to poor prog-
nosis in LUAD [57], which strongly supported our research.

We used LinkedOmics to reveal that higher TFDP1 lev-
els were markedly related to the worse prognosis, and most 
of the genes coexpressed with TFDP1 in LUAD were also 
strongly correlated with the prognosis. Liu et al found that 
TFDP1 and CUL4A were poor prognosticators of intrahe-
patic cholangiocarcinoma [58], which might agree with our 
research. Moreover, GO and KEGG pathway results revealed 
that TFDP1 mainly participated in multiple biological pro-
cesses related to cell proliferation (such as DNA replication, 
double-strand break repair, cell cycle checkpoint, and protein 
activation cascade) and KEGG pathways of proliferation (such 
as spliceosome, DNA replication, cell cycle, and homologous 
recombination). Tavana et al found that TFDP1 could impact 
on the cell cycle of cattle follicles [59]. Zhan et al revealed that 
COMMD9 interacted with TFDP1 to enhance the p53 signal-

ing pathway in NSCLC [16]. Zhang et al found that TFDP1 
participated in PIP4K2A transcriptional regulatory network 
and influenced the survival rate of various cancers [60]. Ji-
ang et al found that MycoPhyto® Complex inhibited TFDP1 
expression to regulate breast cancer cell cycle [61]. Yang et 
al. found that TFDP1 was one of the driver genes participat-
ing in several significant driver pathways of Chinese papillary 
THCA [49]. These studies showed that TFDP1 was a key to the 
cell cycle and involved in several pathways of different human 
cancers, which strongly supported our findings.

Interestingly, to further verify our research, we used Can-
cerSEA to reveal that TFDP1 was markedly related to cell cy-
cle, DNA damage, proliferation, and DNA repair. Recent re-
search showed that Rac3 regulated LUAD cell proliferation by 
acting on TFDP1, CCND1, and MYC related to the cell cycle 
pathway during tumorigenesis [50]. Bisikirska et al showed 
that TFDP1 could promote the progression of follicular lym-
phoma and was a candidate regulator [62]. Therefore, our find-
ings indicated that TFDP1 and its coexpressed genes could act 
on the LUAD development and progression by the combined 
action on the cell cycle process. KEGG pathway results re-
vealed that genes coexpressed with TFDP1 were enriched in 
drug metabolism (LinkedOmics), and chemotherapy patients 
with TFDP1 high mRNA levels tended to have poor OS in 
LUAD (HR = 11.57, 95% CI: 2.22 - 60.26), P = 0.00069) (Ka-
plan-Meier plotter). Therefore, the potential roles of TFDP1-
coexpressed genes in therapeutic responses of LUAD patients 
need further research.

Finally, the drug sensitivity of mRNA levels of TFDP1 ex-
pression in the CTRP and GDSC databases was analyzed by 
GSCA. The GDSC lollipop plot showed that TFDP1 expres-
sion was positively related to CHIR-99021, trametinib, bleo-
mycin (50 µM), BEZ235, selumetinib, elesclomol, FH535, 17-
AAG, docetaxel, and AG-014699. Although TFDP1 mRNA 
expression levels were strongly negatively related to the IC50 
values of all the top 30 CTRP small molecules, it is revealed 
that TFDP1 expression was positively associated with VAF-
347 and SGX-523 (Supplementary Material 2, www.wjon.
org). Thus, further research could be needed to verify these 
results before clinical practices in LUAD.

Conclusions

In summary, we comprehensively analyzed expression levels, 
clinicopathological features, prognosis, genomic alterations, 
DNA methylation, functional states, related genes, functional 
enrichment, and drug sensitivity of TFDP1 in LUAD patients. 
Our results unveiled that TFDP1 was obviously upregulated 
in most human cancers and related to various diseases, includ-
ing LUAD. TFDP1 was markedly related to individual cancer 
stages, and high TFDP1 expression in LUAD might imply a 
shorter prognostic value. Moreover, TFDP1 alterations re-
sulted in poor OS and DFS, and LUAD patients with hyper-
methylation might have a good prognosis. Genomic alterations 
and DNA methylation of TFDP1 might impact the prognosis 
of LUAD patients. TFDP1 and its coexpressed genes might af-
fect the LUAD development and progression by the combined 
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action on the cell cycle process. TFDP1 mainly participated in 
multiple signaling pathways of cell proliferation, such as the 
cell cycle, DNA replication, and spliceosome. Then, we found 
that TFDP1 was strongly positively related to the IC50 values 
of several drugs. Our findings showed that TFDP1 might be 
a potential prognostic biomarker for LUAD and provide the 
base for potential targeted agents in LUAD patients.

Supplementary Material

Suppl 1. The scores of the TFDP1-drug pairs in the GDSC 
database.
Suppl 2. The scores of the TFDP1-drug pairs in the CTRP da-
tabase.
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