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Background: Endometrial cancer (EC) is a common malignancy of the female reproductive 
system worldwide. Increasing evidence has suggested that many transcription factors are 
aberrantly expressed in various cancers. This study aimed to develop a transcription factor- 
based prognostic signature for EC.
Methods: Gene expression data and clinical data of EC patients were downloaded from The 
Cancer Genome Atlas (TCGA) database. Univariate Cox regression and Multivariate Cox 
regression analysis was used to construct a prognostic signature. Then, the efficacy of the 
prognostic signature was validated in a training cohort, testing cohort and then the entire 
cohort. Correlations between clinical features and the model were also analyzed, and 
a nomogram based on the multivariate Cox analysis was developed. Furthermore, we verified 
the effect of a key transcription factor, E2F1, on biological functions of EC in vitro.
Results: We developed a nine-transcription factor (MSX1, HOXB9, E2F1, DLX4, BNC2, 
DLX2, PDX1, POU3F2, and FOXP3) prognostic signature. Compared with those in the low- 
risk group, patients in the high-risk group had worse clinical outcomes. The area under the 
curve (AUC) of this prognostic signature for 5-year survival was 0.806 in the training cohort, 
0.710 in the testing cohort and 0.761 in the entire cohort. Gene set enrichment analysis 
(GSEA) revealed a correlation between the prognostic signature and various cancer signaling 
pathways, and a hub transcription factor regulatory network was constructed. The prognostic 
signature was confirmed to have independent predictive value. Finally, a nomogram based on 
the prognostic signature and clinical independent prognostic factors was also established and 
performed well according to the calibration curves. Further, knockdown of E2F1 inhibited 
invasion and metastasis of EC cells.
Conclusion: Our study developed and validated a transcription factor-based prognostic 
signature that accurately predicts prognosis of EC patients. Moreover, E2F1 may represent 
a potential target for the treatment of EC.
Keywords: endometrial cancer, transcription factor, prognostic signature, risk score, 
nomogram

Introduction
Endometrial cancer (EC) is a common tumor of the female reproductive system. 
Global statistics show that there were 382,069 new cases of EC and 89,929 EC- 
related deaths worldwide in 2018.1 The most recent American Cancer Society 
estimates indicate that 65,620 new cases and 12,590 deaths due to EC will occur 
in 2020.2 During the past 20 years, with diet and lifestyle changes, the incidence of 
EC has been rising each year and has continued to increase in younger adults. 
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Typically, endometrial carcinoma is classified into two 
types based on the clinical and pathological characteristics. 
Type I EC is often considered estrogen-dependent and 
accounts for approximately 80–90% of all ECs. Type II 
EC is estrogen-independent and accounts for approxi-
mately 10–20%. Approximately 70–80% of EC patients 
are diagnosed at an early stage. Surgery, chemoradiother-
apy and adjuvant progesterone therapy can substantially 
improve the quality of life of EC patients, and these 
therapies can also significantly prolong their survival 
time. However, effective remedies for patients with 
advanced disease, recurrence and metastasis are limited, 
and effective prognostic evaluation methods are lacking, 
which leads to death from tumor recurrence and 
metastasis.3 Research findings indicate that the 5-year 
overall survival ranges from 75% to 86%, that the tumor 
relapse rate of EC patients is 14.5%, and that the cancer- 
related mortality rate of EC patients is 15.9%.4,5 In con-
trast, the 5-year overall survival rate is only 40% to 50% 
for stage IIIC patients, while for stage IV patients, the 
overall survival rate is below 20%.6 Hence, mining and 
identifying new prognostic indicators and potential thera-
peutic targets are warranted to improve the survival of EC 
patients.

Transcription factors are proteins that can bind to RNA 
polymerase II and form a transcription initiation complex, 
which participates in transcription initiation. Currently, 
more than 1600 transcription factors have been confirmed 
in the human genome.7 Studies have shown that many 
transcription factors are also closely related to tumor pro-
liferation, invasion and metastasis as well as patient 
prognosis.8 Many transcription factors have been found 
to be overactivated in EC, where they contribute to EC 
growth through multiple signal transduction pathways.9–12 

Previous studies have reported that the number of onco-
genic signaling proteins that are altered in cancer outnum-
ber oncogenic transcription factors, which indicates that 
transcription factors are promising therapeutic targets in 
tumors.13 Although it is known that transcription factors 
participate in tumor occurrence and progression, the poten-
tial mechanism of transcription factors in endometrial car-
cinoma has not been fully explored.

Recently, a series of diagnostic and prognostic biomar-
kers for tumors were identified based on gene chip and 
sequencing technology and public tumor databases, such as 
The Cancer Genome Atlas (TCGA) (including 7 different 
levels of gene data of 33 tumors from 11,000 patients) and 
the Gene Expression Omnibus (GEO). According to these 

databases, several prognostic signatures were identified in 
various cancer types. Studies have established an immune- 
related prognostic signature and a glycolysis-related gene 
signature in EC, which have provided the basis for predict-
ing prognostic risk in EC patients.14,15 Another study iden-
tified several transcription factors related to the prognosis of 
EC patients.16 Nevertheless, a prognostic signature based on 
transcription factors to systematically and accurately evalu-
ate EC prognosis is lacking. A comprehensive analysis was 
performed to investigate transcription factor-related prog-
nostic makers of EC to expand current knowledge of the 
role of transcription factors as important gene expression 
regulatory proteins in tumorigenesis and development.

Compared with the GEO database, the TCGA database 
contains more complete clinical information on EC patients, 
which is conducive to a comprehensive analysis of potential 
prognostic factors. Therefore, we downloaded RNA- 
sequencing data and clinicopathological features data of 
EC patients in the TCGA database. Based on integrated 
bioinformatics methods, we screened nine transcription fac-
tors that were significantly associated with EC prognosis and 
analyzed their potential functions and mechanisms. 
Eventually, we established a prognostic nomogram that inte-
grates a transcription factor-related signature and several 
clinical features to predict overall survival in individual EC 
patients; this nomogram also provides some potential ther-
apeutic targets for EC treatment.

Materials and Methods
Data Download and Preparation
The mRNA expression profiles and clinical information of 
552 ECs were extracted from the TCGA (https://portal. 
gdc.cancer.gov/; https://gdc.xenahubs.net). The profiles of 
35 normal samples were also downloaded. Patients with 
available mRNA expression profiles, clinical data and 
survival information were included in subsequent ana-
lyses. The clinical information included age, histological 
type, tumor stage, grade, lymph node metastases (LNM), 
peritoneal cytology, survival time and survival status. In 
all, 1639 transcription factors7 were included in this study.

Screening of Differentially Expressed 
Transcription Factors
We extracted transcription factor expression data from the 
mRNA expression profiles. Then, the transcription factors 
that were differentially expressed between EC and normal 
samples were screened out using the limma R package and 
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Wilcox test, with a false discovery rate (FDR) < 0.05 and 
a log2-fold change (logFC)>2 as the cut-off values. Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analyses were per-
formed to analyze the enriched signaling pathways of 
differentially expressed transcription factors using cluster 
Profiler R package,17 and adjusted P values<0.05 were 
considered to indicate significant statistical significance. 
R ×64 3.6.3 software was used for data analysis.

Construction of the Transcription 
Factor-Related Prognostic Signature
The “survival” R package was used to preliminarily screen 
transcription factors closely related to the prognosis of EC 
using univariate Cox regression analysis. Only transcription 
factors with P<0.01 were selected for subsequent analysis.

To further screen independent prognostic genes, the 
entire cohort, which included 542 EC patients with com-
plete survival time and status data, was randomly divided 
into a training cohort (n = 272) and a testing cohort (n = 
270). Next, a multivariate Cox regression analysis was 
performed to build a prognostic signature and 
a prognostic index formula based on the training cohort. 
The formula was applied to calculate each patient’s risk 
score, as follows:18

Riskscore ¼ ∑ ni ¼ ∑ Coefi � Expxið Þ

In the formula, Coefi represents the coefficient of each 
transcription factor in the prognostic signature, and Expxi 

represents the expression level of each gene in the prog-
nostic model.

Validation of the Efficacy of the 
Prognostic Signature
Patients in the training cohort, testing cohort and entire 
cohort were further subdivided into high-risk and low-risk 
groups based on the median risk score of the prognostic 
signature. Then, Kaplan-Meier survival analysis and time- 
dependent receiver operating characteristic (ROC) curves 
were used to verify the efficacy of the prognostic signature 
for predicting the prognosis of patients in the training 
cohort, testing cohort and entire cohort using the “survi-
val”, “survminer” and “survival ROC” R packages. An 
area under the curve (AUC) > 0.60 was considered 
acceptable.

We explored the correlation between this prognostic 
signature and clinicopathological features including 

tumor grade, stage, and peritoneal cytology of EC patients 
using the “beeswarm” R package. Patients with different 
ages, grades, stages and peritoneal cytology were subdi-
vided into high-risk and low-risk groups, after which we 
compared the survival differences between the two groups 
to determine whether the prognostic model had an inde-
pendent predictive effect.

Construction and Assessment of 
a Nomogram Based on the Prognostic 
Signature
To further explore whether this prognostic signature has 
independent prognostic value, we performed univariate 
and multivariate Cox analyses. Multiple clinicopatholo-
gical indicators closely related to EC were included in 
the analysis, including age, histological type, tumor 
stage, grade, LNM, peritoneal cytology and the tran-
scription factor-related prognostic signature risk score. 
Then, a nomogram19 was constructed by integrating the 
prognostic signature and clinicopathological features to 
quantify risk evaluation and predict clinical outcomes of 
EC patients. The nomogram was constructed by apply-
ing the “regplot” R package, and the calibration curve 
was used to assess the accuracy of the prognostic sig-
nature for predicting the 1-, 3-, and 5-year overall sur-
vival of EC patients.

Gene Set Enrichment Analysis (GSEA)
To further analyze the molecular signaling pathways regu-
lated by genes in the prognostic signature, we used GSEA 
enrichment analysis20 to explore significantly enriched 
signaling pathways in the high-risk and low-risk groups. 
The normalized enrichment score (NES) and FDR q value 
were used to evaluate the enrichment effect of the gene set, 
and an FDR q< 0.05 was considered statistically 
significant.

Construction of a Transcription Factor 
Regulatory Network
The regulation of transcription levels is important in gene 
regulation. To further study potential regulatory genes and 
mechanisms of the nine transcription factors in the prog-
nostic model, we constructed a transcription factor regula-
tory network. First, a series of target genes of these 
transcription factors was predicted using Harmonizome 
(http://amp.pharm.mssm.edu/Harmonizome/). Then, target 
genes of the nine transcription factors and the 
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differentially expressed genes (DEGs) between EC and 
normal tissues were intersected to obtain the intersecting 
genes. The regulatory network of these transcription fac-
tors and related target genes was constructed and visua-
lized using Cytoscape 3.6.0 software.21

Comparison of Variables in the 
Prognostic Signature with 
Clinicopathological Features
We also explored the relationships among variables in the 
prognostic signature with clinical characteristics (histolo-
gical type, tumor stage, grade, LNM, peritoneal cytology, 
survival status) of EC patients using the Wilcoxon test in 
the entire cohort. P<0.05 was considered statistically 
significant.

In vitro Validation
The protein expression data of E2F1 was validated from 
the Human Protein Atlas (HPA) database (http://www.pro 
teinatlas.org/).EC cell lines, including Ishikawa, HEC-1A, 
HEC-1B and AN3CA, were obtained from the Department 
of Gynecology Laboratory of People’s Hospital of Peking 
University. All the cell lines used in this study had been 
approval by the ethics committee of Peking University 
People’s Hospital. Cell lines were cultured in 90% 
DMEM-F-12 or McCoy’s 5A medium and 10% FBS at 
37°C in a 5% CO2 incubator.

E2F1 siRNAs were designed and synthesized by 
HanBio (Shanghai, China). E2F1 siRNAs were transfected 
into cells according to the manufacturer’s instructions. 
Total protein and RNA were harvested 48 hours after 
transfection for further analysis. RT-PCR and Western 
blot were conducted according to a previously described 
method.22,23 The cell proliferation activity was tested by 
a Cell Counting Kit CCK-8 (Dojindo, Japan) assay at 450 
nm in a microplate reader.

To further examine the effect of E2F1 on invasion and 
migration in endometrial carcinoma, we performed wound 
healing, cell invasion and migration assays. The wound 
healing experiment was performed using the scratch plug- 
in method. The scratch wound closure experiment was per-
formed using 2-hole plug-ins (IBIDI, 80209) with a fixed 
scratch 500 μm wide. Suspensions were prepared with cells 
at a density of 3*105/mL, and a 70 µL cell suspension was 
seeded into each plug-in. When the degree of fusion of the 
cells reached 85%, the plug-ins were removed. Cells were 
washed with PBS and cultured in 98% DMEM-F-12 

medium+2% FBS. The width of the scratch was observed 
and imaged under a microscope (0–36 hours). Transwell 
membranes were coated with 50 mg/l Matrigel (1:8 dilution) 
(BD) for 5 hours for invasion assays and without Matrigel 
for migration assays. The 200 μL serum-free medium con-
taining 20,000 cells was added to the upper chambers, while 
500 μL medium containing 10% FBS was added to the 
lower chambers. A cotton swab was then used to gently 
wipe cells off the upper layer after 48 hours. Finally, the 
cells were stained with 1% crystal violet, and images were 
statistically analyzed using ImageJ software.

Results
Screening of Differentially Expressed 
Transcription Factors in EC Patients
The work diagram of the analysis design is illustrated in Figure 
1. We downloaded mRNA expression profiling data and clin-
ical features including those from 552 cases of endometrial 
carcinoma and 35 normal tissue samples from the TCGA 
database. We extracted 1639 transcription factor expression 
profiles from the TCGA and screened differentially expressed 
transcription factors using the limma R package (FDR < 0.05, 
logFC > 2). The results revealed 119 upregulated and 78 
downregulated transcription factors in EC tissues, as shown 
in Figure 2.

To further investigate the biological function and 
mechanism of these differentially expressed transcription 
factors, GO and KEGG enrichment analyses were conducted. 
GO enrichment analysis includes three parts: cellular com-
ponent (CC), molecular function (MF) and biological process 
(BP). The results indicated that differentially expressed tran-
scription factors were enriched in pattern specification and 
regionalization (BP), transcription factor complex and 
nuclear transcription factor complex (CC), and DNA- 
binding transcription activator activity, DNA-binding tran-
scription repressor activity and enhancer binding (MF) 
(Figure 3A). KEGG enrichment analysis demonstrated that 
differentially expressed transcription factors primarily parti-
cipated in transcription dysregulation in cancer, signaling 
pathways regulating pluripotency of stem cells, pathways in 
cancer and microRNAs in cancer (Figure 3B).

Constructing a Transcription 
Factor-Related Prognostic Signature
To investigate the effect of these differentially expressed 
transcription factors on prognosis, a univariate Cox 
regression analysis was first performed to screen for 
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Figure 1 The flow chart for analyzing transcription factors in endometrial cancer.
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transcription factors that are closely associated with the 
overall survival of EC patients. Finally, 29 transcription 
factors were obtained for further study (P<0.01) (Table 
1). A hazard ratio (HR) >1 indicates that exposure is 
a risk factor, and HR<1 indicates that exposure is 
a protective factor.

Subsequently, the 29 transcription factors were ana-
lyzed by multivariate Cox regression to screen for inde-
pendent prognostic factors of EC in the training cohort. 
Nine transcription factors were ultimately identified to 
establish the prognostic signature (Figure 4A). The multi-

variate regression coefficients of each gene in the signature 
are shown in Figure 4B. The risk score formula for each 
patient was calculated as follows:

Risks core ¼ � 0:0621 � ExpDLX 2ð Þ

þ � 0:2395 � ExpFOXP3ð Þ

þ 0:1016 � ExpPOU3F2ð Þ

þ 0:2536 � ExpPDX 1ð Þ þ 0:3276 � ExpBNC2ð Þ

þ 0:2091 � ExpDLX4ð Þ þ 0:0158 � ExpE2F1ð Þ

þ 0:0071 � ExpHOXB9ð Þ

þ � 0:0021 � ExpMSX 1ð Þ

A

B

Figure 2 Identification of differently expressed transcription factor in endometrial cancer patients. (A) Differentially expressed transcription factors was showed in the 
heatmap. (B) Volcano plot of up-regulated and down-regulated differentially expressed transcription factors. Red dots represent highly expressed transcription factors, green 
dots represent low expressed transcription factors, and black dots represent no significant difference.
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Validation of the Effectiveness of the 
Transcription Factor-Related Prognostic 
Signature
Patients were divided into high-risk and low-risk groups 
according to the median risk score in the training cohort. 
Kaplan-Meier survival and ROC curve analyses were per-
formed to estimate the efficacy of the risk model for 
predicting the survival of EC patients. The results showed 
that the transcription factor-related prognostic signature 
was significantly associated with patient prognosis and 
that the prognosis of patients in the high-risk group was 
worse than that of patients in the low-risk group 

(Figure 4C). To verify the prediction accuracy of the 
prognostic model, the risk scores for each patient were 
also calculated in the testing cohort and the entire cohort. 
Then, patients in both the testing cohort and the entire 
cohort were divided into high-risk and low-risk groups 
according to the median risk score of the training cohort. 
The prognosis of patients in the high-risk group was con-
sistently worse than that of patients in the low-risk group 
for both the testing cohort and the entire cohort (Figure 4D 
and E).

The ROC analysis showed that the AUC values of the 
prognostic signature were 0.806, 0.784, and 0.806 for the 1-, 
3- and 5-year overall survival, respectively, in the training 

A

B

Figure 3 GO and KEGG pathway functional enrichment analysis of differently expressed transcription factors. (A) The GO terms enriched in BP, CC and MF. X-axis 
represents gene ratio. Different color represents p. adjust. (B) KEGG enrichment analysis. X-axis represents fold enrichment, and different color represents -log10 (FDR).
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cohort (Figure 4F). In the testing cohort, the AUC values 
were 0.710, 0.684, and 0.720 at the 1-, 3- and 5-year time 
points, respectively (Figure 4G). In the testing cohort, the 
AUC values were 0.761, 0.734, and 0.769 at the 1-, 3- and 
5-year time points, respectively (Figure 4H). The risk curve, 
survival status and expression of genes in the prognostic 
model were also displayed according to the high- and low- 
risk groups in the training and testing cohorts (Figure 5A–F). 
The expression of risk genes in the prognostic model was 
shown according to different risk levels, survival status and 
clinicopathological characteristics in the entire cohort 
(Figure 5G). In addition, higher stage, higher grade, LNM 
positivity, peritoneal cytology positivity, and tumor and mor-
tality status were all significantly related to a higher risk score 
(P<0.001) (Figure 6). Our results demonstrated that the tran-
scription factor-related prognostic signature had good clin-
ical ability to predict the survival of EC patients.

Constructing a Regulatory Network of 
Transcription Factors
To further examine tumor-related signaling pathways regu-
lated by genes in the prognostic signature, GSEA analysis 
was applied to analyze the enriched signaling pathways of 
DEGs in the high-risk group. Compared with the low-risk 
groups, many tumor-related signaling pathways were 
enriched in the high-risk groups (eg, basal transcription 
factors, cell cycle, DNA replication, EC, GAP function, 
tight junction and ERBB signaling pathway) (Figure 7A).

We next constructed a nine-transcription factor regula-
tory network to study the potential molecular regulatory 
mechanisms of these transcription factors in EC. First, 
target genes of the nine transcription factors were pre-
dicted using the Harmonizome database. Subsequently, 
we screened DEGs between tumor and normal tissues (| 
log FC|>1 and FDR<0.05). Predicted target genes were 
intersected with DEGs, and 96 intersecting genes were 
obtained, 45 of which were downregulated and 51 of 
which were upregulated. The nine-transcription factor reg-
ulatory network was constructed as shown in Figure 7B 
and included nine transcription factors and 96 targeted 
genes.

Independent Prognostic Analysis and 
Construction of a Nomogram
To investigate whether the transcription factor-related 
prognostic signature is an independent prognostic factor, 
we performed univariate and multivariate Cox regres-
sion analyses in the entire cohort. The univariate analy-
sis revealed that age, grade, stage, peritoneal cytology, 
LNM, histological type and risk score were important 
prognostic factors in EC patients in the whole cohort 
(P<0.01) (Figure 8A). Moreover, a multivariate Cox 
analysis demonstrated that the risk score was an inde-
pendent factor for the prognosis of EC patients 
(P<0.001). In addition, age, stage, grade and peritoneal 
cytology were demonstrated to be independent prognos-
tic factors in EC patients (Figure 8B). The ROC curve 
analyses showed that the AUC values of the risk score 
were better than those for age, stage, grade and perito-
neal cytology for the 1-, 3- and 5-year survival 
(Figure 8C–E).

To verify whether this prognostic signature has prog-
nostic value independent of age, stage, grade and peri-
toneal cytology, we further grouped the age, stage, grade 
and peritoneal cytology of the patients. According to 

Table 1 Univariate Cox Regression Analysis Identifying 
Prognostic Differentially Expressed Transcription Factors

Id HR HR.95L HR.95H p value

DMBX1 1.110118 1.036435 1.189039 0.002871

MSX1 0.997576 0.996428 0.998724 3.57E-05

NR2F1 1.018173 1.004468 1.032065 0.009195
RFX4 1.816911 1.26336 2.613004 0.001278

HOXB9 1.007115 1.002915 1.011333 0.000884

HIC1 0.673743 0.510594 0.889021 0.005247
CBX2 1.044383 1.014047 1.075626 0.003883

ONECUT2 1.259227 1.076368 1.47315 0.003986
E2F1 1.021112 1.008526 1.033855 0.000961

DLX4 1.161033 1.096438 1.229433 3.18E-07

OTX1 1.194777 1.069264 1.335022 0.001675
DLX1 1.035402 1.01144 1.059933 0.00359

DACH2 4.415837 2.014069 9.681704 0.000209

INSM1 1.04031 1.022966 1.057948 4.08E-06
OVOL1 1.078287 1.019915 1.139999 0.007944

BNC2 1.135963 1.049983 1.228983 0.001501

FOXE1 1.212652 1.060283 1.386918 0.004887
SPDEF 0.994346 0.991018 0.997686 0.000919

PDX1 1.330239 1.111828 1.591556 0.001818

SIX1 1.05904 1.031944 1.086848 1.44E-05
ZNF695 1.2344 1.079367 1.411701 0.002103

DLX3 1.051958 1.024209 1.080458 0.000204

POU3F2 1.137566 1.070941 1.208334 2.84E-05
NR3C1 1.173586 1.065215 1.292982 0.001204

FOXP3 0.745761 0.61475 0.904691 0.002919

OLIG1 1.385501 1.160081 1.654724 0.00032
CENPA 1.077404 1.031008 1.125888 0.000901

DLX2 1.020165 1.0064 1.034119 0.003973

GBX2 1.52679 1.156495 2.015649 0.002828
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age, patients were divided into groups of patients ≤ 55 
years of age and > 55 years of age. Patients in each 
group were further classified into high-risk and low-risk 
groups based on the prognostic signature. The results 
indicated that the survival time of low-risk patients was 
significantly longer than that of high-risk patients both 
in the ≤ 55 years of age and the > 55 years of age 
groups (P<0.01) (Figure 9A and B). EC patients were 
also divided into two groups, the early-stage (stage I) 

and advanced-stage (stage II~IV) groups, based on 
pathologic stage. The Patients were then divided into 
low-grade (grade 1 or 2) and high-grade (grade 3) 
groups according to histologic grade. Similarly, patients 
in the different groups were subdivided into high-risk 
and low-risk groups based on the median risk score of 
the prognostic model. The results demonstrated that 
patients in the low-risk group had a longer survival 
than those in the high-risk group in the early-stage, late- 

A B

C D E

F G H

Figure 4 Multivariate Cox regression to identify independent prognostic transcription factors of EC in the training cohort, and Kaplan-Meier survival and ROC curve were 
performed to validate the efficacy of the prognostic signature for predicting the survival of patients. (A) Multivariate Cox analysis. (B) The multivariate regression 
coefficients of each gene. (C–E) Kaplan-Meier survival for EC patients of high-risk and low-risk group in the training cohort, testing cohort and the entire cohort 
respectively. (F–H) ROC curves based on the prognostic signature in the training cohort, testing cohort and the entire cohort respectively.
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stage, low-grade and high-grade groups (P<0.01) 
(Figure 9C–F). Furthermore, the overall survival time 
of patients in the high-risk group was significantly 
shorter than that of patients in the low-risk group in 
both the peritoneal cytology-negative group and the 
peritoneal cytology-positive group (Figure 9G and H). 
These results suggested that the transcription factor- 

related prognostic signature has independent predictive 
ability.

Nomograms have great value in clinical practice 
because they can be used to calculate the survival rate 
of patients with specific tumors. Thus, we established 
a nomogram to evaluate the 3-year and 5-year survival 
of EC patients by integrating clinical independent 

A

B

C

D

E

F

G

Figure 5 Risk score analysis of nine- transcription factors prognostic signature. (A–C) Risk curve, survival status and prognosis model gene expression were displayed 
according to high and low risk groups in the training cohort. (D–F) Risk curve, survival status and prognosis model gene expression were displayed according to high and 
low risk groups in the testing cohorts. (G) The heatmap displayed risk gene expression in the prognostic model according to different risk, survival status and 
clinicopathological characteristics in the entire cohort.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2021:14 2588

Yang et al                                                                                                                                                             Dovepress

http://www.dovepress.com
http://www.dovepress.com


prognostic factors (age, stage, grade and peritoneal 
cytology) and the prognostic signature screened by the 
multivariate Cox analysis. Total points were calculated 
based on the points of all variables in the nomogram. 
The 3- and 5-year survival rates of each EC patient can 
be predicted by drawing a vertical line from the total 
points to the survival prediction axis (Figure 10A). This 

is convenient for clinicians to evaluate patient survival. 
In addition, the results of the calibration curve analysis 
demonstrated that the predicted overall survival risk of 
patients was close to the actual survival (45 degree line) 
in the training, testing and entire cohorts at 1, 3 and 5 
years, which indicates that the nomogram demonstrated 
good prediction ability (Figure 10B–D).

A

C D

E F

B

Figure 6 Association between the prognostic signature and clinicopathological features. (A) Stage. (B) grade. (C) LNM. (D) Peritoneal cytology. (E) Tumor status. (F) Status of dead.
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Comparison of Variables in the 
Prognostic Signature with 
Clinicopathological Features
To further explore the relationship between the nine risk 
transcription factors and EC, we analyzed the relevance 
between the nine transcription factors and six clinico-
pathological factors (stage, grade, LNM, peritoneal cytol-
ogy, tumor state and survival status). The results showed 
that high DLX2 expression was apparently correlated with 

higher grade (P<0.05) (Supplementary Figure S1A). 
Compared with patients who were alive, HOXB9 was 
markedly increased in patients who had died (P<0.05) 
(Supplementary Figure S1B). Compared with patients 
who were tumor-free or alive, FOXP3 expression was 
downregulated in patients with tumors or in those who 
had died (P<0.05) (Supplementary Figure S1C, D). 
BNC2 expression showed a significant correlation with 
four clinical factors (stage, grade, LNM, peritoneal 

A

B

Figure 7 GSEA analysis and constructing a transcription factor regulatory network. (A) GSEA analyze the enrichment pathways in high-risk. (B) Constructed a nine- 
transcription factor regulatory network. Blue nodes represent transcription factors, up-regulated genes were represented with red nodes, and down regulated genes were 
represent with green nodes. The size of a gene node represents the number of transcription factors associated with it. The larger the circle, the more transcription factors 
are connected to the gene.
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cytology) (P<0.05) (Supplementary Figure S1E–H). 
Notably, E2F1, MSX1 and DLX4 expression was asso-
ciated with all six clinicopathological factors (P<0.05) 
(Supplementary Figure S1I–N and Supplementary Figure 
S2A–L), which indicates that DLX4, MSX1 and E2F1 
promote the occurrence and development of EC. One 
study reported that DLX4 overexpression promotes the 
proliferation and migration of EC cells.24 MSX1 inhibits 
the cell cycle of EC cells, while expression of MSX1 
improves patient survival.25 E2F1 has been reported to 
be a potential target in many cancers including ovarian 
cancer,26 lung cancer,27 and breast cancer.28 However, the 
function of E2F1 in EC is still unknown. Therefore, we 
examined the influence of E2F1 on the biological behavior 
of EC cell lines.

Knockdown of E2F1 Inhibits the 
Invasiveness and Metastasis of EC Cells
We first verified E2F1 expression in normal and EC tissues 
using immunohistochemistry data downloaded from the 
HPA database. We found that compared with normal tis-
sues, E2F1 was significantly increased in EC (Figure 11A). 
Next, we compared E2F1 expression in four endometrial 
carcinoma cell lines and found that protein expression of 
E2F1 was highest in the Ishikawa cell line (Figure 11B). To 
study the direct effect of E2F1 on EC cells, we used 
siRNA-E2F1 to knock down E2F1 in Ishikawa cells. RT- 
PCR was performed to confirm E2F1 silencing by compar-
ison with the corresponding negative control (NC) (Figure 
11C). Since si-3 E2F1 exhibited the highest knockdown 
efficiency at the mRNA level, we selected si-3 E2F1 for 

A B

C D E

Figure 8 Univariate and multivariate Cox regression analyses of overall survival in EC patients. (A) Univariate analysis. (B) Multivariate analysis. (C–E) The ROC curve 
analyses of the prognostic variables in the entire cohort at at 1-, 3- and 5-year time points, respectively.
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A B

C D

E F

G H

Figure 9 Kaplan-Meier survival by risk groups for patients in the entire cohort and subgroups according to patients’ age, stage, grade and peritoneal cytology. (A) Age≤55. 
(B) Age>55. (C) Grade I–II. (D) Grade III. (E) Stage I. (F) Stage II~IV. (G) Peritoneal cytology: negative. (H) Peritoneal cytology: positive.
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A

B C

D

Figure 10 A nomogram was built to prognosis 3-, 5-year overall survival of EC patients by integrating clinical independent prognostic factors. (A) Nomogram for 
prognosing the 3-year and 5-year overall survival in EC patients. (B–D) Calibration curve for the prediction of 1-year, 3-year and 5-year survival in EC patients.
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subsequent experiments. CCK-8 revealed no obvious effect 
on EC cell proliferation in response to E2F1 knockdown 
(Figure 11D). Wound healing and Transwell assays were 
also performed to investigate the effect of E2F1 on the 
invasiveness and migration of EC cells. The results revealed 
that E2F1 knockdown significantly inhibited the invasive-
ness and migration of EC cells in vitro (Figure 11E–H). 

These results demonstrated that E2F1 participates in the 
regulation of EC progression.

Discussion
Patients with early-stage EC have a good prognosis 
because of surgery and other comprehensive treatments. 
However, when endometrial carcinoma progresses to an 

E2F1

β-actin 42KD

70KD

A

B

E 0h 12h 24h 36h

NC

siE2F1

siE2F1NC

Migration

Invasion

G

E2F1
Patient id: 2242
Endometrial stroma 
Staining: Low
Intensity: Moderate
Quantity: <25%
Glandular cells
Staining: Low
Intensity: Moderate
Quantity: <25%

E2F1
Patient id: 2118
Tumor cells 
Staining: Medium
Intensity: Moderate
Quantity: >75%

D

F

H

C

Figure 11 Knockdown of E2F1 inhibits invasion and metastasis of EC cells. (A) The expression of E2F1 in normal tissues and endometrial cancer tissues from HPA database. 
(B) The expression of E2F1 in four endometrial carcinoma cell lines. (C) RT-PCR was conducted to confirm E2F1 silencing by comparison to the corresponding negative 
control (NC). (D) CCK-8 showed that there was no obvious effect on EC cell proliferation in response to knockdown of E2F1. (E and F) Wound healing was conducted. 
(G and H) Transwell assays were also performed to detect the invasion and migration of EC.*P < 0.05, **P < 0.01.
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advanced stage or metastasizes, its prognosis becomes 
very poor. Many previous studies have shown that the 
poor prognosis of EC patients is related to high-grade 
histologic subtypes and late-stage pathology.29 In recent 
years, studies have found that survival prognosis is differ-
ent in patients at the same stage, which is closely asso-
ciated with the heterogeneity of malignant tumors. 
Extensive research on specific molecular markers has 
filled a deficiency in that the biological behavior and 
prognosis of tumors are not entirely explained by patholo-
gical characteristics alone. However, due to individual 
differences among patients, no accurate method has been 
established for judging the prognosis of patients in clinical 
practice. Therefore, it is urgent to find more valuable 
prognostic makers to provide a precise measurement of 
the prognosis of EC patients. Limited numbers of tran-
scription factors have been revealed to be hyperactivated 
in a variety of tumors, and they have been considered 
appropriate therapeutic targets in tumors.8 Recently, 
many transcription factors were reported to have important 
relationships with the prognosis of colon carcinoma and 
breast cancer.30–32 However, research on the prognosis and 
mechanisms of transcription factors in endometrial carci-
noma is still limited. Although several prognostic signa-
tures have been reported to predict the clinical outcome of 
EC patients, few studies have focused on transcription 
factor-related prognostic signatures that predict survival 
outcome in EC. In this study, we first identified nine 
transcription factors as independent prognostic factors in 
endometrial carcinoma using public databases, and on the 
basis of these transcription factors, we constructed 
a reliable prognostic model to predict the prognosis of 
EC to aid in accurate clinical decision-making. In addition, 
we verified the effect of key prognostic transcription fac-
tors on the biological functions of EC in vitro, which has 
provided a basis for the exploration of novel potential 
therapeutic targets in EC.

In this study, we identified 197 differentially expressed 
transcription factors between EC and normal tissues based 
on the TCGA database. Functional pathway analysis 
revealed that differentially expressed transcription factors 
were primarily enriched in pattern specification and regio-
nalization, transcription factor complex, nuclear transcrip-
tion factor complex, DNA-binding transcription activator 
activity, DNA-binding transcription repressor activity, 
enhancer binding, transcriptional dysregulation in cancer 
and signaling pathways regulating pluripotency of stem 
cells. Previous studies have reported that transcription 

factors acting as tumor suppressor or tumor promoting 
factors regulate gene expression by binding DNA, through 
which they play an essential role in tumorigenesis and the 
development of various tumors.33,34

Subsequently, using a univariate Cox regression analy-
sis, 29 transcription factors were found to be associated 
with the overall survival of EC patients. Since other public 
databases, such as the GEO database, lack information 
about the prognosis of EC patients, we randomly divided 
the entire cohort of TCGA patients into training and test-
ing cohorts. Then, using a multivariate Cox regression 
analysis, we constructed a transcription factor-related 
prognostic signature based on the training cohort and 
validated the predictive effect in the testing cohort and 
the entire cohort. Overall, nine transcription factors 
(MSX1, HOXB9, E2F1, DLX4, BNC2, DLX2, PDX1, 
POU3F2, and FOXP3) were included in the prognostic 
signature.

The important roles of these transcription factors in 
various cancers have been previously reported. MSX1 
belongs to the homeobox family, has been reported to 
regulate the proliferation and migration of cancer cells and 
has been proposed to be a biomarker of the early diagnosis 
of breast cancer.35,36 HOXB9, an HOX family transcription 
factor, has been reported to be an unfavorable factor for 
endometrial carcinoma,11 which is consistent with the 
results of our study. Elevated HOXB9 expression promotes 
tumor growth and migration through multiple signaling 
pathways.37 Some studies have indicated that E2F1 may 
represent a novel prognostic marker and therapeutic target 
in cancer.27,38 A previous study reported that increased 
DLX4 expression is relevant to poor prognosis of hepato-
cellular carcinoma.39 BNC2 was also shown to be asso-
ciated with the survival of glioblastoma patients.40 DLX2 
plays an indispensable role in tumor progression by regulat-
ing epithelial to mesenchymal transition (EMT). Yu et al41 

confirmed that targeted inhibition of PDX1 expression sig-
nificantly inhibits the growth of pancreatic ductal adenocar-
cinoma (PDAC) and prolongs survival time in PDAC mice. 
High POU3F2 expression may contribute to the enhanced 
invasiveness and metastasis of cancer cells.42 FOXP3 dele-
tion promotes the occurrence of prostate cancer by promot-
ing c-MYC expression.43 Thus, the transcription factors 
identified in our study may represent effective approaches 
for targeted therapy in endometrial carcinoma.

Furthermore, we conducted Kaplan-Meier survival and 
ROC curve analyses to confirm the validity of the prog-
nostic signature in the training cohort, testing cohort and 
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the entire cohort. Compared with the low-risk group, 
patients in the high-risk group exhibited significantly 
worse outcomes. ROC curve results also suggested that 
the signature displayed good predictability for the 1-, 3- 
and 5-year survival in all three cohorts. Moreover, we 
found that the prognostic model was closely associated 
with clinicopathological features (tumor stage, grade, 
LNM, peritoneal cytology, tumor status and survival sta-
tus). Together, these results suggest that our prognostic 
signature has good prognostic value in EC, and thus, this 
prognostic signature should be verified in additional inde-
pendent cohorts.

With further mining and exploration of the function and 
mechanism of this prognostic signature in EC, we analyzed 
the GSEA pathway enrichment analysis and constructed 
a transcription factor-related regulatory network. 
Interestingly, patients with high-risk scores were primarily 
correlated with basal transcription factors, cell cycle, DNA 
replication, EC, insulin signaling pathway, and type II dia-
betes mellitus, among others. All these pathways have been 
previously shown to be connected to the occurrence and 
progression of tumors. Among them, type II diabetes mellitus 
has been reported to increase the risk of EC.44 Some studies 
have reported that insulin directly promotes proliferation and 
migration of EC cells,45 which is consistent with our study. 
Then, we constructed a transcription factor-related regulatory 
network that includes nine transcription factors and 96 target 
genes and that provides the basis for further studies of the 
regulatory mechanism of hub transcription factors in EC.

Most importantly, univariate and multivariate Cox regres-
sion analyses clarified that the prognostic signature was an 
independent prognostic factor for patient outcomes. In addi-
tion, another four clinical features (age, grade stage, and 
peritoneal cytology) were also independent prognostic deter-
minants. The area under the curve for the ROC curve of the 
prognostic signature was greater than for other clinical fea-
tures in terms of the 1-, 3- and 5-year outcomes, which 
suggests excellent performance of this model. To investigate 
whether this prognostic signature was independent of these 
four independent clinical factors, we further classified 
patients into groups of patients ≤ 55 years of age and > 55 
years of age as well as early-stage (stage I), advanced-stage 
(stage II~IV), low-grade (grade 1~2), high-grade (grade 3), 
peritoneal cytology-negative and peritoneal cytology- 
positive groups. Our data suggest that the prognostic value 
of this model was independent of the other four independent 
clinical factors. Nomograms can be used to diagnose or 
predict the occurrence or progression of diseases. Since 

nomograms visually display the prognostic results, they 
have been widely used to predict the survival and prognosis 
of patients with tumors.46,47 Subsequently, a nomogram was 
constructed based on the transcription factor-related prog-
nostic signature and the other four independent clinical fea-
tures to help clinicians predict 3- and 5-year overall survival 
rates of individual EC patients. The calibration curve showed 
that the predicted risk was consistent with the actual risk. 
These results suggest that the predicted survival was in good 
agreement with the actual survival. Therefore, all the above 
results indicate that the prognostic signature has good pre-
dictive ability and that the nomogram provides clinicians 
with a more accurate and practical prediction tool, which is 
conducive for the personalized and accurate assessment of 
survival and prognosis in EC patients.

One transcription factor mediates multiple signal trans-
duction pathways, which provides a good basis for the 
research of targeted gene therapy for tumor metastasis.48 

Individual transcription factors also interact with each 
other. One study reported that the E2F1-HOXB9 axis is 
representative of the importance of regulating tumor 
progression.49 E2F1 and HOXB9 were found to be important 
prognostic factors in our study. To further explore the rela-
tionship between the transcription factors in the prognostic 
signature and endometrial carcinoma, we compared variables 
in the prognostic signature with clinicopathological features. 
The expression levels of E2F1, MXS1 and DLX4 were 
significantly correlated with all six clinicopathological fea-
tures (stage, grade, LNM, peritoneal cytology, tumor state 
and survival status). Therefore, these three transcription fac-
tors may be involved in the progression of EC. The roles of 
MSX1 and DLX4 in EC have been reported in other studies, 
the results of which are consistent with our findings.24,25 

E2F1 has been reported to be an oncogene involved in the 
progression of various cancers, and thus, it is associated with 
a poor prognosis.50 However, the influence of E2F1 on the 
progression of endometrial carcinoma remains unclear. 
Therefore, we further explored the molecular function of 
E2F1 in EC Ishikawa cells. Our results indicated that the 
expression of E2F1 was dramatically increased in EC tissues 
and that silencing the expression of E2F1 inhibited migration 
and invasiveness in EC. Therefore, E2F1 might represent 
a novel therapeutic target for the treatment of EC patients, 
and further investigation is needed.

As far as we know, the nine transcription factor-related 
prognostic model in EC has not been previously published, 
and it can guide clinicians in determining the prognosis of EC 
patients. Some limitations of this study should also be 
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addressed in the future. First, although the effect of the 
prognostic signature was verified in internal data in the 
TCGA, it also needs to be tested in additional independent 
large-scale clinical cohorts. Second, to better understand and 
evaluate the biological effects of this prognostic signature in 
EC, further in vitro and in vivo functional experimental 
verification is needed. Finally, more efforts are required to 
explore the actual mechanism of E2F1 in EC and to deter-
mine whether E2F1 is an effective target in EC.

Conclusions
In conclusion, this study identified and validated a novel 
nine-transcription factor-related prognostic signature in 
EC patients, which accurately predicts prognosis in these 
EC patients. In addition, we constructed a nomogram with 
high predictive accuracy by integrating the prognostic 
signature and clinical independent prognostic factors to 
predict the 3-year and 5-year survival of EC patients. 
Further, we verified the biological function of E2F1 on 
the invasiveness and metastasis of endometrial carcinoma 
cells in vitro. Briefly, our study provides potential prog-
nostic biomarkers and therapeutic targets for EC.
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