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Introduction
Esophageal carcinoma (ESCA) has been ranked the seventh position in the world cancer 

incidence rate, and the mortality rate is sixth [1]. According to histological classification, 
ESCA includes squamous cell carcinoma (ESCC), adenocarcinoma (EAC) and undifferentiated 
carcinoma. Among them, squamous cell carcinoma is the most popular type of esophageal 
carcinoma [2]. In Asia, more than 90% of esophageal carcinoma is ESCC, while EAC mostly 
occurs in European and American countries [3]. China is one of the countries with a high 
incidence of esophageal cancer, most of which are ESCC. It has been reported that ESCC ranks 
fifth in cancer incidence and fourth in mortality, in China mainland [4]. ESCA, as the main 
histopathological manifestation of malignant tumors, is a fatal malignant tumor with low 
survival rate [5]. Despite advanced diagnosis and treatment methods, most cases are diagnosed 
as advanced and have a poor prognosis due to rapid metastasis [6]. To date, several studies 
have investigated that more than 50% of patients start metastasis at an early diagnosis [3]. 
According to the stage of metastasis, malignant tumors can be divided into local metastases, 
local metastases, and distant metastases. In addition, it has been determined that the distant 
metastatic stage can cause death in approximately 50% of patients with malignancies [7]. 
In addition, the prognosis of patients with ESCA is miserable due to late diagnosis and poor 
response to treatment, and the limit of 5-year survival rate is 15% [4,8-10]. Consequently, it is 
a pressing and essential work to find biomarkers for preclinical diagnosis and hazard ranking 
of ESCA. It is possible to discover new ESCA-related biomarkers by screening gene networks 
related to tumor formation and progression. 

Abstract
TFF1, one member of the trefoil factor family (TFFs), is an antiproteinolytic peptide. Abnormal TFF1 
expression is associated with carcinogenesis. In order to investigate the expression of TFF1 in esophageal 
carcinoma and its potential gene regulatory network. We used sequencing data from the Cancer Genome 
Atlas database and Gene Expression Omnibus, analyzed TFF1 expression and gene regulation networks 
in esophageal carcinoma (ESCA). TFF1 expression profiling was analyzed using Oncomine TM, while 
TFF1 mutation and related functional networks were identified using cBioPortal. Linked Omics was used 
to identify differential gene expression with TFF1 and to analyze Gene Ontology and Kyoto Encyclopedia 
of Genes and Genomes pathways. We found that TFF1 is overexpressed in ESCA, and deletion is the most 
common TFF1 mutation type in ESCA, and TFF1 gene mutation may also significantly affect the prognosis 
of ESCA patients. Functional network analysis showed that TFF1 may play a role in ESCA by participating 
in NF-κB signaling pathway and Hippo signaling pathway. Our results demonstrate that data mining 
efficiently reveals information about TFF1 expression and potential regulatory networks in ESCA, laying 
a foundation for further study of the role of TFF1 in carcinogenesis.
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Members of the trefoil factor family (TFF) include TFF1 or 
gastric peptide (pS2), TFF2 or spasmolytic peptide (SP), and 
TFF3 or intestinal trefoil factor. Structurally, a cysteine-rich motif 
is a conserved structure for members of the TFF family. This 
motif can form a tricyclic structure through a disulfide bond, the 
so-called “three-leaf” domain. Previous studies have found that 
gastrointestinal mucosal epithelial cells express TFFs at high levels, 
and TFFs are conducive to improving the ability of mucosal cells 
to resist damage and protecting the structural integrity of mucosal 
epithelium [11]. However, the pathophysiological state of the tissue 
will also greatly affect the physiological activity of TFFs [12]. Due 
to the various expression levels of TFFs in tumors and different 
stages of tumor development, its role in tumorigenesis is still 
controversial. TFF1 was originally found in breast cancer cells [13]. 
Some studies have suggested that TFF1 is a promoter of cancer 
development [14,15], other research has found that TFF1 is a 
predictor of positive response to hormone therapy in breast cancer, 
however [16,17]. In addition, a number of researches in different 
tumor tissues, including colon, pancreatic, and ovarian cancer, have 
indicated that the survival, invasion, and metastasis of tumor cells 
may be regulated by TFF1 [18-20]. Furthermore, 

TFF1 knockout mice have a high incidence of pyloric adenoma, 
in this trend, 30% of them boosted malignant gastric cancer [21]. 

These previous results suggest that TFF1 may be a new tumor 
marker. However, the expression of TFF1 in esophageal cancer and 
its regulated gene network have not been reported. Therefore, the 
expression characteristics and mutation rate of TFF1 in ESCA were 
analyzed in this study, based on data from multiple public databases 
including The Cancer Genome Atlas (TCGA). Furthermore, TFF1-
related genomic changes and functional regulatory networks in 
ESCA have been described through a multidimensional analysis 
method. Consequently, our findings may provide novel biomarkers 
and strategies fronting early diagnosing and intervention of ESCA.

Materials and Methods

Oncomine analysis
TFF1 mRNA expression in ESCA was analyzed in Oncome 4.5 

database. Oncomine (www.oncomine.org) is currently the most 
thorough database and comprehensive data mining platform for 
tumor-related gene research, including 715 gene expression data 
sets and data from 86733 cancer and normal tissues [22]. In this 
study, differences in TFF1 transcription levels among specific tumors 
and adjoining normal tissues were acquired from the Oncomine 
database. A series of ESCA studies including Kim’s, kimchi’s and 
Hao’s were used in this study. Expression profiling of TFF1 in ESCA 
was compared with that in normal tissue. The t test was applied for 
analyzing the difference between transcription levels, and a p value 
less than 0.01 was regarded as statistically significant. The mRNA 
data was resolved using the following thresholds: 1.5 as basic fold 
difference and 10% gene alignment ratio.

GEPIA analysis
The expression of TFF1 in esophageal cancer tissues and 

normal tissues was assessed using the Gene Expression Profiling 

Interactive Analysis (GEPIA) platform. GEPIA is a web-based tool 
that enables the interactive analysis of cancer and normal gene 
expression using data from The Tumor Genome Map (TCGA) and 
Genotype Tissue Expression (GTEx) [23]. On this basis, the analysis 
of box diagram and tumor stage diagram was carried out. If the 
p value was less than 0.01, the difference between results was 
considered as statistically significant.

c-BioPortal analysis
The c-BioPortal is an open-access database that integrates 

and simplifies the contents of multiple cancer genome databases 
including TCGA, International Cancer Genome Consortium (ICGC) 
and GEO, and provides a friendly and visual interface. Here in this 
study c-BioPortal was used for resolving the characteristic of TFF1 
in ESCA samples from TCGA. The search parameters included 
mutation and mRNA expression. The oncoprint tab displays an 
overview of the genetic mutations in each sample in TFF1. And the 
network visualizes the biological interaction network of TFF1 from 
the public pathway database, using color coding and screening 
options based on the frequency of each gene genome change. 
These include neighboring genes with high frequency of change. 
Kaplan Meier chart was used to show TFF1 gene mutation and its 
correlation with OS in ESCA patients. Log-rank test was performed 
to determine the significance of the difference among survival 
curves. The p value less than 0.05 regarded with a statistical 
difference between these results.

Analysis based on linked omics database
These 32 TCGA cancer-related cubes included in this study 

were dissected using the online database Linked Omics [24]. 
The link finder module of linked omics was applied to research 
the differentially expressed genes related to TFF1 in the TCGA 
ESCA cohort. The results were statistically analyzed by Pearson 
correlation coefficient. All the results are presented graphically in 
the volcanic map, thermal map or scatter map. The link interpreter 
module of linked omics analyzes the pathways and networks of 
differentially expressed genes. The data in link finder results are 
signed and sorted in Web Gestalt [25], and go (CC, BP, MF) and 
KEGG pathway are analyzed by GSEA.

Result

TFF1 mRNA expression in cancers
The main function of the Oncomine database is to analyze 

gene expression differences, correlation between gene expression 
and clinical, and co-expression of multiple genes. Data from the 
Oncomine database was used to assess the profiling of TFF1 mRNA 
expression in different tumor tissues as well as normal clinical 
specimens. In this study, 650 data sets, including 80, 551 samples 
were included. The results show that TFF1 mRNA expression 
was significantly elevated in head and central nervous system 
tumors, breast, esophageal, ovarian, and pancreatic cancers, while 
downregulated in colorectal, kidney and malignant mesenchymal 
tumors (Figure 1). Thus, there are a number of notable differences 
in TFF1 mRNA expression among diverse tumor types.
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Figure 1: Pooled analyses on the mRNA expression of 
TFF1 in various carcinoma types. The mRNA expression 
of TFF1 (cancer vs. corresponding normal tissue) was 
evaluated using the Oncomine database (red represents 
significant overexpression and blue represents reduced 
expression). The following parameters were used as 
thresholds: P<1×104, fold-change >2 and gene ranking 
in the top 10%.

The Expression of TFF1 in ESCA
Two databases, Gene Expression Omnibus (GEO) and TCGA 

were used in order to evaluate the difference in the transcription 
level of TFF1 in different ESCA tissues. Data from the Oncomine 4.5 
database show that the level of TFF1 mRNA expression in ESCA is 
raised significantly than that in normal tissues (p<0.05=. The fold 
changes were all greater than 2 and TFF1 was ranked in the top 
1% based on mRNA expression (Figure 2). Based on the analysis of 
182 esophageal cancer (ESCA) samples in the TCGA database, TFF1 
also maintained high transcription standard in each tumor stage 
subgroup, and the highest level was found in stage 1 (Figure 3). 
Therefore, TFF1 expression may be a potential diagnostic indicator 
of ESCA. 

Genomic mutation analysis of TFF1 in ESCA
Based on the sequencing data of ESCA patients from the 

TCGA database, cBioPortal was applied in analyzing the type and 

frequency of TFF1 changes in ESCA. TFF1 was altered in 10 of the 
265 ESCA patients (Figure 4A). These changes were deleted in 8 
cases (3%) and amplified in 2 cases (1%). Therefore, deletion is 
the most common type of TFF1 mutation in ESCA. In addition, as 
shown in (Figure 4B), Kaplan-Meier plots indicate that TFF1 gene 
mutations are companied with shorter OS in ESCA patients (p = 
0.0258). These results suggest that mutations in the TFF1 gene may 
also significantly affect the prognosis of ESCA patients.

Figure 2: TFF1 transcription in Esophagus carcinoma 
(Oncomine). Levels of TFF1 mRNA were significantly 
higher in Esophagus carcinoma than in normal tissue. 
Shown are fold change, associated p values, based on 
Oncomine 4.5 analysis. (A–C) Box plot showing TFF1 
mRNA levels in, respectively, Kim Esophagus, Kimchi 
Esophagus, the Hao Esophagus.

Figure 3: TFF1 transcription in subgroups of patients 
with Esophagus carcinoma, stratified based on Stage 
(GEPIA). 
(A)	 Boxplot showing relative expression of TFF1 in 
normal and ESCA samples. 
(B)	 Expression of TFF1 in ESCA based on individual 
cancer stages.

To assess the biological interaction network of TFF1 in ESCA, 
gene network toolkit in cBioPortal to further analyze the genes that 
interact with TFF1 in lung cancer. The analysis results show that 
the network contains 13 nodes, including 1 query gene TFF1 and 
12 TFF1 neighboring genes. The type of interaction is derived from 
BioPAX: blue connections indicate that the first protein is involved 
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in regulating the second protein, while red connections indicate 
that these proteins are parts of the same complex. The shade of 
the color represents the degree of mutation. The darker red nodes 

including nuclear receptor coactivators 1, 2, 3, estrogen receptor 
1, and N-methylated purine DNA glycosylase, these genes have a 
higher degree of mutation than other genes in EACA (Figure 4C).

Figure 4: Visual summary of TFF1 alterations biological interaction network and TFF1 association with OS in 
Esophagus carcinoma (cBioPortal). 
(A)	 OncoPrint of TFF1 alterations in ESCA. The OncoPrint provides an overview of genomic alterations in TFF1 
affecting individual samples (columns) in ESCA from the TCGA. The different types of genetic alterations are highlighted 
in different colors. 
(B)	 Genetic alterations in TFF1 were associated with shorter OS(P<0.05). 
(C)	 Network view of the TFF1 neighborhood in ESCA. TFF1 are seed genes (indicated with thick border), and all 
other genes are automatically identified as altered in ESCA.

Analysis of TFF1-related co-expressed genes in ESCA

Figure 5: Genes differentially expressed in correlation with TFF1 in Esophagus carcinoma (Linked Omics). 
(A)	 A Pearson test was used to analyze correlations between TFF1, and genes differentially expressed in ESCA. 
(B)	 Heat maps showing genes positively and negatively correlated with TFF1 in ESCA (TOP 50). 
(C)	 Red indicates positively correlated genes and green indicates negatively correlated.

The mRNA data of 184 ESCA patients from TCGA were analyzed 
using the Linked Omics functional module. As present in Figure 5A 
and Figure 5B, 5370 genes (red dots) are significantly positively 
correlated with TFF1 while 896 genes (green dots) are negatively 
correlated with TFF1. Furthermore, 50 important genes that are 
negatively or positively correlated with TFF1 are shown in Figure 
5C. These results indicate that TFF1 has a comprehensive influence 
on the transcriptome. Figure 6 shows that there are strong 
correlations between the high expression of TFF1 and expression 
of CAPN8 (Calpain 8, Pearson correlation coefficient = 0.90, p = 
1.702 e-68), CTSE (Cathepsin E, Pearson correlation coefficient = 

0.89, p = 6.33e-64), REG4 (Regenerative gene 4, Pearson correlation 
coefficient = 0.88, p = 7.97e-61), suggesting that TFF1 may 
participate in tumorigenesis and development through regulating 
the expression of CAPN8, CTSE and REG4. 

Analysis of GO and KEGG pathways of TFF1-related co-
expressed genes in ESCA

The GO analysis based on the Gene Set Enrichment Analysis 
(GSEA) indicated that the TFF1 related gene polymorphisms are 
mainly located in the microsome, endoplasmic reticulum membrane 
and Golgi apparatus, and involved in cell transport, nucleotide-
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sugar metabolism and endoplasm chiefly. Their molecular 
functions mainly include triggering lipase activity, carboxylate 
hydrolase activity, and hydrolase activity acting on glycosyl bonds 

(Figure 7A-7C). On the other hand, KEGG pathway analysis shows 
that TFF1 may play a role in ESCA by participating in the signaling 
transduction of NF-κB and Hippo pathway (Figure 7D). 

Figure 6: Gene expression correlation analysis for TFF1, CAPN8, CTSE and REG4(Linked Omics). The scatter plot 
shows Pearson correlation of TFF1 expression with expression of CAPN8 (A), CTSE (B), and REG4 (C).

Figure 7: Significantly enriched GO annotations and KEGG pathways of TFF1 in Esophagus carcinoma. The 
significantly enriched GO annotations and KEGG pathways of TFF1 co-expression genes in ESCA were analyzed using 
GSEA. 
(A)	 Cellular components. 
(B)	 Biological processes. 
(C)	 Molecular functions. 
(D)	 KEGG pathway analysis.

Discussion
TFF1 is a protein expressed in various tissues such as the 

mucosal epithelium, it is one of the earliest members of the trefoil 
factor family (TFF) to be discovered, which contains a conserved 
tricyclic domain, called the TFF domain [26,27]. Maintaining the 
integrity of the mucosa in the gastrointestinal tract and promoting 
the regeneration of damaged mucosal epithelial cells are the primary 
functions of TFFs [11]. It has been reported that the expression of 

TFF1 in gastric cancer is impaired, and the incidence of gastric 
cancer in mice lacking TFF1 gene is enhanced [28]. In addition, 
TFF1 is expressed at a higher level in colon, pancreas and ovarian 
tumors than other tumor tissues, and is involved with stimulating 
cell survival, migration, invasiveness, and tumor spread. It has been 
shown that TFF1 is a potential tumor marker [19,20].

Our results here show that in ESCA patients, TFF1 is 
overexpressed, and its mRNA expression is significantly correlated 
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with the individual cancer stage of patients. Moreover, we found 
that the mutation rate of TFF1 in ESCA patients was 4%, and the 
deletion was the most common type of TFF1 mutation in ESCA. 
The mutation of gene TFF1 may also significantly affect the 
prognosis of ESCA patients. Functional network analysis shows 
that TFF1 may play a role in ESCA by participating in the NF-κB 
signal pathway and Hippo signal pathway. The mechanism that led 
to the progress of ESCA has not been fully elucidated, and its early 
diagnosis biomarkers have not been confirmed and applied, which 
leads to poor diagnosis and treatment results. Our data shows that 
TFF1 expression in ESCA patients’ tumor tissues is higher than in 
normal tissues, especially in esophageal cancer tumors at stage Ι. 
The results suggest that TFF1 is worthy of further research as a 
candidate biomarker for early diagnosis of ESCC. TFF1 is a mucosal 
protective factor, which is up regulated by stimuli of mucosal 
damage, promoting of mucosal repair and maintaining integrity 
[29]. TFF1 can suppress the activation of NF-κB signaling pathway 
by down-regulating the expression of inflammatory factors and 
anti-apoptotic proteins. Due to the lack of inhibition of TFF1, the NF-
κB signaling pathway is over-activated in gastric cancer cells [30]. 
Similar to this, Functional network analysis shows that TFF1 may 
play a role in ESCA by participating in the NF-κB signal pathway and 
Hippo signal pathway. Upregulation of TFF1 expression in Barrett’s 
esophagus (BE) has been reported to increase the incidence of 
esophageal adenocarcinoma, suggesting that upregulation of TFF1 
is a characteristic of precancerous symptoms. Our results confirm 
previous observations [16,31]. Cause gastric acid reflux is closely 
related to BE. Mucosal damage due to gastric acid reflux may be 
one of the reasons for the upregulation of TFF1 expression in BE. In 
summary, these results note that TFF1 is enrolled in the occurrence 
and development of ESCA.

Recent studies have shown that EAC is similar to gastric 
adenocarcinoma in molecular changes, while ESCC is more 
analogous to head and neck squamous cell carcinomas [32]. But 
there are few studies on the TFF1 expression in cancers of head 
and neck. It has been found that squamous epithelial cells in the 
upper respiratory and digestive tracts of patients with head and 
neck cancer also undergo abnormal changes [33]. As a biomarker 
of early canceration, the expression of TFF1 in the esophageal 
mucosa may not only be used for the early diagnosis of squamous 
cell carcinoma of the head and neck, but also as a warning indicator 
for the second primary tumor of the esophagus (SPTE). In salivary 
gland tumors, the expression of TFF1, TFF2, and TFF3 is improved, 
while in oral squamous cell carcinoma the expression of TFF2, 
TFF3 is depressed, and expression of TFF1 is raised, compare to 
healthy tissue [34]. However, based on so few studies, we have not 
yet fully concluded the function of TFFs, especially in head and neck 
cancer, has led to ESCC, and this issue needs further exploration. 
In addition, functional network analysis indicates that TFF1 may 
play a role in ESCA by participating in the NF-κB signaling pathway, 
Hippo signaling pathway, however, the specific way through which 
it works need further confirmation.

In summary, our results show that high expression of TFF1 
is found in ESCA patients, which is related to the stage of clinical 

cancer, with the highest expression in tumor stage Ⅰ. In addition, 
ESCA patients have also observed that TFF1 mutations are mainly 
deletions, and TFF1 gene mutations are associated with shorter 
OS in ESCA patients. These results indicate that TFF1 may be a 
new tumor marker and provide new targets and strategies for the 
diagnosis and treatment of ESCA.
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