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Background: The Competing endogenous RNA (CeRNA) network plays important roles in the
development and progression of multiple human cancers. Increasing attention has been paid to CeRNA in
esophageal carcinoma (ESCA).

Methods: We explored The Cancer Genome Atlas (TCGA) database and then analyzed the RNAs of
142 samples to obtain long non-coding RNAs (IncRNAs), micro RNAs (miRNAs), and messenger RINAs
(mRNAs) with different expression trends alongside the progress of ESCA. A series test of cluster (STC)
analysis was carried out to identify a set of unique model expression tendencies. Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis were used to validate the function of key
genes that were obtained from the STC analysis.

Results: Through our analysis, 272 IncRNAs, 87 miRNAs, and 692 mRNAs showed upward expression
or downward expression trends, and these molecules were tightly involved in cell cycle, pathways in cancer,
metabolic processes, and protein phosphorylation, among others. Ultimately, we constructed a CeRNA
network containing a total of 71 IncRNAs, 56 miRNAs, and 125 mRNAs. The overall survival (OS) was
analyzed using univariate Cox regression analysis to clarify the relationship between these key molecules
from the CeRNA network and the prognosis of ESCA patients. Through survival analysis, we finally
screened out two IncRNAs (DLEU2, RP11-890B15.3), three miRNAs (miR-26b-3p, miR-92a-3p, miR-324-
5p), and one mRNA (SIK?2) as crucial prognostic factors for ESCA.

Conclusions: The novel CeRNA network that we constructed will provide new novel prognostic
biomarkers and therapeutic targets for patients with ESCA.
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Introduction subtypes; esophageal squamous cell carcinoma (ESCC),
Esophageal carcinoma (ESCA), is the sixth leading cause and esophageal adenocarcinoma (ECA). It is widely known
of tumor-related death of men worldwide (1). Until now, that the occurrence of these two major histologic subtypes
the ESCA has been known to contain two histologic differs among different regions. The ESCC is prevalent
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in Asia, Southern Europe, and Eastern and Southern
Africa, whereas ECA mainly occurs in North America
and some regions of Europe (2). In China, ESCA is the
fourth most deadly tumor and fifth in incidence among all
malignant tumors (3,4) due to poor early diagnostic strategy
and aggressively invasive nature of the cancer cells (5).
Therefore, it is essential to develop therapeutic targets and
novel molecular biomarkers for ESCA.

The competing endogenous RNA (CeRNA) hypothesis
has been reported by researchers, elucidating a novel
regulatory mechanism between non-coding RNA
(ncRNA) and messenger RNA (mRNA) (6). Based on the
CeRNA hypothesis, more and more studies have found
that interactions between CeRNAs through sharing
miRNAs play a key role in the cancer development
(7-9). MicroRNAs (miRNAs) are a class of typical ncRNA
with approximately 22 nucleotides, which can function
as a regulator to decrease the levels of mRNA (10). Long
non-coding RNAs (IncRNAs) are another major kind of
typical ncRNA, possessing more than 200 nucleotides,
and have been regarded as miRNA sponges that reduce
the levels of miRNA, thus relieving the inhibitory effect
on the downstream genes that are targeted by miRNAs
(11,12). Increasing experimental evidence has shown that
the IncRNA-miRNA-mRINA network plays a key regulatory
role in the development and progression of several cancers,
such as esophageal (13), colorectal (14), gastric (15), and lung
cancer (16). However, current IncRNA-miRNA-mRNA
network information for human cancers is still not entirely
reflective of cancer characteristics, including those of ESCA.

Although there were several similar reports about
integrated analysis of CeRNA in esophageal carcinoma in
PubMed (17). To the best of our knowledge, the studies
that involved a large sample size with cancer grading
information were not investigated thoroughly enough,
and reports related to ESCA-specific RNA biomarkers or
new targets of ESCA are also lacking. In this project, we
explored The Cancer Genome Atlas (TCGA) database to
find the specific expression genes of IncRNAs, miRNAs,
and mRNAs. A series test of cluster (STC) analysis was
carried out to identify a set of unique model expression
tendencies. Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analysis were performed
to predict the functions of the specific expression mRNAs
that were obtained from the STC analysis. Moreover,
a novel CeRNA network in ESCA was constructed to
investigate the correlations among IncRNAs, miRNAs, and
mRNAs. We hypothesize that all the RNAs involved in
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this CeRNA network may be beneficial for us to seek more
promising diagnostic biomarkers or therapeutic targets for
ESCA in the future. Findings of our study will be valuable
for further understanding of the molecular mechanisms,
disease progress, and potential treatment targets of future
ESCA research.

We present the following article in accordance with the
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/jgo-20-615).

Methods
Samples and pre-processing

The RNA-Seq and clinical characteristics data of tissue
samples from patients with ESCA were downloaded
from the TCGA database (https://portal.gdc.cancer.gov/,
accessed on 12 September, 2019). Then, the sample data
were carefully screened according to the following selection
criteria: (I) patients without any other malignant tumors;
(IT) samples without staging information were excluded; (I1I)
samples included IncRNA, miRNNA, and mRINA detection
data. Finally, a total of 142 samples (51 samples were
ESCC and 91 were ECA) were retained and divided into
four groups: 9 samples were paracancerous tissues used as
control in subsequent analysis; 14 cancerous samples were
from patients with stage I ESCA; 65 cancerous samples
were from patients with stage II ESCA; 54 cancerous
samples were from patients with stage III and IV ESCA.
This study fully conformed to the publishing guide
provided by TCGA. The sequencing data were downloaded
from TCGA database, so we did not need ethics committee
approval. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Screening of differentially expressed RNAs

The RNA expression profile data of ESCA from the
corresponding participants were downloaded from TCGA
database. The IncRNA and mRNA expression reads were
normalized by TCGA RNASeqV2 system. The miRNA
sequencing (miRNAseq) data of all samples that had been
performed on the Illumina HiSeq 2000 (Illumina, San
Diego, CA, USA) microRNA sequencing platform were
also obtained from TCGA database and normalized by
TCGA using default parameters. After data preprocessing,
the differentially expressed analysis of RNAs containing
IncRNAs, mRNAs, and miRNAs was carried out using
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random variance model (RVM) test method (18) in three
groups respectively, namely stage I ESCA vs. control,
stage II ESCA vs. control, and stage III and IV ESCA wvs.
control. Only the IncRNAs, miRNAs, and mRNAs with
fold changes (FC) >1.5, FDR (false discovery rate) <0.05,
and P<0.05 were retained in each set of analysis. Finally, the
unions of differentially expressed IncRNAs, miRINAs, and
mRNAs among the three groups were retained separately
for further analysis. The whole workflow of this assay is
shown in Figure 1.

Series test of cluster analysis for mRNAs, IncRNAs, and
miRNAs

Based on the expression levels, the three unions of mRNAs,
IncRNAs, and miRNAs obtained in the previous step were
subjected to a series test of cluster analysis through R
(version 3.5.1, Auckland, NZ). Through this analysis, we
accurately and intuitively screened out the RNA clusters
with significantly upregulated or downregulated trends
in line with development of ESCA (Normal — Stage I
— Stage II —Stage III and IV). The specific steps were
performed as previously described (19,20).

GO and KEGG pathway analysis

After the abovementioned analysis, profile 2, profile 3,
profile 5, profile 6, profile 11, profile 22, and profile 25
containing significantly upregulated and downregulated
trend mRNAs were then analyzed. All of the mRNAs
from these profiles were annotated with gene function
information according to the GO database (http://
geneontology.org/). Then, Fisher’s exact and multiple
comparison tests were conducted to analyze the significance
level of these functions with FDR <0.05 and P<0.05, so we
could screen out the significant function of these mRNAs
with trend of significant change. Then, all of the mRNAs
from these profiles were annotated with gene signal
pathway information according to the KEGG (http://www.
kegg.jp/). The Fisher’s exact and multiple comparison tests
were conducted to analyze the significance level of these
pathways with FDR <0.05 and P<0.05, so as to screen out
the significant signal pathways involved in these mRNAs.

Target prediction of miRNAs
In order to predict potential target mRNAs and IncRNAs
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of the miRNAs, several target gene prediction algorithms
were used. We predicted potential target mRNAs of the
miRNAs using miRanda (http://www.microrna.org/),
Targetscan (http://www.targetscan.org/), and miRWalk
(http://129.206.7.150/). After the analysis using the three
algorithms, the intersection was obtained as the site of
potential target mRNAs of miRNAs. Potential target
IncRNAs of the miRNAs were predicted using miRanda
(http://www.microrna.org/) and PITA (https://genie.
weizmann.ac.il/pubs/mir07/mir07_exe.html). After analysis
with these two algorithms, the intersection was obtained
as potential target IncRNAs of miRNAs. On the basis
of negative correlation, related pairs of miRNA-mRNA
and miRNA-IncRNA were screened out for the further
research.

Construction of CeRNA and protein-protein interaction
networks

Combining predicted target relationship and expression
levels of these RNAs, the process of constructing CeRNA
network was implemented as previously described (21).
Visualization of the IncRNA-miRNA-mRNA interaction
network was carried out using Cytoscape software (https://
cytoscape.org) (22). Afterward, in context with the co-
expressed proteins corresponding to mRNAs from CeRNA
network, the protein—protein interaction (PPI) network
was conducted using the Search Tool for the Retrieval of
Interacting Genes (STRING) database (http://string-db.
org/) in order to find the corresponding core mRNAs.

Survival analysis

Survival statistics of samples and expression data of
IncRNA, miRNA, and mRNAs from the CeRNA network
were analyzed by Kaplan-Meier and log-rank test to explore
the relationship between the overall survival (OS) rates
and gene expression levels in patients with ESCA. Then,
the survival statistics and the expression levels of mRNAs,
IncRNAs, or miRNAs with significant effect (P<0.05) were
used to construct the corresponding survival curves.

Statistical analysis

One-way ANOVA and Student’s ¢ test were performed with
SPSS 13.0. The significance level was set at 0.05 as default
to control the false discovery rate. Data were expressed
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Figure 1 The flowchart of ceRNA (competing endogenous RNA) network analysis.

as the mean = standard deviation of at least three separate
experiments. Values of P<0.05 were considered statistically
significant.

Results

Cancer specific IncRNAs, miRNAs, and mRNAs in
different stages of ESCA

A total of 65 IncRNAs, 45 miRNAs, and 782 mRNAs were
authenticated as differentially expressed between Tumor-
Stage I and paracancerous tissues from TCGA database
(absolute FC >1.5, P<0.05, FDR <0.05). Further, there were
333 IncRNAs, 114 miRNAs, 1990 mRNAs differentially
expressed between Tumor-Stage II and paracancerous
tissues (absolute FC >1.5, P<0.05, FDR <0.05). A total of
266 IncRNAs, 85 miRNAs, and 1,491 mRNAs were found
to be expressed differentially between Tumor-Stage III &
IV and paracancerous tissues (absolute FC >1.5, P<0.05,
FDR <0.05). The number of differentially expressed
IncRNAs, miRNAs, and mRNAs in all stages were 402,
125, and 2,324, respectively. All the above RNAs were used
as the basis for subsequent data analysis. All of the RNAs in
each independent data set were analyzed with unsupervised
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hierarchical clustering analysis. The heat maps respectively
showed these differentially expressed IncRNAs, miRNAs,
and mRNAs in all groups (Stage I ESCA vs. control, Stage
II ESCA wvs. control and Stage III and IV ESCA vs. control)
(Figure 2).

STC analysis

In this analysis, we obtained the trends of all the RNA
clusters as the progress of ESCA (Normal— Stage I— Stage
II— Stage I1I and IV). In the analysis of 2,324 mRNAs, we
obtained 26 types of temporal expression pattern with the
progress of ESCA. A total of 7 types (profile 2, 3, 5, 6, 11,
22, 25) marked in red were significant (P<0.05) among these
types in the trend chart (Figure 3). Among these cluster
profiles with significant trend, the expression of profile
22 (n=862 genes) and profile 25 (n=273 genes) showed an
increased trend with the development of ESCA, while the
expression of profile 2 (n=113 genes) and profile 5 (n=361
genes) revealed a trend of reduction with the development
of ESCA.

We also carried out the same STC analysis for 402
IncRNAs and 125 miRNAs. A total of 26 types of temporal
expression pattern were also detected in the analysis of
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IncRNAs and miRNAs. In the analysis of IncRNAs, 6 types
of temporal expression pattern (profile 2, 3, 5, 6, 22, 25)
marked in red were significant (P<0.05) (Figure 4). Among
these cluster profiles, the expression of profile 22 (n=93
genes) and profile 25 (n=81 genes) showed an increased
trend with the development of ESCA, while the expression
of profile 2 (n=35 genes) and profile 5 (n=99 genes) revealed
a trend of reduction with the development of ESCA.

In the analysis of 125 miRNAs, 5 significant cluster
profiles (P<0.05) (profile 2, 3, 5, 11, 22) among the 125
miRNAs were detected (Figure 5), and the expression of
profile 22 (n=52 genes) showed an trend of increase with
the development of ESCA, while the expression of profile 2
(n=10 genes) and profile 5 (n=25 genes) revealed a reduced
trend with the development of ESCA.

GO and KEGG pathway analysis

All of the mRNAs from mRNA union (profile 2, 3, 5, 6, 11,
22,25, P<0.05) that were obtained from STC analysis were
analyzed to predict functions of differentially expressed
genes (DEGs). The GO and KEGG pathway analyses
were carried out for the upregulated and downregulated
genes, respectively. Enrichment analysis has always been
performed to measure the functional significance, which can
help us to distinguish genes with a more optimum function
feature (23).

As shown in Figure 6, the upregulated genes with specific
functions participate in processes of cell division, DNA
replication, and negative/positive regulation of transcription
from RNA polymerase II promoter, among others. These
gene functions are closely related to the occurrence
and development of ESCA. The downregulated genes
participate in processes of negative/positive regulation
of transcription from RNA polymerase II promoter,
intracellular protein transport, and protein phosphorylation,
among others.

The results of KEGG pathway analysis indicated
that upregulated genes are related to these pathways
related to cell cycle, pathways in cancer, and metabolism
(Figure 7). All of these pathways were also closely related to
the occurrence and development of ESCA. Downregulated
genes were mainly related to various metabolic pathways.

CeRNA network construction

In this study, expression levels of RNAs from profiles 22,
25, 2, and 5 significantly (P<0.05) showed upregulated or
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downregulated trends with the development of ESCA.
These four significant cluster profiles totally contained
272 IncRNAs, 87 miRNAs, and 692 mRNAs (at the same
time, these mRINAs were the intersection of two significant
mRNA clusters which were identified through GO and
KEGG pathway analysis). Then, we predicted potential
target mRNAs and IncRNAs of the miRNAs. On the basis
of negative correlation, related pairs of miRNA-mRNA and
miRNA-IncRNA were screened out. Finally, we constructed
a IncRNA-miRNA-mRNA CeRNA network based on
above related pairs for ESCA. The software Cytoscape 3.0
was used to draw a graph of the CeRNA network. At last,
the CeRNA network contained 71 IncRNAs, 56 miRNAs,
and 125 mRNAs (Figure 8). In the graph, the triangles
represented IncRINAs, the rectangles represented miRNAs,
and the balls represented mRNAs. The RNAs with larger
size or shape had stronger regulatory ability in the network.

Analysis of PPIs

The STRING database was used to analyze the PPI
network based on the mRINA that were obtained from the
CeRNA network. Cytoscape 3.0 was used to draw a graph
of the PPI network. Several nodes with high degrees were
CD44, SMAD3, EIF2S1, RAN, FOXO3, CDC6, AJUBA,
NUP62, PSMD11, HIF1A, PSMAS, PSMB2, and CCNA2,
among others (Figure 9). Most of these proteins are related
to the metabolism, division, and proliferation of cells.

Survival curves

To further clarify the prognostic characteristics about
the relationship between these key RNAs in the CeRNA
network and the performance of ESCA patients, the OS
was analyzed with univariate Cox regression analysis. We
revealed the IncRNAs, miRNAs, and mRNAs significantly
influenced OS (P<0.05), and then constructed the
corresponding survival curve. Finally, we obtained two
IncRNAs (DLEU2, RP11-890B15.3), 3 miRINAs (miR-26b-
3p, miR-92a-3p, miR-324-5p), and 1 mRNA (SIK2) which
significantly influenced OS (Figure 10).

Discussion

ESCA is notorious worldwide for its poor prognosis and
high lethality rate. On the one hand, a lot of patients are
diagnosed at an advanced stage, while on the other, there is
a deficiency of efficient therapeutic targets and prognostic
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Figure 5 The expression patterns of 125 miRNAs (MicroRNAs) analyzed by model profile. The expression patterns of 125 miRINAs were
analyzed and twenty-six model profiles were used to summarize. Each box represents a model expression profile. Five expression patterns of
miRNAs showed significant P values (P<0.05) (marked in red).
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biomarkers; therefore, the prognosis of ESCA is very poor
(1,2,5). Accordingly, focus must be given to identification
of specific genes that are related to the development of
ESCA, and the development of more effective diagnostic
and treatment protocols for this severe disease. In the
present project, we adopted TCGA database to explore the
specific IncRNAs, mRNAs, and miRNAs that were most
significantly associated with ESCA status. Furthermore,
we attempted to clarify the specific CeRNA network in
ESCA by way of IncRNA-miRNA-mRNA order pattern
and identify potential prognostic RNA biomarkers. Based

© Journal of Gastrointestinal Oncology. All rights reserved.

on comprehensive analysis, we finally identified 2 IncRNAs
(DLEU2, RP11-890B15.3), 3 miRNAs (miR-26b-3p, miR-
92a-3p, miR-324-5p), and 1 mRNA (SIK2) as prognostic
biomarkers. High expression levels of DLEU2, miR-92a-
3p, and miR-324-5p were associated with worse prognosis
of ESCA, while low expression levels of RP11-890B15.3,
miR-26b-3p, and SIK2 were associated with worse
prognosis of ESCA.

In regards to data, IncRNAs have previously been
regarded as a key oncogene and tumor suppressors with
unrecognized regulation mechanisms (24). Nowadays, a

7 Gastrointest Oncol 2021;12(1):11-27 | http://dx.doi.org/10.21037/jgo-20-615
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Figure 10 Kaplan-Meier survival curves of two IncRNAs (DLEU2, RP11-890B15.3), three miRNAs (miR-26b-3p, miR-92a-3p, miR-324-

5p), and one mRNA (SIK2) from the ceRNA network.

volume of experimental data have shown that IncRNAs play
crucial roles in biological regulatory functions, including
DNA damage, epigenetic regulation, participation in signal
transduction, and cell cycle regulation (25). For example,
overexpressed IncRNA H19 was found to enhance the
development of gastric (26), colorectal (27), breast (28), and
lung cancer (29). Furthermore, many IncRNAs have been
identified as potential prognostic markers and therapeutic
targets for a range of different cancers.

Many studies have shown that the IncRNA DLEU2
is closely related to the occurrence and development
of tumors; it has been shown to have some effects on
proliferation, apoptosis, and PI3K/Akt signaling pathway
of gastric cancer cells (30). The IncRNA DLEU?2 promotes
tumor growth by sponging miR-337-3p in human
osteosarcoma (31), and it modulates the cell proliferation
and invasion of non-small cell lung cancer by regulating

the miR-30c-5p/SOX9 axis (32). The findings of Lu (33)

© Journal of Gastrointestinal Oncology. All rights reserved.

revealed the pro-oncogenic role of IncRNA DLEU?2 in the
progression of esophageal cancer, suggesting that DLEU?2
exerts ceRNA functions in ESCA through regulation of
the miR-30e-5p/E2F7 axis. These studies are in good
agreement with our analysis results that a high expression
level of DLEU?2 is associated with a worse prognosis of
ESCA.

It has been clarified that the microRNAs can be
detectable as stable molecules in the blood of cancer
patients (34). Many studies have demonstrated that miR-
26b-3p is correlated with the pathogenesis of various
cancers (35,36). It has been reported that miR-26b-
3p is closely related with breast cancer, intrahepatic
cholangiocarcinoma, colorectal cancer (CRC), and laryngeal
cancer (37). Reports have shown that miR-26b-3p is a
critical modulator of glioma via its downstream molecule,
ANTXRI1, which indicated that the miR-26b-3p/ANTXRI1
axis may be treated as a diagnostic target in glioma (38).

7 Gastrointest Oncol 2021;12(1):11-27 | http://dx.doi.org/10.21037/jgo-20-615
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When the expression of endogenous miR-26b-3p in glioma
cells was up-regulating, the cell proliferation activity and
metastasis ability increased significantly. The results of our
study showed that a low-expression level of miR-26b-3p is
related to the positive progress of ESCA, indicating that
miR-26b-3p acts as a suppressor in ESCA.

Various studies have shown that mir-92a-3p is highly
correlated with cancer. In nasopharyngeal carcinoma cells,
the expression level of mir-92a-3p is related to the potential
of lymph node metastasis (39). Overexpression of miR-
92a-3p has been shown to significantly promote renal cell
carcinoma cell proliferation and colony formation (40).
The inhibition of miR-92a-3p with locked nucleic acid was
shown to inhibit cell proliferation and induce apoptosis and
necrosis in oncogenes in colorectal cancer (41). The miR-
92a-3p is one of the differentially expressed miRNAs in the
serum of ESCC patients from a high risk area (42). The
miR-92a-3p promotes the proliferation, migration, and
invasion of esophageal squamous cell cancer by regulating
PTEND (43). These data support our findings that high
expression levels of miR-92a-3p are associated with worse
prognosis of ESCA.

Various research data have shown that mir-324-5p is
also closely related to cancers. The migration and invasion
of CRC is inhibited by mir-324-5p through targeting gene
ABL2 (44). The IncRNA FOXD2-AS1 affects proliferation,
migration, and invasion of colon cancer SW480 cells by
targeting negatively regulated mir-324-5p expression (45).
In gastric cancer cells, miR-324-5p reduces viability and
induces apoptosis through modulating TSPANS (46).
Overexpression of miR-3245p reduced the growth and
invasive abilities of CRC cells (47). The study of Chiam
et al. highlighted the potential of serum exosomal miR-
324-5p as a biomarker for the detection of esophageal
adenocarcinoma (48). Our data analysis also showed that
mir-324-5p can be a valuable molecular marker in ESCA.

Salt inducible kinase 2 (SIK2) is a centrosome kinase
required for mitotic spindle formation. Maxfield found that
SIK2 is essential for triple-negative breast cancer (TINBC)
tumor growth in vivo (49). Huang confirmed that the
expression level of SIK2 protein in thyroid microcarcinoma
was significantly higher than that in adjacent tissues (50).
The findings of Xia indicated that SIK2 expression can
serve as a prognostic biomarker for epithelial ovarian cancer
(EOC) (51). Overexpression of SIK2 in ovarian cancer
cells promotes abdominal metastasis while SIK2 depletion
prevents metastasis iz vivo (52). In our study, we showed

© Journal of Gastrointestinal Oncology. All rights reserved.
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that low expression of the SIK2 gene is related to the poor
prognosis of patients with ESCA. This was also the first
study to observe the relationship between the SIK2 gene
and ESCA.

In the present work, we performed investigations to
clarify the specific CeRNA network in ESCA by way of the
IncRNA-miRNA-mRNA order pattern. Notably, based
on the TCGA RNA transcript profiles collected from
ESCA specimens, through CeRINA bioinformatics analysis,
we identified 2 IncRNAs (DLEU2, RP11-890B15.3),
3 miRNAs (miR-26b-3p, miR-92a-3p, miR-324-5p),
and 1 mRNA (SIK2). Among these RNAs, the IncRNA
RP11-890B15.3 is not yet understood. Interestingly,
low expression of RP11-890B15.3 was correlated with
positive progress of ESCA and poor OS of the patients.
Upon review of the CeRNA network we constructed, the
miRNA corresponding to IncRNA RP11-890b15.3 was
miR-708-5p. An important role is played by mir-708-5p in
the development of gastrointestinal cancer (53), and it has
been found to be a specific molecule in ESCC (54). In the
CeRNA network, SIK2 was the mRNA corresponding to
IncRNA RP11-890b15.3. The relationship between SIK2
and cancer has previously been repeatedly emphasized.
Therefore, RP11-890b15.3 has potential value as a target in
the treatment of ESCA.

In summary, we established a IncRNA-miRNA-mRNA
CeRNA network in ESCA. Finally, we found 2 IncRNAs
(DLEU2, RP11-890B15.3), 3 miRNAs (miR-26b-3p, miR-
92a-3p, miR-324-5p), and 1 mRNA (SIK2) related to the
prognosis of ESCA, which could be regarded as potential
prognostic or treatment biomarkers for ESCA. Our project
is significant for advancing the understanding of molecular
mechanisms of ESCA development and shows a new
perspective for the use of ESCA drugs and prognosis.
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