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Abstract

Esophageal cancer is one of the most aggressive gastrointestinal malignancies, and esophageal squamous
cell carcinoma (ESCC) is the most prevalent esophagus neoplastic disease with high mortality rates in some Asian
countries. Nonetheless, the etiology of ESCC continues to be vaguely comprehended, and the role of long
noncoding RNAs (IncRNAs) in different clinical stages of this type of malignancy remains to be clarified. Here, we
aimed to investigate the crucial genes corresponding to various clinical stages of ESCC, determine the hub IncRNAs
in these stages, and predict patients’ overall survival time. In the current study, The Cancer Genome Atlas (TCGA)
RNA-seq public data were analyzed in order to discover novel biomarkers or therapeutic targets implicated in the
progression of ESCC. Stage-related genes were analyzed, the protein-protein interaction network for any stage was
constructed and the top 5 genes with the most Maximal Clique Centrality score in each network were selected as the
hub mRNAs. LncRNAs interacting with each stage hub mRNA were also determined as stage-related hub
IncRNAs. Gene set enrichment analysis on stage-associated modules was also carried out. Finally, Cox regression
analysis was performed to assess the prognostic significance of identified hub IncRNAs in the survival of patients
with ESCC. Finally, hub mRNAs and hub IncRNAs associated with ESCC progression were identified, which may
have implications as biomarkers and targets for therapeutic interventions. Six IncRNAs, including
ACO013391.2, AC104088.1, AC026341.3, AL139023.1, AL583808.1, and LINC01707 were also identified to be
significantly correlated with ESCC patients’ overall survival time, which could be potential predictors for the

survival rate of patients, however, more research is required in order to confirm the results experimentally.
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Introduction gene networks and variations in signaling pathways,
while their exact contribution is not fully clarified
Esophageal ~cancer (EC) accounts for yet (Kadian et al., 2022). These genetic imbalances

the sixth most prevalent malignancy in men and
women worldwide. Poor prognosis and high
mortality rates, make it one of the leading causes of
cancer-related deaths (Siegel et al., 2023).
Moreover, the incidence of esophageal cancer is on
the rise (DiSiena et al., 2021). Esophageal squamous
cell carcinoma (ESCC) is one of the most prevailing
types of EC, comprising 55-65% of cases (Bray et
al., 2018). Treatment options range from surgical
resection to systemic chemotherapies (Yu, 2016).

involve protein-coding genes and noncoding RNAs
(Feng et al., 2019). Many key signaling pathways
such as RAF/MAPK/ERK, PI3K/AKT/mTOR,
WNT-B-catenin and JAK/STAT are known to be
involved in the pathogenesis of ESCC (Aravalli et
al., 2013; Shin and Chung, 2013). Studies in the last
decade suggested that some long noncoding RNAs
(IncRNAs) are also implicated in ESCC
development, as their dysregulation is associated
with tumorigenesis, metastasis or prognosis outcome

DCSPit? improvements in ESCC treatments, (Gao et al., 2018; Lin et al., 2017; Zheng et al.,
including  immunotherapy or neoadjuvant 2022). Notably, the exact mechanisms of ESCC
chemotherapy,  the  prognosis  of ESCC development, metastasis, and recurrence remain to

patients remains poor, with five-year overall
survival (OS) rates of less than 20% (Sheikh et
al., 2023). The development of ESCC is a
multistage procedure, comprising many
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be fully elucidated. Thus, there is a pressing need to
gain a more comprehensive understanding of the
biological mechanisms involved in the pathogenesis
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and progression of ESCC. This understanding is
crucial for the identification of novel diagnostic
biomarkers and also development of effective
therapeutic  strategies. Many studies have
demonstrated that IncRNAs are extensively
expressed in various human tissues and play a
significant role in numerous biological processes,
such as cell fate determination, differentiation of
stem cells, X chromosome inactivation, cancer
initiation and progression, metastasis, and drug
resistance (Jia et al., 2021; Li et al., 2020; Liu et al.,
2020; Luo et al., 2022; Ren et al., 2022; Wu et al.,
2022). So, dysregulation of IncRNAs expression
is involved in development of several diseases,
including cancer (Shi et al., 2013).

Over the last decade, significant progress has
been made in high-throughput RNA sequencing
techniques and bioinformatics methodologies. These
advancements have facilitated the comprehensive
evaluation of the entire transcriptome, enabling the
analysis of numerous cancer tissue samples, RNA
sequencing, and microarray datasets. These
investigations exhibited altered expression patterns
in a substantial number of IncRNAs in various
human cancers (McCabe and Rasmussen, 2021; Tan
et al., 2021; Yang et al., 2022). Furthermore, some
of these studies have led to the discovery of many
new IncRNAs influencing human disease
phenotypes (Cui et al., 2017; Li et al., 2019; Sun and
Kraus, 2015).

Systems biology approaches can simplify the
determination of the mechanisms underlying ESCC
transformation as well as the discovery of promising
novel biomarkers. Systems biology techniques are of
great value due to their comprehensive, and accurate
properties, which integrate various biological
data (Pinu et al., 2019). As a new research
methodology, these approaches have been applied
in the diagnosis and discovery of mnovel
biomarkers for different diseases, including
different human cancers (Cherubini et al., 2018;
Mambetsariev et al., 2023). These methods can be

used to predict the treatment outcomes and
prognosis in ESCC patients, with potential
clinical  applications for this kind of
malignancy. Despite  the characterization

of functions and mechanisms of certain IncRNAs
in ESCC, our understanding of IncRNAs in
this  particular malignancy remains
significantly restricted. The expression pattern and
significance of numerous IncRNAs are yet to be
fully elucidated. Consequently, the primary aim of
this investigation was to identify the association
of IncRNAs with different ESCC stages to
clarify the mechanisms underlying ESCC
progression, and to candidate
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potential biomarkers or therapeutic targets for this
malignancy. Hence, in order to ascertain IncRNAs
associated with various ESCC stages, an analysis
was conducted on RNA-seq profiles from different
stages and their adjacent non-tumor samples,
utilizing publicly available RNA sequencing data.
The findings of this study unveil the expression
patterns of IncRNAs in ESCC tissues, thereby
presenting potential novel candidates for ESCC
treatment and prognosis.

Materials and Methods
Data collection and processing

High-throughput gene expression data, including
protein-coding and long noncoding genes, related to
ESCC tissues and normal esophagus samples were
extracted from The Cancer Genome Atlas (TCGA)
data portal (https://tcga-data.ncbi.nih.gov/tcga).
TCGA database is a cancer research initiative that
endeavors to comprehend the intricacies of
carcinogenesis and the progression of cancer cells.
Its primary objective is identifying novel
biomarkers and treatment protocols by collecting
diverse cancer-related omics data. TCGA platform
is accessible to the public and can be utilized
without copyright  restrictions (Tomczak,
Czerwinska et al., 2015). The RNA-seq data in this
platform have been generated by the Illumina HiSeq
sequencing machine. In this study, unstranded
HTSeq raw counts RNA-seq data, including 87
ESCC samples, specimens, consisting of 5 stage 1
51 stage 2 specimens, 27 stage 3 specimens, and 4
stage 4 specimens, and also three adjacent non-
cancerous samples, were extracted from ESCA
project in Genomic Data Commons (GDC) data
portal (https://portal.gdc.cancer.gov/).

Identification of the aberrantly expressed
IncRNAs and protein-coding genes in different
ESCC stages

To compare the expression profiles of ESCC
tissues with normal sample ones and identify
differentially expressed genes (DEGs), the R
software (version 4.2.3) was utilized. The DESeq?2
Bioconductor package (Love et al., 2014) was
employed for the differential expression analysis of
individual IncRNAs and protein-coding genes.
DEGs were determined based on the threshold
values of |log2 fold change| > 1, P-value < 0.05, and
false discovery rate (FDR) < 0.05 (Wang et al,
2021a). The volcano plots corresponding to each
ESCC stage were generated wusing the
“EnhancedVolcano” package of R software (Blighe
et al., 2019).
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Key coexpression WGCNA modules

The method of coexpression network generation,
was used to screen candidate biomarkers and key
players corresponding to each ESCC stage, based on
network calculation using the R package WGCNA.
WGCNA can be used to partition genes into several
modules, containing a certain number of genes that
are closely correlated in their expression patterns,
which could be associated with a selected clinical
phenotype (Langfelder and Horvath, 2008). In this
study, the gene expression data matrix of ESCC
samples, obtained by DESeq2, was utilized, and
DEGs with P-values < 0.05 were filtered and
selected as WGCNA input to generate gene
coexpression networks using the “unsigned”
method. This method can consider both positive and
negative correlations into consideration, and is
helpful for investigating noncoding RNAs, such as
miRNAs and IncRNAs, along with protein-coding
genes (Langfelder and Horvath, 2008). To further
identify the modules associated with different ESCC
stages, the relationship between modules eigengenes
and each ESCC stage was calculated. Therefore,
modules with high correlation coefficients related to
different stages were identified and selected for
subsequent analyses.

Gene set enrichment analysis

The Database for Annotation Visualization and
Integrated Discovery (DAVID) (Huang et al., 2007)
is an online resource that offers a comprehensive
range of functional annotation tools to interpret the
biological significance of genes. In order to identify
the pathways that are most associated with each
stage of ESCC, various module genes correlating to
different stages of ESCC were submitted to DAVID
(version 2021), for gene ontology (GO) biological
process analysis with default parameters. The results
were then visualized in a lollipop chart using
"ggplot2" in R software (Wickham et al., 2016).
FDR < 0.05 was considered as statistically
significant.

Construction of protein-protein interactions

The STRING database (https://string-db.org/) is
an online tool for exploring the interacting genes. Its
primary objective is the construction and
visualization of protein-protein interaction (PPI)
networks belonging to various genes, which is
achieved based on known and predicted interactions
among proteins (Szklarczyk et al., 2015). Using the
STRING tool (version 11.5), the PPI of each ESCC
stage-correlating genes with a confidence score >
0.4, was constructed, and visualized by Cytoscape
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software (version 3.9.2) (Shannon et al., 2003). In
addition, using the CytoHubba plug-in (version 0.1)
(Chin et al., 2014) of Cytoscape software, the
Maximal Clique Centrality (MCC) score for each
gene was calculated, and the top 5 genes with the
highest MCC score and score cut-off > 2 in each
network, were selected as the hub mRNAs for
subsequent analyses.

Construction of IncRNA-mRNA interaction
network

IncRNA-mRNA interaction between each
module IncRNAs and identified hub genes was
predicted using Rlblast, which is a fast and accurate
RNA-RNA interaction prediction tool, using default
parameters as described previously (Fukunaga and
Hamada, 2017). Hub IncRNAs were selected as
those that could interact with the hub genes in the
same module and visualized in Sankey diagram
using “ggplot2” in R software.

Investigating the prognostic value of hub
IncRNAs

The prognostic significance of selected hub
IncRNAs in terms of OS time was assessed using
the Kaplan-Meier (KM) plotter tool developed by
Lanczky and GyOrffy (Lanczky and Gyorfty, 2021).
Expression levels of a specific IncRNA were
compared to the median expression level of that
IncRNA in all patients with ESCC. Based on this
comparison, patients were divided into two groups:
high-expression and low-expression. KM survival
curves were then generated to visualize the survival
outcomes of these two groups. A cut-off criterion of
P-values less than 0.05 was applied to determine the
statistical significance of the results.

Results

Differential expression analysis of IncRNAs and
mRNAs

The expression level of each gene was calculated
using DESeq2. Through the application of
calculating criteria, we were able to identify
aberrantly expressed IncRNAs and mRNAs in
various stages of ESCC. The findings, presented in
Table 1, suggest that these genes may have
significant implications for the progression of
ESCC. Figure 1 represents differentially
expressed genes in each ESCC stage compared to
esophagus normal samples.
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Table 1. Number of differentially expressed genes corresponding to each stage of ESCC.

IncRNA mMRNA
Stage Up- Down- Up- Down-
g regulated (n) regulated (n) regulated (n) regulated (n)
Stage 1 20 12 87 59
Stage 2 588 144 987 944
Stage 3 615 200 952 1102
Stage 4 300 123 524 498
Stage 1 Vs. Normal Stage 2 Vs. Normal
@® high @ low @® high @ low

-Logqo P

20 10 0 10 20 20 10 0 10 20 30
Log. fold change Log: fold change
total = 60660 variables total = 60660 variables
Stage 3 Vs. Normal Stage 4 Vs. Normal
® high @ low ® high @ low

10 0 10 20 20 -10 0 10 20
Log, fold change Log. fold change

total = 60660 variables total = 60660 variables

Figure 1. Volcano plots of differentially expressed IncRNAs in each ESCC stage. The horizontal line at P-value =
0.05
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Constructing the coexpression modules of
IncRNAs and mRNAs

After filtering for differential expression, 2794 genes
with FDR < 0.05 were identified, consisting of 721
IncRNAs and 2073 mRNAs. These genes were then
utilized as input data for establishing coexpression
modules using WGCNA. The power value, which
plays a crucial role in determining the average
connectivity degree and independence of each
coexpression module, was set to f =3 to ensure high-
scale independence and low mean connectivity
(Figure 2A). The minimum module size was set as
30 with a height cut of 0.2, the gene adjacency was
analyzed and, correlated modules were merged, and
eventually, 13 modules were obtained in total. The
dendrogram of all selected genes was clustered with
the adjacency matrix, resulting in the identification
of co-expression modules, as visually depicted in
Figure 2B. The correlations of each module
eigengene with ESCC stages were calculated using
Pearson correlation analysis. We found that the
brown module (R=0.29) was significantly associated
with stage 1, the blue module (R=0.25) with stage 2,
the yellow module (R=0.21) with stage 3, and the
magenta module (R=0.35) with stage 4 phenotype
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(Figure 3), and these modules were selected for
subsequent analysis (Table 2).

Gene set enrichment analysis

In order to investigate the biological processes in
which genes corresponding to each stage act, the
protein-coding genes of selected modules were
analyzed. The main aberrantly regulated biological
processes related to ESCC stage 1 correspond to the
retinoic acid biosynthesis process and cellular
response to UV-A. ESCC stage 2 correlated genes
mainly participate in spindle organization and
mitotic chromosome segregation processes, which
reflects the increased cell proliferation in this stage.
ESCC stage 3 correlated genes mainly participate in
ion transmembrane transportation, and stage 4 genes
were mostly correlated to cytokines signaling,
cardiomyopathy, and also cell adhesion molecules,
which can be correlated to cancer metastasis, which
is the main characteristic of this stage (Figure 4).

Cluster Dendrogram

Figure 2. WGCNA analysis of IncRNAs and mRNAs. A) The network topology scale-free fitting index, obtained
through the soft-threshold power analysis method, is provided as an indication. B) The identified co-expressed genes
are visualized through a hierarchical clustering dendrogram. Each row is color-coded to represent a module consisting

of highly connected genes.
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Figure 3. Heatmap of module-phenotype relationships depicting correlations between module eigengenes and ESCC
stages using Pearson correlation analysis. Numbers in the table correspond to the correlation, and asterisks represent
the significance of correlations (*: P <0.05, **: P <0.01). The degree of correlation is illustrated with the color legend.

Table 2. Most significant modules correlated to each ESCC stage and their specifications.

Module color genes No. IncRNAs No. mRNAs No. Correlated stage Correlation P-value
Brown 93 25 68 Stage 1 0.29 0.006
Blue 457 54 403 Stage 2 0.25 0.013
Yellow | 133 97 36 Stage 3 0.21 0.020
Magenta | 62 33 29 Stage 4 0.35 0.002

Construction of PPI networks and identification
of hub mRNAs

The CytoHubba plug-in in Cytoscape was used to
analyze the STRING data and construct the protein-
protein interaction network formed by selected
modules mRNAs. Using the MCC method, the hub
mRNAs in each network corresponding to various
ESCC stages were identified as RPS4Y1, KDMS5D,
USP9Y, DDX3Y and ZFY related to ESCC stage 1,
BUBI1B, BIRC5, MELK, DLGAP5 and NUF2
related to stage 2, GABRA3, GABRR1, GABRQ,
HTR2C and BOLL related to stage 3 and
MAGEA12, MAGEA3, CTAG2, CSAG2 and
CT45A1 in the case of ESCC stage 4 (Figure 5).
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These mRNAs had the least betweenness centrality
ranks, suggesting they might be potential critical
regulatory factors in their corresponding ESCC
stages.
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Figure 4. Gene ontology analysis of protein-coding genes related to each ESCC stage. Lollipop plots show top GO
terms for biological processes of selected module genes corresponding to different ESCC stages: A) ESCC stage 1, B)
ESCC stage 2, C) ESCC stage 3, and D) ESCC stage 4.
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Figure 5. PPI subnetworks containing hub mRNAs corresponding to A) ESCC stage 1, B) ESCC stage 2, C) ESCC
stage 3, and D) ESCC stage 4. Sky blue ellipses indicate first-stage nodes interacting with hub mRNAs. Black lines

indicate the interactions between genes.

LncRNA-mRNA interaction network and
identification of hub IncRNAs
Based on the identification of hub mRNAs, an
investigation was conducted on the IncRNA-mRNA
interaction network to identify hub
IncRNAs. Consequently, some of the hub IncRNAs
corresponding to each ESCC stage, were
identified including TTTY14, LINC00486,
LINCO02154 and HOXC-ASI related to stage 1,
AC104088.1, AL161891.1, BACEI-AS,
DUXAPS, LINC00342, LINC02457, MIR924HG,

AC022405.1, AC093827.4, AC013391.2,
TPRG1-AS1, AC021016.1 and AC092718.2
related to stage 2, AL355834.2, CASC20,
LINCO01707, LINCO02196, PCATI,
AC007128.2, AC009264.1,
ACO010275.1, AL049828.2, AL139023.1,
AL583808.1, CASC9, G2E3-AS1, LINC00491,
LINCO01807, LINC02428, AC026341.3 and

LINCO01981 related to stage 3, and LINC00540,
LINCO1193, LINC00470, TRPM2-AS , and
AC109439.1 related to stage 4 (Figure 6).

Prognosis value of candidate hub IncRNAs
To identify hub IncRNAs with potential
prognostic characteristics, univariate Cox
regression analysis

http://jecmr.um.ac.ir

was performed for identified hub IncRNAs
corresponding to each ESCC stage. The results
indicate that six IncRNAs comprising two stage 2
identified hub IncRNAs, including AC013391.2,
AC104088.1, and four stage 3 identified hub
IncRNAs, including AC026341.3, AL139023.1,
AL583808.1 and LINCO1707 were significantly
associated with overall survival of ESCC patients
(Figure 7). These IncRNAs showed HR values of
more than 1, indicating that they might be considered
potential prognostic factors for this type of
malignancy. Cox analysis of the rest of the hub
IncRNAs indicated P-values higher than 0.05, and
thus, these IncRNAs were not significantly
associated with patients’ survival times.
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Figure 6. Identification of hub IncRNAs based on hub mRNAs through IncRNA-mRNA interaction networks.
LncRNA-mRNA interaction in A) ESCC stage 1, B) ESCC stage 2, C) ESCC stage 3, and D) ESCC stage 4.

Discussion

ESCC is one of the most prevalent malignancies in
both men and women worldwide. Despite its poor
prognosis and high mortality rates, the underlying
mechanisms of ESCC are not well comprehended.
Therefore, it is imperative to conduct meticulous
investigations into the precise involvement of
IncRNAs within the genomic contexts at different
stages of this cancer. Such investigations are crucial
in order to gain a comprehensive understanding of
this particular malignancy. Notably, IncRNAs have
demonstrated their potential as valuable biomarkers
for various types of cancers, including ovarian
cancer, colorectal cancer, thyroid cancer, and others
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(Feng et al., 2023; Liau et al., 2023; Yuan et al.,
2022). Moreover, IncRNAs have been implicated in
ESCC as crucial players in the
proliferation, invasion, metastasis, and
angiogenesis (Luo et al., 2022; Ren et al., 2020;
Zhang et al., 2022a).
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Figure 7. Kaplan—Meier survival curves of identified hub IncRNAs associated with overall survival of ESCC patients.

There are pieces of evidences, indicating the
association between the dysregulation of certain
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IncRNAs and the prognosis of patients with different
types of cancers, such as hepatocellular carcinoma
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(Wang et al., 2022), breast cancer (Li et al., 2021)
and colorectal cancer (Chen et al., 2021). Moreover,
transcriptome analyses have previously been
conducted on patients with ESCC, and numerous
research groups have documented the abnormal
expression of several IncRNAs in ESCC samples,
some of which can be used as ESCC prognostic
biomarkers (Wang et al., 2021b; Zhang et al., 2020;
Zhao et al., 2022). There are also several studies
investigating the role of IncRNAs in the progression
of ESCC (Chen et al., 2020; Jia et al., 2021; Tang et
al., 2021). Moreover, Yu et al., identified a nine-
IncRNA  signature, including  AC098973,
AL133493, RP11-51M24, RP11-317N8, RPI11-
834C11, RP11-69C17, LINCO00471, LINCO01193
and RP1-124C based on random forest algorithm,
which was able to predict the survival time of the
patients (Yu et al., 2019). Zhang et al., also identified
an eight-IncRNA signature by random survival
forest algorithm and multivariate Cox regression
analysis based on the GSES53625 dataset, which
consisted of ADAMTS9-AS1, DLX6-AS1,
LINC00470, LINCO00520, LINCO01497,
LINCO01749, MAMDC2-AS1, and SSTRS5-AS1
(Zhang et al., 2022b). However, the exact roles of
IncRNAs in different stages of this type of
malignancy still remain to be elucidated. In the
present study, we analyzed the differences in the
mRNA and IncRNA expression profiles of normal
and ESCC samples at four different stages and
investigated the interactions and biological
processes that are mainly associated with genes
corresponding to each stage. For this purpose, the
expression profile of IncRNAs along with mRNAs
in four clinical stages of ESCC were investigated.
Considering that WGCNA has excellent clustering
efficiency for genomic materials with the correlated
expression pattern, this methodology was recruited
along with the investigation of IncRNA-mRNA
interactions to discover more reliable stage-
related hub IncRNAs. The purpose of finding hub
IncRNAs, which can regulate the biological
behavior of different ESCC stages, is to provide
new ideas for understanding the molecular
mechanisms involved in the progression of this
cancer, and to candidate new targets for the

treatment of ESCC. We analyzed ESCC stage-
related  genes, constructed  protein-protein
interaction networks, and consequently

discovered five hub mRNAs related to each
stage. LncRNAs interacting with each stage hub
mRNAs were also identified as stage-related hub

IncRNAs. Gene set enrichment analysis on
stage-correlated modules was also performed to
discover the main aberrantly regulated
biological  processes
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corresponding to any stage during ESCC
progression. Finally, prognostic risk factors were
evaluated for predicting the OS time of ESCC
patients. Five hub mRNAs were identified by
integrating protein-protein interactions for any
ESCC stage including RPS4Y1, KDM5D, USP9Y,
DDX3Y and ZFY related to ESCC stage 1, BUB1B,
BIRCS5, MELK, DLGAPS and NUF2 related to stage
2, GABRA3, GABRRI1, GABRQ, HTR2C and
BOLL related to stage 3, and MAGEA12, MAGEA3
CTAG2, CSAG2 and CT45A1 in the case of ESCC
stage 4. Hub IncRNAs were also determined as
IncRNAs interacting with identified hub mRNAs,
which among them six IncRNAs were significantly
associated with ESCC patients OS times, consisting
of  AC013391.2, AC104088.1, AC026341.3,
AL139023.1, ALS583808.1 and LINCO01707.
AC104088.1 is shown to have correlations with
tongue squamous cell carcinoma and has been
suggested as a prognostic marker for this malignancy
(Hu and Messadi, 2023). AL139023.1 was also
reported as the risk factor for patients’ survival in
lung adenocarcinoma and was correlated with poor
prognosis in this type of malignancy (Geng et al.,
2021). The correlation of AL583808.1 to non-small-
cell lung cancer prognosis is also reported (Song et
al., 2021). To our knowledge, the IncRNAs
identified in this study, including AC013391.2,
AC104088.1, AC026341.3, AL139023.1,
AL583808.1, and LINCO01707 have not been
functionally annotated. Nevertheless, in the current
investigation, the putative roles of these IncRNAs in
ESCC were inferred by examining their interactions
with mRNAs. The identification of genes associated
with the expression pattern of IncRNAs, which are
implicated in diverse biological processes, including
spindle  organization,  mitotic = chromosome
segregation, and transmembrane transportation,
implies that these IncRNAs may contribute to the
progression of esophageal cancer through the
modulation of these cellular mechanisms. Besides,
this study accommodates some limitations which
should be mentioned. First, the number of
considered samples for normal esophagus squamous
cells was limited, which was due to limitations in
available RNA-seq samples in TCGA-ESCA
project. Second, due to utilizing bulk RNA
sequencing data, intratumor molecular heterogeneity
might cause sampling bias. Third, the results were
obtained based on computational analysis, thus,
experimental investigations should be conducted to
validate the introduced biomarkers, and also to
examine their exact impact on ESCC progression in
subsequent studies.
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In the present study, a six-IncRNA signature
associated with ESCC progression was identified.
Notably, these IncRNAs were correlated to the
overall survival time of patients with ESCC.
However, their exact prognostic value should be
confirmed using experimental examinations in
further prospective studies in order to confirm their
application in clinical settings.
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