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Background: Esophageal squamous cell carcinoma (ESCC) is one of the most common malignant
neoplasms of the digestive tract worldwide. The lack of key molecular biomarkers is associated with the
poor prognosis in ESCC patients. The present study was aimed to identify candidate genes for diagnostic,
prognostic, and therapeutic applications in ESCC by bioinformatics.

Methods: Two datasets of ESCC (GSE20347 and GSE70409) from gene expression omnibus (GEO) were
analyzed using GEO2R online tool to identify the differentially expressed genes (DEGs). Subsequently,
functions and pathways enrichment analyses of DEGs and their protein-protein interaction (PPI) network
analyses were performed. When key DEGs were identified, their relationship with ESCC prognosis was
further validated.

Results: There were 134 commonly changed DEGs (33 up-regulated and 101 down-regulated) from
GSE20347 and GSE70409 datasets were identified using integrated bioinformatical analysis. Gene ontology
(GO) and pathway enrichment analysis was performed to annotate genes and gene products, highlight
biological processes (BPs) and systemic functional information. Through the PPI network and cluster
analysis, two clusters containing 21 key DEGs were detected and 14 of them were validated based on TCGA
and GTEx data. Among these key DEGs, COL1A1 and COL10A1 were significantly associated with the
prognosis in ESCC cases.

Conclusions: In conclusion, a total of 14 key DEGs and outcome in ESCC were identified by integrated
bioinformatics analyses. COLIAI and COLI0AI might be novel potential diagnostic and prognostic
biomarkers in ESCC.

Keywords: Esophageal squamous cell carcinoma (ESCC); differentially expressed genes (DEGs); COLIAI;
COL10AI; bioinformatics analyses

Submitted Apr 09, 2019. Accepted for publication Oct 18, 2019.
doi: 10.21037/tcr.2019.11.11
View this article at: http://dx.doi.org/10.21037/tcr.2019.11.11

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2020;9(1):85-94 | http://dx.doi.org/10.21037/tcr.2019.11.11


https://crossmark.crossref.org/dialog/?doi=10.21037/tcr.2019.11.11

86

Introduction

Esophageal cancer (EC) is the eighth most common
malignancy and the sixth leading cause of cancer mortality
worldwide (1). In 2013, EC is responsible for more than
440,000 deaths globally (2). Often by the time of diagnosis,
local invasion or metastasis has occurred in EC patients.
Although the development of chemoradiotherapy or surgery
can improve the prognosis, advanced EC patients frequently
develop recurrent disease (3). The current median survival
time of advanced or metastatic EC patients without
esophagectomy is still less than 1 year (4,5). EC mainly
includes two pathological types: esophageal squamous
cell carcinoma (ESCC) and esophageal adenocarcinoma
(EACQ). Incidence of ESCC is declining in most countries
during recent decades, but ESCC accounts for the vast
majority of global EC cases. Therefore, ESCC is still
the most common type of EC (6,7). A number of studies
focused on the tumorigenesis, progression and therapeutic
effect of ESCC have been carried out in recent years (8,9).
Although considerable advances have been made in these
studies, focusing on a single gene is still not sufficient
to reveal the potential mechanisms responsible for the
occurrence and development of ESCC. Investigating the
molecular mechanisms and molecular biomarkers for early
diagnosis, surveillance and targeted therapy of ESCC by
bioinformatics methods are warranted.

High throughput sequencing has been widely used
in human cancers. Clinical and sequencing data can be
downloaded from various public databases. In the present
study, two datasets of ESCC (GSE20347 and GSE70409)
from gene expression omnibus (GEO) were analyzed using
GEOZ2R online tool to identify the differentially expressed
genes (DEGs). Subsequently, functions and pathways
enrichment analyses of DEGs were performed with database
for annotation, visualization and integrated discovery
(DAVID), and then their protein-protein interaction (PPI)
network and cluster analysis were constructed by search tool
for the retrieval of interacting genes (STRING). Following
prediction of the key DEGs in ESCC, gene expression
profiling interactive analysis (GEPIA) was utilized to
demonstrate the prediction and analyze the prognosis of
ESCC patients.

Methods
Ethics, consent and permissions

All experiments utilizing animal and human samples were
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approved by the Ethical Committee of Medical Research,
The First Affiliated Hospital of Anhui Medical University
(No. S2019008). All participants gave informed consent
before taking part.

Datasets information

GEO is a database repository of high throughput gene
expression data, hybridization arrays, chips and microarrays.
Numerous experiments and curated gene expression profiles
are available for global users to query and download. In
the present study, gene expression profiles GSE20347 and
GSE70409 were downloaded from the GEO database.
GSE20347 contains 17 tumor tissues and 17 matched
normal adjacent tissues from 17 ESCC patients from a high-
risk region of China. In the GSE70409 dataset, the tumor
and adjacent normal tissues were obtained from 17 male
ESCC patients who underwent total esophagectomy
without previous cancer treatment.

Identification of differential expression genes

We used GEO2R (https://www.ncbi.nlm.nih.gov/geo/
geo2r/), an online tool for analyzing DEGs, to compare
tumor and normal samples from the two datasets in order
to identify DEGs. Results were reported as a table of genes
ordered by significance. In the GEO2R online analysis tool,
the data from both datasets were normalized by adjusting
the option parameters. We set “apply adjustment to the P
values” to “Benjamini & Hochberg (false discovery rate)”
and “apply log transformation to the data” to “auto-detect”.
Based on the analysis results, genes that met the cut-off
criteria of the adjusted P value <0.05 and |log fold changel
>2 were defined as DEGs. Venn Diagrams website (http://
bioinformatics.psb.ugent.be/webtools/Venn/) was used
to graphical analyze the distribution of all the DEGs in
GSE20347 and GSE70409.

Gene ontology (GO) and pathway enrichment analysis

GO analysis is widely used to annotate genes and gene
products, reduce complexity and highlight biological
processes (BPs) in genome-wide expression studies. Kyoto
encyclopedia of genes and genomes (KEGG) (10) is a
database that integrates genomic, chemical and systemic
functional information. KEGG pathway analysis is extensively
used in molecular interaction, reaction and relation networks.
DAVID is an online tool (https://david.ncifcrf.gov/) for
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Figure 1 Identification of DEGs from the two gene expression
profile datasets GSE20347 and GSE70409 using Venn Diagrams
website. Blue circle represents the 302 DEGs in GSE20347, and
red circle represents the 436 DEGs in GSE70409. The intersected
area represents 134 DEGs shared in both datasets. DEGs,

differentially expressed genes.

functional interpretation of target genes. Both GO and
KEGG pathway analysis are integrated in DAVID. BPs,
molecular functions (MFs), cellular components (CCs) and

pathways of DEGs were analyzed by DAVID, P<0.05 was
considered statistically significant.

PPI network and cluster analysis

PPI was evaluated by the STRING, which is an online tool
(https://string-db.org) for functional protein association
networks. The potential relationship among those DEGs
was mapped by STRING. Minimum required interaction
score was defined as greater than 0.4. Cluster analysis was
performed subsequently to determine the probable key
molecules. PPI network was clustered to 3 clusters through
k-means clustering.

Expression and prognosis analysis of key DEGs in TCGA
database

GEPIA is a web-based tool (http://gepia.cancer-pku.cn/) for
cancer and normal gene expression profiling and interactive
analyses based on TCGA and GTEx data (11). Boxplot
analyses via GEPIA were used to show the expression
levels of key DEGs in ESCC tumor tissues and normal
tissues. Through GEPIA, Kaplan-Meier curves for disease-
free survival were used to evaluate the prognosis of ESCC
patients with different DEGs expression levels.
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Results

Identification of commonly changed DEGs from different
datasets

In the present study, a total of 34 ESCC samples and
34 normal samples from two datasets (GSE20347 and
GSE70409) were collected for DEGs analysis. Genes that
met the cut-off criteria of the adjusted P value <0.05 and llog
fold changel >2 were defined as DEGs. GSE20347 contains
17 tumor tissues and 17 matched normal adjacent tissues. 302
DEGs were identified by the GEO2R online analysis tool,
including 100 up-regulated DEGs and 202 down-regulated
DEGs. In the GSE70409 dataset, the tumor and normal
samples were obtained from 17 male ESCC patients. A total
of 436 DEGs were found by the GEO2R tool, of which
134 DEGs were up-regulated and 302 DEGs were down-
regulated. After integrated bioinformatical analysis on the
Venn Diagrams website, 134 commonly changed DEGs were
identified from the two datasets, including 33 up-regulated
DEGs and 101 down-regulated DEGs (Figure I).

GO and KEGG pathway enrichment analysis of commonly
changed DEGs

For further understanding of 134 commonly changed
DEGs, the online tool DAVID was used to analyze
the functions and pathways enrichment of these genes
(Tables 1,2). GO analysis results were classified into BP group,
CC group and MF group. In the BP group, up-regulated
commonly changed DEGs were mainly enriched in collagen
catabolic process, extracellular matrix (ECM) organization
and disassembly, and down-regulated commonly changed
DEGs were mainly enriched in peptide cross-linking,
epithelial cell and keratinization differentiation. For CC,
up-regulated genes were mainly enriched in extracellular
region, and down-regulated genes were mainly enriched
in extracellular exosome and cornified envelope. GO MF
analysis indicated that up-regulated genes were significantly
enriched in ECM structural constituent, and down-regulated
genes were mostly enriched in serine-type peptidase activity,
iron ion binding and structural molecule activity.

Based on the results of KEGG pathway enrichment
analysis, the up-regulated commonly changed DEGs were
particularly enriched in ECM-receptor interaction, focal
adhesion, protein digestion and absorption, and the down-
regulated commonly changed DEGs were mostly enriched
in drug and arachidonic acid metabolism.
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Table 1 GO and KEGG pathway enrichment analysis of up-
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Table 2 GO and KEGG pathway enrichment analysis of down-

regulated DEGs in ESCC regulated DEGs in ESCC
Category & term Annotation Count P value FDR Category & term Annotation Count P value FDR
BP BP
G0:0030574  Collagen catabolic 7 1.65x10° 2.26 G0:0030216 Keratinocyte 7  3.92x107° 5.74x10°°
process differentiation
G0:0030198 ECM organization 9 1.87x10° 2.57x10® G0:0031424 Keratinization 5 1.42x10*  0.21
G0:0001501 Skeletal system 6 4.81x10° 6.60x10° G0:0018149 Peptide cross- 5 1.67x10" 0.24
development linking
G0:0022617 ECM disassembly 5 1.11x10®° 1.52x107 G0:0030855 Epithelial cell 5 6.11x10* 0.89
GO:0001649 Osteoblast 4 9.14x10% 1.4 differentiation
differentiation G0:0008544 Epidermis 5 1.27x10° 1.84
cc development
. " 5 CC
GO:0005576  Extracellular region 17 1.07x10™ 1.14x10
. -13 —10
GO:0031012 ECM 9 251x10° 2.69x10° G0:0070062 Extracellular 46 5.05x107°5.70x10
exosome
. 7 —4
GO0:0005615  Extracellular space 14 1.08x10™" 1.16x10 GO:0001533 Cornified envelope 6  4.44x10° 5.02x10°
. f -7 —4
GO0:0005578 Proteinaceous ECM 8 2.67x10" 2.86x10 GO:0016324 Apical plasma 9 162x10% 048
G0:0005581 Collagen trimer 6 4.50x107 4.82x10™ membrane
MF GO:0005615 Extracellular space 18 6.99x10*  0.79
G0:0005201 ECM structural 4 2.73x10"  0.30 MF
constituent GO:0008236 Serine-type 5 4.01x10* 052
G0:0005509 Calcium ion binding 6 1.06x10° 11.07 peptidase activity
G0:0004252 Serine-type 4 1.22x10% 12.67 G0:0005506 Iron ion binding 6 1.57x10° 2.02
e”dzgteiatt'dase GO:0005198  Structural molecule 7 2.44x10°  3.12
y activity
KEGG pathway KEGG pathway
-5 2
hsa04512 Eﬁ:\tﬂ rrect?pr:or 5 787107 7.19x10 hsa00982  Drug metabolism— 4 4.39x10°  4.43
eractio CYP450
: : . -3
hsa04974 Protein digestion 4 1.67x107 152 hsa00590 Arachidonicacid 3 3.70x10%  32.21
and absorption .
metabolism
hsa04510 Focal adhesion 5 2.09x10° 1.90

GO, gene ontology; KEGG, Kyoto encyclopedia of genes
and genomes; DEGs, differentially expressed genes; ESCC,
esophageal squamous cell carcinoma; FDR, false discovery
rate; BP, biological process; ECM, extracellular matrix; CC,
cellular component; MF, molecular function.

Key DEGs identification by PPI network and cluster
analysis

After investigating the potential functions and pathways
of 134 commonly changed DEGs, we analyzed the PPI
network of these DEGs (Figure 2). The minimum required
interaction score was defined as greater than 0.4 (12). To

© Translational Cancer Research. All rights reserved.

GO, gene ontology; KEGG, Kyoto encyclopedia of genes
and genomes; DEGs, differentially expressed genes; ESCC,
esophageal squamous cell carcinoma; FDR, false discovery rate;
BP, biological process; CC, cellular component; MF, molecular
function; CYP450, cytochrome P450.

determine the potential key molecules associated with
ESCC, cluster analysis was performed subsequently.
PPI network of commonly changed DEGs was clustered
to 3 clusters through k-means clustering, and the most
significant two clusters (cluster 1 & 2) were shown in

Figure 3.
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Figure 2 The PPI network of 134 commonly changed DEGs in ESCC using STRING Website (https://string-db.org/). Nodes represent

proteins, and edges represent protein-protein associations. Colored nodes indicate query proteins and first shell of interactors, and white

nodes indicate second shell of interactors. Empty nodes indicate proteins of unknown 3D structure, and filled nodes indicate some 3D

structure is known or predicted. PPI, protein-protein interaction; DEGs, differentially expressed genes; ESCC, esophageal squamous cell

carcinoma; STRING, search tool for the retrieval of interacting genes.

A total of 13 DEGs in cluster 1 and 8 DEGs in cluster
2 were considered as key DEGs. Cluster 1 contained 10
up-regulated key DEGs (COL10A1, COL1IAI, LAMC?2,
MMP1, MMPI10, MMPI3, PLAU, PTHLH, SERPINEI and
SPPI) and 3 down-regulated DEGs (ILIRN, MUCI and
TCNI). All 8 key DEGs in cluster 2 were down-regulated
genes (ADHIB, ADH7, ALOX12, CYP2EI, CYP272,
CYP4B1, PSCA and SULT2BI). GO and KEGG pathway
enrichment analyses of these key DEGs were performed to
further evaluate their functions and mechanisms in ESCC
(Tables 3,4). GO BP analysis indicated that key DEGs in

© Translational Cancer Research. All rights reserved.

cluster 1 were mainly enriched in regulation of receptor
activity and collagen catabolic process, and key DEGs in
cluster 2 were mainly enriched in lipid metabolic process.
For CC, key DEGs in both clusters were associated with
ECM. For MFE, key DEGs in cluster 1 were mainly enriched
in metalloendopeptidase activity, and key DEGs in cluster
2 were mainly enriched in ion binding. KEGG pathway
enrichment analysis showed that cluster 1 was mainly
associated with complement and coagulation cascades, and
cluster 2 was mainly related to metabolism. KEGG pathway
enrichment analysis.

Transl Cancer Res 2020;9(1):85-94 | http://dx.doi.org/10.21037/tcr.2019.11.11
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Figure 3 Identification of the most significant two clusters from the PPI network of 134 commonly changed DEGs in ESCC. (A) Cluster 1
containing 13 key nodes (green) is shown on the left, and (B) cluster 2 containing 8 key nodes (red) is shown on the right. Nodes represent
proteins, and edges represent protein-protein associations. Green nodes indicate key proteins in the cluster. Empty nodes indicate proteins
of unknown 3D structure, and filled nodes indicate some 3D structure is known or predicted. PPI, protein-protein interaction; DEGs,

differentially expressed genes; ESCC, esophageal squamous cell carcinoma.

Table 3 GO and KEGG pathway enrichment analysis of cluster 1 Table 4 GO and KEGG pathway enrichment analysis of cluster 2
Category & term Annotation Count Pvalue FDR Category & term Annotation Count Pvalue FDR
BP BP
. . . —4
GO:0010469 Regulation of receptor 2 2.40x10° 2.26 GO:0006629  Lipid metabolic 4 2.72x107 033
activity process
. . . —4
GO:0030574 Collagen catabolic > 1.04x107 9.42 G0:0006631 Fatty acid metabolic 3  9.28x10™ 1.13
process
process
oo G0:0032787 Monocarboxylic acid 3  2.19x10° 2.66
metabolic process
GO:0005578  Proteinaceous ECM 4 1.69x10™" 0.11 cC
GO:0005615  Extracellular space 5 1.65x107° 1.11 G0:0005576  Extracellular region 4  8.12x10° 42.00
G0:0031012 ECM 3 1.93x10° 1.30 MF
MF G0:0005506 Iron ion binding 4  1.80x10° 0.019
GO:0004222 Metalloendopeptidase 3 1.58x10° 0.86 G0:0046914  Transition metal ion 5 3.15x10™  0.34
activity binding
. —4
GO:0005509  Calcium ion binding 3 2.60x107? 13.45 G0:0004497  Monooxygenase 3 4.95x10" 0.53
activity
KEGG path
pathway KEGG pathway
-2
0cu04610 Complementand 2 4.85x10™ 31.49 bta00590 Arachidonicacid 3  5.42x10* 0.38
coagulation cascades metabolism
GO, gene ontology; KEGG, Kyoto encyclopedia of genes and bta01100 Metabolic pathways 4  1.56x102 10.33

genomes; FDR, false discovery rate; BP, biological process; CC,
cellular component; ECM, extracellular matrix; MF, molecular
function.

GO, gene ontology; KEGG, Kyoto encyclopedia of genes and
genomes; FDR, false discovery rate; BP, biological process; CC,
cellular component; MF, molecular function.
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Figure 4 Boxplot graphs showing the expression levels of (A) COL1AI and (B) COLI0AI in tumor and normal tissues of ESCC patients,

*P<0.05. llog fold changel >2 and P value <0.05 were set as the cutoff criterion. Jitter size was set at 0.4. ESCC, esophageal squamous cell

carcinoma; ESCA, esophageal carcinoma.

Validation in the TCGA and GTEx projects

GEPIA is an online tool based on TCGA and GTEx
data. To further verify the reliability of the key DEGs in
ESCC identified from the two datasets, we queried the
expression levels and prognostic information about these
key DEGs in ESCC with GEPIA. Among all the 21 key
DEGs, 14 DEGs (LAMC2, MMP10, MMPI, SPP1, PLAU,
SERPINEI, CYP4B1, ALOX12, ADH7, SULT2B1, ADHIB,
CYP2E1, PSCA and ILI1RN) were reconfirmed by GEPIA,
and the expression trends remained unchanged. In addition,
Kaplan-Meier survival analyses for disease-free survival
were performed to evaluate the prognosis of ESCC patients
with different expression levels of 14 key DEGs. We found
that COL1AI and COL10AI were significantly increased
in ESCC tumor tissues compared with matched normal
tissues (Figure 4). Furthermore, disease-free survival for
ESCC patients with low COLI1AI or COLI0AI expression
was significantly higher than those with high COLIAI or
COL10AI expression (Figure 5). These results suggested
that COLIAI and COL10AI might play an important role
in the progression of ESCC.

Discussion

Despite considerable studies have been conducted to
reveal the etiology and pathogenesis of ESCC in the last
few years, the incidence and mortality of EESC is still

© Translational Cancer Research. All rights reserved.

very high, and the precise mechanism remains unclear.
Focusing on a single genetic event or a single cohort
study is more likely responsible for this situation. In the
present study, we integrated two ESCC datasets from
diverse populations, and 134 commonly changed DEGs
(33 up-regulated and 101 down-regulated) were identified
with multiple bioinformatics methods for the in-depth
analysis of these datasets. Subsequently, 134 commonly
changed DEGs were enriched by GO and KEGG pathway
analysis, and the most two significant clusters with 21 key
DEGs were identified using PPI and clustering methods.
Following these analyses, 14 key DEGs were reconfirmed
by GEPIA which is based on TCGA and GTEx data, and
the consistencies in expression trends were maintained.
Different DEGs validated in different databases are likely
the result of the genomic instability of cancers. Not all
mutated genes are referred to driver genes associated with
carcinogenesis. Another possibility is that intratumoral
heterogeneity might contribute to the significant
differences in the molecular mechanisms.

BP analysis of these DEGs was mainly enriched in
regulation of receptor activity, collagen catabolic process
and lipid metabolism. CCs were mainly related to ECM,
and MFs were mostly associated with metalloendopeptidase
activity and ion binding. KEGG pathway enrichment
analysis showed that these key DEGs were significantly
enriched in metabolic pathways, complement and
coagulation cascades. Finally, two genes (COLIAI and

Transl Cancer Res 2020;9(1):85-94 | http://dx.doi.org/10.21037/tcr.2019.11.11
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Figure 5 Kaplan-Meier curves for disease-free survival in the ESCC patients stratified by high or low (A) COL1A41 and (B) COL10A1
mRNA expression. Both group cutoff-high and cutoff-low were set at 50%. ESCC, esophageal squamous cell carcinoma; TPM, transcripts

per million; HR, hazard ratio.

COLI10AI) in the 14 key DEGs were significantly correlated
with disease-free survival in ESCC patients. However,
there was no difference in overall survival (data not shown)
in patients with different expression levels of COLA1 or
COL10AI. Endpoint events of overall survival could be
influenced by censoring and various confounders. Disease-
free survival provides an advantage to the evaluation of
cancer recurrence and progression.

Collagen, a protein that strengthens and supports many
tissues in the body, plays an important role in maintaining
ECM homeostasis. Most studies so far have shown that
ECM are strongly associated with tumor invasion and
metastasis (13,14). The presence of collagen in ECM has
been known to influence cancer cells. Collagens can induce
EMT (epithelial-mesenchymal transition) and related
disease progression in many cancers (15,16). Alpha-1 type
I collagen is a protein that in humans is encoded by the
COLIAI gene, and alpha-1 type X collagen is another
member of the collagen family encoded by the COL10A1
gene. Therefore, we could hypothesize that COLIAI and
COL10A1 might contribute to the invasion and metastasis
of ESCC. To test the hypothesis, Kaplan-Meier survival
analysis for disease-free survival was performed. We found
that high expression of COLIAI or COL10AI in ESCC
patients was associated with a significant increase in the risk
of disease recurrence or progression.

Type I collagen is mainly encoded by the COLIAI
gene, and the most ECM proteins are comprised of
fibrillar collagens (17). A recent study has suggested that

© Translational Cancer Research. All rights reserved.

COL1AI was up-regulated in colorectal cancer tissues
and matched lymph node tissues. COLIAI overexpression
might promote colorectal cancer cell migration through
the WNT/PCP pathway (18). Compared with normal
tissues, the expression of COLIAI was also significantly
increased in cervical cancer tissues. COLIAI activation
was correlated with low radiosensitivity and anti-
apoptosis induced by radiation in cervical cancer cells (19).
Conversely, the proliferation and migration of human oral
squamous cell carcinoma cells could be inhibited by down-
regulating the expression of COLI1A1 (20). Similar results
have also been reported in gastric cancer (21). These
studies suggested that overexpression of COLIAI could be
considered as an important molecular event in a variety of
human cancers. Thus, COL1AI expression may represent
an independent biomarker for prediction of prognosis in
patients with ESCC.

"Type X collagen is a homotrimer which is encoded by the
COL10AI gene. Screening for a panel of RNAs prepared
from different cancers and cancer cell lines demonstrated
that COL10A1 up-regulated frequently in a variety of
cancers. Whereas COLI0A1 was restricted expressed or
even undetectable in most of normal tissues. COL10A1
can be specifically expressed in the vasculature and tumor
microenvironment in breast cancer tissues through
immunofluorescence staining with specific antibodies (22).
These conclusions were supported by another study. High
COLI10A1 expression was associated with poor prognosis
in patients with ER+/HER2+ breast cancer (23). Besides
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many different advanced cancers, aberrant expression of
COLI0AI can also be detected in precancerous lesions and
early tumors. Serum protein concentrations of COLI0A1
were markedly increased in adenomas and colorectal cancer
cases compared with the control samples. COL10AI protein
levels in serum might be considered as an early potential
diagnostic biomarker candidate to identify colorectal
cancer and adenoma (24). In our study, as one of the most
significant key DEGs, the specificity and sensitivity of
COL10AI in the early diagnosis of ESCC remain to be
further investigated.

In summary, we identified several key genes and outcome
in ESCC by bioinformatics analyses. A total of 14 key
DEGs were selected and validated in different databases.
Among these key DEGs, COL1A1 and COL10AI are
significantly associated with the prognosis in ESCC.
Therefore, COL1A1 and COL10AI might be considered
as novel potential diagnostic and prognostic biomarkers in
patients with ESCC. Further verification experiments are

required to confirm the expressions, functions and pathways
of these key DEGs.
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