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Evidence has suggested that the cancer-associated extracellular matrix (ECM) could
be recognised as immune-related biomarkers that modulate tumour progression and
expansion. However, the ECM-associated immune effect on esophageal squamous
cell carcinoma (ESCC) prognosis and therapy has not been well characterised. In our
study, we first constructed an ECM-related signature including four genes CST1, NELL2,
ADAMTSL4, and ANGPTL7 by multivariate Cox regression analyses. This signature
could serve as a marker to evaluate the prognosis of patients with ESCC and was
successfully validated in testing and combined (training plus testing) cohorts. We also
found that there were significant different therapeutic responses to chemotherapy and
targeted drugs between the high-risk and low-risk groups of patients defined by the
signature. Furthermore, the expression of four genes and immune function analysis
suggested that this ECM-related signature gene might play important roles in the
changes of the tumour microenvironment. In conclusion, our findings demonstrated
that the ECM-related signature might serve as an independent prognostic factor and
provide a potential biomarker for chemotherapy responses for patients with ESCC.

Keywords: ESCC, ECM-related genes, signature, prognosis, therapeutic responses

INTRODUCTION

Esophageal cancer (ESCA), as the seventh most common cancer worldwide, is a widespread
human malignancy (Bray et al., 2018). This type of carcinoma includes two main subtypes:
esophageal adenocarcinoma and esophageal squamous cell carcinoma (ESCC). ESCC is a
common malignancy with a high incidence rate in China (Wei et al., 2015; Deng et al.,
2018). Despite advances in surgical techniques and other treatment strategies, the survival
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of patients with ESCC has not been obviously improved. In recent
years, immunotherapy has emerged as a novel treatment strategy
and as an effective and promising option for the treatment of
various types of cancers (Kono et al., 2018; Mimura et al., 2018;
Antoni and Dhabhar, 2019; Fan et al., 2019), including ESCA
(Doi et al., 2018; Shah et al., 2019). New clinical trials also
indicate that nivolumab significantly improves overall survival
compared to chemotherapy and may prove to be a new standard
second-line treatment for patients with ESCC (Kato et al.,
2019). However, immunotherapy of ESCC remains at an initial
stage, exploring the novel immune-related biomarkers is in
demand for the evaluation of the prognosis and chemotherapy
responses of ESCC.

The tumour microenvironment (TME) consists of an
insoluble extracellular matrix (ECM), a stroma composed of
fibroblasts, adipocytes, endothelial, and resident immune cells,
and a multitude of growth factors and cytokines (Iyengar
et al., 2016; Binnewies et al., 2018; DeBerardinis, 2020). The
ECM was originally described as the non-cellular component
of tissue that provides both biochemical and essential structural
support for its cellular constituents, providing functions ranging
from cellular adhesion and motility to cell signalling (Hynes,
2009; Theocharis et al., 2016). Accumulating evidence has
shown that the ECM conveys specific signals to cells, thereby
modulating immune cell migration, activation, proliferation,
and differentiation (Pickup et al., 2014; Sangaletti et al., 2017;
Mushtaq et al., 2018). Although the cancer-associated ECM plays
a very important role in TME, the ECM-associated immune
effect on ESCC prognosis and therapy has not been well studied.
In this paper, we propose and validate a new ECM-related
signature (CST1, ANGPTL7, ADAMTSL4, and NELL2) that
could evaluate the prognosis of patients with ESCC. We also
found that there were significant different therapeutic responses
to chemotherapy and targeted drugs between the high-risk and
low-risk groups of patients defined by the signature. More
interestingly, the expression of four genes and an immune
function analysis suggested that this ECM-related signature
gene might play important roles in the change of the tumour
microenvironment.

MATERIALS AND METHODS

Patients and Public Datasets
All bioinformatics data were anonymous, obtained from the
GSE53625 dataset in the GEO database, and their use did not
require ethical approval.

Identification of Differentially Expressed
ECM-Related Genes
The esophageal squamous cell carcinoma dataset GSE53625 was
downloaded from the GEO database. This dataset includes 179
cancer tissues and 179 paracancerous tissues, as well as patients’
clinical information (including age, sex, survival time, survival
status, smoking, and drinking status, etc.; Table 1). The Annotate
Document file was downloaded, and the data provided by the

Genecode database1 were used to reannotate the dataset to obtain
the expression matrix by R software. The limma package in
R was used to normalise the matrix (Robinson et al., 2010;
Smyth, 2011). The cut-off values were set as log (|FC|) ≥ 1 and
p < 0.05. The differentially expressed ECM-related genes in ESCC
were selected, based on the online Matrisome Project database
(Naba et al., 2016)2 in November 2019 for further analysis and
model construction.

GO and KEGG Analyses
Using the clusterProfiler package in R software, GO and
KEGG pathway enrichment were conducted for differentially
expressed ECM-related genes (Ashburner et al., 2000; Ogata et al.,
2000; Yu et al., 2012). P-values < 0.05 were regarded to be
statistically significant.

Constructing an ECM-Related Gene
Signature
A total of 179 ESCC patients with complete clinical features were
randomly separated into two sets. The training cohort contained
91 samples, and the testing cohort contained 88 samples. The
training cohort was designated to identify prognostic signatures
and to establish prognostic risk models, while the testing cohort
and the combined cohort were designated to validate the
prognostic value of the models.

In the training cohort, we utilised Cox regression analysis to
explore the association between differentially expressed ECM-
related genes and ESCC patients’ overall survival (OS). Using
univariate Cox regression, these genes were considered to be
necessary when the P-value was < 0.05. We used Lasso regression
to filter the numbers of genes for ESCC patients. Finally, we
applied the multivariate Cox regression analysis to estimate the
significance of each gene as an independent prognostic factor for
patient OS. Based on the linear regression coefficients originating
from the multivariate Cox regression analysis in each cohort,
a prognostic risk model was established in the training cohort.
This signature consisted of the expression level of four ECM-
related genes (CST1, NELL2, ADAMTSL4, and ANGPTL7) and
were weighted by the estimated regression coefficients of the
multivariate Cox regression analysis.

Based on the median value referring to the risk score results,
we classified 91 ESCC patients with prognostic information into
high-risk and low-risk groups. The Kaplan-Meier (K-M) patient
survival analysis was then plotted separately for the two groups.

Evaluation and Verification of
ECM-Related Gene Signature
After constructing the risk model, we applied it to the testing and
entire cohort to validate the accuracy of the model. The receiver
operating characteristic curve (ROC) was also determined to
assess the predictive power of the models in the training cohort,
testing cohort, and the entire cohort, respectively.

1https://www.gencodegenes.org
2http://matrisomeproject.mit.edu/other-resources/human-matrisome/
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TABLE 1 | Clinical features of 179 esophageal carcinoma patients in GSE53625.

Variables Training
cohort
(n = 91)

Testing
cohort
(n = 88)

Entire
cohort

(n = 179)

Age(years) ≤50 8 19 27

>50 83 69 152

Gender Male 73 73 146

Female 18 15 33

Vital status Alive 36 37 73

Dead 55 51 106

Histologic Grade Poorly 27 22 49

Moderately 48 49 97

Well 15 17 32

Tumour.loation Lower 30 32 62

Middle 51 46 97

Upper 10 10 20

T I–II 22 17 39

III–IV 69 71 140

N 0 43 40 83

1–3 48 48 96

Stage I 5 5 10

II 40 37 77

III 46 46 92

Alcohol.use YES 53 53 106

NO 38 35 73

Alcohol.use YES 56 58 114

NO 35 30 65

Arrhythmia YES 22 21 43

NO 69 67 136

Pneumonia YES 6 9 15

NO 85 79 164

Gene Set Enrichment Analysis
We unitised gene set enrichment analysis (GSEA) (Kuleshov
et al., 2019; Reimand et al., 2019) to investigate the possible
mechanisms and functions of the high-risk and low-risk groups,
including Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) functional analyses. The number
of random sample permutations was set at 1,000, and the
significance threshold was set at p < 0.05.

Estimation of TME and
Tumour-Infiltrating Immune Cells
Stromal, immune cells and ESTIMATE scores of TME were
determined by the “ESTIMATE” R package (Yoshihara
et al., 2013). The relationships between signature genes and
immune cells were determined by the TIMER database3

(Li et al., 2017a).

Drug Therapeutic Response Prediction
We used the R package “pRRophetic” to estimate the drug
therapeutic response that was determined by the half maximal
inhibitory concentration (IC50) of each ESCC patient on the

3https://cistrome.shinyapps.io/timer/

Genomics of Drug Sensitivity in Cancer (GDSC) website (Garnett
et al., 2012; Yang et al., 2012; Iorio et al., 2016).

Independent Predictive Factor
Assessment
Combined with the clinical features (including age, sex, tobacco
use, alcohol use, tumour location, tumour grade, pathologic stage,
arrhythmia, and pneumonia) of patients with ESCC, univariate
Cox regression analysis was performed with these features as
independent variables and total survival time as the dependent
variable. The multivariate regression analysis was performed with
the univariate analysis results of significant p-values (p < 0.05).
We calculated the hazard ratio (HR), 95% confidence interval,
and two-sided P-values.

Cell Lines, Cell Culture, and Western
Blotting
The human ESCC cell lines Eca109 and KYSE150 and human
normal esophageal squamous epithelial cells (HET-1A) were
cultured in RPMI-1640 supplemented with 10% foetal bovine
serum and 1% penicillin–streptomycin or Dulbecco’s modified
Eagle’s medium (high-glucose medium) and minimal essential
medium buffer in a humidified atmosphere of 5% CO2
maintained at 37◦C.

Equal amounts of protein were loaded and separated using
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). After transfer to a polyvinylidene difluoride
membrane, the proteins were blocked with 5% bovine serum
albumin (BSA) and incubated at 4◦C overnight with the
following primary antibodies: CST1 (Proteintech, China, 1:800),
NELL2 (Proteintech, China, 1:800), ADAMTSL4 (Proteintech,
China, 1:800), and ANGPTL7 (Proteintech, China, 1:800).
Subsequently, the samples were incubated with horseradish
peroxidase (HRP)-conjugated secondary antibody for 2 h.
The targeted proteins were detected and visualised with
an enhanced chemiluminescence system (GE Healthcare)
and X-ray film (GE Healthcare). Beta-actin was used as a
loading control.

Immunohistochemistry (IHC)
For IHC, tissue microarray chips containing 66 pairs of ESCC and
adjacent tissues were obtained from the First Affiliated Hospital
of Shihezi University in Xinjiang. Immunohistochemistry (IHC)
staining was performed as previously described (Liu et al., 2019).
These microarray chips were sequentially incubated with rabbit
antibodies against CST1 (Proteintech, China, 1:400), NELL2
(Proteintech, China, 1:400), ADAMTSL4 (Proteintech, China,
1:400), and ANGPTL7 (Proteintech, China, 1:400). HRP-labeled
secondary antibody was added the next day. Afterward, the nuclei
were counterstained with haematoxylin when adding the DAB
solution. Analysis of the staining was independently assessed by
two experienced pathologists based on the percentage of positive
cells and the staining density. The final score was equal to the
staining intensity score, multiplied by the average percentage
of positive cells.
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Statistical Analyses
Statistical analyses were performed with R software (Version
3.6.1). Univariate, lasso, and multivariate Cox regression models
were utilised to evaluate the prognostic value. The Kaplan-
Meier (KM) survival analysis, followed by a log-rank testing,
was applied to analyse the overall survival (OS) time of the risk
groups. We then confirmed the accuracy of this model in the
test and the entire data set. Finally, hazard ratios (HRs) and
95% confidence intervals (CIs) were calculated to describe the
relative risk. A P-value < 0.05 was regarded as a statistically
significant difference.

RESULTS

Identification of ECM-Related Genes in
ESCC
A total of 3,481 differentially expressed genes (DEGs) (log2|fold
change| >1.5 and adj. P < 0.05) were identified by the
expression levels of lncRNAs and mRNAs between the 179 ESCC
and adjacent tissues, including 1447 significantly overexpressed
and 2034 significantly downregulated genes (Supplementary
Figure 1A). From the 3481 DEGs in ESCC, we selected 280 ECM-
related genes present in the Matrisome Database (logFC > 1 or
logFC <−1, adjusted P-value < 0.05) (Figure 1B).

GO and KEGG pathway enrichment analyses of 280
ECM-related genes were conducted (adj. P < 0.05). As
shown in Figure 2A, the top 10 GO analysis revealed that
functional categories were enriched in the extracellular structure
organisation and extracellular matrix organisation in BP;
extracellular matrix and collagen-containing extracellular matrix
in CC; and the extracellular matrix structural constituent and
cytokine-cytokine receptor interaction in MF (adj. P < 0.05).
KEGG functional analysis revealed that the top 30 pathway
function categories (adj. P < 0.05) were significantly enriched
in the ECM-receptor, cytokine-cytokine receptor interaction,
and Wnt signalling pathways (Figure 2B). These results
suggest that the ECM genes might affect the prognosis of
patients with ESCC through the biological processes and
pathways above.

Establishment of ECM-Related Signature
in Training Cohort
Based on the 280 DEGs, 12 genes (P-value < 0.05) were screened
out as prognostic markers after univariate Cox analysis (Table 2).
Six genes were then selected to establish a signature, due to the
coefficient caused by the lasso model (Figures 3A,B). Moreover,
four genes (CST1, NELL2, ADAMTSL4, and ANGPTL7,
Supplementary Figure 1) were found to independently interact
with the patient prognosis in the multivariate Cox regression
(Figure 3C and Table 3).

Based on the Cox proportional hazards regression model,
the formula was as follows: risk score = (0.215106 ×
expressionCST1) + (−0.13126 × expressionNELL2) +

(−0.53464 × expressionADAMTSL4) + (0.384582 ×

expressionANGPTL7).

According to the model, ESCC patients were divided into a
high-risk group (n = 45) and a low-risk group (n = 46) with the
median risk score in the training cohort as the cut-off. Patient
OS was significantly shorter in the high-risk group than in the
low-risk group (P = 6.719e−04, log-rank test, Figure 3D).

The area under the ROC curve analysis showed that this
signature effectively predicted ESCC patient 3 and 5 year OS
(AUC = 0.756 and 0.803, Figure 3E). The distribution of the
four gene-based risk scores, vital statuses of patients sorted by
risk score, and the four-gene expression heatmap are displayed
(Figures 3F–H). Among the four genes in the signature, the
coefficients of NELL2 and ADAMTSL4 were negative, suggesting
that they may have a survival promotion significance, while the
other genes seemed to be risk factors and were more highly
expressed in the high-risk group than in the low-risk group
within the training cohort.

Validation of the ECM-Related Signature
in Testing and Entire Cohort
To reveal the accuracy of the model, the signature model was
validated in the test set and entire dataset. We further computed
the risk score of ESCC patients in the test group (n = 88)
according to the formula. The dataset was also divided into
two groups using the optimal cut-off point (high-risk group
vs. low-risk group, 46 vs. 42). The Kaplan-Meier curve results
also suggested a significant difference in survival time between
high-risk patients and low-risk patients (P = 1.892e−03; log-
rank, Figure 4A). The time-dependent ROC analyses found
that this four-gene signature-based model was an effective
tool to predict ESCC patient 3 and 5 year OS, respectively
(AUC = 0.643 and 0.649, Figure 4B). In addition, the Kaplan-
Meier curves showed a significant difference in prognosis
between the two groups (n = 91 vs. 88, P = 3.237e−06, log–
rank test, Figure 5A), with a 3 and 5 year OS, respectively
(AUC = 0.698 and 0.753) in the entire dataset (n = 179,
Figure 5B). The distribution of the four gene-based risk scores
and vital statuses of patients, sorted by the risk score and the four-
gene expression heatmap, were also consistent with these findings
(Figures 4C–E, 5C–E).

The ECM-Related Signature as an
Independent Prognostic Factor
A total of 179 ESCC patients with clinical information, including
sex, age, tumour grade, TNM stage, arrhythmia, pneumonia,
alcohol, tobacco, and risk score, were included in further
analysis. The univariate and multivariate analyses indicated
that the risk score calculated from the ECM-related signature
was an independent prognostic factor. (training cohort: hazard
ratio = 1.557, 95% confidence interval [CI] = 1.166–2.133,
P < 0.01; testing cohort: hazard ratio = 1.504, 95% confidence
interval [CI] = 1.244–1.819, P < 0.001; entire cohort: hazard
ratio = 1.533, 95% confidence interval [CI] = 1.298–1.809,
P < 0.001, respectively, Figures 6A–F).

Referring to the above findings, we constructed a nomogram
combining the ECM-related signature and clinical features
(age, sex, stage, tumour grade, tumour location, arrhythmia,
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FIGURE 1 | Identification of DEGs in patients with ESCC. (A) Volcano plot of identified DEGs. (B) Heatmap.

pneumonia, alcohol and tobacco use, and risk score) to directly
predict 1, 2, and 3 year survival (Figure 6G).

Therapeutic Responses for ESCC
We found that 24 chemotherapy and targeted drugs had great
differences in estimated IC50 between high-risk and low-risk
groups; specifically, patients in the high-risk group had higher
IC50 values (P < 0.05; Figure 7). Together, these results

substantiated that the signature may play a significant role in the
prediction of the drug therapeutic response.

Expression of Four Genes in ESCC
Tissue and ESCC Cell Lines
Immunohistochemistry showed that CST1, ADAMTSL4, and
ANGPTL7 were mainly localised to membranes and cytoplasm,
while NELL2 was primarily expressed in the nuclei in
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FIGURE 2 | Functional annotations and analysis. (A) GO analysis and (B) KEGG analysis of differentially expressed ECM-related genes.

ESCC tissues. CST1 and NELL2 proteins were significantly
overexpressed in tumour tissues compared with adjacent non-
tumour tissues (Figures 8a–f). ADAMTSL4 and ANGPTL7
proteins were significantly overexpressed in adjacent non-
tumour tissues compared with tumour tissues (Figures 8g–l).
Western blot analysis revealed that the expression of CST1
and NELL2 was significantly upregulated in esophageal cancer
cell lines (Eca109, KYSE150) compared with normal esophageal
squamous epithelial cell lines (Het-1A), while ADAMTSL4
and ANGPTL7 was significantly increased in the Het-1A cell
line and expressed at significantly low levels in Eca109 and
KYSE150 (Figure 9).

Immune Function Analysis of
ECM-Related Signature Genes
There were significant differences in stromal and immune
scores and ESTIMATE scores between the high- and low-risk
groups (Figures 10A–C). After identifying the immunotherapy
value of the signature, we also found a significant correlation
between the expression level of four genes and the immune

TABLE 2 | The univariate Cox analysis.

id HR HR.95L HR.95H0 p-value

CST1 1.332712 1.091342 1.627466 0.004842

CST2 1.278036 1.063243 1.536219 0.00897

IL18 0.696589 0.524915 0.92441 0.012266

ADAMTSL4 0.640664 0.435687 0.942075 0.023618

NELL2 0.864257 0.756576 0.987265 0.031655

ADAMTS8 1.198456 1.015525 1.41434 0.032172

CLEC18B 0.76654 0.599247 0.980537 0.034308

ANGPTL7 1.368752 1.023105 1.831174 0.034534

SCUBE1 1.448719 1.025875 2.045851 0.035288

SLPI 0.85711 0.740934 0.991503 0.038006

CSTB 0.718285 0.524464 0.983736 0.039192

ADAMTSL3 1.247108 1.007082 1.54434 0.042901

cell infiltration level for ESCC (Figures 10E–H). CST1
and ANGPTL7 expression was positively associated with
macrophages (correlation = 0.4222 and 0.334, p-value < 0.01)
and B cells (correlation= 0.142 and 0.172, p-value < 0.01), while
ADAMTSL4 and NELL2 expression was negatively related to
tumour purity and macrophages, respectively (p-value < 0.01).
GSEA enrichment analysis also showed that the high-risk group
defined based on the signature was obviously enriched in B cell
activation, regulation of immunoglobulin, and other immune-
derived factors (P < 0.05; Figure 10D). These results revealed
that the ECM-related signature genes may play significant roles in
the changes of TME.

DISCUSSION

ESCC remains one of the most common aggressive malignancies
and the sixth leading cause of cancer-associated mortality in
China (He et al., 2014; Su et al., 2019). Despite the development
of new diagnoses and treatment approaches for ESCC in recent
decades, there has been only a slight reduction in its incidence
and mortality worldwide. The ECM, which can be altered in the
occurrence and progression of tumours, has attracted extensive
attention due to its relationship with immune processes, and
several ESCC studies based on the ECM have been reported
(Erdogan and Webb, 2017; Giussani et al., 2018; Eble and Niland,
2019). However, only a few biomarkers with sensitivity and
specificity are available to evaluate the prognosis and therapeutic
responses of patients with ESCC.

In the present study, for the first time, we identified and
verified a novel ECM-related signature (consisting of ANGPTL7,
ADAMTSL4, CST1, and NELL2) that effectively predicts ESCC
patient overall survival. In the training cohort, patients in
the high-risk group had a shorter survival time than those
in the low-risk group. The ROC curve presented a relatively
high prognostic prediction value, with an AUC of 0.756–0.803.
Moreover, the multivariate Cox regression model indicated that

Frontiers in Molecular Biosciences | www.frontiersin.org 6 March 2021 | Volume 8 | Article 598427

https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org/
https://www.frontiersin.org/journals/molecular-biosciences#articles


fmolb-08-598427 March 12, 2021 Time: 16:16 # 7

Zhang et al. Extracellular Matrix-Based Signature

FIGURE 3 | Construction of the DEG-based prognostic signature in the training cohort of patients with ESCC. (A,B) Lasso analysis yielded six genes for further
analysis. (C) Multivariate regression analysis identified four genes to be included in the ECM-related prediction model. (D) Kaplan-Meier survival curves of the relative
overall survival of the high- and low-risk groups. (E) ROC curve analysis of the prognostic signature. (F) Distribution of the four gene-based risk scores. (G) Vital
statuses of patients in the high- and low-risk groups. (H) Heatmap of four-gene expression profiles in the high- and low-risk groups.

this signature acted as an independent risk factor after adjustment
for several clinical features, such as age, tumour grade, tumour
size, and lymph node status. When patients were stratified

based on pathological clinical features, the signature remained
a robust prognostic tool. Similar results were observed with the
validation of the model in the testing set and the entire pool of
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TABLE 3 | The ECM gene model information of ESCC.

id Coef HR HR.95L HR.95H p-value

CST1 0.215106 1.239993 0.996972 1.542252 0.053271

NELL2 −0.13126 0.876987 0.760488 1.011333 0.071075

ADAMTSL4 −0.53464 0.58588 0.388086 0.884483 0.010957

ANGPTL7 0.384582 1.468999 1.090252 1.979321 0.011473

patients. Importantly, we also found that 24 chemotherapy and
targeted drugs had great differences in estimated IC50 between
the high-risk and low-risk groups, established based on our

immune-related model, further indicating that this signature
could play a pivotal role in the evaluation of prognosis and
therapeutic responses for ESCC patients.

In addition, the functional and pathway enrichment analysis
showed the potential functions of these four genes and
identified several important biological processes and pathways
associated with human cancers. GO analysis showed that the
DEGs were enriched in functional categories such as receptor
regulator activity and cytokine receptor binding, while KEGG
functional analysis revealed that the top 30 significantly enriched
pathway functional categories (adj. P < 0.05) included the
IL-17 signalling pathway, ECM-receptor interaction, and

FIGURE 4 | Validation of the ECM–related signature in the testing cohort of patients with ESCC. (A) Kaplan-Meier survival curves of the relative overall survival of
high- and low-risk patients. (B) ROC curve analysis of the prognostic signature. (C) Distribution of the four gene-based risk scores. (D) Vital statuses of patients in
the high- and low-risk groups. (E) Heatmap of four-gene expression profiles in the high- and low-risk groups.
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FIGURE 5 | Validation of the ECM–related signature in the entire cohort of patients with ESCC. (A) Kaplan-Meier survival curves of the relative overall survival of high-
and low-risk patients. (B) ROC curve analysis of the prognostic signature. (C) Distribution of the four gene-based risk scores. (D) Vital statuses of patients in the
high- and low-risk groups. (E) Heatmap of four-gene expression profiles in the high- and low-risk groups.

cytokine-cytokine receptor interaction. GSEA enrichment
analysis also confirmed that the high-risk group, defined based
on the signature, was obviously enriched in B cell activation,
regulation of immunoglobulin, and other immune-derived
functions (P < 0.05), suggesting that the signature-associated
genes might affect ESCC patients with poor prognosis through
the immune processes and pathways above.

A further study showed that the four genes in the signature
were closely correlated with immune score and stromal score.
In the literature, stromal and immune cells have indispensable
roles in the TME of multiple cancers (Yoshihara et al., 2013;
Liu et al., 2018). These results indicated that this signature may

play a vitally significant role in tumour progression through the
immune system. Interestingly, after comparing the infiltration
of seven immune cell types with the expression of identified
genes, we further demonstrated the effect of TME infiltration
of immune cells on the prognosis of ESCC patients. ANGPTL7
belongs to a family of secreted angiopoietin-like proteins with
reported functions in the regulation of angiogenesis (Carbone
et al., 2018), cancer migration, and invasion (Kuo et al., 2013).
In addition, this gene promotes proinflammatory responses in
macrophages by modulating the P38 MAPK signalling pathway
(Qian et al., 2016). Previous studies have shown that tumour-
associated macrophages play an important role in the progression
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FIGURE 6 | Correlation between the prognostic signature and clinical characteristics of patients with ESCC. Univariate and multivariate Cox regression analyses of
correlations between the ECM-related signature and clinical characteristics and overall survival in the training (A,B), testing (C,D) and entire cohorts (E,F).
(G) Nomogram for predicting 1-, 3-, and 5-years overall survival in patients with ESCC.

and metastasis of ESCC (Wang et al., 2017; Lu et al., 2019).
For instance, X. Jia’s group found that CCL2 in ESCC prompts
the recruitment of tumour-associated macrophages and induces

immune escape through PD-1 signalling (Yang et al., 2020). These
results, along with our findings, indicate that this gene had a
positive effect on macrophages, CD8+T cells, and CD4+T cells,
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FIGURE 7 | Different chemotherapeutic responses in high- and low-risk patients with ESCC. (P < 0.05).

and the negative relationship with tumour purity. ADAMTSL4,
as a secreted glycoprotein, is a novel human biomarker in
the regulation of immune-associated treatment, participating in
microfibril formation and function (Hubmacher and Apte, 2015),
and it is closely linked to immune-related biological processes

in glioblastoma multiform (GBM) (Hubmacher and Apte,
2015). Consistently, ADAMTSL4 showed a similar behaviour
in our study, suggesting that it has an inverse interaction
with tumour purity. We therefore hypothesise that ANGPTL7
and ADAMTSL4 might be mainly involved in regulating the
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FIGURE 8 | The differential expression of four ECM-related genes in ESCC tissues and adjacent non-tumour tissues detected by immunohistochemistry. The
expression levels of CST1 (a–c) and NELL2 (d–f) were higher in ESCC tissues than in adjacent non-tumour tissues. In contrast, the expression levels of ADAMTSL4
(g–i) and ANGPTL7 (j–l) were lower in ESCC tissues (e,g) than in adjacent non-tumour tissues.

formation and progression of ESCC by the above immune
processes. Cysteine protease is a proteolytic enzyme that is
widely distributed in tissues and has many functions, including
the degradation of the extracellular matrix and the regulation
of immune responses such as inflammation (Lah et al., 1993).
The upregulation of CST1 expression is closely associated with

poor prognosis in breast cancer patients (Dai et al., 2017) and
colon cancer (Li et al., 2017b; Jiang et al., 2018), consistent
with our results verifying the expression of CST1 in esophageal
cancer tissues and cell lines by immunohistochemistry (IHC)
and western blotting. Although recent studies have also shown
that CST1 is a key antigen in humoral immune regulation
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FIGURE 9 | Different expression levels of CST1, NELL2, ADAMTSL4, and
ANGPTL7 proteins in the ESCC cell lines Eca109 and KYSE150 and the
normal cell line Het-1A detected by western blotting.

(Deshmukh et al., 2020), there are very few studies on the role
of CST1 in the tumour microenvironment. Neural epidermal
growth factor-like-like 2 (NELL2) has been reported to serve

important functions in the development, survival, and activity
of neurons in animals (Jaworski et al., 2015). Some research
has confirmed that Nell 2 can inhibit the migration of renal
carcinoma cells (Nakamura et al., 2015). This is consistent with
our IHC and western blotting findings that NELL is a protective
factor for esophageal squamous cell carcinoma. A recent study,
published in the journal Science, showed that Nell 2 is closely
related to male fertility (Kiyozumi et al., 2020). There are very
few reports on the relationship between NELL2 and the tumour
microenvironment, so it is necessary to study the mechanism by
which NELL2 regulates the tumour microenvironment.

The above results show that poor prognosis in ESCC
patients may mainly be attributed to lower immune activity
and inhibited immune reactivity in the TME, which can help
to overcome immune suppression and enhanced antitumour
immunity. According to these changes, high-risk patients with
ESCC may benefit from immunotherapy and chemotherapy.
Nevertheless, there are some limitations that should be noted.
First, only limited data were used for the construction of
signatures, and more robust specimens should be collected in the
future. Next, the biological functions of the four identified genes,
especially their association with immune infiltration, should be
further assayed.

FIGURE 10 | Characterisation of the TME and tumour-infiltrating immune cells in ESCC. (A–C) Immune, Stromal scores and ESTIMATE scores of the high- and
low-risk groups in ESCC. (D) Gene set enrichment analysis between the high-risk and low-risk groups. (E–H) The correlation between the expression levels of the
four genes and immune cell infiltration in TIMER.
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In summary, for the first time, we established an immune-
related signature based on ECM genes that serves as
an independent prognostic factor for ESCC patients and
reflects the intensity of the immune response in the ESCC
microenvironment. The signature showed promising sensitivity
and specificity for the prediction of survival and chemotherapy
responses, thereby providing new prognostic and treatment
strategies for this fatal disease.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analysed in this study.
This data can be found here: https://www.ncbi.nlm.nih.gov/
geo (GSE53625).

AUTHOR CONTRIBUTIONS

HZ, QS, and ZY designed the experiments and wrote the
manuscript, contributed equally to this work. KW, ZZ, and ZH

collected data. XC and FL conducted the experiments. All authors
contributed to the article and approved the submitted version.

FUNDING

This study was supported by the grants from the National
Natural Science Foundation of China (Nos. 81773116, 81760436,
81560399, 81460362, and 81860518) and the National Early
Detection and Treatment Project for Upper Digestive Tract in
Rural Area in China (2009).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmolb.
2021.598427/full#supplementary-material

Supplementary Figure 1 | The prognostic values of four genes in patients with
ESCC. (A) CST1, (B) NELL2, (C) ADAMTSL4, and (D) ANGPTL7.

REFERENCES
Antoni, M. H., and Dhabhar, F. S. (2019). The impact of psychosocial stress and

stress management on immune responses in patients with cancer. Cancer 125,
1417–1431. doi: 10.1002/cncr.31943

Ashburner, M., Ball, C. A., Blake, J. A., Botstein, D., Butler, H., Cherry, J. M., et al.
(2000). Gene ontology: tool for the unification of biology. Gene Ontol. Consort.
Nat. Genet. 25, 25–29.

Binnewies, M., Roberts, E. W., Kersten, K., Chan, V., Fearon, D. F., Merad, M.,
et al. (2018). Understanding the tumor immune microenvironment (TIME) for
effective therapy. Nat. Med. 24, 541–550.

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., Jemal, A., et al.
(2018). Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 68,
394–424. doi: 10.3322/caac.21492

Carbone, C., Piro, G., Merz, V., Simionato, F., Santoro, R., Zecchetto, C., et al.
(2018). Angiopoietin-like proteins in angiogenesis, inflammation and cancer.
Int. J. Mol. Sci. 19:431. doi: 10.3390/ijms19020431

Dai, D. N., Li, Y., Chen, B., Du, Y., Li, S. B., Lu, S. X., et al. (2017). Elevated
expression of CST1 promotes breast cancer progression and predicts a poor
prognosis. J. Mol. Med. 95, 873–886. doi: 10.1007/s00109-017-1537-1

DeBerardinis, R. J. (2020). Tumor microenvironment, metabolism, and
immunotherapy. N. Engl. J. Med. 382, 869–871.

Deng, H. Y., Li, G., and Luo, J. (2018). Does oesophageal stenosis have any impact
on survival of oesophageal cancer patients? Interact. Cardiovasc. Thorac. Surg.
27, 384–386. doi: 10.1093/icvts/ivy095

Deshmukh, A. S., Gurupwar, R., Mitra, P., Aswale, K., Shinde, S., and Chaudhari, S.
(2020). Toxoplasma gondii induces robust humoral immune response against
cyst wall antigens in chronically infected animals and humans. Microb. Pathog.
152:104643. doi: 10.1016/j.micpath.2020.104643

Doi, T., Piha-Paul, S. A., Jalal, S. I., Saraf, S., Lunceford, J., Koshiji, M., et al.
(2018). Safety and antitumor activity of the anti-programmed death-1 antibody
pembrolizumab in patients with advanced esophageal carcinoma. J. Clin. Oncol.
36, 61–67. doi: 10.1200/jco.2017.74.9846

Eble, J. A., and Niland, S. (2019). The extracellular matrix in tumor progression and
metastasis. Clin. Exp. Metastasis 36, 171–198. doi: 10.1007/s10585-019-09966-1

Erdogan, B., and Webb, D. J. (2017). Cancer-associated fibroblasts modulate
growth factor signaling and extracellular matrix remodeling to regulate tumor
metastasis. Biochem. Soc. Trans. 45, 229–236. doi: 10.1042/bst20160387

Fan, L., Li, Y., Chen, J. Y., Zheng, Y. F., and Xu, X. M. (2019). Immune
checkpoint modulators in cancer immunotherapy: recent advances and

combination rationales. Cancer Lett. 456, 23–28. doi: 10.1016/j.canlet.2019.03.
050

Garnett, M. J., Edelman, E. J., Heidorn, S. J., Greenman, C. D., Dastur, A., Lau,
K. W., et al. (2012). Systematic identification of genomic markers of drug
sensitivity in cancer cells. Nature 483, 570–575.

Giussani, M., Landoni, E., Merlino, G., Turdo, F., Veneroni, S., Paolini, B., et al.
(2018). Extracellular matrix proteins as diagnostic markers of breast carcinoma.
J. Cell. Physiol. 233, 6280–6290. doi: 10.1002/jcp.26513

He, L., Allen, P. K., Potter, A., Wang, J., Chang, J. Y., Gomez, D. R., et al. (2014).
Re-evaluating the optimal radiation dose for definitive chemoradiotherapy for
esophageal squamous cell carcinoma. J. Thorac. Oncol. 9, 1398–1405. doi:
10.1097/jto.0000000000000267

Hubmacher, D., and Apte, S. S. (2015). ADAMTS proteins as modulators of
microfibril formation and function. Matrix Biol. 47, 34–43. doi: 10.1016/j.
matbio.2015.05.004

Hynes, R. O. (2009). The extracellular matrix: not just pretty fibrils. Science 326,
1216–1219. doi: 10.1126/science.1176009

Iorio, F., Knijnenburg, T. A., Vis, D. J., Bignell, G. R., Menden, M. P., Schubert, M.,
et al. (2016). Landscape of pharmacogenomic interactions in cancer. Cell 166,
740–754.

Iyengar, N. M., Gucalp, A., Dannenberg, A. J., and Hudis, C. A. (2016). Obesity
and cancer mechanisms: tumor microenvironment and inflammation. J. Clin.
Oncol. 34, 4270–4276. doi: 10.1200/jco.2016.67.4283

Jaworski, A., Tom, I., Tong, R., Gildea, H., Koch, A., Gonzalez, L., et al.
(2015). Operational redundancy in axon guidance through the multifunctional
receptor Robo3 and its ligand NELL2. Science 350, 961–965. doi: 10.1126/
science.aad2615

Jiang, J., Liu, H. L., Tao, L., Lin, X. Y., Yang, Y. D., Tan, S. W., et al. (2018). Let-7d
inhibits colorectal cancer cell proliferation through the CST1/p65 pathway. Int.
J. Oncol. 53, 781–790.

Kato, K., Cho, B. C., Takahashi, M., Okada, M., Lin, C. Y., Chin, K., et al.
(2019). Nivolumab versus chemotherapy in patients with advanced oesophageal
squamous cell carcinoma refractory or intolerant to previous chemotherapy
(ATTRACTION-3): a multicentre, randomised, open-label, phase 3 trial. Lancet
Oncol. 20, 1506–1517. doi: 10.1016/s1470-2045(19)30626-6

Kiyozumi, D., Noda, T., Yamaguchi, R., Tobita, T., Matsumura, T., Shimada, K.,
et al. (2020). NELL2-mediated lumicrine signaling through OVCH2 is required
for male fertility. Science 368, 1132–1135. doi: 10.1126/science.aay5134

Kono, K., Mimura, K., Yamada, R., Ujiie, D., Hayase, S., Tada, T., et al.
(2018). Current status of cancer immunotherapy for esophageal squamous cell
carcinoma. Esophagus 15, 1–9. doi: 10.1007/978-1-0716-0377-2_1

Frontiers in Molecular Biosciences | www.frontiersin.org 14 March 2021 | Volume 8 | Article 598427

https://www.ncbi.nlm.nih.gov/geo
https://www.ncbi.nlm.nih.gov/geo
https://www.frontiersin.org/articles/10.3389/fmolb.2021.598427/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmolb.2021.598427/full#supplementary-material
https://doi.org/10.1002/cncr.31943
https://doi.org/10.3322/caac.21492
https://doi.org/10.3390/ijms19020431
https://doi.org/10.1007/s00109-017-1537-1
https://doi.org/10.1093/icvts/ivy095
https://doi.org/10.1016/j.micpath.2020.104643
https://doi.org/10.1200/jco.2017.74.9846
https://doi.org/10.1007/s10585-019-09966-1
https://doi.org/10.1042/bst20160387
https://doi.org/10.1016/j.canlet.2019.03.050
https://doi.org/10.1016/j.canlet.2019.03.050
https://doi.org/10.1002/jcp.26513
https://doi.org/10.1097/jto.0000000000000267
https://doi.org/10.1097/jto.0000000000000267
https://doi.org/10.1016/j.matbio.2015.05.004
https://doi.org/10.1016/j.matbio.2015.05.004
https://doi.org/10.1126/science.1176009
https://doi.org/10.1200/jco.2016.67.4283
https://doi.org/10.1126/science.aad2615
https://doi.org/10.1126/science.aad2615
https://doi.org/10.1016/s1470-2045(19)30626-6
https://doi.org/10.1126/science.aay5134
https://doi.org/10.1007/978-1-0716-0377-2_1
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org/
https://www.frontiersin.org/journals/molecular-biosciences#articles


fmolb-08-598427 March 12, 2021 Time: 16:16 # 15

Zhang et al. Extracellular Matrix-Based Signature

Kuleshov, M. V., Diaz, J. E. L., Flamholz, Z. N., Keenan, A. B., Lachmann,
A., Wojciechowicz, M. L., et al. (2019). modEnrichr: a suite of gene set
enrichment analysis tools for model organisms. Nucleic Acids Res. 47,
W183–W190.

Kuo, T. C., Tan, C. T., Chang, Y. W., Hong, C. C., Lee, W. J., Chen, M. W.,
et al. (2013). Angiopoietin-like protein 1 suppresses SLUG to inhibit cancer cell
motility. J. Clin. Invest. 123, 1082–1095. doi: 10.1172/jci64044

Lah, T. T., Babnik, J., Schiffmann, E., Turk, V., and Skaleric, U. (1993). Cysteine
proteinases and inhibitors in inflammation: their role in periodontal disease.
J. Periodontol. 64, 485–491.

Li, T., Fan, J., Wang, B., Traugh, N., Chen, Q., Liu, J. S., et al. (2017a). TIMER: a web
server for comprehensive analysis of tumor-infiltrating immune cells. Cancer
Res. 77, e108–e110.

Li, T., Xiong, Q., Zou, Z., Lei, X., Jiang, Q., and Liu, D. (2017b). Prognostic
significance of cystatin SN associated nomograms in patients with colorectal
cancer. Oncotarget 8, 115153–115163. doi: 10.18632/oncotarget.23041

Liu, J., Li, C., Zhang, L., Liu, K., Jiang, X., Wang, X., et al. (2019). Association of
tumour-associated macrophages with cancer cell EMT, invasion, and metastasis
of Kazakh oesophageal squamous cell cancer. Diagn. Pathol. 14:55.

Liu, W., Ye, H., Liu, Y. F., Xu, C. Q., Zhong, Y. X., Tian, T., et al. (2018).
Transcriptome-derived stromal and immune scores infer clinical outcomes of
patients with cancer. Oncol. Lett. 15, 4351–4357.

Lu, Y., Guo, L., and Ding, G. (2019). PD1 tumor associated macrophages predict
poor prognosis of locally advanced esophageal squamous cell carcinoma. Future
Oncol. 15, 4019–4030. doi: 10.2217/fon-2019-0519

Mimura, K., Yamada, L., Ujiie, D., Hayase, S., Tada, T., Hanayama, H., et al. (2018).
Immunotherapy for esophageal squamous cell carcinoma: a review. Fukushima
J. Med. Sci. 64, 46–53.

Mushtaq, M. U., Papadas, A., Pagenkopf, A., Flietner, E., Morrow, Z., Chaudhary,
S. G., et al. (2018). Tumor matrix remodeling and novel immunotherapies: the
promise of matrix-derived immune biomarkers. J. Immunother. Cancer 6:65.

Naba, A., Clauser, K. R., Ding, H., Whittaker, C. A., Carr, S. A., and Hynes, R. O.
(2016). The extracellular matrix: tools and insights for the “omics” era. Matrix
Biol. 49, 10–24. doi: 10.1016/j.matbio.2015.06.003

Nakamura, R., Oyama, T., Tajiri, R., Mizokami, A., Namiki, M., Nakamoto, M.,
et al. (2015). Expression and regulatory effects on cancer cell behavior of NELL1
and NELL2 in human renal cell carcinoma. Cancer Sci. 106, 656–664. doi:
10.1111/cas.12649

Ogata, H., Goto, S., Sato, K., Fujibuchi, W., Bono, H., and Kanehisa, M. (2000).
KEGG: kyoto encyclopedia of genes and genomes. Nucleic Acids Res. 27, 29–34.

Pickup, M. W., Mouw, J. K., and Weaver, V. M. (2014). The extracellular matrix
modulates the hallmarks of cancer. EMBO Rep. 15, 1243–1253. doi: 10.15252/
embr.201439246

Qian, T., Wang, K., Cui, J., He, Y., and Yang, Z. (2016). Angiopoietin-like protein 7
promotes an inflammatory phenotype in RAW264.7 macrophages through the
P38 MAPK signaling pathway. Inflammation 39, 974–985.

Reimand, J., Isserlin, R., Voisin, V., Kucera, M., Tannus-Lopes, C., Rostamianfar,
A., et al. (2019). Pathway enrichment analysis and visualization of omics
data using g:Profiler, GSEA, Cytoscape and EnrichmentMap. Nat. Protoc. 14,
482–517. doi: 10.1038/s41596-018-0103-9

Robinson, M. D., McCarthy, D. J., and Smyth, G. K. (2010). edgeR: a bioconductor
package for differential expression analysis of digital gene expression data.
Bioinformatics 26, 139–140. doi: 10.1093/bioinformatics/btp616

Sangaletti, S., Chiodoni, C., Tripodo, C., and Colombo, M. P. (2017). Common
extracellular matrix regulation of myeloid cell activity in the bone marrow and
tumor microenvironments. Cancer Immunol. Immunother. CII 66, 1059–1067.
doi: 10.1007/s00262-017-2014-y

Shah, M. A., Kojima, T., Hochhauser, D., Enzinger, P., Raimbourg, J.,
Hollebecque, A., et al. (2019). Efficacy and safety of pembrolizumab for heavily
pretreated patients with advanced, metastatic adenocarcinoma or squamous cell
carcinoma of the esophagus: the phase 2 KEYNOTE-180 study. JAMA Oncol. 5,
546–550. doi: 10.1001/jamaoncol.2018.5441

Smyth, G. K. (2011). Limma: Linear Models for Microarray Data. New York, NY:
Springer, 397–420.

Su, D., Zhang, D., Jin, J., Ying, L., Han, M., Chen, K., et al. (2019). Identification
of predictors of drug sensitivity using patient-derived models of esophageal
squamous cell carcinoma. Nat. Commun. 10:5076.

Theocharis, A. D., Skandalis, S. S., Gialeli, C., and Karamanos, N. K. (2016).
Extracellular matrix structure. Adv. Drug Deliv. Rev. 97, 4–27.

Wang, X., Liu, K., Liu, J., Jiang, X., Qi, L., Xie, Y., et al. (2017). High infiltration
of CD68-tumor associated macrophages, predict poor prognosis in Kazakh
esophageal cancer patients. Int. J. Clin. Exp. Pathol. 10, 10282–10292.

Wei, W. Q., Chen, Z. F., He, Y. T., Feng, H., Hou, J., Lin, D. M., et al. (2015). Long-
term follow-up of a community assignment, one-time endoscopic screening
study of esophageal cancer in China. J. Clin. Oncol. 33, 1951–1957. doi: 10.
1200/jco.2014.58.0423

Yang, H., Zhang, Q., Xu, M., Wang, L., Chen, X., Feng, Y., et al. (2020). CCL2-
CCR2 axis recruits tumor associated macrophages to induce immune evasion
through PD-1 signaling in esophageal carcinogenesis. Mol. Cancer 19:41.

Yang, W., Jorge, S., Patricia, G., Edelman, E. J., Howard, L., Simon, F., et al. (2012).
Genomics of drug sensitivity in cancer (GDSC): a resource for therapeutic
biomarker discovery in cancer cells. Nucleic Acids Res. 41, D955–D961.

Yoshihara, K., Shahmoradgoli, M., Martínez, E., Vegesna, R., Kim, H., Torres-
Garcia, W., et al. (2013). Inferring tumour purity and stromal and immune cell
admixture from expression data. Nat. Commun. 4:2612.

Yu, G., Wang, L. G., Han, Y., and He, Q. Y. (2012). clusterProfiler: an R package
for comparing biological themes among gene clusters. OMICS 16, 284–287.
doi: 10.1089/omi.2011.0118

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Zhang, Shi, Yang, Wang, Zhang, Huang, Cui and Li. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Molecular Biosciences | www.frontiersin.org 15 March 2021 | Volume 8 | Article 598427

https://doi.org/10.1172/jci64044
https://doi.org/10.18632/oncotarget.23041
https://doi.org/10.2217/fon-2019-0519
https://doi.org/10.1016/j.matbio.2015.06.003
https://doi.org/10.1111/cas.12649
https://doi.org/10.1111/cas.12649
https://doi.org/10.15252/embr.201439246
https://doi.org/10.15252/embr.201439246
https://doi.org/10.1038/s41596-018-0103-9
https://doi.org/10.1093/bioinformatics/btp616
https://doi.org/10.1007/s00262-017-2014-y
https://doi.org/10.1001/jamaoncol.2018.5441
https://doi.org/10.1200/jco.2014.58.0423
https://doi.org/10.1200/jco.2014.58.0423
https://doi.org/10.1089/omi.2011.0118
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/molecular-biosciences
https://www.frontiersin.org/
https://www.frontiersin.org/journals/molecular-biosciences#articles

	An Extracellular Matrix-Based Signature Associated With Immune Microenvironment Predicts the Prognosis and Therapeutic Responses of Patients With Oesophageal Squamous Cell Carcinoma
	Introduction
	Materials and Methods
	Patients and Public Datasets
	Identification of Differentially Expressed ECM-Related Genes
	GO and KEGG Analyses
	Constructing an ECM-Related Gene Signature
	Evaluation and Verification of ECM-Related Gene Signature
	Gene Set Enrichment Analysis
	Estimation of TME and Tumour-Infiltrating Immune Cells
	Drug Therapeutic Response Prediction
	Independent Predictive Factor Assessment
	Cell Lines, Cell Culture, and Western Blotting
	Immunohistochemistry (IHC)
	Statistical Analyses

	Results
	Identification of ECM-Related Genes in ESCC
	Establishment of ECM-Related Signature in Training Cohort
	Validation of the ECM-Related Signature in Testing and Entire Cohort
	The ECM-Related Signature as an Independent Prognostic Factor
	Therapeutic Responses for ESCC
	Expression of Four Genes in ESCC Tissue and ESCC Cell Lines
	Immune Function Analysis of ECM-Related Signature Genes

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


