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Background: Esophageal cancer (EC) is a highly aggressive malignancy that is classified as esophageal
squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). Infiltrating stromal/immune
cells, a major component of the tumor immune microenvironment (TIME), have prognostic significance in
various cancers.

Methods: In this study we investigated genes and immune factors in the tumor microenvironment (TME)
of ESCC and EAC that can serve as prognostic biomarkers. Stromal and immune scores were calculated
using the Estimation of Stromal and Immune Cells in Malignant Tumor Tissues Using Expression Data
(ESTIMATE) algorithm based on gene expression profiles of patient-derived tumor tissues in The Cancer
Genome Atlas database. The correlation between ESTIMATE scores and survival rates in EC were analyzed.
A comparison of high and low stromal/immune score groups revealed multiple differentially expressed genes
(DEGs) as candidate prognostic genes; their role in immune-related biological processes was evaluated by
functional and protein-protein interaction (PPI) network analyses, and the genes were validated using Gene
Expression Omnibus datasets. Additionally, 22 tumor-infiltrating immune cell (TIIC) subsets were analyzed
using the CIBERSORT algorithm.

Results: Median stromal score was higher whereas immune score was lower in ESCC than in EAC
(both P<0.01). Stromal score was lower in female as compared to male ESCC patients (P<0.05), and was
significantly correlated with T stage (P<0.05). In EAC, median immune score was higher in female as
compared to male patients (P<0.05) and was correlated with tumor-node-metastasis stage (P<0.05). The
identified DEGs were mainly involved in lymphocyte (especially T-lymphocyte) activation and carbohydrate
binding. Moreover, the levels of infiltrating resting-stage dendritic cells, CD8+ T cells, naive B cells,
activated mast cells, and resting memory CD4+ T cells were significantly correlated with EC prognosis
(P<0.05).

Conclusions: The immune microenvironment of ESCC and EAC are quite different. We have found

genes with prognostic value in multiple tumor databases.
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Introduction

Esophageal cancer (EC) is extremely aggressive and is the
eighth most common malignancy worldwide, with a mortality
rate that ranks sixth but is increasing (1-3). According to data
from the National Central Cancer Registry of China, Chinese
EC patients account for up to 70% of all EC cases globally (4).
Of the 2 major histopathologic subtypes of EC, esophageal
squamous cell carcinoma (ESCC) is more prevalent among
Asians whereas esophageal adenocarcinoma (EAC) occurs
at a higher rate in Western countries (5,6). Diagnostic tools
and multidisciplinary treatment options for ESCC and EAC
are constantly evolving; notably, the emergence of molecular
targeted therapy and immunotherapy has prolonged the
survival of patients. However, the prognosis of patients without
sensitive gene mutations remains poor with a 5-year survival
rate <25%, which is primarily due to the fact that cases tend
to be diagnosed at an advanced stage of disease (7,8). There
is therefore an urgent need for more specific and functionally
relevant biomarkers for monitoring disease progression and
predicting the outcome of EC.

The focal or systemic immune response against tumor
cells is an important determinant of tumor progression (9).
Immune biomarkers in antitumor immune responses can
predict the immune status and prognosis of ESCC and
EAC patients (10-12). Tumor cells and tumor-related cell
structures in the tumor microenvironment (TME) are
potential biomarkers for predicting cancer prognosis (13,14).
Besides inflammatory cytokines and other factors (15),
the 2 most important components of the tumor immune
microenvironment (TIME) are tumor-infiltrating immune
cells (TTICs) and stromal cells, which also have diagnostic
and prognostic significance (16-19). The Estimation of
Stromal and Immune Cells in Malignant Tumor Tissues
Using Expression Data (ESTIMATE) algorithm uses
stromal and immune scores to predict the infiltration of
stromal/immune cells into the TME, which is related to
prognosis in various cancers (20) including acute myeloid
leukemia (21), glioblastoma (22), colon cancer (23), prostate
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cancer (24), breast cancer (25), and lung cancer (26).
Although some researchers have used this algorithm to
study EC, they did not include ESCC and EAC at the same
time to find more accurate prognostic genes (27,28).

"To this end, in the present study, we calculated stromal
and immune scores of patient-derived EC tissues from
The Cancer Genome Atlas (TCGA) database using the
ESTIMATE package in R software, and used these to
screen immune-related differentially expressed genes
(DEGsS) as candidate prognostic biomarkers in the TIME
of EC. We then evaluated their prognostic value of the
genes using Gene Expression Omnibus (GEO) datasets, and
confirmed the expression of TIIC components in ESCC
and EAC tissues and assessed their correlations with EACC
and EAC prognosis. We present the following article in
accordance with the MDAR checklist (available at htep://
dx.doi.org/10.21037/tcr-20-3078).

Methods
Data acquisition

Demographic and clinical characteristics including sex
and tumor-node-metastasis (INM) stage, respectively, as
well as RNA sequencing reads from a cohort of 95 ESCC
and 87 EAC patients were obtained from the TCGA
database (https://portal.gdc.cancer.gov). Stromal/immune
scores of patient-derived EC tissues were calculated
using ESTIMATE. We also selected gene expression
profiles of patient-derived ESCC tissue (GSE53625,
GPL18109, n=358) and EAC tissue (GSE19417, GPL4372,
n=76) from the GEO database to validate the candidate
prognostic genes identified from TCGA data. The
proportions of TIICs in tumor tissues were analyzed using
the CIBERSORT algorithm (http://cibersort.stanford.
edu/). The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). All data in
this study come from public data in the TCGA and GEO
databases, and therefore ethics approval was waived ethics
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approval was waived.

Identification of DEGs based on ESTIMATE scores

EC patients were assigned to the high- or low-score group
according to median stromal/immune (ESTIMATE) score.
Genes that were differentially expressed between the 2
groups were screened using the Bioconductor “limma”
package (https://bioconductor.org/packages/release/bioc/
html/limma.html) in R v3.6.3 software, with a threshold of
P<0.05 and [fold changel>1.

Functional enrichment analysis

The “Bioconductor clusterProfiler 3.8”, “enrichplot 3.8”,
and “Rlease ggplot2 3.1.1” packages of R software were
used to evaluate functional enrichment of identified DEGs.
Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis was performed to identify relevant
pathways; and Gene Ontology (GO) analysis encompassing
biological process (BP), cell composition (CC), and
molecular function (MF) was carried out to determine the
functions of DEGs. An adjusted P value <0.05 was set as the
cutoff.

Protein-protein interaction (PPI) network construction

PPI networks were constructed by mapping DEGs using
Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING) database v11.0 (http://string-db.org/) (29). We
imported the PPI networks into Cytoscape software (https://
cytoscape.org/), and the top 3 significant modules for ESCC
and EAC were identified using the MCODE algorithm in
Cytoscape.

Survival analysis

Correlations between ESTIMATE scores and survival rates
of ESCC and EAC patients were separately evaluated in the
high- and low-score groups, and the correlation between
overlapping DEGs and survival rates was analyzed. In
addition, we used the ESCC and EAC datasets of the GEO
database to further validate the prognostic value of these
genes. P<0.05 is considered a significant difference in survival.

Correlation analysis between TIICs and prognosis in EC

We calculated the proportions of 22 subpopulations

© Translational Cancer Research. All rights reserved.

1789

of TIICs in ESCC and EAC using the CIBERSORT
algorithm (30). Then the correlation heatmap was produced
to evaluate the associations between these proportions and
the prognosis of ESCC and EAC.

Gene set envichment analysis (GSEA)

GSEA was performed using TCGA cohort to identify
pathways that were most relevant to prognostic DEGs
in ESCC and EAC (31). The median expression levels of
validated DEGs in the high- and low-infiltration groups
were used as standards. Cancer hallmark-based gene sets (50
genes each for ESCC and EAC) were identified. A weighted
enrichment statistic was used with 5,000 permutations.
P<0.01 and a false discovery rate <0.25 were considered
significant.

Statistical analysis

Nonparametric tests (Wilcox test for 2 groups and Kruskal-
Wallis test for >3 groups) were used to assess correlations
between stromal/immune scores and clinicopathologic
parameters. DEG and functional pathway enrichment
analyses were performed using the Bioconductor package in
R. Kaplan—-Meier survival analysis and the log-rank test were
used to evaluate the relationships between ESTIMATE
scores, levels of DEGs and TIICs, and prognosis.
Correlations between gene expression levels were evaluated
using Spearman’s rank correlation coefficient. An absolute
R value >0.1 was considered as a significant correlation.
In all other analyses, P<0.05 was considered statistically
significant.

Results

Clinical information and immune scorve distribution and

DEGs associated with the TIME in ESCC and EAC

After excluding cases with missing data, 182 EC patients
with complete clinicopathologic records in the TCGA
database were included in the study. Clinicopathologic
parameters extracted for analysis were sex and TINM stage.
The 95 ESCC cases (52.2%) comprised 80 (84.2%) males
and 15 (15.8%) females, and among the 87 EAC cases there
were 75 (86.2%) males and 12 (13.8%) females. The higher
representation of males among ESCC and EAC patients
is in line with the global sex distribution of EC. Most
patients had advanced-stage ESCC or EAC and had missed
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Table 1 Clinicopathological parameters of 182 esophageal cancer
patients from TCGA

Characteristics ESCC EAC
Number of case (%) n % n %
Gender
Female 15 (15.8) 12 (86.2)
Male 80 (84.2) 75 (13.8)
T stage
T 8 (8.4) 23 (26.4)
T2 32 (33.7) 11 (12.6)
T3 49 (51.6) 37 (42.5)
T4 4 4.2) 1 (1.1)
X 2 2.1) 15 (17.2)
N stage
NO 55 (57.8) 21 (24.1)
N1 28 (29.4) 40 (45.9)
N2 6 (6.4) 6 6.9)
N3 3 (3.2) 5 (5.7)
NX 3 (3.2) 15 (17.2)
M stage
MO 83 (87.4) 51 (58.6)
M1 4 4.2) 5 (5.7)
MX 8 (8.4) 31 (35.6)
TNM stage
I 7 (7.4) 11 (12.6)
I 56 (58.9) 22 (25.2)
I 26 (27.4) 29 (33.3)
1Y, 4 4.2) 5 (5.7)
NR 2 2.1) 20 (22.9)

NR, not reported; TX, T stage not recognized; NX, N stage not
recognized; MX, M stage not recognized.

the optimal time window for surgical treatment (7uble I).
Stromal scores in ESCC ranged from -1,713.78 to 1,694.52
and immune scores ranged from -1,066.89 to 2,000.92. In
EAC, stromal scores ranged from -2,350.48 to 1,372.93 and
immune scores ranged from -875.76 to 3,377.79. Median
values of both scores differed significantly between the 2
EC subtypes (Figure 1A4).

We evaluated the relationship between DEG expression
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levels and stromal/immune scores in ESCC and EAC using
TCGA datasets. The heatmaps in Figure 1B show the
distribution of gene expression profiles based on stromal/
immune scores. Genes that were differentially expressed
between high- and low-stromal/immune score groups
were identified (Figure 1C). Of the immune-associated
DEGs in ESCC, 690 genes were upregulated and 165 were
downregulated. Of the stromal DEGs in ESCC, 703 genes
were upregulated and 168 were downregulated (fold change
>1.5, P<0.05). Among intersecting DEGs, 226 genes were
upregulated and 13 were downregulated. Similar trends
were observed in EAC: of the identified stromal DEGs,
1,916 genes were upregulated and 21 were downregulated;
1,162 immune-related genes were upregulated and 14 were
downregulated (fold change >1.5, P<0.05); and among
intersecting DEGs, 1016 genes were upregulated and no
genes were downregulated.

Correlations between stromal/immune scores,
clinicopathologic characteristics, and prognosis of ESCC
and EAC

The cohort was divided into high- and low-score groups
according to median stromal/immune scores, and the
correlation between the scores and clinicopathologic
characteristics was evaluated. The median stromal score
in ESCC was correlated with sex (P=0.037) and T stage
(P=0.022). In EAC, the immune score in females was
higher than that in males (P=0.022), and stromal score
was correlated with TNM stage (P=0.019). There were
no significant correlations between the 2 scores and other
characteristics (Figure 24,B,C,D,E,EG,H,1,7,K,L,.M,N,O,B,Q
,R,S,T), and the Kaplan—-Meier survival analysis showed that
neither score was correlated with overall survival (OS) in

ESCC and EAC (Figure 2U, ;W X).

PPI network for DEGs in ESCC and EAC

The intersecting DEGs were used to construct a PPI
network that revealed their interactions. The top 3 modules
for ESCC were as follows (Figure 34,B,C). Module 1 had
42 nodes connected via 676 edges; C-C motif chemokine
receptor 1 (CCR1), CCR2, CCRS, Colony-stimulating
factor 1 receptor (CSFIR), interleukin 10 receptor subunit
a (IL10RA), Transmembrane immune signaling adaptor
(TYROBP), and Toll-like receptor 8 (TLR8) were the most
remarkable nodes as they had more connections with other
members within the module. Module 2 consisted of 24
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Figure 1 Identification of DEGs in EC subtypes and comparison of immune and stromal scores. (A) Box-plot showing significant
differences in immune and stromal scores between ESCC and EAC (P<0.001). (B) Heatmap of DEGs related to immune and stromal scores
based on median. Genes with higher expression are shown in red, lower expression are shown in green (fold change >1.5, P<0.05). (C) Venn
plot showing the number of commonly up-regulated or down-regulated DEGs in immune and stromal score groups. DEGs, differentially

expressed genes; EC, esophageal cancer; ESCC, esophageal squamous cell carcinoma; EAC, esophageal adenocarcinoma.
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Figure 3 Function analysis of common DEGs and construction of PPI network module. Based on STRING database and Cytoscape
software, the PPI network with 3 modules for ESCC (A-C) and EAC (D-F) were constructed. (G,I) Go terms of common DEGs in ESCC
and EAC. (H,J) KEGG enrichment analysis of common DEGs in ESCC and EAC. DEGs, differentially expressed genes; PPI, protein-

protein interaction; ESCC, esophageal squamous cell carcinoma; EAC, esophageal adenocarcinoma; KEGG, Kyoto Encyclopedia of Genes

and Genomes.

nodes connected via 78 edges, with Cluster of differentiation
53 (CD53), Immunoglobulin superfamily member 6
(IGSF6), Myeloid cell nuclear differentiation antigen
(MNDA), Fc fragment of IgG receptor IIb (FCGR2B), and
Membrane-spanning 4-domains A6A (MS4A6A) having

the highest degree values. Module 3 was composed of 4
nodes [tumor necrosis factor receptor superfamily member
9 (TNFRSF9), TNFSF4, TNFSE8, and Inducible T cell
costimulator (ICOS)] connected by 5 edges; these genes are
known to play an important role in the TIME. The top 3
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modules for EAC were as follows (Figure 3D,E,F). Module 1
had 13 nodes with 69 edges; all nodes were C-X-C and C-C
motif chemokines, of which CCR5, CCR1, C-X-C motif
chemokine ligand 10 (CXCL10), CXCL9, and CXCL12
were the most significant DEGs. Module 2 contained 8
nodes connected via 26 edges, and module 3 comprised 8
nodes with 26 edges. All nodes in modules 2 and 3 were
related to immune responses.

To clarify the functional significance of intersecting
DEGs in ESCC, we carried out GO and KEGG pathway
analyses. The most significant DEG-related BP, CC, and
MF in ESCC were regulation of lymphocyte activation,
external side of the plasma membrane, and cytokine receptor
binding, respectively (Figure 3G). The KEGG pathway
analysis showed that these DEGs in ESCC were enriched
in the intestinal immune network for IgA production,
complement and coagulation cascades, and primary
immunodeficiency (Figure 3H). In EAC, the most significant
DEG-related BP, CC, and MF were T cell activation,
external side of the plasma membrane, and carbohydrate-
binding activity, respectively (Figure 3I). These DEGs were
enriched in the primary immunodeficiency, hematopoietic
cell lineage, and intestinal immune network for IgA

production KEGG pathways (Figure 37).

Prognostic landscape of TIICs in ESCC and EAC

We evaluated correlations between the proportions of 22
types of immune cell and ESCC and EAC prognosis. The
percentages of activated and resting natural killer (NK)
cells, mast cells, and dendritic cells (DCs); neutrophils;
monocytes; plasma cells; eosinophils; and macrophages
(MO0-M2) were associated with innate immunity; and the
percentages of naive CD4+ T cells, activated memory CD4+
T cells, resting memory CD4+ T cells, CD8+ T cells,
gamma delta T cells, regulatory T (Treg) cells, T follicular
helper (Tth) cells, naive B cells, and memory B cells were
associated with adaptive immunity.

The gene expression profiles of tumor tissues in TCGA
(48 tumor samples and 1 paracancerous sample of ESCC,
and 27 tumor samples and 3 paracancerous samples of
EAC) were imported into CIBERSORT software and
the proportions of the 22 TIICs in the 2 EC subtypes
were calculated (Figure 4). The heatmaps revealed weak-
to-moderate associations among the 22 TIICs in ESCC
and EAC (Figure 5A,B). Specifically, immune cells in
ESCC with strong intercorrelations included memory and
naive B cells (0.64), Treg and Tth cells (0.53), and resting

© Translational Cancer Research. All rights reserved.
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memory CD4+ T cells and CD8+ T cells (-0.56); and those
with significant intercorrelations in the TIME of EAC
were resting mast cells and monocytes (0.64), activated
memory CD4+ T cells and CD8+ T cells (0.61), and MO
macrophages and monocytes (-0.55). The violin plot of the
relative proportions of TIICs in all samples and differences
in TIIC distribution between paracancerous and cancerous
tissues confirmed these results (Figure 5C,D and Figure 4).
Possibly because of the limited sample size, we observed a
lower proportion of resting NK cells in cancerous tissues
than in paracancerous tissues in ESCC patents (P=0.049),
whereas in cancerous tissues of EAC patients there was
a lower proportion of monocytes (P=0.005) and higher
proportion of M0 macrophages (P=0.032).

To determine the correlations between TIIC infiltration
and prognosis in EC, ESCC and EAC patients were divided
into the high- and low-infiltration groups according to the
median proportion of TIICs. High levels of infiltrating
resting DCs and CD8+ T cells predicted shorter OS in
ESCC (P<0.05, Figure 6A4,B), while high levels of infiltrating
naive B cells, activated mast cells, and resting memory CD4+

T cells predicted shorter OS in EAC (P<0.05, Figure 6C,D).

Intersecting DEGs predict the prognosis of ESCC and EAC

We assessed the relationships between intersecting DEGs
and OS in ESCC and EAC patients by Kaplan—Meier
survival analysis. In total, 37 in ESCC and 9 in EAC were
correlated with OS (both P<0.05). Representative DEGs
are shown in Figure 7, and prognostic DEGs in ESCC and
EAC are summarized in Table 2.

Validation of prognostic DEGs in GEO and GSEA

We assessed the prognostic value of the identified DEGs
with regard to the OS of EAC patients using a GEO
validation cohort (GSE19417). Two of the 9 genes—i.e.,
CXCL10 and TMEMS52B (C120rf59)—were positively
correlated with poor prognosis in EAC. Similarly, 5 of the
37 genes (CD14, CMKLRI, LAIR1, VSIG4, RNASES6) in
ESCC dataset (GSE53625) also have the same prognostic
value in the GEO database (Figure §). GSEA analysis
showed that the prognostic DEGs were enriched in allograft
rejection, epithelial-mesenchymal transition, the interleukin
6 (IL-6)/Janus kinase (JAK)/signal transducer and activator
of transcription (STAT3) signaling pathway, interferon o/y
response, myogenesis, angiogenesis, inflammatory response,
and pancreas P cells (Figure 9).
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Figure 4 The proportions of TIICs in each sample (i.e., 48 tumor samples and 1 paracancerous sample of ESCC patients, and 27 tumor

samples and 3 para-cancerous samples of EAC patients). TIICs, tumor-infiltrating immune cells; ESCC, esophageal squamous cell

carcinoma; EAC, esophageal adenocarcinoma.

Discussion

ESCC and EAC differ in terms of genotype, phenotype,
and therapeutic priorities. The effective management of
EC requires a full understanding of the TIME of the 2
subtypes (32) and the interactions between TIICs and
cancer cells in antitumor responses. In order to identify
more specific and relevant prognostic biomarkers, we
investigated the prognostic landscape of TIICs and
prognostic DEGs in the TIME of ESCC and EAC by
bioinformatics analysis.

We identified candidate prognostic DEGs in the TIME
based on stromal/immune scores calculated from TCGA

© Translational Cancer Research. All rights reserved.

datasets. However, there was no significant correlation
between ESTIMATE scores and OS in ESCC or EAC. This
may be explained by the small sample sizes of the cohorts.
The median immune score for ESCC was significantly
lower whereas the stromal score was higher than the scores
for EAC; this indicates that the TIME differs between the
2 pathologic subtypes of EC. In ESCC, the median stromal
score was lower in females than in males and was correlated
with T stage. In EAC, the median immune score was
higher in females than in males and the stromal score was
correlated with TNM stage. These findings are consistent
with the functional implications of intersecting DEGs: GO
analysis of the 239 and 1016 intersecting DEGs in ESCC
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Figure 5 Correlation heatmap and violin diagram of 22 TIICs in the proportion of ESCC and EAC. (A,B) The correlation heatmaps

show weak to moderate correlations between different TIICs subgroups in ESCC and EAC tissue samples. (C,D) Differences in

immune infiltration between ESCC and EAC cancerous tissues (shown in red) and paracancerous tissues (shown in blue). P<0.05 was

considered statistically significant. TIICs, tumor-infiltrating immune cells; ESCC, esophageal squamous cell carcinoma; EAC, esophageal

adenocarcinoma.

and EAC, respectively, that were identified in this study
revealed functions related to the activation of lymphocytes—
especially T lymphocytes—and carbohydrate binding. The
results of the KEGG pathway enrichment analysis indicated
that it was possible to identify immune-related DEGs
with precision based on ESTIMATE scores. Moreover,
we defined multiple immune-related modules by cluster
analysis of the PPI network. Within the top 3 modules in the
network, CCRS (33), TLRS8 (34), and CXCL12 (35) were
the most significant DEGs related to the survival, migration,
and invasion of ESCC or EAC cells. It is worth noting that
ICOS in the PPI network of ESCC has been shown to
predict the prognosis of EAC patients (36).

We found 37 genes in ESCC and 9 in EAC with

© Translational Cancer Research. All rights reserved.

prognostic significance. Among the latter, 8 genes
[Ankyrin repeat domain 1 (ANKRD1), APOCI, C-C motif
chemokine ligand 7 (CCL7), Carboxypeptidase E (CPE),
Transmembrane protein 52B (TMEMS52B), V-set pre-B cell
surrogate light chain 3 (VPREB3), X-C motif chemokine
receptor 1 (XCRI1), and Zinc finger and BTB domain-
containing 16 (ZBTB16)] are potential biomarkers in EAC,
although this has not yet been demonstrated. Validation
of the 9 genes using a GEO cohort revealed that CXCL10
and TMEMS52B (C120rf59) could predict OS of EAC
patients. C120rf59 down-regulation is associated with
poor prognosis in renal cell carcinoma, but C120rf59 was
significantly up-regulated in gastric cancer cells and can
promote cancer cell invasion and metastasis (37,38). On the

Transl Cancer Res 2021;10(4):1787-1803 | http://dx.doi.org/10.21037/tcr-20-3078
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Figure 6 Correlation between the level of immune cell composition and the overall survival of ECSS and EAC. (A,B) Kaplan-Meier survival

curves with the log-rank showed that the level of resting dendritic cells and CD8 T cells in ESCC is related to the overall survival of

patients. (C-E) The level of naive B cells, activated mast cells, and resting memory CD4 T cells in EAC was significantly correlated with the

overall survival of patients. Immune cells with statistical significance (P<0.05) are shown. ESCC, esophageal squamous cell carcinoma; EAC,

esophageal adenocarcinoma.

other hand, downregulation of CXCL10 in EAC tissues has
been linked to a more favorable outcome (39). In addition,
overexpression of CCL18, a significant DEG in ESCC, was
shown to predict a lower survival rate and contribute to the
malignant progression of ESCC by increasing the expression
of the long noncoding RNA HOX transcript antisense
intergenic RNA (HOTAIR) (40). Transmembrane serine
protease 11E (TMPRSS11E) reduces the chemoresistance
of ESCC cells by activating the epidermal growth factor
receptor/AKT signaling pathway (41). Importantly, 5 genes
[CD14, chemerin chemokine-like receptor 1 (CMKLRI),
leukocyte-associated immunoglobulin-like receptor 1
(LAIRI), V-set and immunoglobulin domain containing 4
(VSIG4), and ribonuclease A family member k6 (RNASEG)]
have prognostic value in both TCGA and GEO databases,
and none of these 5 genes have been reported before. In
this study, we additionally observed enrichment of several
pathways for the validated DEGs by GSEA including
allograft rejection, epithelial-mesenchymal transition, IL-6/

© Translational Cancer Research. All rights reserved.

JAK/STATS3 signaling pathway, interferon alpha/gamma
response, myogenesis, angiogenesis, inflammatory response,
and pancreas beta cells. These pathways determined by
GSEA need to be further validated in vitro and in vivo.

We compared the prognostic landscapes of TIICs
between ESCC or EAC and normal tissues using EC gene
expression profiles in the TCGA database. Our results
indicate that selected TIICs can predict the prognosis of
ESCC and EAC patients. Previous studies have reported
that NK cell-based immunotherapy had a nonsignificant
therapeutic effect in acute myeloid leukemia but was
well tolerated in solid cancers including ESCC (42). M1
macrophages are involved in proinflammatory responses
and antitumor immunity, while M2 macrophages promote
cancer progression (43); the M2/MI1 ratio has been used
as an indicator of EAC lymph node metastasis and poor
prognosis in patients who do not receive neoadjuvant
therapy (44). Monocytes are known to accelerate tumor
growth and enhance antitumor immunity (45); however,
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Figure 7 The correlation between individual DEGs expression in TCGA database and the overall survival rate of ESCC and EAC patients.
Kaplan-Meier survival curve shows DEGs with prognostic value in ESCC and EAC, P<0.05 was used to assess differences in Log-rank test.
DEGs, differentially expressed genes; TCGA, The Cancer Genome Atlas; ESCC, esophageal squamous cell carcinoma; EAC, esophageal

adenocarcinoma.

there are few studies on their role in EC, and further
research on TIICs in EC will help provide a more effective
treatment strategy. We identified several prognostic TIICs
in ESCC and EAC in the present study including resting
DCs, CD8+ T cells, naive B cells, activated mast cells, and

© Translational Cancer Research. All rights reserved.

resting memory CD4+ T cells. DCs present tumor cell
antigens to CD8+ T cells, thereby stimulating the antitumor
function of cytotoxic T lymphocytes (46). We found
that high infiltrating CD8+ T cell levels predicted poor
prognosis in ESCC, which is in disagreement with previous
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Table 2 Significant DEGs in overall survival of patients with EC
Subtype of EC Significant DEGs for overall survival
ESCC ADAMDEC1, APBB1IP, APOC1, C1QA, C4B, CCL18, CD4, CD14, CD300A, CD300LF, CHST13, CMKLR1, CSF1R,

CYBB, DNAJC5B, EVI2B, FBP1, FCGR3A, HLA-DPB1, IGSF6, LAIR1, LRRC25, MS4A4A, MS4A6, MYO1F,
NCKAP1L, RNASE6, SLCO2B1, SOD3, STAB1, TLR7, TMIGD3, TNFAIP8L2, VSIG4, AXL, OTOP2, TMPRSS11E

EAC ANKRD1, APOC1, CCL7, CPE, CXCL10, TMEM52B (C120rf59), VPREB3, XCR1, ZBTB16

Abbreviations: EC, esophageal cancer; ESCC, esophageal squamous cell carcinoma; EAC, esophageal adenocarcinoma; DEGs,

differentially expressed genes.
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Figure 9 Gene Set Enrichment Analysis centered on prognostic DEGs in ESCC and EAC. The top five pathways with the most significant

enrichment of each verified DEGs. DEGs, differentally expressed genes; ESCC, esophageal squamous cell carcinoma; EAC, esophageal

adenocarcinoma.

findings in other tumors. High mast cell density has been
linked to ESCC progression and lower postoperative
survival rate (47). Our results showed that the proportion
of mast cells was negatively correlated with OS of EAC
patients, indicating that mast cell infiltration predicts an

© Translational Cancer Research. All rights reserved.

unfavorable prognosis in EAC. Cancer cells promote tumor
growth, invasiveness, and treatment resistance by regulating
the expression and production of IL-22 in memory CD4+ T
cells in an IL-1-dependent manner (48). Thus, TIICs have
diverse roles in the development of EC and other cancers,
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although the therapeutic effect achieved by targeting
components of the TIME in EC remains to be determined.

There were some limitations to the present study.
Firstly, the results may have been influenced by the small
sample size. Additionally, our conclusions are based on
in silico analyses of datasets comprising gene and other
molecular information from patient-derived tissues, and
require validation in clinical studies. Nonetheless, our study
identified 5 DEGs in ESCC and 9 in EAC, which showed
consistent prognostic value in multiple database. The
functional relevance of these genes was demonstrated by the
enrichment of specific pathways and prognostic landscape of
selected TIICs. These findings provide new insight into the
importance of the TIME in EC as well as a set of potential
biomarkers that can be used for diagnosis and treatment
response monitoring.
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