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Abstract

Esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC) are distinct histological subtypes of
esophageal cancer. The tumor microenvironment of each subtype significantly influences the efficacy of immunotherapy.
However, the characteristics of the tumor microenvironments of both subtypes, as well as their specific impacts on immuno-
therapy outcomes, still require further elucidation. Through the integration of gene expression profiles from ESCC and EAC
obtained from The Cancer Genome Atlas database, alongside tumor tissues derived from Chinese patients, we identified
TNFSF10, CXCL10, IL17RB, and CSF2 as pivotal immune molecules with significant prognostic implications. Elevated
expression levels of TNFSF10 correlated with adverse outcomes in individuals diagnosed with ESCC. In contrast to patients
from other geographical regions, CXCL10, IL17RB, and CSF2 exhibited distinct prognostic implications in Chinese patients
with esophageal cancer. The Cox risk scores derived from the molecules TNFSF10 and CXCL10 for ESCC and IL17RB and
CSF2 for EAC were used to assess their predictive capacity for immunotherapy efficacy. The results indicate that patients
with lower Cox risk scores demonstrated an enhanced response to immunotherapeutic interventions. This study revealed
significant disparities in the expression and functionality of immune-related molecules between ESCC and EAC and high-
lighted the potential of Cox risk scores derived from immune-related molecules to predict the efficacy of immunotherapy
in patients. The findings underscore the clinical relevance of these biomarkers and emphasize the necessity for developing
ethnic-specific biomarkers to guide personalized immunotherapy strategies between ESCC and EAC.

Keywords Esophageal squamous cell carcinoma - Esophageal adenocarcinoma - Tumor microenvironment - Chinese
patient characteristics - Immunotherapy
Introduction

Globally, esophageal cancer ranks seventh among the dead-
liest cancers, with approximately 20% of patients surviving
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countries, where esophageal adenocarcinoma (EAC) con-
stitutes over 80% of esophageal cancer cases, esophageal
squamous cell carcinoma (ESCC) constitutes the vast
majority, exceeding 97%, whereas EAC constitutes only
1.5% in China [2, 3]. In addition, there are wide discrepan-
cies in the epidemiological characteristics, risk factors, and
gene mutation profiles between China and Western coun-
tries [4, 5].

As tumorigenesis is closely correlated with mutations,
mutated genes continue to be investigated as ideal targets
for targeted therapies. The findings from whole exome
sequencing have revealed a scarcity of common driver
mutations in esophageal cancer, which poses a challenge
for the development of targeting therapies [6]. Further-
more, the advent of immunotherapy, which enhances or
activates the patient's immune system to combat cancer
cells, has instilled new hope in patients diagnosed with
esophageal cancer. Consequently, a comprehensive inves-
tigation into the immune characteristics associated with the
onset and progression of esophageal cancer is instrumental
in enhancing the development of effective treatment strate-
gies for this malignancy.

Studies on esophageal cancer mainly focus on under-
standing the genetic traits and signaling pathways of
malignant cells in both ESCC and EAC, particularly con-
sidering regional variations in disease prevalence [7].
However, there has been limited attention on the varia-
tions in immune factors. This study aimed to clarify the
tumor microenvironment characteristics of these two
subtypes by analyzing sequencing data from The Cancer
Genome Atlas (TCGA) and tumor samples from Chinese
cohorts. Key immune molecules, including TNFSF10,
CXCL10, IL17RB, and CSF2, were identified as having
significant prognostic implications. Elevated expression
levels of TNFSF10 correlated with unfavorable outcomes
in patients with ESCC. Notably, CXCL10, IL17RB, and
CSF2 displayed distinct prognostic profiles among Chinese
patients with esophageal cancer compared to those from
other regions. Cox regression models were used to calcu-
late risk scores. This model incorporated TNFSF10 and
CXCL10 for ESCC immune scores, along with IL17RB
and CSF2 for EAC immune scores. The results showed
that patients with lower scores experienced better clinical
outcomes after receiving immunotherapy. This study high-
lights the significant disparities in immune-related molecu-
lar expression and functionality between ESCC and EAC,
while emphasizing the clinical relevance of these biomark-
ers in predicting immunotherapy efficacy, thus guiding the
development of ethnicity-specific biomarkers for personal-
ized immunotherapy strategies.
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Materials and methods
Clinical samples

The samples were obtained and histopathologically con-
firmed as ESCC or EAC by the State Key Laboratory of
Esophageal Cancer Prevention & Treatment at Zhengzhou
University (Zhengzhou, Henan, China). None of the enrolled
patients had received chemotherapy, radiotherapy, or any
other treatment before surgery. After post-fixation in a 4%
paraformaldehyde fixative, the tissue samples were embed-
ded in paraffin, and subsequently, sections of a 5-um thick-
ness were used for tissue microarray preparation.

Common platforms and R packages for data analysis

The disparities in gene expression between tumor tissues
(ESCC or EAC) and adjacent non-tumor tissues (normal
tissues) were evaluated using the limma package (version
3.60.3) in R (version 3.56.2). To control the false discov-
ery rate and thereby ensure accuracy in the differential gene
expression analysis, the Benjamini—-Hochberg method was
applied to adjust the P-values. Enrichment analysis for Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways and
Gene Ontology (GO) terms, as well as Venn analysis, were
performed using the Xiantao platform (https://www.xiant
aozi.com/). The OmicsBean platform (http://www.omics
bean.cn) was used to generate a protein—protein interaction
(PPI) network, considering gene/protein expression levels,
KEGG pathway enrichment, and biological process enrich-
ment. The mutated genes were visualized in R using the
maftools package (version 2.18.0).

Tumor tissue microarray and immunohistochemical
staining

Tumor microarrays were subjected to immunohistochemical
analysis after fixation in 4% paraformaldehyde and embed-
ding in paraffin. Sections were dewaxed with xylene and
graded alcohol concentrations, followed by antigen retrieval
by heating in 0.01 mol/L citrate buffer. After cooling, endog-
enous peroxidase activity was quenched with 3% H,O,.
The tissue sections were incubated with primary antibodies
against TNFSF10 (Catalog No. ab2056; Abcam), CXCL14
(catalog no. ab137541; Abcam), CXCLS8 (catalog no.
ab106350; Abcam), IL17RB (Catalog No. AF1207; R&D
Systems), CXCL10 (Catalog No. ab306587; Abcam, Cam-
bridge, UK), HIF1a (catalog no. ab51608; Abcam), CSF2
(catalog no. ab316862; Abcam), and NOS2 (catalog no.
ab283655; Abcam) (diluted at 1:500 in phosphate-buffered
saline) overnight at 4°C. The following day, after incubation
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at 25°C, the samples were incubated with a secondary anti-
body conjugated to horseradish peroxidase for 30 min. Color
development was achieved using DAB (ZSGB-BIO, #ZLI-
9017), and the nuclei were counterstained with hematoxylin
(Solarbio; #G4491). After dehydration in a graded series of
alcohol solutions and clearance with xylene, the slides were
examined using the Pannoramic DESK, P-MIDI, and P250
systems. The evaluation was subsequently scored using the
Pannoramic Scanner software.

Survival analysis

The association between the prognostic relevance of the
identified molecules and survival outcomes in patients
with esophageal cancer was assessed using Kaplan—Meier
survival analysis. Survival rates were compared using the
log-rank test. The groups were categorized based on the
optimal cut-off value. The most favorable cut-off value for
survival data was calculated with the survminer R package
(version 0.4.9).

Immune infiltration score and correlation analysis

Gene expression profiling serves as a foundation for estimat-
ing immune cell populations within the tumor microenviron-
ment. This was achieved by leveraging the Immunedeconv
R package (version 2.0.0) along with single-sample gene
set enrichment analysis (sSGSEA), xCell, and CIBERSORT
methods. Spearman's correlation was used to assess the rela-
tionships between various groups, whereas hierarchical clus-
tering with Euclidean distance was employed for data aggre-
gation. The P-values obtained were subsequently adjusted
using the Benjamini—-Hochberg procedure to mitigate false
discovery rates.

Construction of prediction model

Preliminary screening identified molecules (TNFSF10,
CXCL14, CXCL10, and HIFla in ESCC; CXCLS,
IL17RB, CSF2, and NOS2 in EAC) with significant sur-
vival correlations. Sequencing data from five datasets
(GSE91061, GSE100797, GSE93157, PRIEB23709, and
PRINA482620), which have been standardized and filtered
to exclude low-expression genes, were retrieved from the
Tumor Immunotherapy Gene Expression Resource (TIGER)
database (http://tiger.canceromics.org/). Following the ver-
ification of the structural integrity and correctness of the
data through the str () function, the survival package (ver-
sion 3.7.0) was utilized for survival analysis, whereas the
dplyr package (version 1.1.4) facilitated data processing. The
Cox proportional hazards model was fitted using the coxph
function, incorporating various signature genes as covari-
ates to assess their potential impact on survival time. The

regression coefficients for these genes were estimated using
a Cox proportional hazards model, with gene expression
serving as the predictor and survival duration as the out-
come. By utilizing these coefficients along with the expres-
sion levels of the signature genes, individual patient Cox risk
scores were computed.

Statistical analysis

Once the normality and homogeneity of variance were eval-
uated, statistical significance was ascertained by employ-
ing the Mann—Whitney U test, with P <0.05 serving as
the threshold for significance unless otherwise stipulated.
Computations for these analyses were performed using the
Xiantao platform. Data presentations in graphical form are
depicted as the mean =+ standard error of the mean (SEM).
The significance levels are as follows: ns: no significance,
*P<0.05, ¥*P<0.01, ***P <0.005.

Results

Immune infiltration and functional enrichment
of differentially expressed genes in esophageal
cancer tissues

In conjunction with the distribution characteristics of vari-
ous histological subtypes of esophageal cancer, gene muta-
tion analysis conducted on ESCC and EAC patients within
TCGA revealed that in addition to TP53 and TTN, the muta-
tion rates for other genes did not exceed 30% (Fig. Sla, b).
Comparative analysis of differentially expressed mRNA
profiles between ESCC and EAC tissues versus normal
esophageal mucosa revealed varying gene counts (Fig. 1a,
b), with KEGG pathway enrichment highlighting a notable
enrichment of overexpressed genes involved in cytokine-
cytokine receptor interactions (Fig. 1c, d). Further, GO
enrichment analysis revealed that most of the evaluated
genes were enriched in cytokine activity in both ESCC and
EAC (Fig. S2a, b). Detailed enrichment information for the
differentially expressed and downregulated genes is shown
in Fig. S2c, d. Based on these results, it can be concluded
that cytokines or cytokine receptors may represent prom-
ising targets for investigating the prognosis of esophageal
cancer.

To comprehensively evaluate the tumor microenviron-
ment in esophageal cancer, immune infiltration analysis
was performed. The findings revealed that, compared to
normal tissues, the tumor microenvironments of ESCC
and EAC displayed a significant enrichment of activated
dendritic cells (aDCs), regulatory T cells (Tregs), T
helper 1 (Thl) cells, and Th2 cells, whereas the infiltra-
tion levels of CD8™ T cells, mast cells, and natural killer
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Fig. 1 Pathway enrichment of differential genes in esophageal carci-
noma tissues and the characteristics of immune infiltration. a, b Left:
Volcano plot shows significant gene expression differences between
ESCC/EAC vs. normal tissues in TCGA. Right: Histograms count
upregulated and downregulated genes in ESCC and EAC (llog2 Fold
changel>1, P<0.05). ¢, d Top 10 KEGG pathways enriched by dif-

cells (NKs) were markedly diminished (Fig. le, f). The
observed levels of immune cell infiltration were further
substantiated by immune infiltration scores derived from
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CIBERSORT (Fig. S2e, f), and xCells (Fig. S2g, h) meth-
odologies. Importantly, while sharing certain common-
alities, the tumor microenvironments of ESCC and EAC
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exhibit distinctive immune infiltration characteristics.
Notably, central memory T (Tcm) cells were significantly
enriched in ESCC tissues but demonstrated an opposite
infiltration trend in EAC tissues (Fig. le, ). Moreover,
the infiltration of eosinophils and effector memory T
(Tem) cells was significantly diminished in ESCC tissues
compared to their normal counterparts (Fig. le), whereas
the recruitment of immature dendritic cells (iDC) was
markedly reduced in EAC tissues (Fig. 1f). Furthermore,
a notable enhancement in macrophage recruitment was
observed in the ESCC samples (Fig. S2g). The above
analysis of esophageal cancer elucidated gene mutation
signatures and immune infiltration patterns in both ESCC
and EAC, highlighting cytokines and their receptors as
promising prognostic targets. The unique immune land-
scape associated with these malignancies indicates that
personalized immunotherapeutic approaches may yield
significant therapeutic benefits.

Identifying distinct cytokines associated
with clinical outcomes in ESCC and EAC

Venn analysis of TCGA data revealed distinct profiles of
upregulated cytokines and cytokine receptors in ESCC
and EAC tissues (Fig. 2a). Kaplan—Meier survival analy-
sis demonstrated a correlation between higher expression
of TNFSF10 or CXCL14 and poorer prognosis in patients
with ESCC (Fig. 2b), yet, elevated IL17RB or CXCLS
levels were significantly negatively associated with sur-
vival in patients with EAC within TCGA (Fig. 2d). Clin-
icopathological analysis showed that only TNFSF10 was
upregulated in advanced-stage ESCC samples (Fig. 2c, e).
To further investigate the role of these molecules, we con-
ducted immunohistochemical analyses of tissue samples
from Chinese patients with esophageal cancer and found
that the expression levels of TNFSF10, CXCL14, CXCLS,
and IL17RB varied among individuals (Fig. 2g—j). While
the expression levels of TNFSF10 and CXCL14 were
not significantly different between patients with early
and advanced-stage ESCC in China (Fig. 2f), survival
analysis conducted after stratifying patients based on the
H-scores of TNFSF10 or CXCL14 indicated that their
increased expression contributed to the poor prognosis
(Fig. 2g, h). In contrast, increased CXCLS8 and IL17RB
levels in Chinese patients with EAC were associated
with improved overall survival (Fig. 2i, j). The prog-
nostic effects of CXCL8 and IL17RB exhibited regional
variation. Therefore, it has been suggested that cytokines
and cytokine receptors play distinct roles in the tumor
microenvironment of different esophageal cancer types
and across diverse ethnic populations.

Tumor microenvironment-related genes present
diverse expression patterns in ESCC and EAC

In a previous analysis of differentially expressed genes and
tumor microenvironment characteristics related to esopha-
geal cancer, diminished levels of immune infiltration by
CD8™ T cells and other cytotoxic cells were noted at tumor
tissue sites. Conversely, Tregs, macrophages, and other cells
were significantly recruited to these tumor regions (Fig. 1 e,
f). Consequently, based on the molecules that modulate the
tumor microenvironment, specifically those associated with
effector T cell aggregation and activation, immune check-
points, and key factors that promote an immunosuppres-
sive environment, 69 genes were selected to elucidate the
differences in the immune status of ESCC and EAC after
evaluating their expression levels compared with adjacent
normal tissues (Fig. S3a, b). These genes encode various
types of molecules, such as chemokines, cytokines, tran-
scription factors, immune checkpoints, and surface markers.
In comparison to normal esophageal mucosa, the quantities
of differentially expressed genes associated with the regu-
lation of the tumor microenvironment in ESCC and EAC
were different (Figs. 3a, 4a). PPI network analysis indicated
that molecules such as CD38, FOXP3, and CD14 were sig-
nificantly overexpressed in ESCC, suggesting increased
infiltration of immunosuppressive cells within the tumor
microenvironment (Fig. 3b). In contrast, most upregulated
molecules in EAC tissues were associated with theumatoid
arthritis and TNF signaling pathways, indicating a potential
link between EAC development and inflammatory processes
(Fig. 4b). The correlation between EAC pathogenesis and
gastroesophageal reflux disease or Barrett's esophagus fur-
ther supports this observation [8]. These results imply that
the mechanisms driving the formation of the immunosup-
pressive tumor microenvironment differ between ESCC and
EAC.

The association between the upregulated differentially
expressed genes and patient outcomes was further inves-
tigated. Elevated CXCL10 levels were associated with
decreased overall survival in patients with ESCC in TCGA
database (Fig. 3c). In Chinese patients with ESCC, high
expression of CXCL10 prevented tumor progression, in
contrast to the results in other races (Fig. 3d). In align-
ment with the results from patients of nonChinese back-
ground with ESCC, elevated HIF1a expression in Chinese
patients was linked to an unfavorable outcome (Fig. 3e,
f). Elevated CSF2 expression was significantly associ-
ated with poor prognosis in patients with EAC from other
countries (Fig. 4c). However, EAC samples from Chinese
patients showed that high CSF2 expression prolonged
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overall survival (Fig. 4d). Analysis of patients with EAC
in China and other countries revealed that those in the
high NOS2 expression group exhibited prolonged survival

(Fig. 4e, f). These findings indicate that important immune
molecules may have different effects on esophageal cancer
in the Chinese and other ethnic groups.
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«Fig. 2 Detecting unique cytokines linked to clinical outcomes in
esophageal squamous cell carcinoma and adenocarcinoma separately.
a Venn diagram shows genes in the cytokine-cytokine receptor path-
way for ESCC and EAC from TCGA, annotated with gene counts
in distinct and overlapping categories. b Overall survival of patients
with TCGA-ESCC and different expression levels of TNFSF10 and
CXCL14. ¢ TNFSF10 and CXCL14 expression comparison between
early and advanced ESCC tissues (TCGA). d Survival probabilities
of patients with EAC classified by CXCL8 and IL17RB expression
levels (TCGA). e CXCL8 and IL17RB expression during EAC pro-
gression from early to advanced stages. f TNFSF10 and CXCL14
expression in early and advanced ESCC tissues of Chinese patients.
g, h The left panel presents immunohistochemical images illustrating
TNFSF10 or CXCL14 staining in tissue microarrays obtained from
patients diagnosed with ESCC, arranged sequentially from left to
right based on ascending expression levels quantified by the H-score.
On the far left, the lowest expression level is shown, followed by a
sample in the lowest 33.33 percentile, then a moderate expression
sample in the next 33.33 percentile, and finally, the highest expres-
sion level on the far right. The right panel displays survival curves
stratified by the expression of TNFSF10 and CXCL14, categorized
into low and high expression groups based on their H-scores. i, j
The left panel displays immunohistochemical staining for CXCL8
or IL17RB in tissue microarrays from patients with EAC, with sam-
ples ordered from left to right by increasing H-scores. The sequence
starts with the lowest expression level, followed by a sample in the
first 33.33 percentile, then a sample with moderate expression in the
next percentile, and ends with the highest expression level on the far
right. P values were calculated using the Mann—Whitney (log-rank)
test. Early stage: Stage 0-1I; Advanced stage: Stage III-IV; ns: no sig-
nificance; *P <0.05, Mann—Whitney test

Combinations of immune molecules could predict
the response to immunotherapy in patients
with cancer

Molecular signatures within the esophageal cancer micro-
environment significantly affect the efficacy of immuno-
therapy. Correlation analyses among patients with ESCC
and EAC revealed varying degrees of association between
these molecules and immune checkpoints (Fig. S4a). Cox
risk scores were used to assess the potential of immune-
related molecules as predictive biomarkers for response
to immunotherapy in solid tumors. Specifically, ESCC
immune scores were defined by considering Cox risk scores
obtained from various combinations of TNFSF10, CXCL14,
CXCL10, and HIFla. Similarly, EAC immune scores were
determined by considering the Cox risk scores obtained
from different combinations of CXCLS8, IL17RB, CSF2, and
NOS2. By integrating five immunotherapy-related datasets,
it was found that, compared to other gene combinations,
the ESCC immune scores derived from TNFSF10/CXCL10
or TNFSF10/CXCL10/HIF1a, and the EAC immune scores
derived from IL17RB/CSF2 or IL17RB/CSF2/NOS2, were
effective in distinguishing the response group (patients who
benefited from immunotherapy) from the non-response
group (patients who did not benefit from immunotherapy)
(Fig. 5a, b) [9-13]. Because of insufficient expression levels

for detection, HIF1a and NOS2 were excluded, leading to
the selection of Cox risk scores for TNFSF10 and CXCL10
as ESCC immune scores, and those for IL17RB and CSF2
as EAC immune scores. This ensured broader applicability
of the scores to diverse immunotherapy-treated solid tumor
patient cohorts.

Using receiver operating characteristic (ROC) curves, four
datasets capable of distinctly differentiating responders from
non-responders based on ESCC or EAC immune scores were
selected for subsequent analyses. These findings indicate that
patients with lower ESCC or EAC immune scores were more
likely to benefit from immunotherapy (Fig. Sc, d), which was
verified by subsequent survival analyses (Fig. Se, f). The
ESCC immune score exhibited a better predictive ability in
distinguishing different immunotherapy responses of patients
with melanoma at 1 or 3 years (Fig. S4b). Notably, in patients
with non-squamous non-small cell lung cancer (NSQ-NSCLC)
undergoing immunotherapy, there was no significant difference
in overall survival between the high and low EAC immune
score groups (Fig. 5f). However, the EAC immune score dem-
onstrated high prognostic accuracy for patient outcomes within
1 year of treatment (Fig. S4c).

To elucidate the predictive mechanism of ESCC and EAC
immune scores for immunotherapy efficacy, an immune infil-
tration analysis was conducted. Among patients with mela-
noma, the response group exhibited higher levels of plasma
cells, macrophages (M1), activated NKs cells, CD8* T cells,
and follicular helper T (Tth) cells, whereas mast cells and
macrophages (M0/M2) showed lower infiltration than the
non-response group (Fig. S4d, e, g). In the NSQ-NSCLC
cohort, no significant difference in immune cell infiltration
was observed between the responders and non-responders
(Fig. S4f). Correlation analysis revealed negative associa-
tions between ESCC immune scores and activated NKs cells,
macrophages (M1), CD8* T cells, Tth cells, and plasma cells
(Fig. S5a, b), but a positive correlation with M2 macrophages
(Fig. S5a). The EAC immune score showed a moderate cor-
relation with M1 macrophages in the GSE93157 dataset but
negative correlations with activated NKs, macrophages (M1),
CD8* T cells, Tth cells, and memory CD4* T cells in other
datasets (Fig. S5¢, d, e). In conclusion, the EAC and ESCC
immune scores indicated varying degrees of decrease in the
infiltration of anti-tumor immune cells across the datasets, with
a high ESCC immune score indicating an increased infiltration
of myeloid immunosuppressive cells.

Discussion

Immunotherapy has emerged as an effective approach for
treating certain cancers; however, the impact of the tumor
microenvironment on immunotherapy and its regulatory
mechanisms warrant further investigation [14]. Therefore,
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Fig. 3 Expression patterns of tumor microenvironment-related genes
in ESCC. a Left: Volcano plot of TCGA-ESCC vs. normal tissues,
focusing on tumor microenvironment-related differentially expressed
genes. Right: Histogram showing upregulated and downregulated
genes (llog2 Fold changel>1, P<0.05). b PPI network of functional
enrichment for upregulated tumor microenvironment-related genes in
TCGA-ESCC. ¢ Overall survival of patients with TCGA-ESCC clas-
sified by CXCL10 expression levels. d Left: Immunohistochemical
images of CXCLI10 staining in ESCC tissue microarrays, arranged
by H-score from lowest to highest expression. The far left shows
the lowest expression level of CXCL10, followed by an individual
in the lowest 33.33 percentile, then one in the next 33.33 percentile
with moderate expression, and finally the highest expression level on

an exhaustive exploration of immune traits within the
esophageal cancer microenvironment is necessary to pro-
vide a valuable benchmark for clinical therapeutic deci-
sions. The KEGG pathway enrichment results indicated
that the cytokine—factor receptor interaction pathway
played a crucial role in both histological subtypes. Clini-
cal trials targeting cytokines have provided valuable data
that may help reshape therapeutic approaches in oncology
and other diseases. For instance, CXCL14 has been studied
for its role in modulating immune responses in clinical
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150 200

settings. Its inhibition shows promise in enhancing the
effectiveness of therapies for chronic myeloid leukemia
(CML), suggesting that CXCL14 could be a valuable tar-
get for improving treatment outcomes [15]. CXCLS is cor-
related with enhanced aggressiveness of tumor cells. And
it is currently being tested in trials that focus on blocking
its signaling pathways to reduce breast cancer metasta-
sis [16]. Moreover, the expression of IL17RB in various
cancers correlates with treatment resistance, indicating
its potential as a target for new therapeutic interventions
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in EAC. a Left: Volcano plot of differentially expressed genes related
to the tumor microenvironment in EAC vs. normal tissues from
TCGA. Right: Histogram showing upregulation and downregulation
of genes in EAC, significant at llog2 Fold changel>1 and P<0.05. b
PPI network illustrating functional enrichment of upregulated tumor
microenvironment-related genes in TCGA-EAC cohorts. ¢ Overall
survival probabilities for patients with EAC in TCGA, stratified by
high and low CSF2 expression levels. d Left: Immunohistochemical
images depicting CSF2 staining in EAC tissue microarrays, organized
by H-score from minimal to maximal expression. The far left illus-
trates the lowest expression level of CSF2, succeeded by an individ-
ual in the lowest 33.33 percentile, then one in the subsequent 33.33
percentile exhibiting moderate expression, and ultimately the high-

[17]. Ongoing clinical trials focusing on these cytokines
are expected to yield substantial insights into their roles
as therapeutic targets and ultimately improve patient out-
comes through personalized treatment strategies.
Subsequent survival analysis of cytokines and immune-
related genes demonstrated a significant disparity in the
prognostic relevance of CXCLS, IL17RB, CXCL10, and
CSF2 between Chinese and TCGA cohorts. Disparities

200um

est expression level on the far right. Right: Overall survival of Chi-
nese patients with EAC categorized by the expression of CSF2 (low
vs. high), classified according to H-score. e Disease-specific survival
probabilities for patients with EAC in TCGA, stratified by high and
low NOS2 expression levels. f Left: Immunohistochemical images
depicting NOS2 staining in EAC tissue microarrays, organized by
H-score from minimal to maximal expression. The far left illustrates
the lowest expression level of NOS2, succeeded by an individual in
the lowest 33.33 percentile, then one in the subsequent 33.33 per-
centile exhibiting moderate expression, and ultimately the highest
expression level on the far right. Right: Overall survival of Chinese
patients with EAC categorized by the expression of NOS2 (low vs.
high), classified according to H-score. P-values calculated using the
log-rank test. PPI: protein—protein interaction

among patient cohorts represent a critical factor contrib-
uting to inconsistent findings. Chinese patients diagnosed
with esophageal cancer may exhibit significant differences
in genetic [4, 5], lifestyle, and environmental factors com-
pared to those within the TCGA database [18, 19]. These
disparities can influence disease progression by altering the
expression levels and functions of these molecules across
different populations. Variations in biological functions
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Fig.5 Specific immune molecule combinations predict immuno-
therapy efficacy in patients with cancer. a Heatmap of P-values for
Cox risk scores (ESCC immune scores) comparing gene combina-
tions between immunotherapy response and non-response groups.
b Heatmap of P-values for Cox risk scores (EAC immune scores)
comparing gene combinations between immunotherapy response
and non-response groups. ¢ Left: ROC curves distinguishing immu-
notherapy response vs. non-response groups using ESCC immune
scores. Right: Beanplots comparing ESCC immune scores between
response and non-response groups in GSE91061 and PRJEB23709.
d Left: ROC curves differentiating immunotherapy response vs.
non-response groups using EAC immune scores. Right: Bean-

may also explain this discrepancy. CXCLS is a multifunc-
tional chemokine that plays a pivotal role in mediating the
chemotaxis of neutrophils and monocytes [20]. IL17RB
belongs to the IL-17 receptor family and plays a crucial role
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plots comparing EAC immune scores between response and non-
response groups in GSE93157, GSE100797, and PRJEB23709. e
Overall survival probabilities for high vs. low ESCC immune scores
in GSE91061 and PRJEB23709. f Overall survival probabilities for
high vs. low EAC immune scores in GSE93157, GSE100797, and
PRJEB23709. Crosses indicate missing ESCC immune scores owing
to gene absence, precluding P-value calculation. P-values were calcu-
lated using the Mann—Whitney (log-rank) test. ROC: receiver oper-
ating characteristic; Response: immunotherapy response group; Non-
response: immunotherapy non-response group; *P <0.05, **P <0.01,
%P <0.005

in inflammatory responses and immune regulation [21]. The
functions of these two molecules within the tumor micro-
environment are likely to differ based on tumor type, stage,
and individual variability. For instance, elevated expression
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levels of IL17RB facilitate the self-renewal of tumor stem
cells, while simultaneously enhancing the immune func-
tionality of Th2 cells [22, 23]. The upregulation of CXCL8
in tumors fosters immune evasion through disruption of
glucolipid metabolism in CD8* T cells [24]. Furthermore,
CXCLS facilitated the migration of NKs to the tumor micro-
environment, thereby boosting the immune response against
tumors [25]. The variation in prognostic significance may
be linked to the role of CXCL10 in recruiting different
T-cell subsets [26, 27], alongside the role of CSF2 in both
facilitating the generation of myeloid-derived suppressor
cells (MDSCs) and promoting the maturation of antigen-
presenting cells [28, 29]. Consequently, CXCLS8, IL17RB,
CXCL10, and CSF2 may have distinct biological functions
in different populations.

In addition, the expression and activity of CXCL8 and
IL17RB may be modulated by various cytokines, signaling
pathways, and microenvironmental factors that can differ
among patients and tumors [30-33]. Further investigation
is necessary to explore the molecular mechanisms through
which these factors affect CXCLS8 and IL-17RB. The differ-
ential prognostic significance of CXCLS, IL17RB, CXCL10,
and CSF2 across various esophageal cancer cohorts under-
scores the need for further exploration of the underlying
biological mechanisms in future research. In addition, the
generalizability of these findings requires further validation
across diverse populations and larger patient cohorts in sub-
sequent studies.

The prognostic significance of TNFSF10 and CXCL14
has been consistently observed across cohorts of patients
with esophageal cancer in China and other regions. The
induction of epithelial-mesenchymal transition in tumor
cells by TNFSF10 and CXCL14 may contribute significantly
to the unfavorable prognosis observed in these patients [34,
35]. Notably, although NOS2 serves as a crucial immuno-
suppressive molecule, its increased expression was signifi-
cantly correlated with improved patient prognosis in both the
Chinese and TCGA-EAC cohorts. This correlation may be
attributed to the direct effects of nitric oxide on tumor cells
[36, 37]. The pivotal molecules involved in the regulation
of tumor microenvironment formation in ESCC and EAC
offer a theoretical foundation for the development of targeted
therapies for esophageal cancer.

The variable responsiveness of solid tumors to immu-
notherapeutic agents is ascribed to the immunosuppres-
sive tumor microenvironment that shields neoplastic cells
[38—40]. Patients exhibiting diminished ESCC or EAC
immune scores are more likely to derive therapeutic benefits
from immunotherapy, potentially because elevated ESCC or
EAC immune scores may indirectly reflect enhanced infil-
tration of anti-tumor immune cells or suppression of their
functionality. The molecules employed in the formulation of
ESCC or EAC immune scores, such as CSF2 and IL17RB,

have the potential to enhance the maturation and prolifera-
tion of MDSCs, thereby diminishing the immune response
against tumor progression [41, 42]. Furthermore, CXCL10
possesses the capability to recruit not only MDSCs but also
Tregs [27, 43]. Additionally, TNFSF10 directly mediates
the dysfunction of CD8™ T cells [44]. However, the specific
mechanisms of action of these molecules require further
investigation.

Although this study identified several potential prognostic
markers for immunotherapy, it is not without limitations.
The complex characteristics of the tumor microenviron-
ment may lead to studies inadequately encompass all rel-
evant factors, especially the heterogeneity inherent within
tumors. Moreover, the limited availability of publicly acces-
sible mRNA sequencing data from Chinese immunotherapy
cohorts currently constrains the predictive capacity of ESCC
and EAC immune scores to non-Chinese ethnic popula-
tions. For Chinese patients, it may be necessary to develop
a specialized scoring system based on distinctive immune
molecules to accurately predict the outcomes of immuno-
therapy. Future research should incorporate a diverse sample
of patients from various ethnic backgrounds and geographic
regions to enhance the generalizability of our findings, and
it should also validate bioinformatic analysis results using
laboratory techniques. Simultaneously, a thorough investi-
gation of the interactions among different cells and mol-
ecules in the tumor microenvironment is essential for future
research. Developing personalized immunotherapy strategies
that account for each patient's unique immune microenvi-
ronment is also critical. Through these initiatives, we can
achieve a more comprehensive understanding of the tumor
microenvironment and offer patients more effective treat-
ment options.

In conclusion, this comprehensive study revealed distinct
regulatory molecules that play a crucial role in the tumor
microenvironment of ESCC and EAC, thereby laying a solid
foundation for the development of rational and targeted
strategies aimed at effectively treating esophageal cancer.
Furthermore, ESCC or EAC immune scores derived from
the analysis of immune-related genes exhibit significant
potential for clinical application in predicting the efficacy
of immunotherapy in patients, thereby offering promis-
ing avenues for more personalized and effective treatment
options in the future.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00262-024-03904-1.

Acknowledgements This study was supported by the National Key
R&D Program: Intergovernmental International Science and Technol-
ogy Innovation Cooperation Project (Grant No. 2022YFE0141000),
the National Natural Science Foundation of China (82272873 and
82103427), the Medical Science and Technology Project of Henan
Province (SBGJ202101010), the Major Science and Technology Pro-
ject of Henan Province (No. 221100310100([), and Technological

@ Springer


https://doi.org/10.1007/s00262-024-03904-1

47 Page120f13

Cancer Immunology, Immunotherapy (2025) 74:47

Projects in Henan Province (No. 222102310068). The authors would
like to thank Editage (www.editage.cn) for the English language
editing.

Author contributions Y.Z. and S.Y. planned and guided this study.
P.W. and G.Q. designed experiments. L.W., X.Z., and X.S. collected
the samples and performed the experiments. P.W. and G.Q. wrote the
manuscript. Y.Z., S.Y., L.W., J.L., and Q.Z. supervised the study and
revised the manuscript. P.W. and G.Q. analyzed the data. All authors
contributed to the writing and editing of the manuscript. All authors
read and approved the final manuscript.

Data availability Data on mRNA sequencing from specimens of ESCC,
esophageal adenocarcinoma (EAC), and healthy esophageal mucosa
were sourced from the TCGA repository and are accessible via their
official data portal (https://portal.gdc.cancer.gov/projects/TCGA-
ESCA). Genetic mutation profiles of 86 ESCC and 68 EAC cases were
obtained from the cBioPortal platform, a resource dedicated to Cancer
Genomics (cBioPortal for Cancer Genomics). The clinical character-
istics of patients with esophageal cancer were recorded on the cBio-
Portal website (http://www.cbioportal.org/study?id=esca_tcga#clini
cal). RNA-Seq datasets relevant to immunotherapy, namely GSE91061,
GSE100797, GSE93157, PRJEB23709, and PRINA482620, were
retrieved from the TIGER database (http://tiger.canceromics.org/).
Further information should be directed to and will be answered by the
corresponding author.

Declarations
Conflict of interest The authors declare no competing interests.

Ethical approval This study was approved by the Ethics Committee of
the First Affiliated Hospital of Zhengzhou University (2019-KY-256).

Consent for publication The authors agree to the publication of all the
data involved in this article.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material.
You do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc-nd/4.0/.

References

1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjoma-
taram I et al (2024) Global cancer statistics 2022: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in
185 countries. CA Cancer J Clin 74(3):229-263. https://doi.org/
10.3322/caac.21834

@ Springer

10.

11.

12.

13.

14.

15.

16.

Siegel RL, Giaquinto AN, Jemal A (2024) Cancer statistics, 2024.
CA Cancer J Clin 74(1):12-49. https://doi.org/10.3322/caac.
21820

Lu Z, Zheng S, Liu C, Wang X, Zhang G, Wang F et al (2021)
S100A7 as a potential diagnostic and prognostic biomarker of
esophageal squamous cell carcinoma promotes M2 macrophage
infiltration and angiogenesis. Clin Transl Med 11(7):e459. https://
doi.org/10.1002/ctm2.459

Moody S, Senkin S, Islam SMA, Wang J, Nasrollahzadeh D,
Cortez Cardoso Penha R et al (2021) Mutational signatures in
esophageal squamous cell carcinoma from eight countries with
varying incidence. Nat Genet 53(11):1553-1563. https://doi.org/
10.1038/541588-021-00928-6

Cui H, Zhou Y, Wang F, Cheng C, Zhang W, Sun R et al (2022)
Characterization of somatic structural variations in 528 Chinese
individuals with Esophageal squamous cell carcinoma. Nat Com-
mun 13(1):6296. https://doi.org/10.1038/s41467-022-33994-3
Lin DC, Hao JJ, Nagata Y, Xu L, Shang L, Meng X et al (2014)
Genomic and molecular characterization of esophageal squamous
cell carcinoma. Nat Genet 46(5):467—473. https://doi.org/10.1038/
ng.2935

WuH, YulJ, Li Y, Hou Q, Zhou R, Zhang N et al (2018) Single-
cell RNA sequencing reveals diverse intratumoral heterogeneities
and gene signatures of two types of esophageal cancers. Cancer
Lett 438:133-143. https://doi.org/10.1016/j.canlet.2018.09.017
Nowicki-Osuch K, Zhuang L, Jammula S, Bleaney CW, Mah-
bubani KT, Devonshire G et al (2021) Molecular phenotyping
reveals the identity of Barrett’s esophagus and its malignant tran-
sition. Science 373(6556):760-767. https://doi.org/10.1126/scien
ce.abd1449

Riaz N, Havel JJ, Makarov V, Desrichard A, Urba WJ, Sims JS
et al (2017) Tumor and microenvironment evolution during immu-
notherapy with Nivolumab. Cell 171(4):934-949.e16. https://doi.
org/10.1016/j.cell.2017.09.028

Gide TN, Quek C, Menzies AM, Tasker AT, Shang P, Holst J
et al (2019) Distinct immune cell populations define response to
anti-PD-1 monotherapy and anti-PD-1/Anti-CTLA-4 combined
therapy. Cancer Cell 35(2):238-255.e6. https://doi.org/10.1016/].
ccell.2019.01.003

Lauss M, Donia M, Harbst K, Andersen R, Mitra S, Rosengren F
et al (2017) Mutational and putative neoantigen load predict clini-
cal benefit of adoptive T cell therapy in melanoma. Nat Commun
8(1):1738. https://doi.org/10.1038/s41467-017-01460-0

Prat A, Navarro A, Paré L, Reguart N, Galvan P, Pascual T et al
(2017) Immune-related gene expression profiling after PD-1
blockade in non-small cell lung carcinoma, head and neck squa-
mous cell carcinoma, and melanoma. Cancer Res 77(13):3540—
3550. https://doi.org/10.1158/0008-5472.CAN-16-3556

Zhao J, Chen AX, Gartrell RD, Silverman AM, Aparicio L, Chu
T et al (2019) Immune and genomic correlates of response to anti-
PD-1 immunotherapy in glioblastoma. Nat Med 25(3):462-469.
https://doi.org/10.1038/s41591-019-0349-y

Zhang Y, Zhang Z (2020) The history and advances in cancer
immunotherapy: understanding the characteristics of tumor-
infiltrating immune cells and their therapeutic implications.
Cell Mol Immunol 17(8):807-821. https://doi.org/10.1038/
$41423-020-0488-6

Dolinska M, Cai H, Ménsson A, Shen J, Xiao P, Bouderlique T
et al (2023) Characterization of the bone marrow niche in patients
with chronic myeloid leukemia identifies CXCL14 as a new thera-
peutic option. Blood 142(1):73-89. https://doi.org/10.1182/blood.
2022016896

Uddin MM, Gaire B, Deza B, Vancurova I (2020) Interleukin-
8-induced invasion assay in triple-negative breast cancer cells.
Methods Mol Biol 2108:107-115. https://doi.org/10.1007/
978-1-0716-0247-8_9


http://www.editage.cn
https://portal.gdc.cancer.gov/projects/TCGA-ESCA
https://portal.gdc.cancer.gov/projects/TCGA-ESCA
http://www.cbioportal.org/study?id=esca_tcga#clinical
http://www.cbioportal.org/study?id=esca_tcga#clinical
http://tiger.canceromics.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21820
https://doi.org/10.3322/caac.21820
https://doi.org/10.1002/ctm2.459
https://doi.org/10.1002/ctm2.459
https://doi.org/10.1038/s41588-021-00928-6
https://doi.org/10.1038/s41588-021-00928-6
https://doi.org/10.1038/s41467-022-33994-3
https://doi.org/10.1038/ng.2935
https://doi.org/10.1038/ng.2935
https://doi.org/10.1016/j.canlet.2018.09.017
https://doi.org/10.1126/science.abd1449
https://doi.org/10.1126/science.abd1449
https://doi.org/10.1016/j.cell.2017.09.028
https://doi.org/10.1016/j.cell.2017.09.028
https://doi.org/10.1016/j.ccell.2019.01.003
https://doi.org/10.1016/j.ccell.2019.01.003
https://doi.org/10.1038/s41467-017-01460-0
https://doi.org/10.1158/0008-5472.CAN-16-3556
https://doi.org/10.1038/s41591-019-0349-y
https://doi.org/10.1038/s41423-020-0488-6
https://doi.org/10.1038/s41423-020-0488-6
https://doi.org/10.1182/blood.2022016896
https://doi.org/10.1182/blood.2022016896
https://doi.org/10.1007/978-1-0716-0247-8_9
https://doi.org/10.1007/978-1-0716-0247-8_9

Cancer Immunology, Immunotherapy (2025) 74:47

Page 130f 13 47

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Yuan SF, Su CW, Chan LP, Nguyen HDH, Chen YK, Du JK et al
(2024) IL17RB expression is associated with malignant cancer
behaviors and poor prognosis in oral cancer. Oral Dis 30(4):2027—
2038. https://doi.org/10.1111/0di.14672

Huang R, Li S, Tian C, Zhou P, Zhao H, Xie W et al (2022) Ther-
mal stress involved in TRPV2 promotes tumorigenesis through
the pathways of HSP70/27 and PI3K/Akt/mTOR in esophageal
squamous cell carcinoma. Br J Cancer 127(8):1424—-1439. https://
doi.org/10.1038/s41416-022-01896-2

Tai WP, Nie GJ, Chen MJ, Yaz TY, Guli A, Wuxur A et al (2017)
Hot food and beverage consumption and the risk of esophageal
squamous cell carcinoma: A case-control study in a northwest
area in China. Medicine (Baltimore) 96(50):€9325. https://doi.
org/10.1097/MD.0000000000009325

Schalper KA, Carleton M, Zhou M, Chen T, Feng Y, Huang
SP et al (2020) Elevated serum interleukin-8 is associated with
enhanced intratumor neutrophils and reduced clinical benefit of
immune-checkpoint inhibitors. Nat Med 26(5):688—692. https://
doi.org/10.1038/541591-020-0856-x

McGeachy MJ, Cua DJ, Gaffen SL (2019) The IL-17 family of
cytokines in health and disease. Immunity 50(4):892-906. https://
doi.org/10.1016/j.immuni.2019.03.021

Bie Q, Song H, Chen X, Yang X, Shi S, Zhang L et al (2021)
IL-17B/IL-17RB signaling cascade contributes to self-renewal
and tumorigenesis of cancer stem cells by regulating Beclin-1
ubiquitination. Oncogene 40(12):2200-2216. https://doi.org/10.
1038/541388-021-01699-4

Wu HH, Tsai LH, Huang CK, Hsu PH, Chen MY, Chen YI et al
(2021) Characterization of initial key steps of IL-17 receptor B
oncogenic signaling for targeted therapy of pancreatic cancer. Sci
Transl Med. 13(583):eabc2823. https://doi.org/10.1126/scitranslm
ed.abc2823

Xu F, Wang X, Huang Y, Zhang X, Sun W, Du Y et al (2023)
Prostate cancer cell-derived exosomal IL-8 fosters immune eva-
sion by disturbing glucolipid metabolism of CD8+ T cell. Cell
Rep 42(11):113424. https://doi.org/10.1016/j.celrep.2023.113424
Walle T, Kraske JA, Liao B, Lenoir B et al (2022) Radiother-
apy orchestrates natural killer cell dependent antitumor immune
responses through CXCLS. Sci Adv 8(12):eabh4050. https://doi.
org/10.1126/sciadv.abh4050

Reschke R, Gajewski TF (2022) CXCL9 and CXCL10 bring the
heat to tumors. Sci Immunol. 7(73):eabq6509. https://doi.org/10.
1126/sciimmunol.abq6509

Moreno Ayala MA, Campbell TF, Zhang C, Dahan N, Bockman
A, Prakash V et al (2023) CXCR3 expression in regulatory T cells
drives interactions with type I dendritic cells in tumors to restrict
CD8+ T cell antitumor immunity. Immunity 56(7):1613-1630.e5.
https://doi.org/10.1016/j.immuni.2023.06.003

Lasser SA, Ozbay Kurt FG, Arkhypov I, Utikal J, Umansky V
(2024) Myeloid-derived suppressor cells in cancer and cancer
therapy. Nat Rev Clin Oncol 21(2):147-164. https://doi.org/10.
1038/541571-023-00846-y

YiM, Li T, Niu M, Zhang H, Wu Y, Wu K et al (2024) Targeting
cytokine and chemokine signaling pathways for cancer therapy.
Signal Transduct Target Ther 9(1):176. https://doi.org/10.1038/
$41392-024-01868-3

Huang R, Wang Z, Hong J, Wu J, Huang O, He J et al (2023)
Targeting cancer-associated adipocyte-derived CXCLS8 inhibits
triple-negative breast cancer progression and enhances the effi-
cacy of anti-PD-1 immunotherapy. Cell Death Dis 14(10):703.
https://doi.org/10.1038/s41419-023-06230-z

Ren H, Yang X, Hou W, Meng J, Luo D, Zhang C (2024) Com-
prehensive analysis of the clinical and biological significances for
chemokine CXCL3 in cholangiocarcinoma. Medicine (Baltimore)
103(11):e37460. https://doi.org/10.1097/MD.0000000000037460

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Wu HH, Hwang-Verslues WW, Lee WH, Huang CK, Wei PC,
Chen CL et al (2015) Targeting IL-17B-IL-17RB signaling with
an anti-IL-17RB antibody blocks pancreatic cancer metastasis
by silencing multiple chemokines. J] Exp Med 212(3):333-349.
https://doi.org/10.1084/jem.20141702

Chung SH, Ye XQ, Iwakura Y (2021) Interleukin-17 family mem-
bers in health and disease. Int Immunol 33(12):723-729. https://
doi.org/10.1093/intimm/dxab075.25

Zhang H, Qin G, Zhang C, Yang H, Liu J, Hu H et al (2021)
TRAIL promotes epithelial-to-mesenchymal transition by induc-
ing PD-L1 expression in esophageal squamous cell carcino-
mas. J Exp Clin Cancer Res 40(1):209. https://doi.org/10.1186/
s13046-021-01972-0

Sjoberg E, Meyrath M, Milde L, Herrera M, Lovrot J, Hagerstrand
D et al (2019) A Novel ACKR2-Dependent Role of Fibroblast-
Derived CXCL14 in Epithelial-to-Mesenchymal Transition and
Metastasis of Breast Cancer. Clin Cancer Res 25(12):3702-3717.
https://doi.org/10.1158/1078-0432.CCR-18-1294

Bader JE, Voss K, Rathmell JC (2020) Targeting metabolism to
improve the tumor microenvironment for cancer immunotherapy.
Mol Cell 78(6):1019-1033. https://doi.org/10.1016/j.molcel.2020.
05.034

Yang L, Chu Z, Liu M, Zou Q, LiJ, Liu Q et al (2023) Amino acid
metabolism in immune cells: essential regulators of the effector
functions, and promising opportunities to enhance cancer immu-
notherapy. J] Hematol Oncol 16(1):59. https://doi.org/10.1186/
$13045-023-01453-1

Qin G, Liu S, Liu J, Hu H, Yang L, Zhao Q et al (2023) Overcom-
ing resistance to immunotherapy by targeting GPR84 in myeloid-
derived suppressor cells. Signal Transduct Target Ther 8(1):164.
https://doi.org/10.1038/s41392-023-01388-6

Qin G, LiuJ, Lian J, Zhang H, Lei Q, Yang H et al (2020) PMN-
MDSCs-induced accumulation of CD8+CD39+ T cells predicts
the efficacy of chemotherapy in esophageal squamous cell carci-
noma. Clin Transl Med 10(7):e232. https://doi.org/10.1002/ctm2.
232

Qin G, Lian J, Huang L, Zhao Q, Liu S, Zhang Z et al (2018)
Metformin blocks myeloid-derived suppressor cell accumula-
tion through AMPK-DACHI1-CXCLI1 axis. Oncoimmunology
7(7):e1442167. https://doi.org/10.1080/2162402X.2018.1442167
Jou E, Rodriguez-Rodriguez N, Ferreira AF, Jolin HE, Clark PA,
Sawmynaden K et al (2022) An innate 1L-25-ILC2-MDSC axis
creates a cancer-permissive microenvironment for Apc mutation-
driven intestinal tumorigenesis. Sci Immunol. 7(72):eabn0175.
https://doi.org/10.1126/sciimmunol.abn0175

van Weverwijk A, de Visser KE (2023) Mechanisms driving
the immunoregulatory function of cancer cells. Nat Rev Cancer
23(4):193-215. https://doi.org/10.1038/s41568-022-00544-4
Shang C, Sun Y, Wang Y, Shi H, Han X, Mo Y et al (2022)
CXCL10 conditions alveolar macrophages within the prem-
etastatic niche to promote metastasis. Cancer Lett 537:215667.
https://doi.org/10.1016/j.canlet.2022.215667

Kourtis N, Wang Q, Wang B, Oswald E, Adler C, Cherravuru S
et al (2022) A single-cell map of dynamic chromatin landscapes of
immune cells in renal cell carcinoma. Nat Cancer 3(7):885-898.
https://doi.org/10.1038/s43018-022-00391-0

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1111/odi.14672
https://doi.org/10.1038/s41416-022-01896-2
https://doi.org/10.1038/s41416-022-01896-2
https://doi.org/10.1097/MD.0000000000009325
https://doi.org/10.1097/MD.0000000000009325
https://doi.org/10.1038/s41591-020-0856-x
https://doi.org/10.1038/s41591-020-0856-x
https://doi.org/10.1016/j.immuni.2019.03.021
https://doi.org/10.1016/j.immuni.2019.03.021
https://doi.org/10.1038/s41388-021-01699-4
https://doi.org/10.1038/s41388-021-01699-4
https://doi.org/10.1126/scitranslmed.abc2823
https://doi.org/10.1126/scitranslmed.abc2823
https://doi.org/10.1016/j.celrep.2023.113424
https://doi.org/10.1126/sciadv.abh4050
https://doi.org/10.1126/sciadv.abh4050
https://doi.org/10.1126/sciimmunol.abq6509
https://doi.org/10.1126/sciimmunol.abq6509
https://doi.org/10.1016/j.immuni.2023.06.003
https://doi.org/10.1038/s41571-023-00846-y
https://doi.org/10.1038/s41571-023-00846-y
https://doi.org/10.1038/s41392-024-01868-3
https://doi.org/10.1038/s41392-024-01868-3
https://doi.org/10.1038/s41419-023-06230-z
https://doi.org/10.1097/MD.0000000000037460
https://doi.org/10.1084/jem.20141702
https://doi.org/10.1093/intimm/dxab075.25
https://doi.org/10.1093/intimm/dxab075.25
https://doi.org/10.1186/s13046-021-01972-0
https://doi.org/10.1186/s13046-021-01972-0
https://doi.org/10.1158/1078-0432.CCR-18-1294
https://doi.org/10.1016/j.molcel.2020.05.034
https://doi.org/10.1016/j.molcel.2020.05.034
https://doi.org/10.1186/s13045-023-01453-1
https://doi.org/10.1186/s13045-023-01453-1
https://doi.org/10.1038/s41392-023-01388-6
https://doi.org/10.1002/ctm2.232
https://doi.org/10.1002/ctm2.232
https://doi.org/10.1080/2162402X.2018.1442167
https://doi.org/10.1126/sciimmunol.abn0175
https://doi.org/10.1038/s41568-022-00544-4
https://doi.org/10.1016/j.canlet.2022.215667
https://doi.org/10.1038/s43018-022-00391-0

	Distinct immune signatures for predicting the immunotherapy efficacy of esophageal squamous cell carcinoma or adenocarcinoma
	Abstract
	Introduction
	Materials and methods
	Clinical samples
	Common platforms and R packages for data analysis
	Tumor tissue microarray and immunohistochemical staining
	Survival analysis
	Immune infiltration score and correlation analysis
	Construction of prediction model
	Statistical analysis

	Results
	Immune infiltration and functional enrichment of differentially expressed genes in esophageal cancer tissues
	Identifying distinct cytokines associated with clinical outcomes in ESCC and EAC
	Tumor microenvironment-related genes present diverse expression patterns in ESCC and EAC
	Combinations of immune molecules could predict the response to immunotherapy in patients with cancer

	Discussion
	Acknowledgements 
	References




