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Abstract

Esophageal cancer (EC) is a disease often marked by aggressive growth and poor prognosis. Lack of targeted
therapies, resistance to chemoradiation therapy, and distant metastases among patients with advanced disease
account for the high mortality rate. The tumor microenvironment (TME) contains several cell types, including
fibroblasts, immune cells, adipocytes, stromal proteins, and growth factors, which play a significant role in
supporting the growth and aggressive behavior of cancer cells. The complex and dynamic interactions of the
secreted cytokines, chemokines, growth factors, and their receptors mediate chronic inflammation and
immunosuppressive TME favoring tumor progression, metastasis, and decreased response to therapy. The molecular
changes in the TME are used as biological markers for diagnosis, prognosis, and response to treatment in patients.
This review highlighted the novel insights into the understanding and functional impact of deregulated cytokines
and chemokines in imparting aggressive EC, stressing the nature and therapeutic consequences of the cytokine-
chemokine network. We also discuss cytokine-chemokine oncogenic potential by contributing to the Epithelial-
Mesenchymal Transition (EMT), angiogenesis, immunosuppression, metastatic niche, and therapeutic resistance
development. In addition, it discusses the wide range of changes and intracellular signaling pathways that occur in
the TME. Overall, this is a relatively unexplored field that could provide crucial insights into tumor immunology and
encourage the effective application of modulatory cytokine-chemokine therapy to EC.
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Background
The incidence of Esophageal cancer (EC) is increas-
ing markedly, and it now represents the 8th most
common cancer type and the 6th leading cause of
cancer-related deaths worldwide [1], with an esti-
mated 5-year survival rate to be only 15–20% [1].
Esophageal squamous cell carcinoma (ESCC) and
esophageal adenocarcinoma (EAC) are the two histo-
logical subtypes of EC, which differ in their location,
histology, and pathogenesis. While the ESCC subtype
represents 90% of all ECs and is more prevalent in
developing countries, the incidence of EAC in devel-
oped countries is increasing fast [2]. The late clinical
presentation of ESCC is associated with locally ad-
vanced or distant metastases and is the main reason
for poor prognosis [3–5]. In addition, inherent re-
sistance to chemoradiation therapy (CRT) due to
tumor heterogeneity and the development of ac-
quired resistance results in treatment failure and low
patient survival. Despite significant advances in the
treatment strategies, including surgery and chemo-
therapy and/or radiotherapy [6, 7], the molecular sig-
natures of inherent and acquired resistance account
for the prevalent poor prognosis and lack of im-
proved outcomes for several decades.
While cigarette smoking and alcohol consumption are

the major risk factors for ESCC, Barrett’s esophagus
(BE) and chronic inflammation promote EAC [8]. BE,
the main risk factor for EAC, is a premalignant condi-
tion in which columnar metaplasia replaces distal
esophagus stratified squamous epithelium [9]. BE de-
velops as a result of chronic gastroesophageal reflux dis-
ease (GERD), in which acid and bile salts reflux from the
stomach into the lower esophagus [10, 11]. Chronic
GERD induces high levels of reactive oxygen species
(ROS) and oxidative stress in esophageal epithelial cells,
the main driving forces for DNA damage and carcino-
genesis in EAC. Previous studies have shown that short
exposure to bile acids and low pH causes oxidative stress
and DNA damage in the esophageal tissues and cells
[12, 13]. Besides, acidic bile salt treatment in esophageal
cells increases ROS levels, resulting in increased
oxidative DNA damage and double-strand DNA breaks
[14, 15]. We have shown earlier that APE1 promotes
EAC cells’ survival in response to acidic bile salts by en-
hancing repair of DNA damage and attenuating the
JNK-and p38-mediated apoptotic stress response [16].
These findings suggest that APE1 could provide the
EAC cells with a survival advantage in response to oxi-
dative stress induced by acidic bile salts. Apurinic / apyr-
imidinic endonuclease-1 (APE1)/redox effector factor-1
(REF-1) is a multifunctional protein that plays an essen-
tial role in the basic excision repair (BER) pathway, crit-
ical for the repair of oxidative DNA base damage and

the redox-dependent regulation of several transcription
factors such as NF - kB, p53, AP-1, HIF-1α and EGR-1
[17, 18].
Recently our group has also shown that exposure of

BE and EAC cells to acidic bile salts, under conditions
that closely mimic GERD, activates EGFR and STAT3
signaling in an APE1 redox-dependent manner. We
noted a significant increase in mRNA expression of IL-6
and IL-17A after exposure to bile salts [19]. In another
interrelated study, we showed upregulation of the matrix
metalloproteinase MMP-14, which in turn activated
MMP-2, leading to the degradation of the extracellular
matrix (ECM) and increased invasion of EAC cells [20].
Recent studies have conclusively established an essen-

tial role of the tumor microenvironment (TME) in EC
progression and metastasis. It has been demonstrated
that EC TME is enriched for pro-inflammatory cyto-
kines, chemokines, and growth factors [21–23], and their
complex cross-talk with their receptors influences the
development and progression of EC. A comprehensive
understanding of the complex inter-connected stromal
networks via these secretory factors offers an opportun-
ity to identify novel targets with diagnostic, prognostic,
and therapeutic potential. This review focuses on the
current understanding and functional impact of deregu-
lated cytokines and chemokines in EC. Their practical
importance is in imparting an aggressive EC phenotype
by contributing to Epithelial-Mesenchymal Transition
(EMT), angiogenesis, immunosuppression, metastatic
niches, and therapeutic resistance. We also discussed the
wide range of changes and intracellular signaling path-
ways occurring in the TME that could be exploited in
EC as a future therapeutic strategy.

Esophageal cancer microenvironment
Esophageal cancer TME is a very dynamic and complex
ecosystem entailing cellular components (cancer-associ-
ated fibroblasts (CAFs), immune cells, endothelial cells,
pericytes, adipocytes), extracellular matrix proteins (col-
lagen, elastin fibers, fibronectins, proteoglycans, hyalur-
onic acid, osteopontin, periostin, and SPARC (secreted
protein acidic and rich in cysteine, also known as osteo-
nectin or BM-40) and secretory proteins including cyto-
kines, chemokines and many growth factors secreted by
tumor and stromal cells. The TME is also infiltrated by
immunosuppressive cells, such as regulatory T (Treg)
cells, myeloid-derived suppressor cells (MDSCs), and
tumor-associated macrophages (TAMs) [24, 25].. Cancer
cells are known to secrete several soluble factors, includ-
ing cytokines, chemokines, and growth factors, which
help the immune cells reprogram the surrounding
microenvironment to promote tumor growth, metastasis,
and resistance to CRT. In advanced tumors, various che-
mokines and pro-inflammatory cytokines that promote
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cancer are abundant, whereas cytokines that inhibit
tumor growth are usually lacking [26–28]. Durand RE in
his keynote address at the “Third International Confer-
ence on The Interaction of Radiation Therapy and Sys-
temic Therapy, Asilomar Conference Center, Monterey,
CA, 9-12 March 1990” described the importance of the
TME in modifying the CRT response [29], and proposed
that the TME components should be exploited for tar-
geted therapy. Since then, extensive studies have conclu-
sively established the importance of TME in promoting
CRT resistance through the activation of multiple
tumor-associated signaling pathways [30–33]. TME stro-
mal cells secrete cytokines, chemokines [34], and exo-
somes [35] to alter cancer cell signaling and metabolic
pathways [36, 37]. Also, stromal cells, particularly CAFs,
regulate angiogenesis [38] and change the composition
and biophysical features of the extracellular matrix [39],
hindering the delivery of therapeutics to the cancer cells.
Together, these factors confer CRT resistance.
As in most tumors, EC TME is immuno-suppressive,

favoring tumor growth and the development of an ag-
gressive phenotype. The types of immune cells associ-
ated with TME are mostly associated with cytokine
production, broadly classified as anti-tumorigenic (IL-12,
IFN-γ, TRAIL), pro-tumorigenic (IL-6, IL-23, IL-10, IL-
17), and cytokines with direct roles on cancer cells’ sig-
naling (TGF-β, TNFα, IL-6, FasL). The MDSCs are a
heterogeneous group of immature myelocytes that can
suppress both innate and antigen-specific immune re-
sponse that has been extensively studied in EC patho-
genesis. Though the involvement of TAMs has not been
extensively studied in EC, their infiltration into the TME
by Monocyte chemoattractant protein-1 (MCP-1/CCL2)
(secreted by cancer cells) and production of pro-
angiogenic factors are well known [40, 41]. Furthermore,
the presence of TAMs is associated with inadequate
therapeutic response and poor EC patient prognosis
[42]. The other immunosuppressive T cells, such as
Tregs and Th17, are recruited by tumor cell-derived
chemokines CCL17 and CCL22 and are known to pro-
mote EC pathogenesis. In particular, the presence of in-
creased Tregs in the EC TME is associated with
invasion, metastases, disease severity, decreased survival,
and thus considered of prognostic significance [43–46].
Though the role of Th17 cells in cancer is still a subject
of debate [47, 48], an increased presence of Th17 cells in
both peripheral blood and tumor EC tissues correlates
with advanced disease stage [49, 50]. Like DCs, Tregs
and Th17 cells are heterogeneous and have several
context-dependent functions, forcing a deeper under-
standing of their role in EC as future therapeutic targets.
The cytokines and chemokines secreted by the im-

mune cells mediate cancer-stromal interactions and acti-
vate several downstream effector pathways such as JAK/

STAT, NF-κβ, NOTCH to mediate various properties of
cancer hallmarks [51]. Activation of STAT3 by its major
inducers, IL-6, and IL-6Rα, has been associated with
poor prognosis in patients undergoing esophagectomy
[52]. The STAT3 inhibitor Stattic has been shown to in-
crease radiosensitivity in EC in preclinical models [53].
Several small-molecule STAT3 inhibitors have shown
potential in the preclinical setting [54, 55]. However,
none of these are in the clinical trial phase yet, asking
for further robust research in this field. Overexpression
and activation of the p65 subunit of NF-κB have been
reported in EC specimens, and its association with the
resistance to 5-fluorouracil is demonstrated in cultured
EC cell lines [56]. IL-8, which is one of the foremost up-
stream regulators of NF-κB signaling, has been associ-
ated with inflammation, disease progression, metastases,
and poor prognosis in EC patients [57]. The CC chemo-
kine, CCL5 (also known as RANTES), is a downstream
target of the NF-κB pathway [58] known to promote
tumor cell proliferation, invasion, and angiogenesis [58]
by facilitating the recruitment of eosinophils, monocytes,
T cells, and basophils [59, 60]. A recent study found that
the treatment of EC cells with radiotherapy increases the
levels of Dioxygenase 12-lipoxygenase (12-LOX), modu-
lating CCL5 expression through the AKT/NF-κB path-
way [61]. 12-LOX is an enzyme that metabolizes
arachidonic acid into 12-hydroxyeicosatetraenoic acid
and contributes to the macrophages’ polarity towards
the M2 subtype. 12-LOX over-expression was observed
to increase the levels of CCL5, which in turn helped to
recruit and repolarize M2 macrophages [61]. Increased
12-LOX enzyme levels are associated with multiple can-
cer types where it contributes to tumor progression and
metastasis [62–64]. The cross-talk between STAT3 and
NF-κβ signaling pathways is well known during the in-
flammatory process in EC tumorigenesis [65] and the
role in promoting resistance to CT [66].

Cytokine/chemokine expression in esophageal
cancer
EC pathogenesis is associated with the deregulation of
many cytokines and chemokines (Fig. 1a and b). Cyto-
kines act as markers of metastasis and angiogenesis, the
root cause of cancer mortality [67]. While most cyto-
kines promote cancer proliferation, there are other cyto-
kines such as IFN-γ and the interleukins such as IL-27,
IL-23, IL-12, and IL-2 that function as tumor suppres-
sors by stimulating antitumor immune responses [68],
and cytokines, including IL-6, IL-8, and IL-1β, are asso-
ciated with transcriptional regulation [69]. Pro-
inflammatory cytokines, including interleukin-1 (IL-1)
[70], interleukin-6 (IL-6) [71], and tumor necrosis
factor-α (TNF-α) [72] have been linked with EC patho-
genesis. IL-1 is involved in promoting angiogenesis
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Fig. 1 Cytokine/chemokine profile in esophageal tumor and normal tissues. Heat map showing cytokine/chemokine gene expression across
normalized GTEX (Normal Tissue, n = 8000) and TCGA- ESCA (Tumor tissue, n = 10,431) data sets analyzed by using UCSC
Xena (https://xenabrowser.net/datapages/)
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through the production of vascular endothelial growth
factor (VEGF) [73]. The downregulated expression of IL-
1 receptor antagonist (IL-1RA) in EC is associated with
tumor progression and poor survival [74]. Overexpres-
sion of IL-1RA in IL-1α expressing KYSE410 EC cells
decreased proliferation and reduced expression of
VEGF-A [74]. On the contrary, no effect of IL-1RA over-
expression was observed in EC9706 cells (low IL-1α
expression) proliferation and VEGF-A expression [74].
IL-1β is a pro-inflammatory cytokine which is highly
expressed in EC tissues and promotes invasion and mi-
gration [75]. Overexpression of IL-1β has been reported
in EC and is involved in increased cell proliferation and
associated with poor EC patient prognosis [70]. Another
stromal cell-derived cytokine IL-11 is highly expressed
in EC, and its knockdown inhibits EC cell proliferation
(Eca109 and KYSE410) [76]. Similarly, overexpression of
IL-33 has been reported in EC patients and its knock-
down reduced the invasive and metastatic potential in
KYSE-450 and Eca-109 cells [77]. It has been shown that
IL-33 promotes tumor invasion by regulating chemokine
CCL2 and by recruiting Tregs [77]. IL-19, a member of
the IL-10 cytokine family, is highly upregulated in 60%
(36 out of 60) of carcinoma tissues from ESCC patients.
In contrast, normal esophageal tissue has weak staining
or no staining at all, and the expression correlates with
advanced stages of the disease and (lymph node and dis-
tant) metastasis. In vitro studies have shown that the hu-
man EC cell line, CE81T expresses IL-19 as well as its
receptor (Il-20R1/R2), and IL-19 can induce cancer cell
proliferation, colony formation, and migration, which
can be inhibited by anti-IL-19 antibody and anti-IL-
20R1 antibody. IL-19 signaling was found to activate P-
38, c-Jun N-terminal kinase, ERK1/2, protein kinase B
and NF-kB. These factors mediate activation of TGF-β,
cyclin B1, matrix metalloproteinase-1 and CXCR4, all re-
lated to the proliferation and metastasis of cancer cells.
In vivo studies have shown that anti-IL-19 antibody can
significantly inhibit the growth of EC [78].
Chemokines and their receptors also play an essential

role in tumor initiation and growth [79]. Chemokines
have a molecular mass between 8 and 10 kDa, are struc-
turally classified into four groups, such as CXC, CX3C,
CC, and C, based on the spacing between the conserved
cysteine residues, which are essential for their three-
dimensional structure [79, 80]. They are divided into
two functional groups, that is, homeostatic and inflam-
matory. Homeostatic chemokines are produced in spe-
cific tissues, for example, CXCL12, CXCL13, CCL14,
CCL19, CCL20, CCL21, CCL25, and CCL27 [81], while
inflammatory chemokines are produced in response to a
pro-inflammatory stimulus, for example, CCL2, CCL3,
CCL4, CCL5, CCL11, CXCL8 and CXCL10 [82]. CXC
chemokines play a critical role in angiogenesis [83].

Certain chemokines are tumorigenic, and others are
tumor suppressors depending on the type of cell or re-
ceptor involved [84]. High CX3CL1, CXCL12, and
CCL20 expression were reported in serum samples and
associated with EC pathogenesis [23]. The expression of
CXCL12 and its receptors is associated with tumor inva-
sion, angiogenesis, and lymph node metastasis in EC
[85]. The serum concentrations of CXCL12 were higher,
whereas, in EC patients, the serum concentrations of its
receptor CXCR4 were lower than in healthy controls
[85]. Increased expression of the CXCR4 receptor
(CXCR4R) was recorded in both the immune and epi-
thelial cells of the IL-1β transgenic mouse model of BE
and EAC [86]. Furthermore, the expression of CXCR7,
the receptor for both CXCL12 and CXCL11, is overex-
pressed in both primary tumor lesions and metastatic
lymph nodes and is associated with poor EC prognosis
[87]. Using both in vitro and in vivo models, knockdown
or silencing of CXCR7 was shown to reduce the cell via-
bility and growth of EC [88]. CXCR1 and CXCR2 are
both CXCL8 receptors, also known as IL-8 receptors
[89]. The serum concentrations of both CXCL8 and
CXCR2 were found to be elevated in EC patients, sug-
gesting the significance of CXCL8 as a potential diagnos-
tic tumor marker in EC [90]. Additionally, the CXCL8/
CXCR2 axis promotes angiogenesis, tumor development
and is associated with poor prognosis [90]. Small indu-
cible chemokine CXCL10 (ligand for CXCR3) is
expressed on B cells, T cells, and NK cells. Increased
CXCL10 expression correlates with the expression of
CD8+ T cell markers (CD8 and Granzyme B) in tumor
tissues and improved patient survival in ESCC [91, 92].
Chemokine CXCL1 secreted from CAFs has been

shown to impart radiotherapy tolerance in ESCC by
inhibiting superoxide dismutase 1, an enzyme respon-
sible for ROS scavenging thus increasing ROS accumula-
tion leading to increased DNA damage following
radiation [93]. Increased expression of CC chemokines
CCL3 (ligand for CCR1, CCR4, and CCR5), CCL4 (lig-
and for CCR5 receptor) [94], and CCL5 (ligand for
CCR1 and CCR5) [95] have been implicated in cancer
pathogenesis. Increased CCL3 expression was reported
in the serum of EC patients [23]. While, CCL5 was
found to be elevated in a cell line derived from meta-
static lymph node (TWES-4LN), as compared with a cell
line derived from the primary lesion (TWES-4PT), sug-
gesting its role in lymph node metastasis in ESCC [95].
CCL5 knockdown reduced tumor migration and inva-
siveness in both the cell lines, and therefore targeting
the CCL5/CCR5 axis might act as a novel therapeutic
strategy for EC [95]. Another CC chemokine, CCL20,
and its receptor CCR6 have been implicated in many
cancers. Overexpression of CCR6 is associated with pro-
liferation, invasion, and EMT in ESCC [96], while
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CCL20 overexpression showed a positive correlation
with Treg markers (FoxP3 and IL-10) and demonstrated
poor patient survival [97]. CCR7, a receptor for ligands
CCL19 and CCL21, expressed on mature dendritic and
T cells, induces homing of these cells to the lymph node
by binding to ligands CCL19 and CCL21 [97]. Higher
expression of CCR7 is associated with recurrence, lymph
node metastasis, and poor patient survival in ESCC [97–
99]. Thus, comprehensive analysis and investigation of
the mechanisms underlying cytokine-chemokine net-
work mediated EC pathogenesis could help develop
novel therapies.

Role of cytokine/chemokine network in epithelial-
mesenchymal transition
EMT is an important cellular process in which epithelial
cells acquire characteristics and morphology of mesen-
chymal cells [100, 101]. The transition from epithelial to
mesenchymal phenomenon results in reduced expres-
sion of epithelial markers like E-cadherin and increased
expression of mesenchymal markers such as ZEB2,
vimentin, N-cadherin, and slug [102], contributing to
cancer cell invasion and metastasis [103]. This
phenomenon is a critical process in cancer development
as the resulting mesenchymal cells gain aggressive
phenotype by losing cell-cell adhesion and acquiring
stemness, CRT resistance, and metastatic features [102,
104, 105]. Several cytokines and chemokines promote
EMT in EC and are associated with poor prognosis and
clinical outcome. N-cadherin is detected in non-
epithelial cells and increases cell survival and migration,
whereas E-cadherin suppresses the activation of cell sur-
vival pathways in epithelial cells [102]. As noted previ-
ously, IL-1β is highly expressed in EC tissues and
promotes invasion and migration [75]. In vitro analysis
has shown that IL-1β decreases E-cadherin expression,
whereas it increases the expression of vimentin and snail
in EC cells. These findings indicate that IL-1β could play
an essential role in cancer metastasis. The release of IL-
1β from M2 macrophages associated with increased ex-
pression (phosphorylation) of both NF-κB and IκBα sug-
gests that IL-1β regulates EMT through the NF-κB
pathway (Fig. 2) [75]. In addition to IL-1β, it has also
been found that Monocyte Chemotactic Protein (MCP2
alias CCL8) secreted from M2 macrophages activates the
NF-κB pathway and promotes migration and invasion of
ESCC cells, thereby inducing the EMT process [106]. IL-
6 and CXCR7 are also implicated in EMT through the
NF-κB signaling pathway. High CXCR7 expression in re-
sponse to IL-6 is associated with increased proliferation
and chemoresistance in ESCC, a prominent feature of
metastatic cells [107]. The inhibition of CXCR4 results
in reduced expression of EMT genes in ESCC, which in-
dicates that the increased expression of CXCR4 and

CXCR7 are associated with poor prognosis in EC [108,
109]. Besides NF-κB signaling, IL-6/JAK2-STAT3 signal-
ing also induces EMT by upregulation of EMT associ-
ated transcription factors [110–113].
Another interleukin, IL-6, is primarily involved in in-

ducing EMT in ESCC and is associated with poor prog-
nosis in patients [114, 115]. Serum levels of IL-6 were
found to be considerably elevated in patients developing
distant metastasis [115]. Also, the levels of IL-6 were sig-
nificantly higher in the serum of ESCC patients who
were chemoresistant compared to chemosensitive pa-
tients [107].
The acquirement of radioresistance by ESCC cells is

one of the main factors leading to cancer recurrence and
poor survival in ESCC. The IL-6/STAT3/TWIST signal-
ing pathway inhibition is found to reverse ionizing radi-
ation (IR)-induced EMT and radioresistance in ESCC
[114]. Besides, the silencing of IL-6 was found to attenu-
ate angiogenesis, reverse EMT, and increase cell death in
ESCC [115]. Moreover, a study showed that treatment
with CAF-derived IL-6 upregulated the expression of
cancer stem cell markers and induced EMT transition,
accompanied by increased migratory capacity in EAC
cells [116]. In contrast, EAC tumors with reduced IL-6
expression exhibited epithelial phenotype [116]. Cells ex-
posed to IL-6 show increased expression of mesenchy-
mal markers such as vimentin, N-cadherin, CXCR4,
ZEB1, and SNAI2 and reduced expression of epithelial
markers such as E-cadherin, CD24, cytokeratin 19,
CD29, ERBB2, and EPCAM, thus disseminating the role
of IL-6 in the induction of mesenchymal characteristics
in EAC [116].
Furthermore, the induction of IL-6 is found to increase

the expression of ALDH1, a CSC marker, and TWIST,
an essential EMT inducer, in a xenograft tumor model
[117]. CSCs harbor increased EMT characteristics and
are highly metastatic; therefore, IL-6 can promote EMT
through increased ALDH1 expression in EC [118]. The
elevated expression of MMP2, MMP7, MMP9, and
vimentin and the reduced expression of E-cadherin in
ALDH1A1high ESCC indicates a close relationship be-
tween EMT and ALDH1A1 expression [119].
Another interleukin, IL-33, is a nuclear cytokine highly

expressed in endothelial and epithelial cells [77]. Though
IL-33 does not affect cell proliferation, it promotes inva-
sion and migration of ESCC cells. Furthermore, it has
been found that IL-33 promotes EMT and tumor pro-
gression by regulating the expression of CCL2 and
recruiting Tregs through the TGF-β signaling pathway
in ESCC [77]. In contrast, the knockdown of IL-33 is
found to reduce the expression of EMT-related genes
such as vimentin, N-cadherin, slug, and ZEB2, suggest-
ing a role of IL-33 in EMT and metastasis [77]. Like IL-
33, IL-23 is also involved in EMT and promotes
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invasion, migration, and metastasis of EC cells [120].
The underlying mechanisms revealed increased snail1
and slug expression [120].
While the molecular mechanisms underlying the

cross-regulation between miRNAs and cytokines/che-
mokines in the promotion of tumor invasion and me-
tastasis of ESCC remains largely unclear, but a study
by Chen et al. showed that IL-23 promotes EMT, in-
vasion, migration, and metastasis of EC cells by
downregulation of miRNA 200a [120]. Several studies
have reported that microRNA 200a plays a significant
role in inhibiting EMT transformation, invasion, and
metastasis by specifically targeting E-cadherin’s tran-
scriptional repressors, ZEB1, and ZEB2 [121–124]. In
patients with ESCC, members of the miR-200b cluster
were shown to be significantly downregulated [125]
and correlated dramatically with poor prognosis and
adverse clinical pathology [125]. In vitro studies from
the same group reported that miR-200b strongly re-
presses cell invasiveness by modulating the cytoskel-
eton and the adhesive machinery in ESCC cells [126].

In contrast, ESCC patients with higher miR-200c ex-
pression responded poorly to chemotherapy and ex-
hibited poor prognosis [126]. Besides, many cytokines
are known to activate diverse signaling pathways that
result in the deregulation of miRNAs, promoting
tumor cell proliferation, invasion, metastasis, and es-
cape from immune surveillance [127–131]. In addition
to promoting EMT and immune surveillance, the
interplay between cytokines/cytokines and miRNAs
contributes to cancer-related inflammation (CRI)
[132] mediated development and progression of ESCC
[133]. In this direction, Zhang et al. reported the im-
portance of miR-302b in inhibiting CRI in vitro and
in vivo [134]. The mechanistic studies revealed de-
creased expression of transcription factors NF-kβ,
STAT3, and HIF1α (important transcription factors in
CRI) by miR-302b overexpression in TE11 cells and
decreased tumor growth in vivo [134]. Also, STAT3
was downregulated by miR-124 in EC cells [135]. Fur-
thermore, miR-302b also inhibited tumor growth by
downregulating ErbB4 expression in ESCC [136].

Fig. 2 Complex network in TME orchestrating EMT. TME consists of TAMs, T cells, MDSCs, and CAFs. Through secretion of different cytokines and
chemokines, it causes downregulation of epithelial marker, E-cadherin and upregulation of mesenchymal markers such as N-cadherin, vimentin,
snail and ZEB1. In TME, these cells also upregulate cell signaling pathways such as STAT3, NF-kB and β-catenin, which all contribute to
cell survival
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These studies showed the complex intricacy of cyto-
kine/chemokines and miRNA networks in regulating
EC pathogenesis.

Role of cytokine/ chemokine network in the
development of metastatic niche
Metastasis is a multistep process requiring tumor cell
detachment from the primary tumor and migration to
target organs through the lymphatic or blood circulatory
systems [137]. Specific organs are predisposed to metas-
tasis in certain cancers (organotropism), and the forma-
tion of a supportive metastatic microenvironment
determines tumor cell homing (Fig. 3). Accumulating
lines of evidence suggest that primary tumors can pre-
pare the microenvironment of distant organs for meta-
static colonization [137]. Many studies have
demonstrated that specific organs are predisposed to
metastases in certain cancers due to the formation of a
pre-metastatic niche in these organs (Fig. 4) [138]. Here,
we will focus on the relevant cytokine/chemokine recep-
tor axis to drive the metastatic process.

CXCL-12 is a chemokine that acts through CXCR4
and plays an essential role in tumor invasion and metas-
tasis in numerous cancer types [139–141]. CXCR4 ex-
pression is elevated in tumor cells, and high levels of
CXCL12 are expressed in tumor metastases target tis-
sues such as lung, liver, brain, and bone [142]. Further-
more, CXCL12 activates tumor cells’ migration to target
specific organs via a CXCL12-CXCR4 axis chemotactic
gradient. Overexpression of CXCR4 was reported in
both types of ESCC and EAD. Notably, the authors indi-
cated that CXCR4 was expressed only in EC tissue but
not in the normal esophageal epithelium, which suggests
that expression of CXCR4 may be involved in the devel-
opment of EC [143].
Additionally, positive expression of CXCR4 was associ-

ated with micrometastasis to both the lymph nodes and
bone marrow with poor clinical outcome [143]. These
results suggest that this receptor may have an essential
role in the early metastasis spread in EC. These findings
were in line with other studies, where CXCR4 expression
in ESCC was significantly related to tumor grade, size,

Fig. 3 Role of cytokines/chemokines on tumor progression and dissemination. High expression of CXCL12/CXCR4 axis in primary tumor cells or/
and ECSCs enhances the activation of p-ERK-1/2 and increases these cells’ ability to invade and metastasize to lymph node and bone marrow.
Abundant expression of CCL21 in the endothelium of lymphatic vessels and lymph nodes attracts CCR-7-positive tumor cells. CCL21/CCR7 axis
upregulates MUC-1 expression through p-ERK signaling and enhances the migration, invasion, and lymph node metastasis through the lymphatic
system. High production of potent angiogenic (VEGF-A) and lymphangiogenic (VEGF-C) factors by primary tumor cells leads to a malignant
process. Elevated levels of CXCL-8 secreted by primary tumor cells or TAMs induces the phosphorylation of AKT and ERK1/2 signaling pathway
through the CXCR2 receptor expressed in primary tumor cells. These processes lead to further malignant progression to lymph nodes and distant
organ metastasis through the lymphatic system and blood vessel. Also, circulating CXCL-8 contributes to the metastasis process
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depth of tumor invasion, lymph node metastasis, and
poor clinical outcome [101–103]. Koishi et al. reported
that sustained upregulation of CXCR4 expression in
ESCC clinical samples after CRT treatment contributed
to tumor aggressiveness and a worse prognosis [144].
On the contrary, a previous study by Sasaki K et al. re-
ported that patients with ESCC were positive for CXCR4
and/or CXCL12. Tumors that were positive for CXCL12
significantly correlated with advanced pathological fea-
tures [145].
Several studies indicated that the CXCL12-CXCR4 sig-

naling axis is essential for aggressive EC behavior and
poor prognosis [141]. Gros et al. reported the homing ef-
ficiency of esophageal cancer cells that highly expressed
CXCR4 to migrate to the liver, lung, peritoneum, and
retroperitoneum after CXCL12 stimulation [146]. Re-
cently, Wang X et al. reported a high expression of
CXCR4 in esophageal cancer stem cells (ECSCs) from
patients [147]. Additionally, in vitro studies have shown
that ECSCs secreted high amounts of CXCL12 in an

autocrine manner and increased its receptor expression
CXCR4 compared with non-ECSCs [147]. Genetic and
pharmacologic approaches that inhibit CXCR4 decreased
the ability of ECSCs to invade and metastasize both in
in vitro and in vivo models [147]. At the molecular level,
ECSCs enhance the activation of the p-ERK1/2 pathway
by the CXCL12/CXCR4 axis. The blockage of the ERK1/
2 signaling pathway by CXCR4 or ERK1/2 inhibitors
suppressed the ability of ECSCs to invade and
metastasize [147]. These observations support a previous
finding showing concomitant high expression of the
CSC marker CD133 and CXCL4 in ESCC clinical sam-
ples [148].
CCR7 has been reported to support a metastatic niche

[133] directly. CCR7 receptor activity is essential for im-
mune cell entry into lymphatic vessels, and it binds to
CCL21, preferentially expressed in secondary lymphoid
tissues that drain many cancers [149]. Several studies in-
dicate that high levels of CCR7 are associated with
tumor metastasis and a poor clinical outcome in several

Fig. 4 Role of Cytokines/chemokines in pre-metastatic niche formationPrimary tumors establish a conducive microenvironment for eventual
metastasis in secondary organs and tissue sites. A dynamic interplay between TDSFs, BMDCs, regulatory / suppressive immune cells, and stromal
components in primary tumors provides an effective niche microenvironment for the tumor cells’ proliferation and metastasis. The specialized
microenvironment dispels significant characteristic features that facilitate metastasis, such as inflammation, immunosuppression, ECM remodeling,
angiogenesis, and lymphangiogenesis.
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cancer types, including EC [150, 151]. Accordingly, an
in vivo study showed that tumor cells with high expres-
sion of CCR7 had higher metastatic potential in the
lymph node of the heterotopic transplantation mouse
model [99]. These findings confirmed that CCR7 expres-
sion is an essential predictor of lymph node metastasis
and poor prognosis of ESCC patients’ survival. A critical
study showed the co-expression of CCR7 and MUC1 in
ESCC clinical samples [97]. In this study, patients who
co-expressed CCR7 and MUC1 had increased lymph
node metastasis, regional lymphatic recurrence, and
lower survival rates [97]. These results revealed that
CCR7 and MUC1 display a significant cross-talk in me-
tastasis progression in this type of tumor. Mechanistic-
ally, the CCL21-CCR7 axis upregulated MUC1
expression through the activation of the ERK1/2 signal-
ing pathway in ESCC cells in vitro [97]. In addition, the
knockdown of MUC1 significantly suppressed the migra-
tion and invasion of ESCC cell lines induced by treat-
ment of the cells with CCL21 [97]. These results
confirmed that the CCL21/CCR7 axis enhances the mi-
gration and invasion of cancer cells via the ERK1/2 sig-
naling pathway and that these findings are consistent
with earlier observations [152]. Song et al. demonstrated
that co-expression of CCR7 and VEGF-C correlated with
higher lymphatic metastatic recurrence in patients with
pN0 ESCC [153]. The authors suggested that cross-talk
occurs between CCR7 and VEGF-C, and their expres-
sion may be used to predict metastatic lymphatic recur-
rence of pN0 ESCC [153]. Indeed, several studies have
described the close correlation between high VEGF-C
expression in tissue and serum samples with tumor
differentiation, depth of the tumor, vascular and lymph
node metastasis, lymphatic invasion, tumor stage, and a
decreased survival rate in ESCC clinical samples [154,
155]. VEGF-C can mediate the upregulation of CCL21
secretion in lymphatic endothelium, which drives CCR7-
dependent tumor chemo invasion towards lymphatics
[156]. In addition to VEGF-C, studies have demonstrated
the correlation between VEGF-A expression in both tis-
sue and serum samples with clinicopathological factors
in ESCC patients [157, 158]. VEGF-A and VEGF-C in-
duce a premetastatic niche in regional lymph nodes by
activating lymphangiogenesis to enhance distant metas-
tasis [159, 160]. In addition, activation of the VEGF-C
and PI3K signaling is essential for remodeling the lymph
nodes before tumor cells’ arrival by stimulating lymph-
atic endothelial cell proliferation, leading to tumor-
associated lymphangiogenesis [161]. These results con-
firmed that the angiogenic factors, VEGF-A and VEGF-
C, are involved in both primary tumor growth and the
development of a metastatic niche in ESCC.
CXCL8 is another interleukin that plays an essential

role in tumor metastasis. CXCL8 was associated with

tumor progression in different tumor types [89, 162].
Multiple studies have shown that CXCL8 overexpression
in ESCC patients is related to lymph node metastasis
and worse prognosis [57, 163]. Krzystek-Korpacka
showed that circulating CXCL8 was significantly ele-
vated in ESCC patients and associated with tumor size,
cancer dissemination, lymph node presence, and distant
metastasis [164]. They also found that circulating
CXCL8 positively correlated with platelets and leukocyte
levels and biochemical markers of inflammation, such as
C-reactive protein [164].
Similarly, Hannelien et al. reported that infiltrated

neutrophils could also produce CXCL-8 and induce pro-
liferation of epithelial cells, facilitating the progression of
Barrett’s esophagus and EC [165]. These results might
suggest a relationship between CXCL8 chemokine and
inflammation in ESCC. However, the authors concluded
that detection rates were not satisfactory enough to
allow for the recommendation of CXCL8 testing as an
adjunct to the clinical evaluation of lymph node involve-
ment in ESCC patients [164]. In another study, Ogura
et al. reported that overexpression of CXCL8 and its re-
ceptor CXCR2 in ESCC clinical simples significantly cor-
related with adverse pathological features [57]. Indeed,
CXCR2 is highly expressed in ESCC patients and is sig-
nificantly associated with lymph node metastasis and a
reduced overall survival rate [163].
Immunohistochemistry and immunofluorescence

study of tissue samples in patients with ESCC revealed
elevated expression of CXCL8 and increased infiltration
of TAMs significantly correlated with lymph node me-
tastasis and bad prognosis [166]. The authors [166] also
observed that CXCL8 was upregulated in peripheral
blood monocytes (PBMo)-derived macrophages stimu-
lated with conditioned media of TE-series ESCC cell
lines (TAM-like PBMo-derived macrophages), which fa-
cilitated the migration and invasion of ESCC cells by in-
ducing the phosphorylation of the AKT and ERK1/2
signaling pathway through activation of CXCR1 /
CXCR2 receptors. In this context, neutralizing anti-
bodies against CXCR1, CXCR2, or CXCL8 suppressed
the migration and invasion in a human ESCC cancer cell
model induced by CXCL8 [166]. Moreover, the neutral-
izing antibody against CXCR2 demonstrated a higher
suppressive effect on the migration and invasion in
ESCC cell lines activated by TAM-like PBMo-derived
macrophages compared to the neutralizing antibody
against CXCR1 and CXCL8 [166]. These observations
confirm a previous finding that CXCL8 binds to CXCR1
/ CXCR2 and activates the signaling pathways for AKT
and ERK1/2 in other cancer cell lines [167]. Clinical data
indicated that CXCL8 expression was significantly corre-
lated with disease-free survival (DFS), lymph node me-
tastasis, high expression levels of CXCR2, and high
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infiltration of an increased number of CD204-positive
macrophages [166]. CD204-positive macrophage infiltra-
tion was strongly associated with pathological factors in
ESCC patients [42]. Overall, these findings indicated that
CXCL8 could be involved in the growth of ESCC as an
autocrine/paracrine factor by increasing the migration
and invasion of tumor cells. Also, blocking the CXCL8
and its receptors (CXCR1 / CXCR2) appears to be a
novel therapeutic strategy that may reverse the tumor
cell metastatic phenotype in patients with ESCCs.

Role of cytokine/ chemokine network in escape
from immune surveillance
Inflammation is a crucial feature of the TME, underlying
the concept that tumors are ‘wounds that do not heal’
[168]. Tumors undergo inflammation to escape immune
surveillance and sustain tumor growth by converting im-
mune cells into immunosuppressive entities within the
TME (Fig. 5). The infiltration of immune cells into the
tumor is controlled by a complex network of pro-
inflammatory cytokines involved in immune

dysfunctions, thus contributing to tumor growth and
progression [169]. Indeed, high levels of expression of
several immunosuppressive cytokines have been re-
ported in EC, as mentioned in previous sections. Like-
wise, increased serum IL-8 levels are related to lymph
node and distant metastases in ESCC [164]. Immune
gene expression profiling of EAC tumors revealed that
the chemokine-receptor axes CXCL9, − 10,-11/CXCR3
are prominent in EAC, most likely promoting cancer cell
proliferation and metastasis [170].
Furthermore, lower levels of CCL11 and CXCL10 in

post-therapeutic esophageal tumor tissues were associ-
ated with a better prognosis [21]. Ultimately, the accu-
mulation of pro-inflammatory cytokines triggers an
immunosuppressive TME leading to the attenuation of
the innate and adaptive immune responses. NK cells are
innate immune cells that display strong cytolytic func-
tion against tumor cells. However, their function can be
hampered by the TME [171]. Indeed, the expression of
IL-6 or IL-8 in ESCC tumor tissues was found to impair
NK cell function and positively correlated with tumor

Fig. 5 Tumor evasion from immune surveillance mediated by cytokines/chemokines in the TME. Cancer cells secrete several chemokines and
cytokines that inhibit NK cells, DCs, and T cell functions and recruit TAMs. Tumor cells also induce MDSCs and Treg T cells that can further inhibit
T cell function. TAMs and tumor cells both express PD-L1/2 to inhibit T-cell activation via the PD-1 receptor. Altogether, these cells suppress
antitumor immunity while also promoting tumor growth and progression by various mechnisms
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progression and poor survival. Mechanistically, primary
ESCC cells activated the STAT3 signaling pathway on
NK cells through IL-6 and IL-8 secretion, leading to the
downregulation of activating receptors (NKp30 and
NKG2D) on the surface of NK cells [172]. Likewise, dis-
turbing dendritic cell (DC) functions, which are special-
ized antigen-presenting cells playing critical roles in the
priming of effector T-cells, is a well-described mechan-
ism of antitumor immunity inhibition [173]. Although
DCs play a key role in inducing and maintaining the an-
titumor immunity, a broad spectrum of cells and factors
in the TME are known to deliver differential stimuli that
affects the functional plasticity of DCs [174] and condi-
tion them to function towards immune tolerance or im-
munosuppression [175]. EC cells can promote dendritic
cells’ recruitment during the esophageal metaplasia-
dysplasia-carcinoma sequence through the secretion of
two chemoattractants: CCL20 (also known as macro-
phage inflammatory protein 3α) and chemerin. A co-
culture of dendritic cells with BE and EAC was found to
convert the dendritic cells to a tolerogenic phenotype
and to stimulate Treg cells differentiation from naïve T
cells [176]. Within the TME, Treg cells are involved in
the inhibition of the antitumor immunity by triggering
immune suppressive mechanisms leading to tumor de-
velopment and progression [177]. Recent studies suggest
that Treg cells are preferentially trafficked to the TME
in response to chemokine gradients production by the
tumor. A high infiltration by Treg cells is associated with
poor survival in several types of cancers [178]. Indeed,
several chemokines correlated with Treg cells infiltration
in ESCC. For instance, Liu et al. showed that Treg cells
migrate towards CCL20 in vitro in a Transwell chemo-
taxis assay and that CCL20 secretion positively corre-
lated with Treg cells markers expression (FoxP3 and IL-
10) in ESCC tumors [179].
Interestingly, the authors also found that intratumoral

expression of CCL20 predicts ESCC patients’ survival
[179]. Similarly, CCL22 expression in squamous cell car-
cinomas of the upper aerodigestive tract, including ESCC,
correlated with Treg density in the tumors (FoxP3+). Treg
cells’ density also correlated to the serum level of the Treg
cells-associated inhibitory cytokine IL-10, indicating the
presence of IL-10-associated cellular immunosuppression
in these patients [180, 181]. Moreover, the multivariate
analysis suggested that a combination of IL-32 expression
in ESCC and Treg cell infiltration was associated with
poor survival [43]. IL-32 might contribute to the antitu-
mor immune response damping by inducing the secretion
of immunosuppressive molecules such as IDO and ILT4,
previously described in CD4+ T cells, CD163+ macro-
phages, Treg cells, and DC [182].
The accumulation of TAM represents another major

cellular component of the immunosuppressive TME.

TAM actively participates in establishing and maintain-
ing an immunosuppressive TME by producing cytokines,
chemokines, growth factors, and triggering the inhibitory
immune checkpoints in T cells [183]. Some studies have
shown that the CCL2-CCR2 axis predicted poor progno-
sis in ESCC patients and correlated with TAM accumu-
lation in esophageal carcinogenesis [41, 184]. More
importantly, using a mouse model of ESCC, M2
polarization of TAM increased PD-L2 expression in
these cells, resulting in immune evasion and tumor pro-
motion through a PD-1 signaling pathway. This was
most likely a result of the PD-L2 presentation [184].
Moreover, the high density of TAMs in esophageal can-
cer tissues was associated with increased PD-L1 expres-
sion and significantly worse overall survival (ref). In vitro
assays demonstrated that the co-culture of EC cell lines
with activated M2-like TAM increased cell invasion and
migration abilities of the cancer cells as well as elevated
PD-L1 expression in these cells [185].
Similarly, PD-L2 expression was abundant in EAC as

well as BE cells [186]. Furthermore, the Th2 cytokines, IL-
4, and IL-13, associated with the Th2 immune response
accompanying BE, induced PD-L2 expression in EAC cell
lines. These results suggested that the inflammatory envir-
onment in BE and EAC may contribute to the expression
of PD-L2 and promote immune evasion in EAC through
the PD-1 signaling pathway [186]. The same Th2 cyto-
kines were also found to be not only associated with M2
macrophages polarization and infiltration of CD163+ M2
TAM in EAC tissues, but also with the presence of circu-
lating MDSC and plasma arginase 1, which is supposed to
promote the formation of the immunosuppressive micro-
environment in EAC patients [187].
The accumulation of immature MDSC with potent im-

munosuppressive activity is typical in tumors, where
they can differentiate into mature myeloid cells such as
TAMs and DCs [188]. In EC, Chen et al. have reported
that circulating MDSCs were significantly increased in
ESCC patients and are associated with increased IL-6
levels in the blood. The association of MDSC and IL-6 is
linked with poor prognosis in patients with ESCC [189].
Using an esophageal tumor animal model, the authors
confirmed that MDSC recruitment was associated with
invasive esophageal tumors and increased IL-6 levels. IL-
6 was shown to promote the immunosuppressive func-
tions of MDSC by stimulating the production of ROS
and arginase and p-STAT3 expression in MDSCs [189].
Likewise, using a murine model of oral-esophageal can-
cer, CD38 was identified as playing a central role in
MDSC immunosuppressive functions. Indeed, MDSC
with higher CD38 expression displayed a greater cap-
acity to suppress activated T cells and to promote tumor
growth than MDSC with lower CD38 expression. Of
note, IL6, IGFBP3, and CXCL16 were identified as the
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tumor-derived factors responsible for the induction of
CD38 expression in MSDC ex vivo [190]. More recently,
MDSC from ESCC patients were shown to secrete TGF-
β, which in turn increased PD-1 expression on tumor-
infiltrating CD8+ T cells and enhanced their resistance
to PD-1/PD-L1 blockade. Interestingly, blocking the
TGF-β signaling pathway restored the proliferation of
antigen-specific CD8+ T cells suppressed by MDSC.
Furthermore, dual blockade of PD-1/PD-L1 and TGF-β
enhanced the antitumor ability of antigen-specific CD8+
T cells in vivo [191].

Targeting cytokine/ chemokine network in
esophageal cancer
The changes in the expression of chemokines and cyto-
kines in pathological conditions influence recruitment
and activation of immune cells, tumor cell proliferation,
and metastasis. Since chronic inflammation plays a cru-
cial role in EC progression and metastasis, there has al-
ways been a great interest in inhibiting the chemokine-
cytokine signaling in cancer. However, the biological
functions carried out by these molecules make it tricky
to find a suitable methodology to selectively inhibit che-
mokine- cytokine pathway in tumors while creating min-
imal disturbances to the immune cell responses with
manageable side effects.
CXCL12 and its receptor, CXCR4, are among the

most studied chemokine/chemokine receptors in the
scenario of cancer metastasis. The CXCL12-CXCR4
axis regulates critical aspects such as cancer cell pro-
liferation, chemotaxis, and invasion. Patients with
CXCL12 positive tumors had drastically reduced over-
all survival and disease-free survival rates [147]. Wang
et al. [147] have shown that the ECSCs from clinical
samples have overexpression of CXCR4 along with
the capability for CXCL12 autocrine secretion. The
blockage of CXCR4 using small molecule inhibitor
(AMD-070) or RNA interference (using specific
shRNA) significantly reduced the ability of EC stem
cells to invade and metastasize in in vitro (trans-well
migration and matrigel invasion) and in vivo models
(mouse caudal vein tumor xenograft model). The
CXCL12-CXCR4 mediated activation of extracellular
signal-regulating kinase 1/2 promotes invasion and
metastasis in EC stem cells [147]. Simultaneously, si-
lencing the expression of CXCR4 using lentiviral
shRNA has been shown to inhibit EC cell growth and
induce apoptosis in vitro and in vivo [192].
Since the CXCL12-CXCR4 axis is essential for cancer

metastasis, many CXCR4 antagonists are in clinical use/
development for cancer therapy. Of these, plerixafor has
already been approved for mobilizing hematopoietic
stem cells, while a phase II clinical trial is in progress to
evaluate its use in combination with standard

temozolomide chemo-radiotherapy for patients with
glioblastoma (NCT03746080). Plerixafor and
Granulocyte-colony stimulating factor combination has
also been shown to mobilize hematopoietic stem cells
more efficiently than plerixafor alone [193]. Plerixafor is
a bicyclam molecule that selectively and reversibly an-
tagonizes the binding of stromal cell-derived factor-1 on
bone marrow stromal cells’ surface to chemokine
CXCR4 on hematopoietic stem cells, with their subse-
quent mobilization in the blood [193]. As of now, no
clinical trials are going on in esophageal cancer with
plerixafor and could be the focus of future research. The
detailed clinical trial targets in EC are described in
Table 1.
BL-8040/ Motixafortide is a short high-affinity syn-

thetic peptide antagonist of CXCR4 with long receptor
occupancy undergoing a phase Ib / II trial
(NCT02826486). This trial investigates the safety,
pharmacokinetics, and anti-cancer activity as a combin-
ation immunotherapy in patients with locally advanced
or metastatic gastric /gastroesophageal junction cancer/
esophageal cancer.
Dysplastic and malignant lesions demonstrate pro-

moter demethylation and gene amplification in chromo-
some 4q21 cluster containing genes for the chemokines
CXCL8, CXCL1, and CXCL3; all are overexpressed in
BE [216]. CXCL8 and its receptor CXCR2 (IL-8 Recep-
tor, beta) are overexpressed in ESCC, and their level cor-
relates with lymphatic invasion, venous invasion, lymph
node metastasis, depth of invasion, and poor prognosis
[57]. Simultaneously, ESCC patients have higher levels
of circulating CXCL8 compared to healthy controls, and
the level correlates with tumor size and metastasis [164].
Shrivastava et al. have reported that blockade of CXCR2
using a highly specific small-molecule inhibitor,
SB332235 can significantly reduce matrigel invasion cap-
acity of the human EC cell line OE33 without having
any effect on cell proliferation. Similarly, Wu et al.
showed that silencing CXCR2, using small interfering
RNAs, significantly reduced cell invasion while silencing
CXCR7 did not affect cell invasion. Silencing both che-
mokines resulted in reducing cancer cell viability and in-
creased induction of apoptosis [88]. These studies show
the potential of CXCR2 as a therapeutic target for man-
aging metastasis in EC.
IL-1 family members, IL-1α and IL-1β, are known

to promote cancer cell proliferation, invasiveness,
and metastasis. These can induce the expression of
several growth factors and angiogenic genes [70].
Due to these effects, several blockers of IL-1 signal-
ing were developed for the management of advanced
solid tumors and hematological malignancies. IL-1
receptor antagonist (IL-1RA) is a member of the IL-
1 family that blocks IL-1α / IL-1β signaling by

Bhat et al. Molecular Cancer            (2021) 20:2 Page 13 of 20



Table 1 Clinical trial targets in esophageal cancer

Clinical trial
identifier

Trial Drug Target Patient population Phase Findings References

NCT02054806 Pembrolizumab PD-1 PD-L1 positive ESCC;
EAC; GEAC; GESCC

I Delayed tumor progression and
durable anti-tumor activity with
manageable toxicity

[194]

NCT02559687 Pembrolizumab PD-1 Metastatic/advanced
ESCC; EAC; Siewert
type 1 GEAC

II Durable anti-tumor activity with
a manageable safety profile

[195]

NCT02564263 Pembrolizumab PD-1 Metastatic/advanced
ESCC; EAC; Siewert
type 1 GEAC

III Improved overall survival in
combination with chemotherapy
drugs (irinotecan, paclitaxel,
docetaxel), minimum toxicity

[196]

NCT02971956 Pembrolizumab PD-1 Metastatic EAC;
Siewert type 1 GEAC

II Active drug in previously treated
esophageal cancer patients with
a favorable safety profile

[197]

ONO-4538-07/
JapicCTI-
No.142422

Nivolumab PD-1 Treatment-refractory
ESCC; EAC; AC in the
cervical or thoracic
esophagus

II Reduced tumor burden with
a manageable safety profile

[198]

NCT01928394 Nivolumab + ipilimumab PD-1/CTLA4 Chemotherapy-
refractory metastatic
EAC; GAC; GEAC

I/II Durable antitumor activity and
improved overall survival with
a manageable safety profile

[199]

NCT02954536 pembrolizumab +
trastuzumab +
capecitabine + oxaliplatin

PD-L1 HER2+ metastatic
esophagogastric AC

II Tumor regression, improved
objective response rate with
few immune related toxicities

[200]

NCT02120911 Trastuzumab +
pertuzumab

HER2 HER2+ EAC I/II Improved overall survival and
treatment response

[201]

ISRC
TN29580179

Gefitinib EGFR ESCC; EAC III No improvement in overall survival
but possess palliative benefits for
patients with a short life expectancy

[202]

NCT01336049 Nimotuzumab + cisplatin
+ paclitaxel

EGFR Metastatic ESCC II Improved progression-free and overall
survival in patients with the unresect
able local regional disease and
metastatic disease

[203]

UMIN000003557 HLA-A-24-restricted
epitope peptides URLC10,
CDCA1, KOC1 mixed with
montanide

CD8+ T cell Thoracic ESCC II Improved relapse-free survival in
patients who showed CD8+ T cell
induction to multiple peptides

[204]

NCT00682227 HLA-A24-restricted epitope
peptides TTK, LY6K, IMP-3
mixed with montanide

T-cells ESCC I Strong induction of antigen-specific
T-cell responses with satisfactory safety
and good immunogenicity

[205]

UMIN000010158 adenovirus 5 vector
OBP-301 (Telomelysin)

T-cells EC I/II complete response in 2 patients and
partial response with tumor regression
in 1 patient with manageable tolerance

[206]

NCT00917384 Ramucirumab VEGFR-2 Advanced GAC; GEAC III Prolonged overall survival and reduced
disease progression risk

[207]

NCT01170663 Ramucirumab + paclitaxel VEGFR-2 Advanced GAC; GEAC III Increased overall survival [208]

NCT01472016 ABT-700 c-MET Advanced GEC I MET amplification was more common
in treatment-refractory tumors

NCT01611857 Tivantinib + FOLFOX c-MET Metastatic EAC;GEAC;
AC of the stomach

I/II The treatment showed response and
progression-free survival with few
treatment-related toxicities

[209]

NCT00909025 IMAB362 (Zolbetuximab) Claudin 18.2 Advanced GAC; GEAC I Well tolerated drug with a favorable
safety profile

[210]

NCT01630083 IMAB362 in combination
with EOX (Epirubicin,
Oxaliplatin, Capecitabine)
chemotherapy

Claudin 18.2 Advanced GAC; GEAC;
EAC

II Prolonged overall survival [211]

NCT02013154 DKN-01 + Paclitaxel DKK1 Refractory or relapsed I Combination of DKN-01 + Paclitaxel [212]
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binding to the same receptor [70]. In vitro studies
have shown that stimulation of human EC cell lines
with IL-1β increases invasiveness while blocking it
using anti-IL-1β antibody reduces cell invasion
(reviewed in [70]). Treatment of EC cell lines with
caffeic acid phenethyl ester, a specific inhibitor of
NF–κB, inhibited cell migration and invasion
in vitro, and reduced tumor growth in vivo [70].
Several studies have shown that IL-1RA expression
is significantly lower in ESCC patients’ samples [74,
217] than adjacent normal tissues. The reduced ex-
pression of IL-1RA correlated with advanced clinical
staging of the tumor, decreased 5-year survival, and
poor clinical outcome. Chen et al. has shown that
overexpression of IL-1RA can reduce the prolifera-
tion of EC cell line with constitutive expression of
IL-1 α, albeit without any effect on cell migration as
observed by scratch wound assay [70].
Furthermore, the expression of IL-6 is found to

correlate with distant metastasis positively and nega-
tively correlate to treatment response. Chen et al.
showed that inhibition of IL-6 using shRNA resulted
in a significant reduction in human EC migration
and invasion in vitro and reduced tumor xenograft
growth in a mouse model [115]. Similarly, Ebbing
et al. have reported that the CAFs from EC patients
secrete biologically active IL-6, which drives resist-
ance to chemo- and radiotherapy, induces EMT, and
enhances the migratory and clonogenic capacity of
EC cells. Also, the inhibition of IL-6 using a neutral-
izing antibody was found to significantly reduce the
migratory and clonogenic capacity of EC cells [116].
No clinical studies were carried out to evaluate the
ability to target IL-6 in ECs even though anti-IL-6
antibodies such as siltuximab, tocilizumab, sarilumab,
etc. have been approved by the food and drug ad-
ministration (FDA) for managing several other
malignancies.

Conclusion and future perspectives
The findings in this review suggest that the cytokine/
chemokine network contributes to the aggressiveness
of ESCC and correlates with primary tumor progres-
sion, lymph and distant metastasis, and patient out-
come. This review provides novel insight into the
mechanisms of dynamic interaction and cross-talk be-
tween the tumor cells and components of the TME
in EC. The research into the cancer cytokine/chemo-
kine network has revealed a diverse range of changes
occurring in the local immune response, tissue micro-
environment, metabolic profile, intracellular signaling
mechanisms that contribute to tumor growth and
progression. The findings presented in this review re-
veal the potential of disrupting the interaction be-
tween tumor cells and TME components for ESCC
therapy. Although the therapeutic approaches men-
tioned herein showed a reduction in tumor growth
rates, they remained short of eliminating the tumor.
Therefore, future breakthroughs in cancer therapy will
likely depend on improvements in drug design and
combination therapies that target inflammatory cyto-
kine/chemokine networks. It has been shown that IL-
6 mediates cross-talk between tumor cells and the
TME by supporting tumor cell growth and promoting
fibroblast activation. As a result, IL-6 receptor (IL-
6Rα) and downstream effectors offer targeted therapy
opportunities in ESCC. To this end, a new generation
of IL-6Rα targeting antibodies is rationally developed
in such a way to specifically block IL-6 trans-
signaling, considered to be more relevant to
carcinogenesis.
In contrast to targeting the receptors, it could be

beneficial to target downstream components of the
signaling pathways that these receptors activate. For
example, combining small molecule inhibitors of
STAT3 and MEK/ERK could be a successful strategy.
This approach can decrease cancer cells’ ability to

Table 1 Clinical trial targets in esophageal cancer (Continued)

Clinical trial
identifier

Trial Drug Target Patient population Phase Findings References

EAC; GEAC showed tolerance with favorable safety
profile

NCT01795768 AZD4547 FGFR Advanced GEAC II Inhibited FGFR2 amplification [213]
(Abstract)

NCT00632333 TTK + URLC10 + KOC1 +
VEGFR1 + VEGFR2 with
concurrent cisplatin and
fluorouracil

HLA-A*2402 ESCC I The combination therapy proved to be
well-tolerated with few toxicities and a
satisfactory safety profile

[214]

NCT01612546 CRLX101 DNA
Topoisomerase
I

Chemotherapy-
refracted EAC

II Exhibited minimal activity with stable
disease and favorable toxicity profile

[215]

Abbreviations: ESCC Esophageal Squamous Cell Carcinoma, EAC Esophageal Adenocarcinoma, GAC Gastric Adenocarcinoma, GEC Gastroesophageal Cancer, GEAC
Gastroesophageal Junction Adenocarcinoma, AC Adenocarcinoma; GESCC, gastroesophageal squamous cell carcinoma
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acquire resistance to targeted therapies and potential
compensation by other cytokines in the TME. Al-
though inflammatory cytokine /chemokine networks
play an essential role in tumor proliferation, angio-
genesis, and metastasis, their mechanisms of action in
EC are not entirely explained. Further studies are ne-
cessary to establish the biological significance of cyto-
kine/chemokine networks in EC and their potential
usefulness as future drug targets.

Abbreviations
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