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Abstract
Esophageal cancer (EC) is one of the most lethal malignancies of the digestive tract and remains to be improved poor prog-
nosis. Two histological subtypes, esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC), 
are major characteristics of EC. Deep understanding about both subtypes is essential to overcome EC. Here, we focus on 
chemokines and their receptors as biomarkers and their current applications for the prognosis in EC. We reviewed relevant 
articles identified using PubMed database for the chemokines and their receptors in EC analyzed by immunohistochemistry. 
The primary objective is to summarize evidences for them as prognostic biomarkers in EC. A total of twenty-one articles 
were reviewed after exclusion. Most studies have been done in ESCC, and less in EAC. CXCL12 and its receptor CXCR4 
have been shown in both subtypes as biomarkers. CXCR7, CXCL8 and its receptor CXCR2, and CCL21 and its receptor 
CCR7 have been examined in ESCC. Although it was a small number of reports, CXCL10, CCL4, and CCL5 have been 
indicated to have anti-tumor effects in ESCC. Chemokines and their receptors have the potential to be the biomarkers in EC. 
Comparative studies between ESCC and EAC will reveal the similarity and difference in these two subtypes of EC. These 
studies may indicate whether these molecules play important roles in both subtypes or are unique to one or another.

Keywords Esophageal cancer · Esophageal squamous cell carcinoma · Esophageal adenocarcinoma · Chemokine · 
Biomarker

Introduction

Esophageal cancer

Esophageal cancer (EC) is one of the most lethal malignan-
cies of the digestive tract, the sixth most common cause 
of cancer-related deaths worldwide [1]. Despite devel-
oped surgical techniques combined with various treatment 

modalities, the overall 5-year survival rate of EC remains at 
16.9% [2]. More than 30% of all patients are diagnosed at an 
advanced stage, which also makes treatment more difficult 
[2]. Improvement of its diagnosis and prognosis is urgent, 
and the need for identification of diagnostic and prognostic 
biomarkers and new therapeutic targets and strategies are 
critical. According to the National Institutes of Health of the 
United States of America, biomarker is “a characteristic that 
is objectively measured and evaluated as an indicator of nor-
mal biologic processes, pathogenic processes, or pharmaco-
logic responses to a therapeutic intervention” [3]. In cancer 
research, biomarkers are introduced in clinical practice and 
play an important role.

There are two main histological subtypes of EC, esopha-
geal squamous cell carcinoma (ESCC) and esophageal ade-
nocarcinoma (EAC). Worldwide, ESCC is the most common 
subtype of EC, representing 87% of all cases [4]. ESCC are 
most common in Central Asia and South-Eastern Africa, 
with 79% of the total global ESCC cases together form-
ing the so-called “esophageal cancer belt” [5]. The highest 
burden of EAC is found in Northern and Western Europe, 
Northern America, and Oceania, with 46% of the total global 

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s1038 8-019-00706 -8) contains 
supplementary material, which is available to authorized users.

 * Masakazu Goto 
 gotonet7@gmail.com

1 Latner Thoracic Surgery Research Laboratories, Toronto 
General Hospital Research Institute, University Health 
Network, Toronto, Canada

2 Departments of Surgery, Medicine and Physiology, Institute 
of Medical Science, Faculty of Medicine, University 
of Toronto, Toronto, Canada

3 MaRS Centre, 101 College Street, PMCRT 2-814, Toronto, 
ON M5G 1L7, Canada

http://orcid.org/0000-0002-4209-5218
http://crossmark.crossref.org/dialog/?doi=10.1007/s10388-019-00706-8&domain=pdf
https://doi.org/10.1007/s10388-019-00706-8


114 Esophagus (2020) 17:113–121

1 3

EAC cases [5]. Recently, the incidence rate of ESCC has 
fallen substantially in many countries, due to changes in diet, 
reduced tobacco, and alcohol use. In contrast, the incidence 
rate of EAC has increased remarkably over the past 2 dec-
ades and has replaced ESCC as the dominant phenotype in 
western countries [6].

Regarding the origin, ESCC mostly develops from the 
squamous epithelial cells that make up the inner lining in the 
upper two-thirds of the esophagus. EAC typically develops 
in the lower third of the esophagus and is originated pre-
dominantly from Barrett mucosa [7]. High-grade dysplasia 
is the precursor for both types, while the development of 
EAC can additionally be characterized by a progression from 
Barrett’s metaplasia to dysplasia and ultimately invasive car-
cinoma. Regarding the cause of disease, there are similar and 
different factors between ESCC and EAC. For example, old 
age, male sex, tobacco smoking, and low intake of fruit and 
vegetables are the same risk factors for both subtypes, but 
poverty and consumption of alcohol are considered peculiar 
risk for ESCC [8]. Furthermore, Barrett’s esophagus, gas-
troesophageal reflux, obesity, and white ethnicity are pecu-
liar risk factor for EAC [7].

Both epidemiologic and functional studies have impli-
cated chronic inflammation in the development of many 
human cancers [9]. Cytokines, chemokines, and inflamma-
tory enzymes are involved in the process of tumorigenesis 
[10]. During this process, tumor cells can produce cytokines 
to enhance their growth and to counteract the host immune 
response [11]. Several studies demonstrate that expression of 
inflammatory genes is associated with EC progression and 
prognosis [12]. Most of these studies, however, examined 
relatively few genes and focused on patients with ESCC, 
with far less published information on EAC. Recently, 
chemokines and their receptors have been identified as bio-
markers in EC.

Chemokines and their receptors

Chemokines, in particular chemotactic cytokines, were first 
described in 1987 as factors that induce neutrophil migra-
tion. It has been suggested that chemokines and their recep-
tors play crucial roles in tumor growth, angiogenesis, and 
metastasis [13, 14]. Chemokines are small molecular weight 
proteins of 8–10 kDa, classified into four groups (CXC, 
CC, C, and CX3C) based on the position of the first two 
N-terminal cysteine residues (Supplemental Fig. 1). The 
chemokine receptors are seven transmembrane receptors 
coupled to G proteins. There are about 50 chemokines and 
20 receptors. CXC and CC chemokines account for major-
ity of them and CXC chemokines play the most extensive 
role in angiogenesis. Some CXC chemokines have an ELR 
(Glu-Leu-Arg) motif prior to first cysteine residue. Typi-
cally,  ELR+ CXC chemokines act to stimulate endothelial 

cell migration, proliferation, and promote angiogenesis. 
Conversely,  ELR− CXC chemokines inhibit these mecha-
nisms and thus act as angiostatic [15]. In addition to this 
structural difference, certain chemokines have dual effects 
on tumor progression, promoting or inhibiting effects, which 
depends on the types of cells migrated to tumor cells or the 
types of receptors to bind.

Chemokines and their receptors have been shown to play 
key roles in the initiation or progression of several cancers 
[16]. Previously, we reported the expression of chemokines 
and their receptors in ESCC, and that high CXCR4 expres-
sion, especially in nuclei, was associated with worse prog-
nosis [17]. The main purpose of this study is to gain knowl-
edge of chemokines and their receptors in EC, which may 
improve our understanding in tumorigenesis of EC, and 
identify new biomarkers for EC diagnosis and/or prognosis.

Materials and methods

We performed a computerized search of PubMed data-
base (January 1990–July 2018) using the following term: 
(esophageal OR oesophageal OR esophagus OR oesopha-
gus OR gastroesophageal) AND (cancer OR carcinoma OR 
adenocarcinoma OR squamous cell carcinoma) AND (out-
come OR prognosis OR survival OR response OR stage OR 
potential OR marker OR biomarker) AND chemokine. The 
references cited by retrieved articles were also assessed for 
relevant. One reviewer (Goto M) obtained the full texts of 
relevant articles following the search and reviewed all eli-
gible studies and carefully extracted study characteristics. 
In this study, we focused on immunohistochemistry (IHC) 
analysis and excluded studies without IHC-based analysis.

A total of 156 articles were identified, of which 135 arti-
cles were excluded due to various reasons and 21 articles 
were reviewed, of which 20 articles reported studies in 
ESCC, and 3 articles in EAC, and 2 articles studied both 
ESCC and EAC (Fig. 1) (Supplemental Table 1).

Evaluation criteria of immunohistochemistry

As tumors were usually heterogeneous, evaluation criteria 
of IHC should be based on the percentage of positive tumor 
cells and the staining intensity [18]. Classification criteria 
for positive immunoreactivity were depending on the follow-
ing four methods, staining intensity, percentage of positive 
tumor cells, combination intensity and percentage, and scor-
ing system calculated by multiplying intensity and percent-
age score. In CXC chemokines and their receptors, there 
seemed no definite standard criteria. On the other hand, 
studies on CC chemokines and their receptors used same 
criteria, scoring system calculated by multiplying intensity 
and percentage [18].
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Results

CXC chemokines and their receptors in esophageal 
cancer

Expression of CXCL12 and its receptors, CXCR4 and CXCR7, 
were correlated with poor prognosis

CXC chemokine ligand 12 CXC chemokine ligand 12 
(CXCL12), also known as stromal-derived factor 1 (SDF-
1), binds to its receptors, CXC chemokine receptor type 4 
(CXCR4), and type 7 (CXCR7). CXCL12 is expressed on 
fibroblasts, endothelial cells, and carcinoma-associated 
fibroblasts. CXCL12, although an  ELR− CXC chemokine, 
has been involved in angiogenesis (Fig.  2a) and plays an 
important role in metastatic progression (Fig. 3a). CXCL12 
is also expressed at high levels in various organs, including 
lung, liver, bone marrow, adrenal glands, and lymph nodes, 
which are frequently involved in tumor metastasis [13, 19].

CXCL12 expression was significantly associated with 
clinicopathological factors, survivals, and site of recur-
rence in EC [17, 20–22] (Table 1) (Supplemental Table 2). 
Carcinoma-associated fibroblasts can be divided into 
two groups depending on CXCL12 expression, and high 
CXCL12 expression group contributed to cancer invasion 
more than that with low expression group in EAC [21]. 
ESCC patients with positive CXCL12 expression exhibited 
a higher Ki-67 expression. Positive CXCL12 expression 
significantly enhanced proliferative ability of ESCC cells 
in vitro, which was inhibited by selective CXCR4 blockade 
[22]. CXCL12 expression had no correlation in one article; 
however, high mRNA expression of CXCL12 was correlated 

with recurrence-free survival in ESCC [17]. High CXCL12 
expression was associated with advanced tumor stage and 
high frequency of involvement to lymph nodes, which led 
poor prognosis in EC.

CXC chemokine receptor type 4 CXCR4 is the predominant 
receptor for CXCL12 and expressed on myeloid cells, T cells, 
B cells, mature dendritic cells, and epithelial and endothelial 
cells [23]. CXCR4 is involved in tumor invasion, angiogene-
sis, and metastasis in response to CXCL12 (Figs. 2a and 3a). 
Cancer cells that highly expressed CXCR4 have tendency to 
migrate toward CXCL12-abundant tissues. Organ-specific 
metastasis, called homing metastasis, is due to their rela-
tionship. CXCL12/CXCR4 interaction can activate phos-
phatidylinositol 3-kinase (PI3K) and AKT pathway, mito-
gen-activated protein kinase (MAPK) pathway, especially 
extracellular signal-regulated kinase 1/2 (ERK1/2) pathway 
[20, 22, 24, 25]. These pathways are important in the regula-
tion of cell migration, proliferation, and survival.

CXCR4 expression was significantly associated with 
clinicopathological factors, survivals, and site of recur-
rence in EC [17, 20, 22, 24–29] (Table 1) (Supplemental 
Table 2). There was no difference in the intensity patterns 
of CXCR4 expression between ESCC and EAC [24, 26]. 
CXCR4 expression in metastatic lymph node was signifi-
cantly higher than that in primary tumor [25]. CXCR4 
expression was observed not only in cytoplasm but also 
in nuclei of ESCC cells [17, 25, 28, 29]. Positive CXCR4 
expression, both in cytoplasm and nuclei in ESCC cells, was 
correlated with worse survival than the CXCR4 expression 
in only cytoplasm or negative expression. The prognosis 
between positive CXCR4 expression in only cytoplasm and 

Total records identified through PubMed, 
(n=150) Identification 

Screening 
Records screened, 

(n=156) 

Records with irrelevant titles 
and abstracts excluded, 

(n=90) 

Full-text articles assessed for eligibility, 
(n=66) Eligibility 

Included Studies included in qualitative synthesis, 
(n=21) 

Additional records identified  
through other sources, 

(n=6) 

Full-text articles excluded (n=45) 
    not IHC (n=22)   
    review articles (n=8) 
    not human, experimental studies (n=6) 
    no usable data reported (n=9) 

Studies describing ESCC 
(n=20) 

Studies describing EAC 
(n=3) 

Fig. 1  Literature identification, collection, and selection process for studies related to the role of chemokines and their receptors in esophageal 
cancer
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negative expression showed almost same survival curves, 
which indicated that nuclear CXCR4 expression in tumor 
cells has malignant potential [17]. Nuclear CXCR4 positiv-
ity was recognized in other types of cancers and is often 
recognized in poorly differentiated adenocarcinoma, which 
tends to be large and of the infiltrative type, resulting in poor 
prognosis [30, 31].

Positive CXCR4 expression in ESCC patients, who 
underwent preoperative chemoradiotherapy followed by 
radical surgery, was associated with distant recurrence 
and worse survival; however, it is unclear whether chemo-
radiotherapy could affect CXCL12-CXCR4 signaling or 
not, since the status of CXCR4 expression before chemo-
radiotherapy was not described [27]. CXCR4 expression 
was positively correlated with matrix metalloproteinase-9 
(MMP-9) and vascular endothelial growth factor (VEGF). 
CXCR4 may regulate MMP-9/VEGF expression to promote 

hematogenous metastasis [28]. CXCR4 expression was also 
positively correlated with macrophage migration inhibitory 
factor (MIF) expression [29]. MIF may bind to its receptor 
CD74, which can form a complex with CXCR4, to trans-
mit MIF signal to integrins in inflammatory cells, and is 
involved in cancer progression [29].  CXCR4+ cells had 
stronger migratory ability than  CXCR4− cells, and exhib-
ited a significantly higher Ki-67 expression [22, 25]. Positive 
correlation between CXCR4 expression and clinicopatholog-
ical features and survivals was identified in tumor cells, but 
not in tumor-infiltrating lymphocytes [29].  CXCR4+ ESCC 
cells showed high proliferative and migratory ability, and 
were associated with lymph-node and distant metastasis, and 
poor prognosis.

CXC chemokine receptor type 7 CXCR7, also known as 
RDC-1, is a receptor for CXCL12, but also for CXCL11. 
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Fig. 2  Potential roles of chemokines and their receptors in tumor 
growth and angiogenesis. a CXCL12 and its receptors, CXCR4 and 
CXCR7, and b CXCL8 and its receptor CXCR2, are involved in 
angiogenesis, which promotes tumorigenesis. c CXCL10 binds to 
its receptor CXCR3, and d CCL4 or CCL5 binds to their receptor, 
CCR5, respectively, expressed on  CD8+ T cells, which stimulates 
recruitment of  CD8+ T cells to the tumor tissues that leads to inhi-
bition of tumor growth. e Regulatory T cells that expressing CCR6 
could inhibit  CD8+ T cell recruitment through binding with CCL20, 

and this interaction results in tumor growth. CD cluster of differen-
tiation, CSF colony-stimulating factor, EGF epidermal growth fac-
tor, IFN interferon, MHC major histocompatibility complex, MMPs 
matrix metalloproteinases, NO nitric oxide, NOS nitric oxide syn-
thase, PDGF platelet-derived growth factor, PG prostaglandin, ROS 
reactive oxygen species, TGF transforming growth factor, TNF tumor 
necrosis factor, TRAIL tumor necrosis factor-related apoptosis-induc-
ing ligand, VEGF vascular endothelial growth factor
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CXCR7 is expressed on T cells, B cells, and epithelial and 
endothelial cells [32]. CXCR7 plays a role in regulating 
immunity, angiogenesis, stem cell trafficking, and medi-
ating organ-specific metastases of cancer cells (Figs.  2a 
and 3a). CXCL12/CXCR7 interaction stimulates ERK1/2 
pathway, which is involved in cancer cell metastasis and 
proliferation [33]. Additionally, CXCR7 has several roles 
as a receptor, such as scavenger of CXCL12, co-recep-
tor for CXCR4, or decoy receptor which interacts with 
β-arrestin in a ligand-dependent manner [32].

CXCR7 expression was significantly associated with 
clinicopathological factors and survivals in EC [17, 33–35] 
(Table 1) (Supplemental Table 2). CXCR7 expression was 
found in primary tumor lesions and corresponding meta-
static lymph nodes and distant lesions in ESCC, but rarely 
in EAC [34]. Silencing of CXCR7 increased apoptotic 
rate, and decreased cell viability, chemotaxis, and tumor 
growth [33]. High CXCR7 expression had high affinity 
with lymphatic invasion and caused worse prognosis.

Expression of CXCL8 and/or its receptor CXCR2 
was correlated with poor prognosis

CXCL8, also known as Interleukin-8 (IL-8), is an  ELR+ 
chemokine. CXCL8 binds to CXCR1 (IL-8 receptor A) and 
CXCR2 (IL-8 receptor B). Both CXCR1 and CXCR2 are 
expressed on neutrophils, monocytes, basophils, T cells, 
and endothelial cells [36]. Function of CXCL8 depends on 
its receptors, increases the proliferation of tumor cells via 
CXCR1, and promotes angiogenesis via CXCR2. CXCL8 
recruits and activates neutrophils and granulocytes to the 
site of inflammation, and modulates angiogenesis, tumor 
proliferation, invasion, and migration [37] (Fig. 2b).

High expression of CXCL8 and CXCR2 were corre-
lated with preoperative blood examination values, clin-
icopathological factors and survivals in ESCC [33, 35, 38, 
39] (Table 1) (Supplemental Table 3). Silencing of CXCR2 
increased apoptotic rate and cell invasion, and decreased 
cell viability, chemotaxis, and tumor growth [33]. CXCL8 

Endothelial cells 

CXCL12 

Lungs 
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Liver 

Lymph nodes CCL21 

CXCR4 

CCR7 

Proliferation and  
colonization 

Extravasation 

Intravasation 

Tumor cells 
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b 

CXCR7 

a 

T-cell 

Fig. 3  Potential roles of chemokines and their receptors in metastasis. 
a CXCL12 secreted from specific organs has an effect of attracting 
tumor cells expressing CXCR4 or CXCR7. This chemoattraction pro-

motes organ-specific, homing metastasis. b CCL21/CCR7 axis espe-
cially is involved in lymph-node metastasis
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and CXCR2 were studied well in EC, but there was no 
meaningful study examined CXCL8 and CXCR1. Coagula-
tion, as well as chronic inflammation, is often activated in 
cancer, and positive association between CXCL8/CXCR2 
and preoperative coagulation factors in blood indicates its 
possible use in diagnosis. High expression of both CXCL8 
and CXCR2 promoted angiogenesis and was associated with 
advanced tumor stage and poor prognosis.

Expression of CXCL10 showed anti‑tumor effect

CXCL10, also known as interferon-γ inducible protein-10 
(IP-10), binds to CXCR3. CXCR3 is expressed on acti-
vated T cells, natural killer cells, and B cells. CXCL10 is an 
 ELR− CXC chemokine, and induces apoptosis, regulates cell 
growth, and attenuates angiogenesis [40] (Fig. 2c).

High CXCL10 expression was associated with better sur-
vivals in ESCC [41, 42] (Table 1) (Supplemental Table 3). 
CXCL10 expression were positively correlated with the 

local expression of  CD8+ T cell marker in tumor tissue, and 
 CD8+ T cells were more frequently  CXCR3+ in tumor than 
in peripheral blood [41]. In ESCC patient group with low 
CXCL10 expression, adjuvant chemotherapy could add ben-
efit to overall survival after surgery [42]. CXCL10 expres-
sion was positively associated with infiltration of  CD8+ T 
cells to tumor tissues and brought better survivals on ESCC 
patients.

CC chemokines and their receptors in esophageal 
cancer

Most of studies about chemokines in EC examined CXC 
chemokines, but some studies examined CC chemokines and 
showed promising and interesting results. CC chemokines 
are also implicated in angiogenic progression and tumor 
development. Details of each study are shown in Supple-
mental Table 4.

Table 1  Expression of several CXC/CC chemokines and receptors was correlated with clinicopathological features in esophageal cancer

CSS cause-specific survival, DFS disease-free survival, DSS disease-specific survival, LNM lymph-node metastasis, OS overall survival, PFS 
progression-free survival, RFS recurrence-free survival
a Proinflammatory cytokines, C-reactive protein, and activation of exogenous coagulation factors

Chemokines 
and receptors

Clinicopathological factors Survivals Site of recurrence References

Patient factor Tumor factor Type Impact

CXCL12 Gender, age Tumor depth, lymphatic 
invasion, LNM, TMN 
stage

OS, DFS, RFS Worse Lymph nodes [17, 20–22] 

CXCR4 Gender Histological grade, tumor 
size, tumor depth, lym-
phatic invasion, venous 
invasion, LNM, distant 
metastasis, micrometas-
tasis both in lymph nodes 
and bone marrow, TMN 
stage

OS, DSS, CSS, DFS Worse Distant organs [17, 20, 22, 24–29]

CXCR7 None Histological grade, lym-
phatic invasion, clinical 
stage

OS, CSS, PFS Worse None [17, 33–35]

CXCL8 Preoperative blood  valuesa Tumor depth, lymphatic 
invasion, venous invasion, 
LNM, TMN stage

DSS, RFS, PFS Worse None [35, 38]

CXCR2 Preoperative blood  valuesa Histological grade, tumor 
depth, lymphatic invasion, 
venous invasion, LNM, 
TMN stage

OS, DSS, RFS Worse None [33, 38, 39]

CCL20 None Lymphatic invasion, LNM none Worse None [43]
CCR7 None Tumor depth, lymphatic 

invasion, venous invasion, 
LNM, TMN stage

OS, RFS Worse Lymph nodes [47–49]

CXCL10 None None OS, DSS Better None [41, 42]
CCL4 None None OS Better None [43]
CCL5 None Tumor depth OS Better None [41]
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Expression of CCL4 and CCL5 showed anti‑tumor effect

CCL4 is also known as macrophage inflammatory protein-1β 
(MIP-1β). CCL4 can be secreted by activated leukocytes, 
lymphocytes, and endothelial and muscle cells in response 
to inflammation. CCL4 is a chemoattractant of a variety of 
other immune cells and plays major roles in recruiting  CD8+ 
T cells to malignancies by binding to CCR5 [43] (Fig. 2d).

CCL5 is also known as regulated upon activation, nor-
mal T cell expressed, and secreted (RANTES). CCL5 is 
expressed on T cells, macrophages, platelets, synovial 
fibroblasts, tubular epithelium, and certain types of tumor 
cells [44]. CCL5 activity is mediated through its binding to 
CCR1, CCR3, and mainly CCR5 [44]. CCL5 plays an active 
role in recruiting a variety of leukocytes to inflammatory 
sites, including  CD8+ T cells, macrophages, eosinophils, and 
basophils. CCL5 production is relevant to inducing proper 
immune responses against tumors [41] (Fig. 2d).

Both CCL4 and CCL5 were positively associated with 
 CD8+ T cell markers, and CCR5 was expressed mainly on 
 CD8+ T cells in ESCC [41, 43]. CCL5 expression was ele-
vated in advanced clinical T stage, but high CCL5 expres-
sion was associated with a better overall survival in ESCC 
[41] (Table 1). High CCL4 expression was also associated 
with a better overall survival [43] (Table 1). Both CCL4 
and CCL5 induced the infiltration of  CD8+ T cells to tumor 
tissues cells and were associated with a better survival in 
ESCC.

Expression of CCL20 was correlated with recruitment 
of regulatory T cells

CCL20 is also known as liver and activation-regulated 
chemokine (LARC) or macrophage inflammatory protein-3α 
(MIP-3α) or Exodus-1 [45]. CCL20 plays critical roles in 
the migration of regulatory T cells through its receptor, 
CCR6. CCL20/CCR6 is responsible for the chemoattraction 
of immature dendritic cells, effector/memory T cells and B 
cells, and plays a role in cancer [45] (Fig. 2e).

CCL20 was positively associated with regulatory T cell 
markers, and CCR6 was mainly expressed on regulatory T 
cells in ESCC. ESCC patients who expresses high CCL20 
showed poor survival rate [43] (Table 1). CCL20 was asso-
ciated with worse survival due to attraction of regulatory 
T cells.

Expression of CCR7 was correlated with poor prognosis

CCL19 and CCL21, ligands of CCR7, are also known as 
EBV-induced molecule ligand chemokine (ELC) and sec-
ondary lymphoid-tissue chemokine (SLC), respectively. 
These are highly expressed in the endothelium of lymphatic 
vessels and secondary lymph nodes [46]. CCR7 is expressed 

on mature dendritic cell and T cells, and has the homing 
function of these cells to the lymph nodes, in response to 
CCL19 and CCL21. This relationship is considered for the 
cause of homing metastasis to lymph node (Fig. 3b). AKT 
and ERK1/2 pathways are involved in the CCR7-induced 
migration of tumor cells [47].

In all chemokines and receptors, CCR7 was the first to be 
described in EC. High CCR7 expression was correlated with 
clinicopathological factors, survivals, and site of recurrence 
in ESCC [47–49] (Table 1). CCL21 enhanced the cell migra-
tory, adhesive ability, and pseudopodia formation of  CCR7+ 
ESCC cells [48, 49].  CCR7+ cells showed high metastatic 
potential in vivo [49]. CCR7 expression was positively asso-
ciated with cell surface-associated mucin 1 (MUC1) expres-
sion, and CCR7 could promote lymph-node metastasis via 
up-regulation of MUC1 [47]. High CCR7 expression was 
associated with lymph-node metastasis and recurrence in 
lymph nodes, and worse survivals.

Discussion

In this study, we summarized how the expression of 
chemokines and their receptors is associated with the 
prognosis of EC by focusing on the different roles of each 
chemokine and their receptor(s) in tumorigenesis and 
metastasis of different subtypes of EC. High expression of 
CXCL12 and their receptors (CXCR4 and CXCR7), CXCL8 
and its receptor (CXCR2), CCL21 and its receptor (CCR7) 
or CCL20 showed worse prognosis on EC patients. These 
chemokines and receptors are mainly involved in angio-
genesis or metastasis, and facilitate tumor growth. Tissue 
samples were usually collected during the surgery; it may 
be less helpful for diagnosis. However, they can be consid-
ered for prognosis or predicting clinical outcome. As shown 
above, proliferation of ESCC cells induced by CXCL12 can 
be inhibited by selective CXCR4 blockade. Accumulation of 
research data and understanding in CXCR4 are progressing, 
and it is considered to be the most promising biomarker in 
EC at the present [14]. On the other hand, high expression 
of CXCL10 and its receptor (CXCR3), CCL4 and CCL5 and 
their receptor (CCR5), showed better clinical outcomes. It 
could be attributed to the types of cells infiltrated to tumor 
tissues, or the types of receptors which ligand binds [43, 
44]. In fact, these molecules could act as tumor promoters in 
other type of cancers [43]; therefore, results from these stud-
ies should be interpreted with cautions [42]. Of the 21 arti-
cles identified in this study, 9 articles were published in the 
last 5 years, and 4 chemokines, CXCL10, CCL4, CCL5, and 
CCL20, were newly reported as possible biomarkers in EC. 
Further validation may reveal their values in EC prognosis.

Compared to the numbers of studied in ESCC, there 
are far less studies and information about chemokines and 
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receptors in EAC. It is necessary to have comparative studies 
in both EC subtypes. CXCL12 and CXCR4 were reported to 
have worse effects on progression of both ESCC and EAC; 
therefore, they may play similar roles in both EC subtypes. 
CXCR4 expression was reported to have similar staining 
pattern both in ESCC and in EAC [24, 26]; however, it is 
unknown whether the nuclear CXCR4 expression exists in 
EAC. CXCR7 expression was mainly found in ESCC and 
rarely in EAC [34]. To determine whether these expressions 
are ESCC specific or common both in ESCC and EAC will 
advance our knowledge in EC.

Except for three articles from Germany [24, 26, 34], all 
of articles which we reviewed were published from Japan 
and China, which reflect the regional specificity that ESCC 
is frequently seen in Asia [5]. Recently, incidence rate of 
EAC is increasing, outside of Asia, due to the changes in 
lifestyle in Europe and North America; thus, the study on 
EAC is becoming more important. In addition, because of 
regional specificity of EC, to study both subtypes of EC 
in one research group is challenging and collaborations are 
essential. We should study both subtypes comprehensively 
by comparing results from EAC studies with that from 
ESCC studies.

In this study, we focused on and reviewed biomarker 
studies based on IHC analysis. IHC is the basic method 
based on investigation in proteins. It is more practical, 
can be performed widely, and is cost-effective [50]. IHC 
is also useful to detect specific expression, such as nuclear 
versus cytoplasmic expression, tumor cells versus stromal 
cells and infiltrated cells. However, the evaluation criteria 
of IHC in chemokines and receptors were different among 
these reports. Developing commonly used criteria will be 
helpful for comparing results from different research groups, 
and standardization of the evaluation criteria should be con-
sidered. Future investigation and confirmation studies based 
on DNA analysis of chemokines and their receptors in EC 
should be developed with the advancement of bioinformatics 
and transcriptomics.

Conclusions

The prognosis of EC is still worse in cancers of digestive 
tract, and more studies are required to improve prognosis 
and detect at early stage. Chemokines are widely known to 
be involved in inflammation and investigated in many dis-
eases, especially in cancers. Many drugs, including small 
molecule inhibitors, peptide antagonists, or antibodies, are 
also developed to target chemokines, and some of them are 
already introduced in clinical practice. Chemokines and their 
receptors have the potential to be the prognostic biomarkers 
in EC. Comparative studies between ESCC and EAC will 
reveal the similarity and differences in these two subtypes of 

EC and may indicate whether these molecules play impor-
tant roles in both subtypes or are unique to one or another, 
and will improve our understanding in tumorigenesis of EC, 
and provide guidance for therapies.
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