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Chemokines are a group of small molecular weight proteins that
are structurally related. These molecules play an important role in the
growth, differentiation and activation of many types of cells [1, 2].
Chemokines are synthesized mostly by leukocytes and act through their
cognate G-protein coupled receptors to cause a cellular response, such
as migration, adhesion or chemotaxis [1, 3]. The chemokine family has
been classified into four classes: CC, CXC, CX3C, and (X), based on the
arrangement of N-terminal cysteine residues [4]. These small peptides
may also be grouped into inflammatory, homeostatic or dual function
chemokines. Inflammatory chemokines can be induced during an im-
mune response, whereas homeostatic chemokines are involved in control
of cell migration [5]. The chemokine receptors are seven-transmembrane
receptors coupled to G-proteins, that consist of an N-terminus outside
the cell surface, three extracellular and three intracellular loops as well
as a C-terminus in the cytoplasm [6, 7].

C-X-C motif chemokine 8 (CXCL-8) is a pro-inflammatory cytokine
that belongs to the CXC chemokine subgroup. The CXC family members,
known as a-chemokines, have an intervening amino acid between the
first two cysteines and are located on chromosome 4 [8]. The CXC chemo-
kines were further classified based on the presence or absence of the
motif glu-leu-arg (ELR motif), into ELR+ and ELR— chemokines [3]. CXCL-8
is also known as interleukin-8 (IL-8) as well as neutrophil-activating pep-
tide-1 (NAP-1). This cytokine was originally described as an inducer of
neutrophil mobilizations in vivo [9, 10]. The CXCL-8 gene encodes for
a protein of 99 amino acids that is processed to either 72 amino acids in
monocytes and macrophages or 77 amino acids in nonimmune cells [7,
11]. In physiological conditions CXCL-8 stimulates release of neutrophil
granules. As a chemoattractant, this cytokine may change the levels of
intracellular calcium as well as inducing re-arrangement of the cytoskele-
ton and exocytosis of granule proteins [5, 12]. The activation of CXCL-8 is
regulated via two cell-surface, G protein coupled receptors (CXCR-1 and
CXCR-2) that are structurally similar [6, 7]. The CXCR-1 receptor is acti-
vated in response to binding of CXCL-8 and granulocyte chemotactic pro-
tein-2 (GCP-2), while CXCR-2 is activated by multiple C-X-C chemokines,
such as growth-related oncogenes (GRO) [6, 7]. In addition, it has been
assessed that CXCR-2 is the primary receptor for angiogenesis [1, 13].

Chemokines and their specific receptors are known to play an import-
ant role in inflammation, infection and tissue injury as well as in the
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development of cardiovascular and malignant dis-
eases, including esophageal cancer [1, 3].
Esophageal cancer (EC) is one of the most ag-
gressive tumors of the alimentary tract. Due to its
unfavorable survival rate and late diagnosis, it is
a focus of research for oncologists from all over
the world [14]. The poor prognosis of EC patients
is caused by the lack of early symptoms of disease
[15]. At first, attention should be paid to signs of
dysphagia, which starts with difficulty in swallow-
ing. Other significant symptoms include vomiting,
hemoptysis, chronic cough and epigastric pain
[16]. Staging in EC is specified by the AJCC (Ameri-
can Joint Committee on Cancer) System, based on
the TNM classification, which determines the pri-
mary tumor invasion (T factor), the participation
of lymph nodes (N factor) and distant metastases
(M factor) [17]. There are two main histological
subtypes of EC: esophageal squamous cell car-
cinoma (ESCC) and esophageal adenocarcinoma
(EAQ). As for the incidence, in 2012 EC occurred
in an estimated 450 000 cases worldwide, where-
as ESCC occurred almost seven times more often
than EAC. However, in Europe and the United
States the number of EAC has been dramatically
increasing for the last 20 years, while ESCC seems
to be relatively stable in Western countries. It has
been estimated that the rate of increase in EAC
cases is greater than that of any other solid tumor
over the same time period [18, 19]. These chang-
es in epidemiology might be due to the increas-
ing frequency of Barrett’s esophagus (BE) in the
population. The factors which may affect ESCC are
mostly observed in developing countries, while
the components affecting EAC can be commonly
observed in the economically developed countries
[1, 18, 19]. It is generally known that the leading
risk factors for both types of EC are tobacco smok-
ing and excessive alcohol consumption as well as
a bad economic situation and frequent intake of
hot drinks. The most common factors which may
cause EAC are obesity, gastroesophageal reflux
disease (GERD) and BE [20]. In addition, some
studies show that morbidity for men, especially
for EAC cases, is higher than for women. General-
ly, it has been estimated that the mortality rate is
similar to the incidence rate for EC [21]. The treat-
ment guidelines include various options such as
esophagostomy, radio- and chemotherapy or re-
section of local mucosa [22]. Despite the advances
in EC management, the survival rate of EC patients
is still poor, mostly because of the lack of effective
screening for early detection and absence of early
symptoms of the disease. Actually, there are no
highly sensitive and highly specific biomarkers
useful in early detection of EC [23]. The classical
biochemical tumor markers used in the routine di-
agnosis and follow-up of EC patients are: for ESCC

squamous cell carcinoma antigen (SCC-Ag), and
for EAC carcinoembryonic antigen (CEA). Howev-
er, their diagnostic sensitivity and specificity are
still unsatisfactory [24]. Thus, currently there is an
urgent need for novel, less invasive and cheaper
screening tools for early EC diagnosis [25]. Cur-
rently, cancer proteomics provide a novel tool to
identify new diagnostic biomarkers that may im-
prove clinical outcome. In our previous studies we
assessed the diagnostic usefulness of selected
inflammatory proteins such as C-reactive protein
(CRP), interleukin-6 (IL-6), chemokine CXCL12 and
its specific receptor (CXCR-4) as well as the recep-
tor for CXCL-8 (CXCR-2) in EC patients [26-29].
We conclude that the diagnostic significance of
all analyzed inflammatory mediators was higher
than that of classical tumor markers (CEA and
SCC-Ag) of esophageal cancer and increased for
combined measurement with CEA or SCC-Ag. In
addition, serum CRP and IL-6 levels were found to
be indicators of tumor stage (TNM), the presence
of lymph node (N factor) and distant metastases
(M factor) and may be useful in the assessment
of tumor progression as well as prognosis of EC
patients’ survival. Our findings demonstrated the
high diagnostic usefulness of the measurement of
selected inflammatory mediators, especially in the
diagnosis of patients with ESCC.

The role of chemokines and their receptors, in-
cluding CXCL-8 and CXCR-2, in tumor development
is explained by the fact that chronic inflamma-
tion is a crucial process in carcinogenesis. These
proteins attract leucocytes to the inflammation
site [3]. It has been shown that chemokines play
a dual role in tumor progression. The recruitment
of immune cells may promote anti-tumor activi-
ties via macrophages, which eliminate the tumor
cells. On the other hand, the attraction of immune
cells by chemokines and other factors secreted by
malignant cells may facilitate the increase of tu-
mor growth and supply survival factors as well as
angiogenic mediators for the tumor. Thus, chemo-
kines including CXCL-8 secreted by the tumor tis-
sue or stroma promote leukocyte infiltration of
the tumor [3, 30].

Originally, the chemokine CXCL-8 was identi-
fied as a neutrophil chemotactic factor in the su-
pernatants of activated monocytes [31]. CXCL-8 as
a CXC family chemokine attracts neutrophils and
lymphocytes [3]. However, elevated expression
of CXCL-8 and/or its receptors has been found in
endothelial cells, infiltrating neutrophils, and tu-
mor-associated macrophages as well as in cancer
cells. Stromal cells are also able to produce CXCL8
to simplify the invasion or metastasis of cancer
cells. Thus, it may suggest that this chemokine
is a component of the tumor microenvironment
[32, 33]. Moreover, CXCL-8 may also contribute
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to human cancer progression due to its potential
relevance as a mitogenic and angiogenic factor
[31]. CXCL-8 was the first discovered angiogenic
chemokine, so this cytokine is able to promote
angiogenic responses in endothelial cells via stim-
ulation of the proliferation, migration and surviv-
al of endothelial and cancer cells [7]. In addition,
the levels of specific receptors for CXCL-8 are also
up-regulated in malignant cells, which may cause
the persistent presence of chemokines in the tu-
mor microenvironment [3, 30].

The chemokine CXCL-8 has been shown to play
an important role in many steps of tumor progres-
sion, such as invasion, migration and proliferation
of malignant cells [34-38]. Some clinical investiga-
tions have revealed the elevated expression and/
or blood levels of CXCL-8 in several human malig-
nancies such as breast cancer [39, 40], colon cancer
[41, 42], gastric cancer [43], ovarian cancer [44, 45],
prostate cancer [46], pancreatic cancer [32], hepato-
cellular carcinoma [47] as well as esophageal carci-
noma [48, 49]. However, based on serum chemokine
concentrations, little is known about the diagnostic
significance of CXCL-8 as a potential tumor marker,
especially for carcinoma of the esophagus.

The ability of the chemokine CXCL-8 to regulate
the communication between neoplastic cells and
the tumor microenvironment facilitates tumor
progression via growth and migration of neoplas-
tic cells, regulation of angiogenesis and survival
of tumor cells as well as the infiltration of leuko-
cytes and modification of immune responses [48]
(Figure 1). The levels of CXCL-8 correlated with
platelet and neutrophil levels; thus these cells
are sources of this cytokine, which may suggest
a positive association between CXCL-8 and in-
flammation status in ESCC [49]. In addition, infil-
trating neutrophils have also been shown to pro-
duce CXCL-8, so this cytokine may facilitate the
progression of Barrett’s esophagus and EAC [50].
However, the clinical relevance of CXCL-8 and its
diagnostic significance as a tumor marker for EC
are still poorly explained.

Tumor microenvironment cells

2902,

.
) CXCL-8
]
b a0
2207
= N
Tumor cells

CXCL-8 — C-X-C motif chemokine 8.

Figure 1. The role of chemokine CXCL-8 in cancer [48]
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The significance of chemokine CXCL-8 in esophageal carcinoma

The diagnostic significance of CXCL-8 in esoph-
ageal cancer is presented in Table I. The study of
Ogura et al. assessed the expression of CXCL-8
and its receptor (CXCR-2) in ESCC tissue as well as
the association between immunoreactivity of this
protein and clinicopathological characteristics of
cancer using immunohistochemistry [48]. The au-
thors indicated that elevated CXCL-8/CXCR-2 ex-
pression significantly correlated with the depth of
invasion, lymph node metastasis as well as with
lymphatic and venous invasion [48]. Moreover, the
co-expression of CXCL-8 and its specific receptor
(CXCR-2) was an independent predictive factor for
recurrence-free survival of ESCC patients, which
was assessed using Cox’s hazards model [48].
The authors concluded that the overexpression
of CXCL-8 and CXCR-2 may be useful as a poten-
tial diagnostic marker for selection of appropriate
treatment as well as a predictor of outcome in
ESCC patients [48]. Nguyen et al. assessed the ex-
pression of inflammation-related genes including
CXCL-8 in EAC and non-tumor tissue using gRT-
PCR (quantitative reverse transcriptase real-time
PCR) [51]. The authors revealed that CXCL-8 gene
expression was significantly increased in EAC and
CXCL-8 expression levels in tumor and non-tumor
samples were each associated with poor progno-
sis [51]. These findings suggest that elevated ex-
pression of inflammatory genes, such as CXCL-8,
in association with miRNA levels, may predict clin-
ical outcome for EC patients [51]. Thus, the au-
thors confirmed the pro-tumoral role of this cyto-
kine in EC.

The serum levels of CXCL-8 in EC patients have
been scarcely investigated. It has been shown that
the serum concentrations of CXCL-8 were signifi-
cantly higher in ESCC patients in whom CXCL-8
and CXCR-2 were overexpressed [48]. The authors
proved that CXCL-8 secreted from ESCC cells is
directly connected with elevated concentrations
of serum CXCL-8 [48]. The study of Alvarez et al.
demonstrated that serum levels of CXCL-8 were
significantly higher in EAC patients compared to

¢ Growth and migration
of neoplastic cells

« Regulation of angiogenesis
and survival of tumor cells

« Infiltration of leukocyte and
modification of immune
responses
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Table 1. Diagnostic significance of CXCL-8 in esophageal cancer

Source Results References
Expression levels Elevated CXCL-8 and its receptor (CXCR-2) expression significantly [48]
(immunohistochemical correlated with the depth of invasion, lymph node metastasis and
technique) with lymphatic and venous invasion

Co-expression of CXCL-8 and CXCR-2 was an independent predictive

factor for recurrence-free survival of ESCC patients
Serum concentration Serum concentrations of CXCL-8 were significantly higher in ESCC
(ELISA method) patients in which CXCL-8 and CXCR-2 were overexpressed
Expression levels CXCL-8 gene expression was significantly increased in EAC and CXCL-8 [51]
(qRT-PCR; microRNA) expression levels in tumor and non-tumor samples were associated

with poor prognosis

Elevated expression of CXCL-8 in association with miRNA could predict

clinical outcome for EAC patients
Serum concentration e Serum levels of CXCL-8 were significantly elevated in EAC patients [52]
(multiplex assay) compared to healthy controls
Serum concentration e Serum concentrations of CXCL-8 were significantly higher in ESCC [49]
(ELISA method) patients

e Serum CXCL-8 levels positively correlated with tumor size, cancer
dissemination, presence of lymph node and distant metastasis
» Serum CXCL-8 concentrations correlated with pro-inflammatory cells
and the biochemical marker of inflammation CRP

EAC — adenocarcinoma of esophagus, ESCC — esophageal squamous cell carcinoma, EC — esophageal cancer, CXCL-8 — C-X-C motif
chemokine 8, CRP — C-reactive protein, CEA — carcinoembryonic antigen, SCC-Ag — squamous cell carcinoma antigen.

healthy controls, and this study was performed
as a multiplexed assay on an ultra-sensitive che-
miluminescence detection platform [52]. Similar
findings have been presented by Krzystek-Kor-
packa et al., who demonstrated that serum con-
centrations of CXCL-8 were significantly higher in
ESCC patients compared to healthy controls and
correlated with tumor size and cancer dissemina-
tion [49]. In addition, serum CXCL-8 levels posi-
tively correlated with the presence of lymph node
and distant metastasis [49]. However, there were
no significant associations between serum CXCL-8
concentrations and tumor stage of ESCC [49].
Moreover, serum CXCL-8 concentrations correlated
with pro-inflammatory cells (platelets, leucocytes)
and the biochemical marker of inflammation CRP.
Thus, the authors proved that circulating CXCL-8
was associated with inflammatory status of ESCC.
However, they concluded that detection rates were
not satisfactory enough to allow for the recommen-
dation of CXCL-8 measurement for clinical evalu-
ation of ESCC patients [49]. In our previous study,
we assessed the serum concentrations of the re-
ceptor for CXCL-8, CXCR-2, in EC patients in order
to assess its clinical usefulness in the diagnosis and
prognosis of EC patients compared to CRR, CEA and
SCC-Ag. We indicated that serum concentrations of
the receptor for CXCL-8 were significantly higher in
EC patients compared to the control group, similar-
ly to CEA and CRP levels. Moreover, concentrations
of CXCR-2 were significantly higher in patients with
poorly differentiated EC compared to well-differen-
tiated tumors. The diagnostic sensitivity, accuracy
and predictive value of negative results for serum

CXCR-2 concentrations were higher than for clas-
sical tumor markers (CEA and SCC-Ag), while be-
ing slightly lower than for CRP levels. The highest
diagnostic sensitivity was found for the combined
analysis of CXCR-2 and CRP.

The chemokine CXCL-8 is an activator of neu-
trophil chemotaxis and degranulation. Recent in-
vestigations have indicated that this chemokine
plays a crucial role in development and metastasis
of many tumors, including EC. In our paper, we re-
view the current literature regarding the clinical
significance of CXCL-8 in the diagnosis and prog-
nosis of EC patients. The authors revealed the
significantly increased expression of CXCL-8 in EC
cells that correlated with clinicopathological tu-
mor parameters. In addition, the measurement of
CXCL-8 concentrations might also be useful in the
diagnosis of this malignancy. Moreover, inhibition
of its specific receptor, CXCR-2, may lead to de-
creased invasiveness of EC. In conclusion, current
investigations have shed light on the potential
usefulness of CXCL-8 in the diagnosis and progno-
sis of EC patients. However, due to its non-specific
nature, future larger studies on serum of EC pa-
tients must be performed. Despite this, the CXCL-
8 and CXCL-8/CXCR-2 pathway may represent
novel therapeutic applications.
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