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Abstract: Every year, almost 2 million people develop colorectal cancer (CRC), which
makes it the fourth most common malignancy worldwide. It is also estimated that approxi-
mately 48% of CRC patients will die from the disease. Thus, noninvasive and accurate
methods for early detection and prevention of CRC are sorely needed. It is suggested that
C-X-C motif ligand 1 (CXCL1) and C-X-C motif ligand 8 (CXCLS) as well as their cognate
receptors can mediate tumor growth, proliferation, survival, neoangiogenesis and metastasis
of malignant cells, including CRC. However, little is known about the clinical significance of
these proteins as potential biomarkers for CRC. Therefore, in our review, we performed
a comprehensive literature search using the PubMed database to identify original articles that
investigated whether CXCL1 and CXCLS8 and their receptors play a role in CRC pathogen-
esis. In summary, our review highlighted the potential significance of CXCL1/CXCR2 and
CXCL8/CXCRI1,-2 in the diagnosis and progression of CRC as well as indicated their
potential therapeutic significance. However, given the non-specific nature of analyzed che-
mokines and a small number of studies concerning the assessment of blood concentration of
these proteins in CRC patients, investigations need to be continued in the future before
selected chemokines could be established as biomarkers for CRC.
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Colorectal Cancer — General Characteristics and

Current Diagnosis

It has been proven that chronic inflammation is one of the key risk factors for
colorectal cancer (CRC). This malignancy develops via a multistep process includ-
ing various genetic and morphological changes.' Every year almost 2 million
people develop CRC, which makes it the fourth most common malignancy world-
wide. Furthermore, approximately 48% of CRC patients will die from the disease.’
However, it is particularly worrying that despite decreasing incidence and mortality
rates in the older population (aged 65+), an increase in these parameters has been
observed in the age group 20-49 years since 2010.° Diagnosis of CRC is based on
histological examination. Prognosis for patients with CRC has improved in the last
few decades, mainly due to the implementation of bowel cancer screening pro-
grams. Despite their distinct advantages, these methods have some significant
limitations.* Colonoscopy is a more invasive procedure in comparison to blood
collection and requires additional consent from the patient, as required by medical
law. For such consent to be valid, two conditions are necessary. First, the patient

must be able to make an informed decision that may be limited by, inter alia, his/her
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age or mental capacity. This is particularly important in the
case of, eg, a colonoscopy combined with the removal of
polyps. Secondly, the patient should be provided with the
information necessary to make an informed decision.
Finding substances whose determination brings valuable
information regarding the pathogenesis and course of the
disease gives the doctor a valuable tool not only from
a medical but also from a legal viewpoint, supporting the
process of patient information and thus assisting the
patient in reaching the best decision concerning treatment.

At present, there are no suitable biomarkers useful in
early detection of CRC and prediction of tumor behavior.
In routine clinical practice, carcinoembryonic antigen
(CEA) is a first-line biochemical marker used in CRC
diagnosis and follow-up of patients. However, its diagnos-
tic sensitivity and specificity remain unsatisfactory.
Therefore, other non-invasive biochemical markers for
CRC are necessary to improve diagnosis of this malig-
nancy and prognosis for patients. The role of chemokines
in CRC pathogenesis has been proven. However, little is
known about the clinical utility of these molecules in CRC
patients. Thus, the aim of our review is to highlight clin-
ical significance of CXCL1 and CXCL8 as well as their
specific receptors as potential biomarkers for CRC. We
performed a comprehensive literature search using the
PubMed database to identify original articles that investi-
gated the potential application of the presented chemo-
kines and their receptors as biomarkers in CRC diagnosis
and prognosis.

It has been reported that selected chemokines and their
specific receptors are able to regulate leukocyte migration
in inflammation and immunity processes as well as infec-
tion, tissue injury and progression of cancers, including
CRC.>”

Chemokines in Cancer Progression

Chemokines are a group of soluble chemotactic cytokines
that are produced by tissue cells and leukocytes. This
family of molecules has been grouped into four classes
according to the position of key cysteine residues (CXC,
CX3C, CC and C).> Chemokines are also classified as
inflammatory, homeostatic or dual action proteins, based
on their function in the immune system and inflammatory
response. Homeostatic chemokines are synthesized consti-
tutively and involved in the migration of various cells
responsible for function of the immune system.® '
Inflammatory chemokines are produced by leukocytes
and might play a role in cell activation.' 112 The functional

activity of chemokines is induced by binding to their
specific seven-transmembrane receptors coupled to
G-proteins (GPCRs) found on the surface of target cells
to cause a cellular response such as migration, adhesion or
chemotaxis.'> These receptors are structurally similar to
chemokines and are divided into four groups: CXCR,
CCR, CX3CR and XCR."

Chemokines and their receptors play an important role
in inflammation — a multi-step process associated with, eg,
wound healing, tissue repair as well as defense against
various pathogens. However, uncontrolled inflammation
is linked to the progression of many malignancies.” '
The proinflammatory mediator network within the tumor
microenvironment facilitates cancer cell migration through
the stroma.'>'” On the other hand, a growing body of
evidence indicates that malignancy may promote local and
systemic inflammatory responses.'® These proteins might
also simplify communication between cancer and non-
cancerous cells within the tumor microenvironment, pro-
moting the infiltration and activation of neutrophils and
tumor-associated macrophages.'®

Since inflammation is recognized as a hallmark of
cancer, chemokines, which are a key element of this pro-
cess, have been found to promote tumorigenesis via var-
ious pathways including tumor necrosis factor alpha
(TNF-a)/nuclear factor kB (NF-kB) and protein kinase
B (PKB)."”?' Some clinical investigations have indicated
that these pathways are related to tumor growth, prolifera-
tion, survival, neoangiogenesis and metastasis of malig-
nant cells.>* It has been proven that cancer cells are able
to express chemokine receptors and produce chemokines
that promote tumor growth.”> Moreover, malignant cells
acquire the ability to form new vessels to deliver oxygen
and necessary nutrients to tumor cells, which is regulated
by various angiogenic factors.** The migration of neoplas-
tic cells from the site of the primary tumor is also a crucial
process in tumor progression.”> Metastatic sites start pro-
ducing selected chemokines that attract circulating tumor
cells to the supporting microenvironment.?” Therefore,
selected inflammatory mediators such as chemokines may
act via autocrine or paracrine mechanisms to facilitate
tumor growth and dissemination at every step of metasta-
sis including adherence of tumor cells to endothelium,
proliferation, extravasation from blood vessels, angiogen-
esis as well as protection from the host response.”'? The
involvement of chemokines and their specific receptors in
metastatic processes have been observed in various types

of malignancies, including CRC.***%°
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Growing evidence from a number of studies demon-
strates that selected chemokines and their specific recep-
tors are involved in each step of CRC development. These
associations have been studied mostly in CRC tissue using
immunohistochemistry (IHC) or measuring mRNA levels
by a real-time polymerase chain reaction (RT-PCR).'
(Table 1). However, little is known about the concentra-
tions of these proteins in the blood of CRC patients eval-
uated using non-invasive, simpler, less expensive and
faster methods such as enzyme-linked immune-sorbent
assay (ELISA) or multiplexing techniques.

The C-X-C family of chemokines (CXCL1 to 17)
attracts neutrophils and lymphocytes and is activated by
appropriate receptors (CXCR) 1 to 8. C-X-C chemokines
introduce the location of the two cysteine residues near the
N-terminal, with X representing any amino acid. These
proteins can be subdivided according to the presence (ELR
+) or absence (ELR-) of the tripeptide motif (Glu-Leu-Arg)
at the NH2 terminus. ELR+ chemokines are angiogenic,
while ELR- are considered to be angiostatic.'**%=* Growth-
regulated oncogene (GRO) has three different genetic var-
iants: CXCL1 (GRO-a), CXCL2 (GRO-B) and CXCL3
(GRO-y) which interact with CXCR2.**** Furthermore,
CXCLS, known as interleukin-8 (IL-8), is able to activate
both CXCR2 and CXCR1 and has pro-tumoral capacity via
the activation of pro-tumoral neutrophils and stimulation of
angiogenesis.***> However, only CXCR2 possesses the
ability to promote neoangiogenesis, while CXCL1 binds
CXCR2 with higher affinity.*> Some clinical investigations
have found that these proteins are upregulated in CRC.'***

Both CXCL1 and CXCLS belong to the ELR+ chemo-
kine group. For this reason, their ability to bind to the
CXCR2
a consequence induces various signaling cascades such
as phospholipase C (PLC)/protein kinase C (PKC) or
phosphatidylinositol-3-kinase (PI3K)/Akt.** (Figure 1).
These pathways result in transcription of several genes

receptor leads to its activation and as

such as p38 or AKT, which plays an important role in
modulating the proliferation, angiogenesis as well as
migration of malignant cells. >

The CXCRI1/CXCR2 axis is under intensive investiga-
tion and it appears to play a significant role in CRC devel-
opment. Therefore, in our review, we focused on the
importance of two CXC chemokines — CXCL1 and
CXCLS8 — which interact within the CXCR1/CXCR2 path-
way in CRC progression. We performed a comprehensive
literature search using the MEDLINE/PubMed electronic
database up to March 2020 with the following search strat-
egy (key words): ‘cancer AND CXCL1' as well as ‘cancer
AND CXCLS'. In the next step, the search was limited to
human studies conducted within the last 20 years. By adding
“AND colorectal” to the key words mentioned above, we
limited the search to articles regarding “CXCL1 in colorectal
cancer” and “CXCLS8 in colorectal cancer”. The next step
involved limiting the search to full-text publications written
in English and reducing the search to original articles con-
cerning chemokine CXCL1 in colorectal cancer and CXCLS8
in colorectal cancer, which were included in the study.

CXCLI and Its Specific Receptor in

Colorectal Cancer

A growing body of evidence indicates that CXCL1 pro-
motes chemoattraction, wound healing and angiogenesis.
It is well established that the chemokine enhances tumor
growth via recruitment of neutrophils into the tumor
microenvironment.*’ However, the role of this chemo-
kine in CRC is still poorly understood. Some clinical
investigations have suggested that CXCL1 is involved
in the pathophysiology of human CRC. Ogata et al
found that 79% of CRC cells showed positive immunor-
eactivity for CXCL1.*® In addition, CXCL1 expression
was higher in well and moderately differentiated adeno-
carcinoma in comparison to poorly differentiated CRC.**
The authors concluded that CXCLI1 is closely associated

Table | The Significance of C-X-C Chemokine | (CXCLI) and C-X-C Chemokine 8 (CXCLS8) and Their Specific Receptors in

Colorectal Cancer

Chemokine Other name Receptor Level Sample | Method | Prognosis | Reference
C-X-C chemokine | | Growth-regulated oncogene | C-X-C chemokine Elevated | Tissue, IHC Poor [44-63]
(CXCLI) alpha (Gro-a) receptor 2 blood ELISA

(CXCR2)
C-X-C chemokine 8 | Interleukin-8 (IL-8) C-X-C chemokine Elevated | Tissue, IHC Poor [37,52,53,64—
(CXCL8) receptor |, —2 blood ELISA 85]

(CXCRI and CXCR2)
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Figure | The signaling pathways of CXCLI/CXCL8 — CXCR2 axis.>>*4¢

with advanced tumors as well as promotes the invasive
potential of colon cancer cells.*® Similar findings were
presented by Baier et al who reported significantly higher
CXCLI1 levels in CRC tissue (2430+789.4 pg/g protein)
in comparison to normal mucosa (395.7+133.6 pg/g
protein).*’ Moreover, the authors indicated that this che-
mokine contributes to tumor growth,*” which has been

confirmed by Bandpalli et al.**

They also revealed that
CXCL1 was overexpressed in CRC cells, while stromal
cells were completely negative for CXCLI1 protein, and
this was related to more significant tumor growth.** In
addition, the expression of CXCL1 receptor — CXCR2
was also elevated in human CRC.’*’' Some clinical
investigations have revealed that CXCL1 expression sig-
nificantly correlates with clinicopathological characteris-
tics of CRC. Overexpression of CXCL1 has been found
to be significantly correlated with larger tumor size, more
advanced tumor stage, greater depth of invasion and
presence of lymph node metastasis.*® A study by Zhuo
et al also confirmed that CXCL1 expression was higher

in CRC tissue in comparison to control and that it was
significantly correlated with tumor diameter, T stage,
N stage, M stage, lymph vascular invasion and CEA
levels.”> The authors concluded that the CXCL1/
CXCR2 axis is involved in the pathophysiology of
human CRC.*® Some investigators have also speculated
that CXCL1 might play a role in CRC invasion and
metastasis through degradation of the extracellular
matrix via the activation of matrix metalloproteinases
and promotion of angiogenesis within the tumor.*® Li
et al>® evaluated constitutive expression of CXCL1 and
its receptor — CXCR2 in human colon carcinoma cells
with different metastatic potentials. Non- and low meta-
static cells expressed decreased levels of CXCLI1 and
CXCR2 in comparison to highly metastatic colon carci-
noma cells.>? Therefore, the authors concluded that the
constitutive expression of CXCL1 and its receptor
CXCR?2 is associated with metastatic potential and mod-
ulates colon cancer cell proliferation and an invasive
phenotype.’ 3
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A growing body of evidence demonstrates that primary
tumor cells may initiate pre-metastatic niche formation via the
secretion of proinflammatory cytokines, chemoattractants and
angiogenic factors.*’ A study by Wang et al demonstrated that
primary CRC cells were able to secrete VEGF-A (vascular
endothelial growth factor A) and stimulate tumor-associated
macrophages to produce CXCLI in the primary tumor.*’
Elevated CXCL1 levels in premetastatic liver tissue recruited
CXCR2-positive myeloid-derived suppressor cells to form
a premetastatic niche, promoting liver metastases.*’ Some
clinical investigations have proven that mutant p53 binds to
the promoter region of the CXCL1 gene and exerts its function
by inducing CXCL1 expression in CRC cells since mutation of
p53 is involved in tumorigenesis.**>> The authors concluded
that CXCL1 may play a crucial role in the presence of p53
mutation and is upregulated in a large number of human CRC
cells.>* Therefore, inhibition of CXCL1/CXCR2 signaling on
tumor cells may have potential utility to prevent invasion and
metastasis in a large number of human CRC.* Moreover,
blockade of the CXCL1/CXCR2 pathway has been shown to
decrease the frequency of liver metastasis from colon
cancer.*®>® The researchers concluded that CXCL1/CXCR2
targeting could be a potentially useful new strategy in the
treatment of CRC patients.**>

Activation of the chemokine-receptor pathway in CRC
may affect the prognosis of patients with this malignancy.*®
Ogata et al found that patients with CXCL1-positive CRC
showed significantly worse outcomes in comparison to those
with CXCL1-negative CRC, which may suggest that CXCL1
is not only a potential mediator of tumor invasion, but also
a significant prognostic marker in CRC patients.*® In addition,
highly elevated CXCL1 expression significantly correlated
with decreased overall survival in stage IV CRC patients and
hence the authors confirmed that CXCL1 overexpression is
a poor prognostic biomarker in metastatic CRC.>” In addition,
Li et al, using the Gene Expression Omnibus database,
revealed that CXCL1 gene expression was significantly corre-
lated with disease-free survival in CRC patients. However,
they failed to confirm their results using multivariate Cox
regression analysis.”®

A study by Divella et al indicated that serum CXCL1 levels
were significantly higher in metastatic CRC patients when
compared to healthy subjects. Elevated concentrations of
CXCLI1 were associated with the presence of lung metastases.
In addition, CRC patients with CXCL1 concentrations higher
than 410 pg/mL had a worse prognosis than patients with
values of this cytokine below 410 pg/mL. The authors con-
firmed the role of circulating CXCLI as a predictive tool in

cancer prognosis and diagnosis as well as assessment of tumor
sensitivity to anticancer therapy.>’

CXCLS8 and Its Specific Receptors in

Colorectal Cancer

C-X-C motifligand 8 (CXCLS8) activates CXCR1 and CXCR2
to mediate neutrophil accumulation and activation at the site of
inflammation and infection. This chemokine may act as
a monomer or dimer in differential activities regulated by
CXCRI1 and CXCR2 receptors. CXCL8 plays an essential
role in all aspects of inflammatory response, from recruiting
neutrophils to the site of infection to triggering cytotoxic
activities such as the release of protease and oxygen radicals
to eliminate infection.®*°! Therefore, both forms of CXCLS8
could interact with CXCR1 and CXCR2 with different affi-
nities and potencies to mediate different cellular
responses. ' *%6%6* CXCRI is specific for CXCLS, whereas
CXCR2 interacts with other CXC chemokines such as CXCL1
and CXCL8.>* Furthermore, CRC cells are able to regulate
CXCLS in an autocrine manner and increase the expression of
CXCR1 and CXCR2, which contributes to tumor progression
including cancer invasion, dissemination and metastasis. Some
clinical investigations have indicated that the CXCRI1/
2-mediated signaling pathway is associated with inflammation.
It has been found that CXCR2 promotes tumorigenesis and
directs the recruitment of tumor-promoting leukocytes to tis-
sues during tumor-inducing as well as tumor-driven
inflammation.'*%>%® Moreover, antagonists of CXCR2 may
have potential therapeutic significance, and treatment with
inhibitors of this pathway might be a good strategy in the
therapy of CRC patients.'™>"*"~% However, based on an anti-
body inhibition test, only CXCR1 has been found to be acti-
vated in this process.’"

A number of studies have demonstrated CXCL8 expres-
sion on endothelial cells, tumor-associated macrophages and
cancer cells, including CRC.”> CXCL8 expression, evaluated
using the immunohistochemical method, has been found to be
significantly higher in all CRC tissue samples in comparison to
inflammatory and non-malignant samples.”>”* CXCL8 over-
expression in CRC tissue correlated with more advanced
stages of the disease, larger tumor size, greater depth of inva-
sion, presence of distant metastases and tumor progression
dynamics, which may indicate the potential usefulness of this
protein as a marker in progression of this disease.”""*"> "% In
addition, Li et al”® reported that elevated CXCL8 mRNA and
protein expression caused stronger adhesion of CRC cells to
the endothelium, which may suggest the role of CXCLS in
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adhesion processes of colon cancer cells to endothelial cells.
Moreover, CXCLS8 and its receptors play a role in the escape of
CRC cells from immune surveillance.”

Some clinical investigations have also indicated signif-
icantly decreased disease-free survival and overall survival
of CRC patients with high CXCLS8 expression, suggesting
a correlation between elevated CXCL8 expression and the
poor survival rate among CRC patients.** Moreover,
absence of CXCL8 expression in epithelial cells might
be a factor indicating a good prognosis.’®

In our previous experimental study, we evaluate the clinical
significance of serum levels of CXCLS8 in CRC patients in
comparison to classical tumor marker for CRC — CEA.®' We
reported that serum CXCL8 concentrations were significantly
higher in CRC patients in comparison to healthy controls,
similarly to CEA levels, which was also confirmed in our
previous studies performed on patients with pancreatic and
esophageal cancer.®' ™ Moreover, there were statistically sig-
nificant differences in CXCLS8 concentrations between tumor
stages, as established by the Kruskal-Wallis test and confirmed
by the post hoc Dwass-Steele-Critchlow-Fligner test. Our
results are in line with the findings presented by other investi-
gators who revealed that elevated serum CXCLS levels are
significantly correlated with advanced CRC stages.*
Moreover, in our previous study, CXCLS8 concentrations
were significantly elevated in CRC patients with distant metas-
tases compared to patients without distant metastases. In addi-
tion, we assessed the diagnostic characteristics such as the
percentage of elevated concentrations (diagnostic sensitivity),
predictive values for negative results and area under the ROC
curve of the measurement of serum CXCLS8 concentrations,
which were higher than those of CEA. Our findings indicate
greater utility of CXCLS8 in comparison to the classical tumor
marker, CEA, in the diagnosis of CRC.*! Similar findings were
reported by Sgourakis et al who revealed that plasma CXCL8
levels were elevated in CRC patients in comparison to healthy
subjects. In addition, concentrations of CXCL8 higher than
8.83 pg/mL had sensitivity of 85%, specificity 80% and the
area under ROC curve of 81% in predicting CRC.® Our results
and the findings of other authors suggest that CXCL8 might be
a potential biomarker for CRC, useful in the diagnosis of CRC
and evaluation of its progression.

Conclusions

Understanding the role of chemokines and their specific recep-
tors in the pathogenesis of CRC is crucial since these molecules
could have potential clinical significance in CRC. As presented
in this review, the CXCR1/CXCR2 axis is the most studied

pathway in cancer and its role in CRC development appears to
be of profound significance and should be thoroughly investi-
gated. Therefore, in the present review, we described the
clinical utility of two ligands for these receptors — CXCLI1
and CXCLS as potential biomarkers in the diagnosis of CRC
and prognosis for patients as well as their role in the pathogen-
esis of this malignancy. Published results indicate that
increased levels of these proteins correlate with an advanced
stage and clinicopathological characteristics of CRC such as
larger tumor size, greater depth of invasion, presence of lymph
node and/or distant metastases as well as prognosis for CRC
patients. Additionally, CXCL1/CXCR2 targeting may be
a potentially useful new strategy in the treatment of CRC
patients. However, due to a small number of studies and contra-
dictory results, more detailed knowledge regarding the specific
role of these proteins as biomarkers for CRC is sorely needed
for personalized medicine of the future.
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