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Abstract
Colorectal cancer (CRC) is the third most common cancer 
in men and the second most common cancer in women, 
worldwide. In the early stages of the disease, biomarkers 
predicting early relapse would improve survival rates. 
In metastatic patients, the use of predictive biomarkers 
could potentially result in more personalized treatments 
and better outcomes. The CXC family of chemokines 
(CXCL1 to 17) are small (8 to 10 kDa) secreted proteins 
that attract neutrophils and lymphocytes. These chemo-
kines signal through chemokine receptors (CXCR) 1 to 8. 
Several studies have reported that these chemokines and 
receptors have a role in either the promotion or inhibition 
of cancer, depending on their capacity to suppress or 
stimulate the action of the immune system, respectively. 
In general terms, activation of the CXCR1/CXCR2 
pathway or the CXCR4/CXCR7 pathway is associated with 
tumor aggressiveness and poor prognosis; therefore, 
the specific inhibition of these receptors is a possible 
therapeutic strategy. On the other hand, the lesser 
known CXCR3 and CXCR5 axes are generally considered 
to be tumor suppressor signaling pathways, and their 
stimulation has been suggested as a way to fight cancer. 
These pathways have been studied in tumor tissues 
(using immunohistochemistry or measuring mRNA levels) 
or serum [using enzyme-linked immuno sorbent assay 
(ELISA) or multiplexing techniques], among other sample 
types. Common variants in genes encoding for the CXC 
chemokines have also been investigated as possible 
biomarkers of the disease. This review summarizes the 
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most recent findings on the role of CXC chemokines and 
their receptors in CRC and discusses their possible value 
as prognostic or predictive biomarkers as well as the 
possibility of targeting them as a therapeutic strategy. 
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Core tip: The contribution of the immune system to 
the development and progression of cancer is now 
fully acknowledged. The specific action of the immune 
system depends on the type of immune cells that are 
recruited to the tumor sites. Chemokines from the CXC 
subfamily are released by tumor cells and cells within 
the tumor microenvironment, whereupon they attract 
cells with anti-tumor (e.g. , CD4+ and CD8+ lymphocytes) 
or pro-tumor activity (e.g. , myeloid-derived suppressor 
cells). Chemokines have been proposed as prognostic 
factors, as biomarkers of response to therapy and as 
drug targets. The present review addresses the most 
recent findings in the field. 
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INTRODUCTION
Colorectal cancer (CRC) is the third most common 
type of cancer worldwide, representing approximately 
10% of all diagnosed cancers, and it is the most 
frequent cause of cancer-related deaths[1]. In Europe, 
the prognosis of localized disease is quite good; the 
5-year overall survival rates are near 90%; however, 
in patients with regional or distant disease, these 
rates drop to 70% and down to 20%, respectively 
(source: Europacolon, http://www.europacolon.com/
colorectalcancer.php?Action=Colorectalcancer)[2] . One 
of the main reasons behind this poor survival rate is 
that, in almost all cases, tumors become resistant to 
therapy. Therefore, it is necessary to find useful and 
reliable predictive biomarkers that allow physicians to 
assign effective drugs specific to each case. In general, 
the current first-line treatment for metastatic CRC 
(mCRC) is based upon combinations of chemotherapy 
[fluoropyrimidines, oxaliplatin (OXA) and/or irinotecan], 
consisting of doublets (FOLFOX or FOLFIRI) or triplets 
(FOLFOXIRI) in specific cases, and rational molecularly 
targeting agents [anti-epidermal growth factor receptor 
(anti-EGFR), cetuximab or panitumumab; anti-vascular 

endothelial growth factor (anti-VEGF), bevacizumab][3]. 
Mutations in the RAS and BRAF family of oncogenes are 
indicative of the inefficacy of anti-EGFR drugs and are 
the only predictive markers available currently[4,5]. The 
recent classification of CRC into four molecular subtypes 
has shed light on the biology of this tumor. However, the 
clinical usefulness and application of this classification is 
still under discussion[6,7]. 

It has been proposed that serum levels of certain 
chemokines may be used as predictive markers 
for the response to chemotherapy. The CXC family 
of chemokines and their receptors are crucial for 
inflammation and antitumor immunity, which are key 
factors in CRC progression. These small proteins are 
secreted not only by tumor cells but also by leukocytes, 
fibroblasts, endothelial cells and epithelial cells. They 
modulate tumor behavior by regulating angiogenesis, 
activating tumor-specific immune responses and 
directly stimulating tumor proliferation in an autocrine 
or paracrine fashion. The CXC family of chemokines and 
receptors have been associated with metastasis and 
resistance to treatment. Several studies have reported 
the expression of CXC chemokines and/or their receptors 
in tumors (in epithelial tumor cells, fibroblasts or 
infiltrating leukocytes) or in plasma/serum samples from 
CRC patients, and this expression has been associated 
with patient outcomes. Furthermore, the CXC genes 
are highly polymorphic, and certain genetic variants 
have been associated with prognosis and response to 
treatment. The aim of the present work is to review the 
literature and discuss the possible use of the CXC family 
of chemokines as predictive or prognostic markers in 
CRC (Table 1). We will focus on the main pathways that 
are activated after the appropriate chemokines bind to 
the receptors CXCR1, CXCR2, CXCR4, CXCR7, CXCR3, 
CXCR5, CXCR6 and CXCR8. 

LITERATURE SEARCH
We established the work of Verbeke et al[8] as reference 
from which we searched the literature. We used 
PubMed as the primary source to find all of the articles 
published on this topic. The following keywords were 
employed in the search: chemokine/s, resistance, 
CRC, chemotherapy, 5 fluorouracil, OXA, cetuximab, 
bevacizumab, CXCL1, CXCL2, CXCL3, CXCL4, CXCL5, 
CXCL6, CXCL7, CXCL8, CXCL9, CXCL10, CXCL11, 
CXCL12, CXCL13, CXCL16, CXCL17, CXCR1, CXCR2, 
CXCR4, CXCR2 inhibitor, CXCR4 inhibitor, reparixin, 
cancer, repertaxin, and plerixafor. In addition to 
PubMed, we also performed a brief Google search for 
“Chemokine CRC”. 

THE CXC FAMILY OF CHEMOKINES
CXC chemokines are small proteins; CXC refers to the 
location of the two cysteine residues near the N-terminal, 
with the X representing any amino acid (cysteine-
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containing motif)[9]. These chemokines can be sub-
classified based on the presence or absence of the 
tripeptide motif (Glu-Leu-Arg at the NH2 terminus) as 
ELR+ or ELR-, respectively. The ELR+ chemokines are 
considered to be angiogenic, whereas the ELR- chemo-
kines are considered to be angiostatic[10-12]. Nevertheless, 
contradictory results have been published, which we will 
discuss in the present review. 

CXC chemokines are named according to their 
original function, and they also follow the standard 
nomenclature CXCLx, where the L stands for “ligand” 
and the x corresponds to a number (Table 2). To exert 
their function, chemokines bind to their cognate CXCR 

which, in the majority of cases, is a 7-transmembrane G 
protein-coupled receptor[13]. After binding, the receptors 
change their conformation and activate the coupled G 
protein, initiating the corresponding signaling pathway. 
Only a few of the CXCRs are atypical receptors, which 
are not coupled to a G protein but to beta-arrestins; 
these receptors include the atypical chemokine receptor 
3 (ACKR3) also known as CXCR7[14]. Certain chemokines 
can bind to more than one receptor and vice versa, as is 
the case for the promiscuous CXCR2[15] (Table 2). After a 
given CXCL binds and activates the corresponding CXCR, 
the receptor is usually internalized through clathrin-
mediated endocytosis for further degradation or recycling 
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Table 1  CXC chemokines as biomarkers

Biomarker Cancer type Expression Where is it 
measured?

Treatment Predictive value Ref.

CXCL1/2 Breast cancer High Paraffin embedded 
tissue

Chemoresistance 
5FU

Poor [17]

CXCL1 CRC High Tumor and cell lines OXA + CURCUMIN Poor [18]
CXCL1/8 CXCR2 CRC, Prostate cancer High Cell lines and in vivo OXA + SCH-527123 Poor [22,24]
CXCL8 CRC Low Serum Chemotherapy + 

Bevacizumab
Good [25,26]

CXCL8 Breast cancer Polymorphism, TT 
genotype

Peripheral blood 
(DNA)

FOLFOX+ 
Bevacizumab vs 
FOLFOX alone

Good [26]

CXCR1 CRC Polymorphism Whole blood (DNA) OXA based + 
Bevacizumab

Good [27]

CXCL7/8 CXCR2 CRC High mRNA levels tumors Surgery + ady vs 
Ady alone

Poor [28]

CXCR4 CRC Colocalization-Lgr5 CRC cell lines and 
tumors

Poor [35]

CXCR4 CRC Colocalization-
CD133

CRC cell lines and in 
vivo

5FU; 5FU and OXA Poor [36,38]

CXCR4-microbiota CRC High in vivo and in vitro Lipopolysaccharides Poor [39]
CXCL12-visfatin CRC Interaction CRC cells Poor [40]
CXCR4 CRC High Paraffin embedded 

tissue
Patients that 
underwent 

hepatectomy

Poor [41]

CXCR4 CRC High CRC cells OXA or 5FU 
therapies including 

anti-VEGF

Poor [46]

CXCL10-KRAS mut CRC CMS2 and 
CMS3

Low TCGA, tumors Poor [52]

CXCL10 CRC High CRC cells, tumors, in 
vivo

Good [53]

CXCL10 CRC Expression Post-surgical 
localized CRC

Good [53,56]

CXCR3 CRC High Protein levels in 
primary tumors

Poor [57]

CXCL10/11 CRC High Serum Poor [58]
CXCL9/10 CRC High in vivo Anthracyclines + 

STAT KO
Good [60]

CXCL9/10/11 Rectal cancer High mRNA levels tumors 5FU + Radiotherapy Good [64,65]
CXCL4 CRC High in vivo 5FU Poor [66]
CXCL13 CXCR5 CRC High Plasma levels and 

paraffin embedded 
tissue

Poor [69,70]

CXCL13-microbiota CRC High Tumors Good [71]
CXCR5+ CD8+ T cell CRC Presence Tumors Good [73]
CXCL13 CRC Low mRNA levels tumors Good [56,74]
CXCL16 CRC High Serum Poor [81]
CXCL17 CRC High mRNA levels cell 

lines and tumors
Poor [87]

CRC: Colorectal cancer; OXA: Oxaliplatin; VEGF: Vascular endothelial growth factor; 5FU: 5-fluorouracil; KO: Knock out.
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affinity. All four chemokines have been found to be 
upregulated in CRC[21]. One of the most relevant studies 
demonstrating the role of CXCL1 and 2 in treatment 
resistance and metastasis was performed by the group 
of Joan Massagué. This group showed that CXCL1 and 
CXCL2 are overexpressed in breast cancer cells that 
are primed for survival in metastatic sites. These two 
chemokines attract CD11b+Gr1+myeloid cells which, in 
turn, produce more chemokines and enhance cancer cell 
survival. Regarding chemoresistance, this group found 
that chemotherapeutic agents, such as 5 Fluorouracil 
(5FU), doxorubicin hydrochloride, cyclophosphamide 
monohydrate and paclitaxel trigger a stromal reaction, 
leading to TNF-α production. TNF-α increases CXCL1/2 
expression via NF-κB, which results in a feedback 
loop that promotes cancer cell survival[17]. NF-κB is a 
transcription factor that can be activated downstream 
of the PKB/AKT and mitogen-activated protein kinase 
(MAPK) signaling pathways. Increased activity of NF-κB 
has been associated with the high expression of genes 

to the plasma membrane[16] (Figure 1). 
Originally, the role of these chemokines and their 

receptors was associated with inflammatory processes 
wherein leukocytes accumulate in injured or infected 
tissues. Given that inflammation is a hallmark of 
cancer, it is not surprising that once in the nucleus, the 
CXC chemokines exert their activity through various 
pathways, such as tumor necrosis factor alpha (TNF-α)/
nuclear factor κB (NF-κB) and protein kinase B (PKB/
AKT)[17,18]. These pathways are related to survival, 
proliferation, angiogenesis, pathological processes 
such as tumor growth and metastasis[19,20], and even 
responses to anticancer treatments (Figure 2).

AXIS 1: CXCR1 AND CXCR2
The CXCR1/CXCR2 pathway is the most widely studied 
pathway in cancer. CXCL1, 2, 3 and 8 are proangiogenic 
and chemoattractive chemokines that all bind to the 
receptor CXCR2, for which CXCL1 has the highest 

Table 2  The CXC chemokines and their receptors

CXC ligand Chemokine name Receptor ELR domain

CXCL1 Growth-regulated oncogene (Gro-α) CXCR2 ELR+

CXCL2 Growth-regulated oncogene (Gro-β) CXCR2 ELR+

CXCL3 Growth-regulated oncogene (Gro-γ) CXCR2 ELR+

CXCL4 Platelet factor-4 (PF-4) CXCR3 ELR-

CXCL5 Epithelial cell-derived neutrophil-activating peptide-78 (ENA-78) CXCR2 ELR+

CXCL6 Granulocyte chemotactic protein-2 (GCP-2) CXCR1/2 ELR+

CXCL7 Neutrophil-activating peptide-2 (NAP-2) CXCR2 ELR+

CXCL8 Interleukin-8 (IL-8) CXCR1/2 ELR+

CXCL9 Monokine induced by interferon-γ (Mig) CXCR3 ELR-

CXCL10 Inducible protein-10 (IP-10) CXCR3 ELR-

CXCL11 Interferon-inducible T cell alpha chemoattractant (I-TAC) CXCR3/7 ELR-

CXCL12 Stromal cell-derived factor-1 (SDF-1) CXCR4/7 ELR-

CXCL13 B cell-attracting chemokine-1 (BCA-1) CXCR5 ELR-

CXCL16 Scavenger receptor that binds phosphatidylserine and oxidized 
lipoprotein (SR-PSOX)

CXCR6 ELR-

CXCL17 VEGF-correlated chemokine-1 (VCC-1) CXCR8 ELR+

VEGF: Vascular endothelial growth factor.

CXCL

Degradation
Cellular 
effectsRecycling

Internalization
Signal 

transduction

Cell 
membraneCX

CR

Figure 1  CXCL and CXCR regulatory mechanisms. Figure 1 illustrates CXCL binding to the CXCR located at the cellular membrane, internalizing and transducing 
the signal into the nucleus. CXCR internalization is usually followed by degradation or recycling to the plasma membrane.
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related to cancer cell survival, proliferation, angiogenesis, 
and also the development of resistance to anticancer 
drugs (Figure 2). As CXCL1 and 2 (and other chemokines 
that bind to CXCR1 and 2) can activate this pathway, 
it is not surprising that these chemokines play a role 
in chemoresistance and may also serve as predictive 
biomarkers in CRC.

For instance, we reported that CRC cells with 
acquired resistance to OXA exhibited high intracellular 
and secreted levels of CXCL1, 2 and 8, which was a 
consequence of the upregulated activation of NF-κB 
in the resistant cells. Both the inhibition of NF-κB with 
curcumin and the silencing of genes encoding for these 
chemokines led to a partial reversion of the resistance 
phenotype. The combination of curcumin and OXA was 

especially synergistic in resistant cells. Moreover, in 
experiments with tissue explants derived from hepatic 
CRC metastasis, we determined that higher levels 
of CXCL1 led to higher sensitivity of explants to the 
combination of curcumin + OXA. Thus, the tumor or 
serum levels of CXCL1 may serve as a useful biomarker 
for OXA resistance and may be indicative of curcumin + 
OXA sensitivity[18]. In another study, Ning et al[22] reported 
that CXCL8 mediated resistance to OXA in CRC cell lines 
through its binding to CXCR2 and AKT/MAPK/NF-κB 
signaling. The gene silencing of CXCR2 sensitized cells 
to the platinum drug. Treatment of CRC cell lines with a 
CXCR2 antagonist (SCH-527123) resulted in decreased 
migration and invasion, and increased apoptosis, acting 
synergistically with OXA. Further work performed in vivo 

Inflammation

NF-κB

Immune 
responses

Anti-apoptotic 
genes Survival

Proliferation
Nucleus

CX
CR

Cell 
membrane

Signal 
transduction

Cancer-
chemotherapy

Positive feedback loop

A

B

Figure 2  CXCL and CXCR network in physiological and cancer conditions. A: The binding of CXCL to CXCR triggers the activation of signaling pathways, such 
as PKB/AKT and ERK/MAPK. Both pathways share NF-κB as a downstream factor which, in the nucleus, promotes the transcription of the CXCLs. These pathways 
maintain the physiologic conditions inside the cell. B: In a cancer cell exposed to chemotherapy, the situation is different. The chemotherapeutic treatment promotes 
the hyperactivation of these pathways. As a result, the CXCLs are also more abundant, promoting an autocrine response and, further, a positive feedback loop. 
This response results in pathological processes, such as tumor growth and metastasis, and in resistance to anticancer treatments. PKB: Protein kinase B; ERK: 
Extracellular signal-regulated kinases; MAPK: Mitogen-activated protein kinase; NF-κB: Nuclear factor κB.
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demonstrated similar results[23]. These results, together 
with those reported by Wilson et al[24] in prostate cancer 
cells, suggest that the levels of at least CXCL1 and 8 (and 
also CXCR2) can identify CRC patients who are unlikely 
to respond to OXA, who may be putative candidates for 
treatment with CXCR2 inhibitors in combination with this 
platinum agent.

The role of the CXCR1/CXCR2 pathway in the re-
sponse and resistance to chemotherapy is not limited to 
OXA. Due to the role of these chemokines and receptors 
in promoting angiogenesis, it has been speculated 
that they can influence the response and resistance 
to antiangiogenic drugs. Two works reported that low 
serum levels of CXCL8 in mCRC patients treated with 
chemotherapy plus bevacizumab had better outcomes. 
First, in a short communication from Abajo et al[25], 
low levels of CXCL8 measured before treatment 
with bevacizumab, irinotecan and gemcitabine, were 
associated with better response rates in a small cohort 
of patients. This group also reported a general decrease 
in the levels of CXCL8 in post-treatment samples[25]. In 
another study, Di Salvatore et al[26] analyzed the serum 
levels of CXCL8 in 120 RAS mutant patients treated 
with first-line 5FU + Leucovorin + OXA (known as 
FOLFOX) + bevacizumab. They found that low levels 
of CXCL8 were associated with longer progression-free 
(PFS) and overall survival (OS). The same group also 
studied a polymorphism (c-251T>A) in the CXCL8 gene 
and reported that the TT genotype was associated with 
longer PFS and OS in the aforementioned patients but 
not in another cohort that was treated only with FOLFOX. 
Interestingly, patients carrying the TT genotype had 
significantly lower serum levels of CXCL8 compared 
with patients with the AT or AA genotype[26]. Another 
polymorphism (rs2234671) in the CXCR1 gene was 
found to be associated with the overall response 
rate in 132 mCRC patients treated with OXA-based 
chemotherapy plus bevacizumab. However, the authors 
did not provide a biological explanation underlying these 
results[27]. Two methods of measuring chemokines and 
their receptors include the immunohistochemical staining 
of proteins in tumor tissues and the qPCR evaluation 
of mRNA levels. Using these techniques, Desurmont 
et al[28] determined that high levels of CXCR2 and its 
ligands, CXCL7 and 8, were associated with worse PFS 
and OS in CRC patients who underwent neoadjuvant 
chemotherapy (different schedules) followed by meta-
static hepatectomy, but not in those who were treated 
with surgery alone. CXCR2 and CXCL7 mRNA levels 
were higher in metastasis from chemotherapy-treated 
patients compared to metastasis from patients who 
underwent surgery alone. These data suggest not only 
the prognostic value of CXCR2 (and CXCL7) but also 
its involvement in disease aggressiveness. Therefore, 
targeting the CXCR1/2-mediated signaling pathway has 
been suggested as a possible therapeutic approach for 
treating CRC and other tumors. 

As the CXCR1/2-mediated signaling pathway is 
associated with inflammation, several studies have 

described how the inhibition of CXCR1 or CXCR2 could 
potentially be used for preventive purposes[29-31]. Notably, 
the study by Jamieson et al[31] showed that CXCR2 
acts as a potent pro-tumorigenic CXCR which directs 
the recruitment of tumor-promoting leukocytes into 
tissues (including the intestines) during tumor-inducing 
and tumor-driven inflammation. Thus, the deletion or 
inhibition of this receptor led to the profound suppression 
of inflammation-driven and spontaneous tumorigenesis 
in a mouse model of colon cancer, suggesting that CXCR2 
antagonists may have therapeutic and prophylactic 
potential in the treatment of cancer[31]. Additionally, in the 
metastatic setting, it has been shown that treatment with 
inhibitors of this pathway may be a good strategy[23,32-34]. 
Interestingly, the use of two different inhibitors against 
CXCR1 and 2 reduced the development of metastasis in 
mouse models but had no effect on primary tumors. This 
effect was due, in part, to the capacity of the inhibitors to 
abrogate neovascularization[15].

AXIS 2: CXCR4 AND CXCR7
The CXCR4/CXCR7 pathway is activated after the binding 
of CXCL12 to CXCR4 or 7. Strikingly, although CXCL12 is 
an ELR- chemokine, the activity of this pathway has been 
primarily associated with stemness, the development of 
metastasis and poor prognosis. CXCR4 has been shown 
to co-localize with CRC stem cell markers, such as Lgr5, 
CD133 and CD44, and this co-localization was associated 
with epithelial-mesenchymal transition (EMT) processes 
and resistance to therapy[35-38]. Similar to CXCR1/2, the 
NF-κB transcription factor appears to have a role in the 
induction of EMT. In this case, it has been shown that 
lipopolysaccharides can promote the migratory capacity 
of CRC in vivo and in vitro by inducing CXCR4 expression 
and EMT through NF-κB signaling[39]. Additionally, the 
link between obesity and CRC has been attributed 
to the interaction between the adipokine visfatin and 
CXCL12[40]. CXCR4 expression appears to be increased in 
tumors compared with normal tissues and in metastasis 
compared with primary tumors. This increase is 
associated with poor prognosis, as shown in the work by 
Yopp et al[41]. This group assessed CXCR4 (among other 
factors) expression by immunohistochemical staining 
in 75 patients who underwent partial hepatectomy 
with curative intention and found that CXCR4 positivity 
was negatively associated with disease-specific and 
recurrence-free survival[41]. This finding suggests the 
possibility of targeting CXCR4 for therapeutic purposes. A 
lentiviral vector carrying siRNA targeting CXCR4 was used 
in CRC cell lines and a mouse model; the result was a 
reduction in cell proliferation, migration and invasion and 
the formation of hepatic metastasis[42]. Other researchers 
are attempting to exploit the membrane localization 
of CXCR4 to direct nanoparticles that recognize this 
receptor, facilitating their entry into the cells to deliver 
antineoplastic drugs[43]. Specific inhibitors, such as 
plerixafor, have been identified as a possible therapy for 
CRC and are under investigation in several clinical trials 
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involving solid and non-solid tumors. Regardless of the 
strategy, it is important to take into account the biology 
of CXCR4 and 7. Two studies reported inconsistent 
regulation and effects between these two receptors. 
Romain et al[44] reported elevated levels of both receptors 
in late stage carcinomas compared to normal mucosa, 
colon polyps or early carcinomas. However, this group 
demonstrated that while CXCR4 expression was strongly 
induced by hypoxia-inducible factor 1 alpha (HIF-1α), 
this was not the case of CXCR7. Moreover, the reduction 
of CXCR4 expression was associated with a decrease 
in AKT and extracellular signal-regulated kinases (ERK) 
activation which, was not observed for CXCR7. The 
authors conclude that CXCR4 is a more promising target 
compared to CXCR7 in CRC[44]. Similarly, Heckmann 
and colleagues showed different (and partly antidromic) 
patterns of expression between CXCR7 and CXCR4 after 
stimulation with CXCL12 in colon cancer cells. CXCR4 
overexpression was associated with increased levels 
of microRNA-217 and -218 in CXCR4-overexpressing 
cells, but this was not the case for the overexpression 
of CXCR7. Additionally, CXCR4 cells were more 
sensitive to 5FU compared with CXCR7 cells[45]. Thus, 
the clinical application of CXCR4 antagonists, such as 
plerixafor, should be studied with caution. Finally, the 
relationship between this pathway and the resistance 
to treatment of CRC has also been studied. High levels 
of CXCR4 were found to be associated with resistance 
to all chemotherapeutic agents used (5FU, irinotecan 
and OXA), including anti-VEGF therapies. In SW1116 
colon cancer cells with acquired resistance to OXA or 
5FU, the expression of and signaling through CXCR4 
was found to be associated with the chemoresistant 
phenotype. Specifically, the authors demonstrated 
that the ERK1/2/MAPK and phosphatidylinositol-3-
kinases (PI3K)/AKT pathway was important in CXCR4-
mediated chemoresistance[46]. The effect of CXCR4 on 
resistance to OXA can be exploited therapeutically by 
using endostar, a modified endostatin. When endostar 
and OXA are administered together, they have a 
synergistic effect, primarily due to the reduction in 
CXCR4 levels[47]. In two different orthotopic mouse 
models, treatment with anti-VEGFR2 therapy resulted 
in the upregulation of both CXCL12 and CXCR4. CXCR4-
expressing immunosuppressive innate immune cells 
(Ly6low monocytes) were recruited to the tumor site 
upon treatment with anti-VEGFR2, which was abrogated 
after CXCR4 blockade[48].

AXIS 3: CXCR3
The chemokines CXCL4, CXCL9, CXCL10 and CXCL11 
are considered to exert an angiostatic effect through their 
binding to CXCR3, although CXCL11 can also bind to 
CXCR7[49]. CXCR3 is found on peripheral blood activated 
T cells in vitro and on a significant fraction of circulating 
CD4+ and CD8+ T cells, B cells and natural killer (NK) 
cells, but not on monocytes or neutrophils[50]. These 
chemokines are upregulated by interferon gamma (IFN-γ) 

and, therefore, they have important roles in inflammatory 
diseases, such as ulcerative colitis[50] and active pulmonary 
tuberculosis[51]. However, the infiltration of activated CD4+ 
and CD8+ T cells in tumors is considered to be a good 
prognostic factor; consequently, most of the research on 
the expression of these chemokines or their receptors 
in the context of CRC is focused in that direction. An 
interesting study by Lal et al[52] suggests that KRAS 
mutations are associated with reduced levels of CXCL10 
and with the suppression of cytotoxic T cells, neutrophils 
and the IFN-γ pathway, especially in CRC consensus 
molecular subtype (CMS) 2 and CMS3. Other studies 
also reported the potential of these chemokines as good 
prognostic factors, primarily because of their association 
with the high infiltration of CD8+ T and CD4+ T helper 1 
(Th1) effector cells[53-55]. Mice injected with colonic tumor 
cells overexpressing CXCL10 were protected against 
metastasis development[53]. Two independent studies 
demonstrated the post-surgical positive prognostic value 
of CXCL10 expression in localized colon cancer[53,56]. 
Specifically, in the study by Agesen et al[57], CXCL10 
levels were part of a 13-gene expression classifier called 
ColoGuideEX for the prognosis prediction in stage II 
CRC. Interestingly, some authors have reported the 
opposite results. For instance, a high level of CXCR3 
protein expression in primary CRC tumors was shown 
to be indicative of a poor prognosis[57]. In another study, 
the authors investigated the molecular factors underlying 
the poor prognosis of CRC tumor neuroendocrine 
differentiation and found that neuroendocrine-like cells 
secreted high levels of CXCL10 and CXCL11 which, in 
turn, promoted the recruitment of tumor-associated 
macrophages, thereby promoting the proliferation and 
invasion of CRC cells and leading to a poor prognosis[58].

Taken together, these findings appear to indicate 
that targeting CXCR3 or its ligands would not be an 
effective therapeutic strategy against CRC. However, 
some authors have speculated otherwise about the 
possibility of enhancing this pathway indirectly. It is worth 
commenting on three different papers that address 
three different strategies. First, Brackett et al[59] used a 
Toll-like receptor 5 (TLR5) agonist called entolimod in a 
murine mCRC model. This group found that entolimod 
induced the expression of CXCL9 and CXCL10 in tumors 
which, in turn, led to the recruitment of CXCR3+ NK cells 
to the liver, thereby activating dendritic cells (DCs) and 
stimulating the CD8+ T cell response. Consequently, 
the drug exerted an anti-metastatic effect and a tumor-
specific and durable immune memory[59]. Second, Yang 
et al[60] studied the effect of signal transducer and acti-
vator transcription 3 (STAT3) inhibition in combination 
with immunogenic chemotherapy (anthracyclines). This 
group showed that, when injected in mice, STAT3 KO 
cells developed tumors with higher infiltration of DCs 
and cytotoxic T cells after treatment with anthracyclines. 
These tumors also displayed higher levels of CXCL9 
and 10. Consequently, STAT3 inhibition improved the 
outcome of chemotherapy-treated mice by synergizing 
with immunogenic chemotherapy[60]. Another interesting 
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approach involved the depletion of regulatory T cells 
(Treg) in mice bearing CRC tumors. This depletion was 
associated with an increase in T cell infiltration and 
proliferation and an increase in CXCL9 and 10, which led 
to the accumulation of CXCR3+ T cells and the increased 
mRNA expression of IFN-γ, which suggests Treg cell 
targeting as a possible anti-tumor immunotherapy[61]. 
It is important to note that some studies have indicated 
that CXCR3 targeting may be a good strategy against 
CRC cancer[62,63].

Finally, high mRNA levels of CXCL9 and 11[64] as 
well as CXCL10[64,65] appear to be associated with the 
response to neoadjuvant chemotherapy (5FU) plus 
radiotherapy in patients with locally advanced rectal 
cancer; on the other hand, CXCL4 was shown to be 
upregulated after treatment with 5FU, which was 
associated with accelerated growth in vivo[66]. These 
studies suggest the possibility of using members of this 
pathway as predictive biomarkers.

AXIS 4: MISCELLANY
Finally, it is worth commenting on the lesser known 
chemokines CXCL13, 16 and 17. Similar to that of the 
previously mentioned chemokines, the CXCL13-CXCR5 
axis is involved in regulating lymphocyte migration and 
promoting inflammation[67]. However, the role of this 
axis in promoting or inhibiting tumor development or 
progression is not clear, as the current articles report 
contradictory results. Zhu et al[68] reported that this 
pathway promotes the growth, migration and invasion of 
colon cancer cells, likely through the PI3K/AKT pathway. 
Accordingly, high plasma levels of CXCL13 and positive 
immunohistochemical staining of CXCL13 and CXCR5 
in tumors from CRC patients were associated with 
clinical and pathological characteristics typically related 
with a worse prognosis[69,70]. In contrast, high levels of 
CXCL13 in colorectal tumors have also been shown to be 
associated with the infiltration of follicular Th and B cells 
and, consequently, with a better prognosis. Cremonesi 
et al[71] attributed the increase in CXCL13 levels to the 
presence of gut microbiota, whereas in the work of 
Bindea et al[72], genomic instability affected CXCL13 
expression, which led to alterations in T and B cell 
infiltration and clinical outcomes. In addition, it appears 
that a significant CD8+ T cell subset in colorectal tumors 
that are CXCR5+ potentially contribute to anti-tumor 
activity[73]. Not surprisingly, low levels of CXCL13 have 
been reported as a negative prognostic factor in CRC 
patients[56,74]. These contradictory results may be affected 
by several factors, including tumor stage, treatment, 
molecular subtype and microsatellite instability.

CXCR6 is expressed on the surface of CD4+ T cells, 
CD8+ T cells, NK cells and plasma cells and is responsible 
for inducing the chemotactic migration of these cells to 
inflamed tissues. The ligand of CXCR6, CXCL16, has two 
forms, the trans-membrane (TM) form and the soluble(s) 
form. TM-CXCL16 is expressed on macrophages, DCs, 
monocytes, and B cells where it functions as a cell 

adhesion molecule for cells that express CXCR6[75]. TM-
CXCL16 is also a novel scavenger receptor that binds 
to phosphatidylserine and oxidized lipoprotein. In the 
membrane, this chemokine is cleaved by the disintegrin-
like metalloproteinases ADAM10 and ADAM17, producing 
fragments that are released outside the cells[76]. sCXCL16 
functions as a chemotactic factor for CXCR6-expressing 
Th1, T cells and NK cells. Interestingly, soluble CXCL16 
can promote angiogenesis in human umbilical vein 
endothelial cells[77]. Again, given its capacity to promote 
tumor immunity, many of the published works describe 
CXCL16 as a positive prognostic factor[78-80]. On the other 
hand, Matsushita et al[81] reported that CRC patients 
had higher levels of CXCL16 in the serum compared 
to healthy controls, and these levels increased with 
tumor stage and were correlated with poor survival. 
In patients with localized disease, higher serum levels 
of CXCL16 were associated with a higher probability of 
metachronous liver recurrence and worse survival. In 
vitro, treatment with recombinant CXCL16 promoted cell 
growth, migration, invasion and EMT[81]. Thus, the exact 
role of CXCL16 in CRC warrants further investigation.

Finally, CXCL17 is a 119-amino acid CXC chemokine 
that binds specifically to CXCR8[82,83]. This chemokine 
is expressed in breast and colon cancer and acts as 
a chemoattractant for monocytes, macrophages and 
mature and immature DCs, thereby playing an important 
role in angiogenesis[84-86]. CXCL17 expression is co-
regulated with VEGF expression[82,84] and can attract 
neutrophils to tumor sites and promote tumorigenesis 
through angiogenesis in mouse models[86]. Very little 
is known about the role of CXCL17 in CRC. Ohlsson 
et al[87] reported high mRNA levels of CXCL17 in several 
CRC cell lines as well as very high mRNA and protein 
levels of CXCL17 in primary CRC tumors compared to 
normal colon tissue. CXCL17-positive cells measured by 
immunofluorescence and immunohistochemistry were 
significantly more abundant in colon cancer tissues (80%) 
compared with the controls (normal colon samples 
from proximal or distal resection margin). Interestingly, 
CXCL17 was more abundant in tumor epithelial cells 
(17.2%) in comparison with tumor stromal cells (2.7%), 
and CXCL17 mRNA levels were correlated with the 
myeloid cell marker CD86, which is primarily expressed 
in antigen presenting cells (APCs), suggesting that this 
chemokine may contribute to the infiltration of APCs into 
the tumor[87]. Taken together, these findings indicate 
that the high expression of CXCL17 in CRC may be an 
indicator of poor prognosis in colon cancer, although 
further studies are warranted to elucidate the exact role 
of this chemokine in this malignancy.

In summary, very little information is available 
on the role of these less-known chemokines in CRC 
development or response to treatment. 

CONCLUSION
The importance of the immune system in the survei-
llance, prognosis and treatment of cancer is undeniable. 
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The recent development of immunotherapies and the 
rapidness of their application to the clinics for several 
tumor types demonstrate the possibilities of exploiting 
the immune system as a target for drug development. 
Moreover, the recent publication of the international 
validation of the consensus Immunoscore[88] as a reliable 
tool to classify colon cancer and to prognosticate its 
outcome also reveals the utility of using immune factors 
[in this case, total tumor-infiltrating T cell (CD3+) and 
cytotoxic T cell counts (CD8+)] as biomarkers. Therefore, 
other immune system-related factors thought to be 
important in cancer development and/or progression may 
also serve as prognostic and/or predictive biomarkers. 
Specially, those soluble factors that are released from 
tumor cells and are involved in the attraction of tumor-
promoting or -killing cells are interesting candidates. 
In the present review, we have described the potential 
utility of chemokines from the CXC family as biomarkers 
of response and prognosis in CRC. Moreover, as these 
chemokines exert their function through binding to 
membrane receptors, these receptors also appear to be 
excellent drug targets. Some challenges still need to be 
overcome. First, some researchers have doubts about 
the systemic value of a factor that exerts its function 
locally. Second, due to certain contradictory reports, a 
deeper knowledge of the exact roles of each chemokine 
and its receptor(s) is urgently needed. Nevertheless, we 
are convinced that in the following years, these small 
secreted proteins will have a large role in predictive and 
personalized cancer medicine.
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