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Abstract
Chemokines are immune system mediators that mediate various activities and play a role in the patho-
genesis of several cancers. Among these chemokines, C-X-C motif chemokine 17 (CXCL-17) is a 
relatively novel molecule produced along the airway epithelium in physiological and pathological 
conditions, and evidence shows that it plays a homeostatic role in most cases. CXCL17 has a protec-
tive role in some cancers and a pathological role in others, such as liver and lung cancer. This chemo-
kine, along with its possible receptor termed G protein-coupled receptor 35 (GPR35) or CXCR8, are 
involved in recruiting myeloid cells, regulating angiogenesis, defending against pathogenic microor-
ganisms, and numerous other mechanisms. Considering the few studies that have been performed on 
the dual role of CXCL17 in human malignancies, this review has investigated the possible pro-tumor 
and anti-tumor roles of this chemokine, as well as future treatment options in cancer therapy.
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Introduction

Cancer is one of the health-related problems worldwide that 
kills many patients every year and is the leading cause of 
death before age 70 in many countries (Bray et al. 2021; 
Sung et al. 2021). With the change of lifestyle in numer-
ous developed and developing countries, even the death 
rate from cardiovascular diseases and stroke has decreased 
from cancer, which can be considered a warning (Bray et 
al. 2021). Despite the extensive research that has been done 
in the field of mechanisms related to the pathogenesis and 
progression of cancer, there are still several unknowns, and 
the existing treatments have been able to give relatively sat-
isfactory results in recent decades, which of course, is still 
not adequate (Yu et al. 2022). Among the factors involved 
in tumor progression or regression, the traces of the immune 
system and its components are always realized. The immune 
system cells and mediators can have an anti-tumor or tumor-
supporting role (Loose and Van de Wiele 2009).

The superfamily of chemokines consists of a large num-
ber of ligands that can bind to one or more receptors and 
exert their effects (Zlotnik and Yoshie 2000; Yoshie et al. 
2001). Chemokines are small peptides, while their receptors 
are class A G protein-coupled receptors. Chemokines are 
known for regulating the migration of different cells in the 
body and are considered their most basic function, which is 
why they are named chemotactic cytokines (Schaerli and 
Moser 2005; Azin et al. 2012). Over time, these molecules’ 
importance has become clearer because, in addition to cell 
migration and chemotaxis, chemokines are involved in sev-
eral biological and pathological processes in inflammatory 
conditions, infections, autoimmunity, and cancer (Zlotnik 
et al. 2006; Rostène et al. 2011; Aminzadeh et al. 2012). 
The structure of chemokines usually contains four cyste-
ines in conserved positions. In addition, these molecules are 
small, between 8 and 14 kilodaltons, so they are produced 
in high amounts by various cells. The justification for the 
high expression of these molecules is participation in che-
motactic mechanisms and migration through the concentra-
tion gradient, which has led to the locomotion of specific 
cells expressing chemokine receptors (Zlotnik et al. 2006). 
According to the cysteine residue location, chemokines are 
divided into four subgroups: CC, CXC, CX3C, and C che-
mokines (Colobran et al. 2007). Some chemokines such as 
CCL2, CCL3, and CCL5 are produced in large amounts by 
different cells.

On the other hand, some chemokines such as CCL25, 
CCL27, CCL28, and CXCL17 can have very high specific-
ity for certain types of cells or tissues. CCL25 is produced 
in the thymus and gut tissues, CCL27 by skin keratinocytes, 

CCL28 by mucosal epithelial cells, and CXCL17 by gas-
trointestinal epithelial cells. Other relatively exclusive fea-
tures of chemokines include participation in physiological 
and pathological conditions, regulation of their expression, 
chromosomal locations of genes encoding chemokines, as 
well as the binding characteristics of their receptors (Zlotnik 
et al. 2006).

Among CXC chemokines, CXCL17 was discovered by 
fold-recognition methods (Pisabarro et al. 2006). CXCL17 
is a novel and essential immune molecule produced in muco-
sal tissues. With its anti-microorganism and anti-inflamma-
tory properties, this chemokine is involved in homeostatic 
processes (Lee et al. 2013; Srivastava et al. 2018; Xiao et 
al. 2021). However, the role of CXCL17 in different cancers 
is entirely different and could have pro-tumor or anti-tumor 
functions. For example, overexpression of CXCL17 is asso-
ciated with poor survival in colon, breast, and hepatocellular 
cancers, while in pancreatic cancer, it has a protective and 
anti-tumor role because it stimulates anti-tumor responses 
(Hiraoka et al. 2011; Guo et al. 2017; Yao et al. 2020).

Therefore, this review has investigated the dual role of 
CXCL17 in human malignancies and discussed the treat-
ment options related to this chemokine.

CXCL17 Biology and Signaling

CXCL17 can be considered a member of the mucosal che-
mokine family, including CXCL14, CCL25 and CCL28. 
This chemokine is expressed in gastrointestinal and respira-
tory tissues (Pisabarro et al. 2006; Weinstein et al. 2006). 
In contrast to CCL25 and CXCL14, which can be detected 
within the solid parenchyma of different tissues and epi-
thelial barriers, CXCL17 expression is only limited to the 
epithelial barriers responsible for covering various secre-
tory conduct and hollow organ lumens (Vicari et al. 1997; 
Hromas et al. 1999; Maerki et al. 2009). The gene com-
prises four exons involved in coding a propeptide with 119 
amino acids (Xiao et al. 2021). The molecular weight of this 
propeptide is about13,819 Dalton in humans. It has been 
revealed that there is a similarity between the amino acid 
sequence of CXCL17 and other CC chemokines such as 
CCL16 and CCL17 (Weinstein et al. 2006). The CXCL17 
gene and protein interaction network are shown in Fig. 1B 
and C.

On the other hand, the structure of CXCL17 in terms 
of folding is somewhat similar to the structure of CXCL8, 
which is classified in the CXC chemokines category (Den-
isov 2021). Analysis of CXCL17 precursor protein demon-
strated that four out of six cysteine residues collated between 
Phe64 and Leu119 are responsible for constructing the CXC 
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motif. The mature form of protein CXCL17 has a molecular 
weight of about 11,418 Da, obtained after the post-transla-
tional cleavage of 22 amino acids ( comprising two cysteine 
residues) (Lee et al. 2013) (Fig. 1 A). This mature form with 
four cysteine residues in the amino-terminal sequence has 
more chemotactic influence on recruiting monocytes than 
the propeptide form with six cysteine residues (Lee et al. 
2013).

The distinctiveness of the receptor of CXCL17 is rather 
debated. Most studies recognize that CXCL17 has no bind-
ing affinity to CXCR2, CXCR3, CXCR4, CXCR7, CCR2, 

and CCR5 chemokine receptors CXCR8 (GPR35) as the 
receptor of this chemokine (Maravillas-Montero et al. 2015; 
White et al. 2021). Previous studies have shown that cal-
cium flux is increased in B cell line cells (Ba/F3) trans-
fected with CXCR8, suggesting that downstream signaling 
pathways are initiated following the ligation of CXCL17 to 
CXCR8 (Maravillas-Montero et al. 2015). However, it is 
still impossible to consider CXCR8 as a specific CXCL17 
receptor because some studies have shown that silencing 
CXCR8 or using antagonists of this receptor cannot have 
an inhibitory effect on the migration of treated primary and 

Fig. 1  Amino acid sequences 
of CXCL17 (A) and interaction 
networks of CXCL17 (B, C) and 
CXCR8 (D). Copyright © InAct, 
EMBL-EBI 2022
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of STAT1 in the JAK/STAT signaling pathway (Yajie and 
Zhouluo 2015).

A study on Cxcl17−/− mice demonstrated that under both 
homeostatic and inflammatory states, the recruitment of 
macrophages into the lungs was impaired compared with 
wild-type mice. In addition, the number of a novel sub-
set of F4/80+ CDIIcmid macrophage-like cells increased in 
Cxcl17−/− mice (Burkhardt et al. 2014). This study showed 
that the recruitment of alveolar macrophages or the precur-
sors of these cells to the lungs in Cxcl17−/− mice is impaired, 
and their number is also reduced in the lung. Therefore, the 
theory can be proposed that along with the CCL2/CCR2 
chemokinetic axis, which plays a vital role in the migra-
tion and recruitment of monocytes and macrophages to vari-
ous tissues, including the lung, the CXCL17/GPCR35 axis 
may also be involved in this process with a similar function 
because this study reported that CXCL17 could not bind to 
CCR2 (Vakilian et al. 2017; Behfar et al. 2018; Taghavi et 
al. 2019; Moadab et al. 2021). Endothelial cells also can 
produce CXCL17 and promote the release of CXCL17 by 
epithelial cells. Therefore, the migration of monocytes and 
DCs simplified from the blood vessels to the epithelium by 
supporting the endothelial-derived CXCL17 and intercel-
lular adhesion molecule 2 (ICAM2) (Hiraoka et al. 2011; 
Burkhardt et al. 2012).

Based on available knowledge, CXCL14, CXCL17, and 
CCL28 are mucosal-associated chemokines (Hieshima et al. 
2003; Dai et al. 2015). CXCL17 has antimicrobial proper-
ties against Staphylococcus aureus, Escherichia coli, Pseu-
domonas aeruginosa, Salmonella, and Candida albicans 
dose-dependently (Burkhardt et al. 2012). The fascinating 
point about CXCL17 is that it preserves the immune-mod-
ulator microbiome such as Lactobacillus casei. Accord-
ingly, the gut microbiome regulates inflammatory responses 
induced by pathogenic bacteria (Ahrne et al. 1998; Llopis 
et al. 2009). It has been revealed that the carboxyl-terminal 
domain in CCL28 and the amino-terminal in CXCL14 are 
responsible for their killing activity. Nonetheless, in the 
case of CXCL17, the domain associated with killing has 
not yet been identified (Hieshima et al. 2003; Burkhardt 
et al. 2012; Dai et al. 2015). The bactericidal property of 
CXCL17 is probably applied by inducing membrane per-
meabilization (Burkhardt et al. 2012). The first line of 
defense against mycotoxins is the intestinal epithelial bar-
rier, and a study reported that a robust release of reactive 
oxygen species (ROS)-mycotoxins could trigger induced 
CXCL17 through JNK and p38 signaling pathways, enhanc-
ing immunoprotective responses and reducing apoptosis 
and inflammation via phosphoinositide 3-kinases (PI3Ks)/
AKT/ mammalian target of rapamycin (mTOR) pathway 
in vitro (Caco-2 cell model) (Sun et al. 2021). Chemokines 
also could participate in angiogenic mechanisms. In this 

THP-1 monocytes with CXCL17 (Amir et al. 2018; Park et 
al. 2018). These findings indicate that a specific CXCL17 
receptor that has not yet been discovered is probably 
involved. In humans, CXCR8 is expressed by various tis-
sues, including the small intestine, pancreas, spleen, colon, 
and immune cells, such as dendritic cells (DCs), neutro-
phils, monocytes, and T cells. In contrast, the expression of 
CXCR8 in skeletal muscle, adipose tissue, stomach, liver, 
thymus, and kidney is very low (Mackenzie et al. 2011). 
The CXCL17/CXCR8 axis activation can induce cyclic 
adenosine monophosphate (cAMP), initiating the extracel-
lular signal-regulated kinase 1/2 (ERK1/2) and p38mito-
gen-activated kinase (MAPK) pathways that are the most 
frequent stimulated signaling pathways following GPCRs 
activation (Luttrell 2003). CXCR8 influences the ERK1/2 
pathway through modulation of β-arrestins, protein kinase 
A (by Gαs), protein kinase C (by Gαo and Gαq), and the Gαi 
subunit βγ dimers (Luttrell 2003; Mackenzie et al. 2011). 
The interaction network of CXCR8 (GPR35) is illustrated 
in Fig. 1D.

Role of CXCL17 in the Immune System and 
related phenomena

Cytokines and chemokines, along with growth factors, 
play an important and variable role in the immune system 
(Cameron and Kelvin 2003; Gong et al. 2019; Rojewska et 
al. 2019, Choreño-Parra et al. 2021) (Fig.  2). CXCL17 is 
a CXC chemokine involved in the locomotion of immune 
cells, especially antigen-presenting cells, including DCs, 
monocytes, and macrophages (Choreño-Parra et al. 2020). 
However, the recruiting power of CXCL17 is different for 
different cells. For example, CXCL17 stimulates monocytes 
more strongly than DCs (Hiraoka et al. 2011). Sensing the 
luminal antigens in the gastrointestinal and respiratory tracts 
is essential for regulating mucosal inflammatory responses, 
and APCs are involved in this phenomenon. CXCL17 
promotes the migration of these APCs to these epithelial 
barriers because this chemokine is expressed in the endo-
thelial cells and mucosa of the mentioned tracts (Hiraoka 
et al. 2011; Sun et al. 2021). The chemotactic property of 
CXCL17 is limited to APCs and has no effect on T cells and 
B cells. Therefore, CXCL17 functions are more manifested 
in innate immune responses than in adaptive immunity.

Evolving evidence disclose that cytokines, such as IL-1β, 
TNF-α, and IFN-γ mediate the expression and function of 
chemokines. For instance, the mentioned cytokines can 
promote the expression of the CXCL17 gene about 100-
fold in epithelial cells. Among these cytokines, IFN-γ acts 
more strongly in this field than IL-1β and TNF-α. More-
over, IFN-γ can induce the expression and phosphorylation 
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injection of CXCL17 diminished bleomycin-induced skin 
fibrosis in the studied animals (Shimada et al. 2020). Hence, 
the low CXCL17 expression in systemic sclerosis skin may 
induce the accumulation of type I collagen.

Moreover, It has been reported that CXCL17 can inhibit 
CXCR4-mediated signaling and CXCL12 binding by mim-
icking protamine sulfate and surfen as glycosaminoglycan 
binders (White et al. 2021). Considering the critical role 
of the CXCL12/CXCR4 axis in inducing proliferation and 
angiogenesis of tumor cells, CXCL17 as an endogenous 
CXCR4 inhibitor can play an anti-tumor and protective role.

Role of CXCL17 in human malignancies

There are several contradictions in the association between 
CXCL17 and tumorigenesis because this chemokine can 
have a dual role in cancer (Khandelwal et al. 2019, 2022; 
Fermin et al. 2021; Hao et al. 2022). Some studies dem-
onstrated that CXCL17 is involved in the tumor progres-
sion in breast and colon cancers by inducing angiogenesis 
and cell proliferation (Weinstein et al. 2006; Mu et al. 2009) 
(Fig. 3). Another study reported that CXCL17 could induce 
anti-tumor responses in pancreatic cancer. CXCL17 can 
recruit and activate DCs to capture tumor antigen and pres-
ent to cytotoxic T cells in premalignant intraductal papillary 
mucinous neoplasm (Hiraoka et al. 2011). Another study 
has also shown that CXCL17 increases the proliferation of 
HepG2 cells in vitro, although the effect of this chemokine 
on human hepatocellular carcinoma (HCC) has not yet been 
entirely determined (Zhou et al. 2012).

Pro-tumoral role

In metastatic breast cancer, it has been shown that by secret-
ing CXCL17, tumor cells lead to the migration of MDSCs 
with CD11b+Gr-1+ phenotype to the lung. The infiltra-
tion of these cells in the lung causes angiogenesis and 
the growth and survival of cancer cells, promoting tumor 
metastasis. On the other hand, released CXCL17 can affect 
MDSCs to produce platelet-derived growth factor (PDGF)-
BB. MDSC-derived PDGF-BB induces angiogenesis and 
forms a pre-metastatic niche in the lung tissue. Addition-
ally, CXCL17 induces CD31+ tumor angiogenesis (Matsui 
et al. 2012, 2015; Hsu et al. 2019). These findings indicate 
that CXCL17 can appear as a tumor supporting factor by 
changing the structure of the vascular network and stimulat-
ing angiogenesis, and recruiting MDSCs to the tumor site.

Another study also examined the role of the CXCL17/
CXCR8 axis in developing breast cancer in vitro and in 
vivo. Findings demonstrated that the expression of CXCL17 
and CXCR8 was increased in cell line and breast cancer 

context, CXC chemokines based on the absence or presence 
of the sequence Glu-Leu-Arg (the ELR motif) are catego-
rized as ELR+ and ELR− (Strieter et al. 1995). Although 
the ELR motif in CXCL17 has not been identified, this che-
mokine has angiogenic properties because increased levels 
of CXCL17 were detected throughout proliferation or tube 
formation in several human endothelial cell lines (Niiya et 
al. 2018). Moreover, it has been demonstrated that CXCL17 
induced the gene expression of vascular endothelial growth 
factor (VEGF), angiopoietin 2 (Ang2), urokinase-type plas-
minogen activator (uPA), uPA receptor (uPAR), and basic 
fibroblast growth factor (bFGF) involved in neovasculariza-
tion mechanisms in human umbilical vascular endothelial 
cells (HUVECs) (Weinstein et al. 2006; Guo et al. 2017). 
Furthermore, the release of VEGF-A increased follow-
ing treatment of THP-1 monocytes with CXCL17 (Lee et 
al. 2013). In several solid tumors such as breast, esopha-
geal, and lung cancers, proangiogenic molecules, including 
CXCL1, CXCL8, and VEGF, are responsible for CXCL17 
expression (Weinstein et al. 2006). Therefore, CXCL17, 
along with other angiogenic factors, can induce tumor 
angiogenesis and metastasis (Liu et al. 2020). It has also 
been reported that in Cxcl17−/− mice the frequency of CD4+ 
and CD8+ T cells was higher in lymph nodes and spleen 
than wild-type mice. Moreover, irregular function of T 
cell may reflect changed migration of myeloid cell, or it 
could be due to changed developing T cell in the thymus. 
Therefore, CXCL17 could be involved in regulating T cell 
function and homeostasis (Hernández-Ruiz et al. 2019). 
In hyperinflammatory states, CXCL17 can be involved in 
recruiting immunosuppressive cells to modulate excessive 
inflammatory responses. An investigation reported that 
CXCL17 attenuated imiquimod-induced psoriasis-like skin 
inflammation via recruitment of myeloid-derived suppres-
sor cells (MDSCs) and regulatory T cells (Tregs) (Oka et 
al. 2017). In infectious diseases such as influenza A(H1N1) 
pdm09, study on peripheral blood monocyte-derived mac-
rophages and human alveolar A549 cells showed that lev-
els of CXCL17 significantly elevated and this chemokine 
can be used as a potential specific diagnostic biomarker for 
influenza A (H1N1) infections (Choreño-Parra et al. 2021). 
In asthma, CXCL17 overexpressed following decreasing in 
the levels of miR221-3p in epithelial and sputum, inhibit-
ing airway eosinophilic inflammation in a protective fash-
ion (Zhang et al. 2018). Therefore, CXCL17 could have an 
anti-inflammatory role in some inflammatory allergic states, 
such as asthma.

CXCL17 also is involved in fibrotic processes. A study 
reported that in bleomycin-induced skin fibrosis mice mod-
els, CXCL17 could regulate the expression of type I col-
lagen by increasing the expression of miR-29 and matrix 
metalloproteinase 1 (MMP1) in fibroblasts. Moreover, local 

1 3

413



S. F. Hashemi, H. Khorramdelazad

this way, overexpression of miRNA can partially suppress 
cell proliferation, migration, invasion and angiogenesis via 
modulating CXCL17/CXCR8 axis in various cancers, such 
as HCC. In this context, it was reported that the levels of 
miR-325-3p were downregulated in HCC cell lines and tis-
sues, increasing CXCL17 and tumor development (Li et al. 
2021). In oral squamous cell carcinoma (OSCC), miR4513 
regulates OSCC cell activities, and this miRNA’s expres-
sion was raised in the OSCC cell lines.

Furthermore, CXCL17 could be targeted by miR-4513. 
Downregulation of miR-4513 prevents cell proliferation, 
migration, and invasion while enhancing cell apoptosis. A 
study showed that CXCL17 knockdown repressed the effects 
of miR-4513 on OSCC cell manners. Therefore, miR-4513 
and CXCL17 could have oncogenic roles in OSCC and be 
considered potential therapeutic targets for treating OSCC 
(Xu et al. 2019). In GC, long non-coding RNAs (lncRNAs) 
can be valuable prognostic markers because they are associ-
ated with advanced TNM stage and lymphatic and vascular 
infiltration. It has been revealed that THUMPD3-AS1 was 
pointedly reduced in GC cell lines and tissues. The over-
expression of THUMPD3-AS1 hinders cell proliferation, 
migration, invasion and intracellular accumulation of ROS 
in GC cells by regulating CXCL17 and miR-1252-3p. Fur-
thermore, decreasing the expression of THUMPD3-AS1 
was accompanied by decreased 5-year overall survival (Tan 
et al. 2022).

In colorectal cancer (CRC), one of the most significant 
prognostic factors is lymph node metastasis (Tateishi et 
al. 2010). On the other hand, CXCL17 is involved in the 
pathogenesis of CRC, and carcinoembryonic antigen (CEA) 
could be considered as other prognostic factors in CRC. It 
has been revealed that the mRNA levels of CXCL17 were 
upregulated in primary tumors and CEA+ groups. More-
over, CXCL17 mRNA levels were significantly higher in 
hematoxylin- and eosin-positive (H&E+) lymph nodes than 
in H&E− nodes. These data indicated that metastatic tumor 
cells in the lymph nodes of colon tissue express CXCL17, 
and mRNA of chemokine along with CEA mRNA could be 
employed as a complementary method to the H&E tech-
nique for recognition of aggressive and poorly differenti-
ated tumors (Rashad et al. 2018). In parallel with this study, 
another group reported that the mRNA levels of CXCL17 
were remarkably increased in primary tumors than in normal 
tissue in colon cancer. The mRNA levels of other chemo-
kines, including CCL2, CXCL9, and CXCL10, were upreg-
ulated in tumor tissue, although not as much as CXCL17. 
According to the significant role of CCL2 and CXCL17 in 
recruiting monocytes and macrophages, these chemokines’ 
mRNA levels were associated with tumor development 
(Ohlsson et al. 2016). It has been speculated that the expres-
sion of CXCL17 by tumor cells in CRC contributes to the 

tissue samples, promoting the proliferation and migration 
of breast cancer cells. Moreover, CXCL17 was associated 
with lower survival and poor prognosis in breast cancer 
(Guo et al. 2017). It has been reported that the protein levels 
of CXCL17 were significantly overproduced in cutaneous 
squamous cell cancer (cSCC) cell lines, including SCC7, 
SCC59, SCC12A, and SCC118, than in normal epidermal 
keratinocytes. CXCL17 participates in skin cancer by acti-
vating the AKT/mTOR/STAT3 pathways. In addition, data 
obtained from patients with cSCC showed that the levels of 
CXCL17 were significantly higher in metastatic cSCC com-
pared with non-metastatic cSCC (Khandelwal et al. 2022).

It is hypothesized that under physiological conditions, 
the expression of CXCL17 is steady in gastric mucosa; 
nonetheless, following the stimulation of pathogen mate-
rials, the expression of CXCL17 promoted may contract 
immune responses and create homeostatic conditions 
and prevent damaging immune responses. However, the 
CXCL17/CXCR8 axis may play a pivotal role in gastric 
cancer (GC) initiation and development, particularly in the 
intestinal metaplasia to GC phase (Li et al. 2021). A study 
found that the expression of CXCL17 progressively ampli-
fied from non-atrophic gastritis (NAG-NOR), intestinal 
metaplasia of atrophic gastritis (AG-IM) to IM adjacent to 
GC (GC-IM), nevertheless; dramatically decreased in GC 
tissues. These data indicated that reducing CXCL17 may be 
a crucial molecular occurrence leading to GC development 
(Li et al. 2021).

CXCL17 can be involved in lung adenocarcinoma-asso-
ciated spine metastasis because, based on an investigation, 
the expression of CXCL17 was higher in lung adenocarci-
noma cell lines and clinical lung adenocarcinoma samples 
compared with lung squamous cell carcinoma cell lines 
and clinical samples. Furthermore, the migration of THP-1 
mononuclear macrophages was increased via CXCL17/Src/
FAK pathway (Liu et al. 2020).

An immunohistochemical study on HCC tissue speci-
mens showed that intratumoral and peritumoral CXCL17 
levels were significantly elevated, and according to these 
findings, patients were categorized into CXCL17low and 
CXCL17high groups. Based on this category, the survival 
rate and 5-year recurrence rate were shorter in CXCL17low 
patients, while the survival rate was lower in both groups. 
In addition, the expression of CXCL17 was associated with 
fewer CD4+ T cells and more CD68+ macrophages infil-
tration in the TME. These data indicated that dysregulated 
release of CXCL17 might be associated with tumor-sup-
portive immune cell infiltration and might be a significant 
target for treating HCC (Li et al. 2014). Emerging evidence 
has designated that microRNAs (miRNAs) play key roles 
in regulating tumorigenesis (Zhang et al. 2007; Avvari et 
al. 2022). CXCL17 is a direct target of miR-325-3p, and in 
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et al. 2019). Interestingly, there is a significant synergism 
between CXCL17 and CCL20 because CCL20 induces 
the recruitment of Tregs and DCs (Ito et al. 2011; Sebrell 
et al. 2019; Wang et al. 2019). Furthermore, like CXCL17, 
CCL20 is involved in mucosal immunity in homeostatic or 
inflammatory conditions (Li et al. 2021).

Intraductal papillary mucinous neoplasm (IPMN) is 
a pancreatic cancer intra-epithelial precursor lesion that 
develops from adenoma to carcinoma. A study investigated 
the alterations of anti-tumor immune responses during the 
development of pancreatic cancer. Evaluation of the fre-
quency of tumor-infiltrating lymphocytes (TILs) and DCs as 
well as the maturation state of DCs in the local lymph nodes 
during tumor progression showed that anti-tumor immune 
responses changed to immune tolerance between the phases 
of intraductal papillary mucinous adenoma (IPMA) and 
intraductal papillary mucinous carcinoma (IPMC). More-
over, this study showed that the expression of CXCL17 and 
ICAM2 were upregulated in IPMA while downregulated in 
the IPMC stage. CXCL17 and ICAM2 promote the infil-
tration of immature DCs and increase the susceptibility of 
the tumor cells to CD8+ cytotoxic T cell-induced cytolysis. 
These data indicated that CXCL17 is involved in immune 
surveillance during tumor progression in pancreatic cancer 
(Hiraoka et al. 2011). Another study on patients with colon 
cancer evaluated the expression of CXCL17 and CXCR8 in 
the colon and tumor-adjacent clinical samples, and findings 
showed that protein expression of CXCL17 and CXCR8 
was increased, and this increase was associated with longer 
overall survival. In addition, there was a positive correlation 
between the expression of CXCL17 and CXCR8. Together, 
these results propose that the CXCL17/CXCR8 axis may be 
involved in colon cancer, and upregulation of this ligand/
receptor can improve patient outcomes (Yao et al. 2020).

B7-H4 is an immunosuppressive member of the B7 
family (Sica et al. 2003). In several human malignancies, 
B7-H4 is overexpressed by tumor cells in the TME. Inter-
estingly, B7-H4 expression by cancer cells is associated 
with higher levels of CXCL17 and infiltrating mature APCs 
(MacGregor et al. 2019).

Altogether, these findings show that CXCL17 can behave 
differently depending on different environmental signals 
and stages of cancer. However, understanding the role of 
dual CXCL17 and CXCR8 in human malignancies requires 
further studies.

metastasis and growth of these cells. A study on endometrial 
adenocarcinoma tissues demonstrated that CXCL17 levels 
were remarkably elevated, and there is a significant and 
positive correlation between the expression of CXCL17 and 
CXCR8 (Hao et al. 2022).

Moreover, increased CXCL17 was associated with 
low overall survival in patients with endometrial cancer. 
However, there was no significant association between 
the expression of CXCR8 and overall survival (Hao et al. 
2022). This study suggested that due to the important role 
of chemokines, especially CXCL17 and CXCL18, in the 
pathogenesis of endometrial adenocarcinoma, a therapeutic 
target can be designed to treat this malignancy.

Exposure to ultraviolet B (UVB) radiation is one of the 
main risk factors for developing cutaneous squamous cell 
carcinoma (cSCC) (Bottomley et al. 2019). CXCL17 con-
trols the infiltration and polarization of immune cells such 
as tumor-associated macrophages (TAMs) in the TME. 
Treating bone marrow-derived macrophages (BDMC) and 
Raw 264.7 cells (murine macrophages) with CXCL17 led to 
increased TNF-α, Fizz, Ym2, and arginase expression. This 
treatment also stimulated the polarization of macrophages 
towards the M2 phenotype, which can lead to tumor growth 
and development (Khandelwal et al. 2020).

Anti-tumoral role

As discussed, in addition to tumor-supportive proper-
ties, CXCL17 can also participate in anti-tumor and pro-
tective responses (Fig.  2). For instance, in patients with 
GC, elevated levels of CXCL17 are associated with more 
prolonged survival through preserving and improving the 
maturation of gastric mucosa epithelium. Moreover, there 
is a positive and significant correlation between CXCL17, 
trefoil factor 1 (TFF1), TFF2 and mucin 5AC (MUC5AC). 
These molecules preserve the gastric mucosa barrier func-
tion and integrity, inhibiting the development of bacterial 
colonization and chronic inflammation. It has been reported 
that reduced expression of TFF1, TFF2, and MUC5AC 
could be associated with an increased risk of GC develop-
ment (Hoffmann 2015; Heuer et al. 2019).

Furthermore, there is a negative association between the 
expression of CXCL17, secreted frizzled-related protein 
2 (SFRP2) and caudal type homeobox 1 (CDX1) (Van de 
Bovenkamp et al. 2003; Perez-Vilar et al. 2004; Esposito et 
al. 2017; Soutto et al. 2019). SFRP2 directly binds to Wnts, 
regulating the Wnt/β-catenin pathway and inducing cell 
growth and differentiation (Heinosalo et al. 2018; Zhao et 
al. 2019; Han et al. 2020). In addition, CDX1, as a DNA-
binding protein, is involved in differentiating gastric epithe-
lial cells to the intestinal phenotype. CDX1 also participates 
in Helicobacter pylori-induced GC (Fujii et al. 2012; Choi 
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invasion via suppressing the AKT/mTOR/STAT3 pathways. 
According to the significant role of CXCL17 in angio-
genic mechanisms, the expression of the CD31 biomarker 
revealed that CXCL17 deletion reduced tumor neovascular-
ization (Khandelwal et al. 2022). In lung adenocarcinoma, 
hyperproduction of CXCL17 lead to monocyte migration 
and TAMs to the lung via inducing the Src/FAK pathway. 
The polarization of TAMs to the M2 phenotype led to an 
immunosuppressive milieu, promoting tumor growth and 
progression. Therefore, targeting CXCL17 or downstream 
molecules in the Src/FAK pathway might be a potential 
therapeutic approach in lung adenocarcinoma (Liu et al. 
2020).

A study showed that CXCL17 levels were increased in 
HCC, promoting tumor cell proliferation, invasion, and 
migration. In addition, following the hyperproduction of 
CXCL17, the expression of autophagic activity markers, 

The Targeting CXCL17/CXCR8 in Cancer 
Therapy

Considering the dual role of the CXCL17/CXCR8 axis in 
different pathological states, targeting this axis may not 
always be an appropriate strategy. For example, in pancre-
atic cancer, as mentioned, this chemokine has a protective 
and anti-tumor role; therefore, its inhibition can benefit the 
tumor. Few studies have been conducted in this area, and 
in this section, the most important studies on CXCL17 and 
CXCR8 in cancer treatment have been discussed (Table 1).

CXCR17

An animal cSCC model showed that deletion of CXCL17 
in metastatic and non-metastatic cSCC cells could mean-
ingfully decrease tumor cell proliferation, migration, and 

Strategy Details of study Outcomes Ref
Deletion of 
CXCL17

¬ cSCC
¬ Animal model
¬ Metastatic and 
non-metastatic 
cSCC cells

¬ ↓ Tumor cell proliferation
¬ ↓ Migration and invasion
¬ Suppressing the AKT/mTOR/STAT3 pathways
¬ ↓ The expression of the CD31 biomarker and 
neovascularization

(Khan-
delwal et 
al. 2022)

Inhibiting 
CXCL17

¬ Lung 
adenocarcinoma

¬ ↓ Monocyte migration and TAMs to the lung
¬ ↓ The Src/FAK pathway signals
¬ ↓ Polarization of TAMs to the M2 phenotype
¬ ↓ Infiltration of immunosuppressive cells

(Liu et al. 
2020)

CXCL17 
silencing + CA

¬ HCC
¬ In vitro

¬ ↑ LKB1/AMPK pathway
¬ ↑ Autophagy in tumor cells
¬ Inhibiting VEGFR2/Src/FAK/cdc42 axis
¬ ↓ F-actin formation and reducing HCC cell 
locomotion
¬ ↓ Tumor growth

(Ku et 
al. 2015; 
Wang et 
al. 2019)

CXCL17 
targeting by 
miR-325-3p

¬ HCC ¬ ↓ CXCL17 activity
¬ ↓ Tumor progression

(Li et al. 
2021)

CXCL17 and 
miR-1252-3p 
targeting by 
THUMPD3-AS1

¬ GC ¬ ↓ CXCL17 activity
¬ ↓ Tumor progression

(Tan et 
al. 2022)

CXCL17 
deletion

¬ cSCC
¬ In vitro/ ani-
mal model
¬ SCCB cells

¬ ↓ CXCL17 activity
¬ ↓ Infiltration of macrophages, Tregs, and MDSCs
¬ ↓ Tumor progression

(Khan-
delwal et 
al. 2020)

Knockdown of 
CXCR8

¬ NSCLC
¬ in vitro and in 
vivo

¬ ↓ Tumor cell chemoresistance in NSCLC (Wang et 
al. 2018)

Genetic depletion 
of CXCR8

¬ Colon cancer
¬ Animal model

¬ ↓ ion transportation via the Na/K-ATPase channel
¬ ↓ Src signaling
¬ ↓ tumor growth via the epidermal growth factor 
receptor/Src/Ras/ERK pathway
¬ ↓ Intestinal tumorigenesis

(Kim et 
al. 2009; 
Schneditz 
et al. 
2019)

Pepducin ¬ Colitis
¬ CRC

¬ ↓ CXCR8 activation
¬ ↓ Tumor burden

(Quon et 
al. 2020)

Pamoic acid ¬ Colitis
¬ DSS-induced 
colitis mouse 
model

¬ ↑ CXCR8 activation
¬ ↓ Chronic inflammation
¬ ↑ Lipid metabolism
¬ ↓ The severity of the disease

(Tsukahara 
et al. 2017)

Table 1  Possible therapeutic 
approaches based on CXCL17/
CXCR8 targeting
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this decrease is associated with increased CXCL17 activity 
and tumor progression (Li et al. 2021). THUMPD3-AS1 is a 
long non-coding RNA (lncRNA), and its levels are reduced 
in GC. Furthermore, CXCL17 and miR-1252-3p are the 
targets of THUMPD3-AS, and it is hypothesized that they 
could be a potential therapeutic target for treating GC (Tan 
et al. 2022). However, due to these molecules’ different and 
sometimes conflicting roles in different malignancies, it 
may not be possible to apply a single prescription for all 
cancers. For example, it has been reported that THUMPD3-
AS1 plays a protumoral role in inducing self-renewal by 
regulating the expression of one cut domain family member 
2 (ONECUT2) and miR-543 in non-small cell lung can-
cer (NSCLC), resulting in tumor growth and development 
(Hu et al. 2019). An investigation reported that following 
CXCL17 deletion in SCCB cells and inoculation in FVB 
mice, the analysis of isolated tumor tissue revealed that the 

such as LC3B and p62, were reduced. CXCL17 silenc-
ing could induce liver kinase B1 (LKB1)/AMP-activated 
protein kinase (AMPK) pathway, stimulating autophagy 
in tumor cells (Wang et al. 2019). Moreover, it has been 
reported that corosolic acid (CA) can suppress the vascular 
endothelial growth factor receptor 2 (VEGFR2)/Src/FAK/
cdc42 axis, decreasing F-actin formation and reducing HCC 
cell locomotion in vitro. In HCC models, 5 mg/kg/day of 
CA significantly inhibited tumor growth. Regarding the role 
of CXCL17 in the stimulation of this axis and angiogenesis 
and its tumor supportive missions in HCC design, combina-
tion therapy using CA and a CXCL17 inhibitor or silencing 
CXCL17 may be effective for treating HCC or other solid 
tumors in a synergistic manner (Ku et al. 2015).

The use of microRNAs that target CXCL17 can also be 
an attractive treatment option. As discussed in HCC, the 
level of miR-325-3p is significantly downregulated, and 

Fig. 2  Role of CXCL17 in the immune system and related mechanisms. 
CXCL17 participates in various processes in the immune system. 
This chemokine can help the migration of APCs such as monocytes, 
macrophages, and DCs. It also preserves the integrity of the mucosal 
epithelial layer and leads to the clearance of the infection caused by 

pathogens. On the other hand, it preserves beneficial bacterial spe-
cies in the microbiome. This chemokine also has anti-inflammatory 
properties and induces homeostasis by modulating destructive immune 
responses. It can also be involved in angiogenic mechanisms depend-
ing on the conditions. Cytokines such as IL-1β, TNF-α and specially 
IFN-γ have been shown to induce the release of CXCL17.
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Na/K-ATPase channel, activating Src signaling, responsible 
for tumor growth via the epidermal growth factor recep-
tor/Src/Ras/ERK pathway (Kim et al. 2009; Schneditz et 
al. 2019). Another investigation demonstrated that genetic 
depletion of CXCR8 reduced intestinal tumorigenesis in 
colon cancer models (Schneditz et al. 2019). Treatment of 
animals with pepducin, a lipid-coupled peptide, could also 
selectively inhibit CXCR8 activation and decrease tumor 
burden in colitis-associated mice models (Quon et al. 2020).

Moreover, there is an association between hypoxia-
inducible factor-1α (HIF-1α) and the expression of 
CXCR8 in some pathologic states, such as cardiac failure 
(Ronkainen et al. 2014). Regarding the role of HIF-1α in 
hypoxia and angiogenesis in solid tumors, inhibition of 
HIF-1α can also affect the expression of CXCR8 and be 
useful in cancer treatment. According to these studies, inhi-
bition of CXCR8 using its antagonists may be a therapeu-
tic strategy in CXCR8-induced malignancies. So far, few 
CXCR8 antagonists have been introduced and studied, the 
most important of which are CID2745687 (methyl-5-[(tert-
butylcarbamothioylhydrazinylidene)methyl]-1-(2,4-difluo-
rophenyl)pyrazole-4-carboxylate, ML144 (CID-1,542,103) 
1-[(4-Chlorophenyl)methyl]-4-[4-(2-methylphenyl)-
1-piperazinyl]pyrazolo[3,4-d]pyrimidine, ML145 

infiltration of macrophages, Tregs, and MDSCs was mark-
edly reduced at the tumor site. These data indicated that 
targeting CXCL17 could consider a therapeutic tactic for 
treating cSCC (Khandelwal et al. 2020). However, these 
studies were conducted in the preclinical phase and needed 
more studies in the human phases.

CXCR8

Evidence shows that, like CXCL17, CXCR8 expression is 
associated with malignancies such as GC, colon, and breast 
cancer, although its exact role is still unclear (Okumura 
et al. 2004; Guo et al. 2017; Wang et al. 2018; Ali et al. 
2019). In patients with NSCLC, the increased expression 
of CXCR8 is associated with poor prognosis, and knock-
down of CXCR8 pointedly reduces tumor cell chemoresis-
tance in NSCLC in vitro and in vivo (Wang et al. 2018). 
This evidence shows that CXCR8 can play a significant role 
in tumor progression and metastasis, and targeting it may 
benefit cancer treatment. However, considering the diverse 
roles of CXCL17 and CXCR8 in different cancers and dif-
ferent grades of malignancies, targeting these molecules 
may act as a double-edged sword. A study on colon cancer 
cells revealed that CXCR8 induces ion transportation via the 

Fig. 3  Dual role of the CXCL17/
CXCR8 in the pathogenesis 
of tumor. CXCL17 (blue) and 
CXCR8 (red) could have both 
tumor-supportive and antitumor 
roles in cancer via mediating 
several mechanisms
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as discussed, CXCL17 plays a protective role in innate 
immunity against various pathogens. Regarding the recruit-
ing of myeloid cells such as macrophages, monocytes, and 
MDSCs, it is important to mention that the CCL2/CCR2 
chemokine axis is also actively involved in this process, and 
it cannot be expected that only by inhibiting the CXCL17/
CXCR8 axis, the migration of these cells to the tumor or 
inflammation site will be completely disrupted. Accord-
ingly, the design of dual antagonists capable of inhibiting 
CCL2 and CXCL17 can be an attractive option for cancer 
treatment and future studies.
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