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Abstract
CCL20, as a chemokine, plays an important 
role in rheumatoid arthritis, psoriasis, and 
other diseases by binding to its receptor 
CCR6. Recent 10 years’ research has demon-
strated that CCL20 also contributes to the pro-
gression of many cancers, such as liver cancer, 
colon cancer, breast cancer, pancreatic cancer, 
and gastric cancer. This article reviews and 
discusses the previous studies on CCL20 roles 
in cancers from the aspects of its specific 
effects on various cancers, its remodeling on 
tumor microenvironment (TME), its synergis-
tic effects with other cytokines in tumor 
microenvironment, and the specific mecha-
nisms of CCL20 signal activation, illustrating 
CCL20 signaling in TME from multiple 
directions.
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6.1	 �Introduction

The growth process of tumor is regulated not 
only by its own internal signals but also by many 
external factors. These external regulatory factors 
come from the tumor microenvironment (TME) 
in which cancer cells are located [1–5]. More and 
more studies have shown that tumor growth is not 
an independent development process, but a com-
plex regulatory process influenced the tumor 
microenvironment. These regulatory processes 
further affect the initiation of cancer, tumor 
growth, metastasis, drug resistance, recurrence of 
cancer, and so on. Tumor microenvironment is 
often a kind of tissue environment which has 
been reconstructed by tumor cells. That is to say, 
it often promotes the progress of cancer. What is 
more interesting is that some immune cells with 
normal functions gradually weaken or even lose 
their antitumor ability after they infiltrate into the 
tumor tissues, which further proves the repro-
gramming ability of tumor cells to the microenvi-
ronment [6–11]. Therefore, if the 
microenvironmental factors can be taken into 
account in studying the mechanism of cancer 
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development, more useful and feasible anticancer 
strategies may be discovered. Recent findings 
suggest that in the course of anticancer treatment 
(such as chemotherapy and radiotherapy), some 
measures targeting the altered TME can be taken 
to improve the therapeutic effect of tumors. 
Recurrence of cancer is a process in which a 
small number of residual cancer cells recover 
their proliferative ability and lead to the growth 
of tumor again under the support of specific envi-
ronment after treatment. Why can’t the body’s 
own immune system recognize and clean up the 
remaining cancer cells? If the normal tissue envi-
ronment (such as normal antitumor immune 
function) can be effectively restored in the lesion 
site, the re-proliferation of cancer cells may be 
inhibited.

However, targeting the tumor microenviron-
ment is not very easy. Tumor microenvironment 
is highly heterogeneous [12–15]. Firstly, the 
components of tumor microenvironment are 
complex, including tumor cells, fibroblasts, T 
cells, B cells, NK cells, macrophages, DC cells, 
pericytes, endothelial cells, mesenchymal stem 
cells, adipocytes, red blood cells, and other com-
ponents, such as the exosomes and cytokines pro-
duced by these cells and extracellular matrix. 
Moreover, some cells are in different states 
induced by different environments. Tumor-
associated macrophages (TAM) can be further 
classified into type I, type II, and other types due 
to their different differentiation, and the effects of 
different subtypes of macrophages on cancer are 
diverse [16–20]. These various cells in the micro-
environment can regulate each other, thus form-
ing a complex network related to cancer 
progression. Secondly, tumors occurring in vari-
ous organs and tissues differ greatly because of 
their specific physiological environments. For 
example, chronic inflammation may exist before 
cancer initiation such as colon cancer, stomach 
cancer, and liver cancer, but rarely in glioma and 
breast cancer. Thirdly, the composition of tumor 
microenvironment is also different during the 
distinct stages of cancer development. The infil-
tration of multiple immune cells may be different 
between early- and late-stage tumors. It is possible 

that as tumors progress, the types and numbers of 
cells recruited and infiltrated into the microenvi-
ronment become more complex, and treatment 
becomes more difficult. In addition, after cancer 
cells are stimulated differently (e.g., with differ-
ent therapeutic drugs), they may become resis-
tant to treatment. And drugs can also lead to 
changes in the microenvironment, and the ulti-
mate result may be to further enhance the resis-
tance of cancer cells to drugs. In the treatment of 
cancer patients, the tumor microenvironment is 
not constant, but a dynamic process. All in all, 
the above factors may affect the complexity of 
tumor microenvironment and lead to its high 
heterogeneity.

Cytokines, produced by stromal cells or cancer 
cells, are an indispensable factor in tumor micro-
environment formation [21–26]. Because cyto-
kines can be secreted outside the cell, and can 
reach to a distant location, even as the circulatory 
system spreads, its influence range is extensive 
through the mode of autocrine or paracrine, estab-
lishing plenty of connections between tumor 
cells, or tumor cell and stromal cells [27–30]. 
Cytokines can transfer stimuli from the environ-
ment to cancer cells and promote their tolerance 
to environmental stress. In turn, cancer cells can 
create favorable conditions by secreting specific 
cytokines to act on a variety of microenvironmen-
tal stromal cells expressing the corresponding 
receptors. If we call cytokines in microenviron-
ment as messengers, then they play the role of 
transmitting different signals in the environment. 
Tumor cells and stromal cells in the environment 
are the recipients of this information. For exam-
ple, many studies have shown that IL-6, IL-8, 
TGF-beta, and other factors are closely related to 
the malignancy of multiple cancers. Chemokine, 
as the subfamily of cytokines, can recruit specific 
cell types, mainly those related to immune func-
tion. The presence of chemokines provides a vital 
condition for the infiltration of immune cells in 
tumor microenvironment [31–33]. Therefore, 
chemokines are very important for the formation 
and remodeling of tumor microenvironment, and 
also have a great impact on cancer progression. 
More importantly, chemokines not only have the 
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ability of recruiting specific cells, but also have 
the function of signal transduction (ligand-recep-
tor binding). In other words, through chemokines, 
cancer cells can not only recruit specific cells, but 
also transmit “friendly” signals to these cells, fur-
ther reprogramming the microenvironment to be 
conducive to their survival.

CCL20 is a member of chemokine family. It 
has antimicrobial activity and is related to 
arthritis, psoriasis, and other diseases in pathol-
ogy [34–37]. Recent studies have shown that 
high levels of CCL20 are associated with 
malignancies of various cancers. Importantly, 
CCL20 can recruit immune cells such as DC 
cells and Treg cells, which further links CCL20 
with tumor microenvironment. This chapter 
will review and discuss the regulation of CCL20 
on various cancers, the remodeling of tumor 
microenvironment mediated by CCL20, the 
synergistic regulation of CCL20 and other fac-
tors on microenvironment, and the activation 
and transmission of CCL20 signaling in tumor 
microenvironment.

6.2	 �CCL20 Signaling

Chemokines are a class of inducible secretory pro-
teins with a molecular weight of 8–10  kDa pro-
duced by a variety of cells and participate in the 
activation, chemotaxis, and migration of white 
blood cells, and play an important role in inflam-
mation and immune response. Chemokines also 
have a positive impact on angiogenesis, hemato-
poiesis, and organogenesis. According to the 
arrangement of conservative cysteine at N-terminal, 
chemokines can be divided into four subfamilies, 
C, CC, CXC, and CX3C. CCL20, belonging to the 
CC subfamily of chemokines, also known as mac-
rophage inflammatory protein 3 alpha (MIP3α), 
Liver and Activation Regulated Chemokine 
(LARC), and Exodus-1, was first discovered and 
characterized in hepatocytes [38]. CCL20 gene 
contains four exons and three introns. Due to the 
alternative splicing between the first intron and the 
second exon, two kinds of mRNA encoding CCL20 
are produced. After translation and signal peptide 

removing, CCL20 contained only 70/69 amino 
acid residues. Since the initial discovery of CCL20 
(a small ~8 kDa protein) in the early 1990s, it was 
gradually demonstrated that CCL20 is primarily 
expressed in the liver, colon, prostate, cervix, and 
skin. CCL20 is related with rheumatoid arthritis 
and human immunodeficiency virus infection and 
also linked to malignancies such as hepatocellular, 
colorectal, and breast cancers.

The binding receptors of chemokine are G 
protein-coupled receptors (GPCR) with seven 
transmembrane regions, mainly expressed in 
endothelial cells, immune cells, and some tumor 
cells. Unlike many other cytokines, CCl20 only 
binds CCR6 [39–41]. Under non-pathological 
conditions, the expression level of CCR6 was low 
in most tissues, but highest in intestinal mucosa, 
lung mucosa, and lymphoid tissue [42, 43]. At 
the cellular level, CCR6 was mainly expressed in 
B cells, memory and effector T cells, Th17, 
Tregs, and immature DCs [44–48].The basic 
expression of CCR6 on immune cells induces 
cells homing to ligand secretion sites [35, 49–
51]. CCR6 was significantly upregulated in 
inflammatory bowel disease, rheumatoid arthri-
tis, and other pathological autoimmune diseases 
[36, 52–54]. Interestingly, some studies have 
shown that CCR6 is highly expressed in cancer 
cells than in normal tissues and is associated with 
malignancy, making it a potential prognostic bio-
marker and therapeutic target. The expression of 
CCR6 in colon cancer cells was higher than that 
in normal adjacent tissues, and was related to 
lymph node status and distant metastasis. CCR6 
expression was higher in colon cancer cells of 
node-positive cases, and highest in cases with 
metastasis [55]. In gastric cancer tissues, CCR6 
was upregulated compared with that in adjacent 
noncancerous gastric tissues. High CCR6 expres-
sion was determined in 56.5% (210/372) of the 
samples, which was significantly correlated with 
recurrence and poor overall survival of gastric 
cancer [56].

CCL20 functions through binding to its recep-
tor CCR6, and their high expression in some 
tumors further demonstrates the vital role of 
CCL20 signaling in the development of cancer.

6  CCL20 Signaling in the Tumor Microenvironment
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6.3	 �Roles of CCL20 in Multiple 
Cancers

There is growing evidence that CCL20 is asso-
ciated with a variety of cancers, including 
hepatocellular cancer, breast cancer, colorectal 
cancer, pancreatic cancer, gastric cancer, lung 
cancer, etc.

6.3.1	 �Hepatocellular Carcinoma 
(HCC)

Hepatocellular carcinoma (HCC) is primary liver 
cancer with high mortality, and it is the most 
common malignant tumor in the world. HCC is 
the main histological subtype of liver cancer, 
accounting for 90% of primary liver cancer. 
Heredity, epigenetic changes, chronic hepatitis 
B, hepatitis C virus infection, aflatoxin exposure, 
smoking, obesity, and diabetes are the main risk 
factors for HCC. The poor prognosis of HCC is 
due to the high recurrence and metastasis rate. 
Although there have been some new technologies 
and methods in the diagnosis and treatment of 
HCC in recent decades, the 5-year overall sur-
vival of patients is very low, still at 3–5%.

Chemokines and their receptors play a com-
plex role in the progression of HCC. At present, 
chemokines and their receptors, such as 
CXCL12-CXCR4 axis, CX3CL1-CX3CR1 axis, 
and CCL20-CCR6 axis, have attracted extensive 
attention [57]. A large number of studies have 
shown that these signal axes are closely related 
to hepatocellular carcinoma. Ding et al. revealed 
the prognostic significance of CCL20 in patients 
with hepatocellular carcinoma after curative resec-
tion [58]. They found that CCL20 expression eval-
uated by immunohistochemistry in tumors was 
associated with tumor size, tumor number, vascular 
invasion, tumor differentiation, and recurrence. 
The recurrence-free survival rate and overall sur-
vival rate of patients with high expression of 
CCL20 were lower than those with low expression 
of CCL20. Multivariate analysis showed that 
CCL20 expression was an independent predictor of 
tumor recurrence, recurrence-free survival, and 
overall survival [58].These results suggested that 

CCL20 expression was associated with tumor 
recurrence and survival of HCC patients. Through 
determining secreted CCL20 levels in serum of 
two HCC cohort patients (n = 95, n = 85, respec-
tively) and observing the mRNA expression of 
CCL20 and CCR6 in 41 paired HCC tumor and 
adjacent non-tumor tissues, researchers showed 
that pretherapy serum CCL20 was elevated in 
HCC patients and CCR6 expression was increased 
in HCC tissues, of which both were closely asso-
ciated with tumor metastasis and disease poor 
prognosis [59]. Moreover, in HCC tissues, CCL20 
expression was positively correlated with CCR6. 
Importantly, the neutralization of CCL20 activity 
could reduce the incidence of tumors and inhibit 
tumor outgrowth and distal metastasis. After 
blocking CCL20 activity, tumor angiogenesis was 
significantly inhibited [59]. This further suggests 
that CCL20 may be a new target for the treatment 
of HCC.

6.3.2	 �Breast Cancer

Breast cancer is an important factor threatening 
women’s health, and it is the most common type 
of cancers in women. Breast cancer can be classi-
fied into different molecular subtypes, namely 
luminal A, luminal B, HER2+, and basal-like, 
according to the expression of specific genes in 
cancer cells, i.e., estrogen receptor (ER), proges-
terone receptor (PR), human epidermal growth 
factor receptor 2 (HER2), and nucleoprotein anti-
gen (ki67). Patients of some receptor-positive 
subtypes, such as luminal A, luminal B, and 
HER2+ subtypes, are commonly treated with 
strategies such as surgery, chemotherapy, radio-
therapy, endocrine therapy, and targeted therapy. 
Breast cancer without expression of the three 
receptors (ER-PR-HER2-), also known as triple-
negative breast cancer (TNBC) and predomi-
nantly identified as basal-like subtype, is the 
most malignant subtype of breast cancer, prone to 
recurrence, metastasis, and drug resistance.

Many cytokines play a specific role in the 
occurrence and development of breast cancer. 
Some may promote the progress of breast cancer 
by regulating the proliferation and invasion of 
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cancer cells, others affect the growth of breast can-
cer by regulating the self-renewal of breast cancer 
stem cells (BCSC), and some cytokines regulate 
the cancer process by regulating the microenviron-
ment of breast cancer.

The overall survival and metastasis-free sur-
vival of breast cancer patients with high CCL20 
expression were decreased. Intraperitoneal injec-
tion of anti-CCL20 antibody can inhibit bone 
metastasis of osteolytic breast cancer cells in 
mice. CCL20 treatment significantly promoted 
cell invasion and MMP-2/9 secretion in basal-
like TNBC cells, further confirming the role of 
CCL20 in bone metastasis of breast cancer [60]. 
Other studies have shown that overexpression of 
CCL20 promotes the proliferation and invasive-
ness of triple-negative breast cancer cells and 
accelerates the growth of tumors in xenograft 
models [61]. Moreover, CCL20 promotes the 
self-renewal of breast cancer stem cells and 
enhances the expansion ability of cancer stem 
cell population, suggesting that CCL20 may reg-
ulate the growth of breast cancer by affecting 
cancer stem cells. Interestingly, CCL20 can also 
enhance the chemotherapeutic resistance of 
breast cancer cells. It activates the NF-kappa B 
pathway through PKC and p38 MAPK, promotes 
the expression of ABCB1, the protein responsible 
for drug efflux, and then enables taxanes to be 
continuously pumped out of cells, thereby 
enhancing the drug resistance of cancer cells. In 
addition, paclitaxel chemotherapeutic drugs can 
significantly induce the production of CCL20, 
which also explains why cancer cells appear to be 
resistant to taxanes in the treatment of breast can-
cer: drugs induce the production of CCL20, and 
CCL20 promotes chemotherapeutic resistance 
[61]. Therefore, targeting CCL20 or the down-
stream pathway (such as NF-kappa B) activated 
by CCL20 can significantly improve the thera-
peutic effect of breast cancer patients, especially 
triple-negative breast cancer.

Communication between tumor cells and sur-
rounding cells is helpful to drive the development 
of tumors. Chemokine CCL20  in breast cancer 
microenvironment regulates the physiology of 
healthy breast epithelial cells in areas adjacent 
to the tumor. Breast cells of primary cultures of 

mammary cells taken from normal peritumoral 
areas expressed CCR6 [62]. CCR6 activates vari-
ous signal kinases that participates in the prolifera-
tion and migration of breast cells induced by 
CCL20. Moreover, different concentrations of 
CCL20 may have different effects on breast epi-
thelial cells. CCL20 (10 ng/ml) induces cell migra-
tion while 15–25  ng/ml CCL20 promotes cell 
proliferation [62]. In mechanism, CCL20 may 
promote cell invasion by PKC-alpha that activated 
Src, which may also lead to activation of down-
stream Akt, JNK, and NF-kB pathways [62]. 
Furthermore, CCL20 modulated the epithelial-
mesenchymal transition (EMT) of primarily cul-
tured healthy breast epithelial cells in areas adjacent 
to the tumor through downregulating E-cadherin 
and ZO-1 and upregulating N-cadherin, vimentin, 
and Snail expressions [63].

6.4	 �Tumor Microenvironment 
Alteration Mediated 
by CCL20 Signaling

Infiltration of specific type of cells is one of the 
most important aspects of CCL20 impacts on the 
tumor microenvironment. After being recruited 
into the tumor niche, these particular cells may 
undergo diverse alterations of themselves when 
challenged with the specific stimulus from tumor 
cells, in turn they will reprogram the tumor 
microenvironment to benefit cancer cell survival, 
leading to poorer prognosis of patients in the 
majority of cases. The following is the represen-
tative of recruited cell type via CCL20 signaling 
reported in recent studies.

6.4.1	 �Dendritic Cells (DCs)

DCs are the central cells in the development of 
antitumor immune response, but the number and 
function of these cells will change in microenvi-
ronment of various cancers. CCL20 functions in 
the recruitment of inflammatory cells by binding 
to CCR6 expressed on DCs which are critically 
linked to initiation of immunity to antigens and 
recruited to certain sites through CCL20-CCR6 
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interaction [64]. In colon cancer, the binding of 
lipopolysaccharide (LPS) to TLR4 activated 
ERK and NF-kappa B signals in colon cancer 
cells and promoted the production of CCL20. 
The chemoattractant ability to immature DCs of 
colon cancer cells after treatment with LPS was 
increased significantly. If CCL20 was neutral-
ized, this recruitment effect was significantly 
weakened, indicating that CCL20 mediated the 
recruitment of immature DCs by LPS-treated 
colon cancer cells [65]. In addition, plasmacytoid 
DCs (PDCs) from patients with melanoma 
expressed higher CCR6 levels than those from 
controls, and can migrate to CCL20 sites. CCR6-
expressing PDCs were present in melanoma pri-
mary lesions, and CCL20 was also produced in 
melanoma tumors, indicating that PDCs may 
contribute to the diagnosis of melanoma, and 
CCL20 may be involved in the recruitment of 
PDCs from blood to tumors [66].The infiltration 
of DC cells mediated by CCL20 signaling into 
the microenvironment of colon cancer and mela-
noma reprogrammed the tumor microenviron-
ment, influenced the characteristics of cancer 
cells, and ultimately affected the survival and 
prognosis of cancer patients.

6.4.2	 �Regulatory T Cells (Tregs)

Regulatory T cells (Tregs) are a subset of T cells 
that control autoimmune response. Dysfunction 
or abnormal expression of Tregs are closely cor-
related with the occurrence of autoimmune dis-
eases [67–69]. Tregs are very common in cancer 
tissues and can inhibit effective antitumor 
immune response. However, the reasons for the 
increase in infiltrated Tregs in tumors and its 
impact on cancer progression are not well dem-
onstrated. High expression of CCR6 on circulat-
ing Tregs and their directional migration to 
CCL20 accounted for the selective recruitment of 
tumor-infiltrating Tregs though CCL20-CCR6 
axis, which was also confirmed by the correlation 
of expression and distribution between intratu-
moral CCL20 and tumor-infiltrating Tregs [70]. 
The number of Tregs infiltrated into tumors was 

associated with cirrhosis background and tumor 
differentiation, and was an independent prognos-
tic factor for disease-free survival and overall 
survival [70]. Increasement of Tregs infiltration 
indicated poor prognosis in patients with hepato-
cellular carcinoma.

More interestingly, CCL20 signal influencing 
Tregs infiltration in the tumor microenvironment 
may originate from stromal macrophages besides 
tumor cells. In colorectal cancer (CRC), Tregs 
significantly infiltrated into tumors, and expressed 
CCR6 [71]. In the in  vivo and in  vitro experi-
ments, colon cancer cells (CMT93) and macro-
phages can produce a large number of CCL20. In 
the colon cancer graft model, injecting recombi-
nant mouse CCL20 protein into the tumor site 
could significantly promote tumor progression 
and increase Tregs recruitment [71]. In addition, 
conditional macrophage deletion can signifi-
cantly reduce CCL20 level, suppress Tregs 
recruitment, and then inhibit the growth of 
colorectal cancer [71]. CCl20 signaling from 
tumor cells or stromal macrophages mediates 
Tregs infiltration into tumor microenvironment 
through binding to CCR6 expressed in Tregs, 
which leads to cancer progression and poor prog-
nosis in HCC and CRC patients.

6.4.3	 �T Helper 17 Cells (Th17 Cells)

Th17 cells are a subset of T cells secreting inter-
leukin 17 (IL-17), which plays an important role 
in autoimmune diseases and body defense 
response. Th17 cells can produce and secrete 
IL-17, IL-17F, IL-6, tumor necrosis factor α 
(TNF-α), etc. These cytokines can motivate, 
recruit, and activate neutrophils collectively, thus 
effectively mediating inflammation in tissues. 
The main physiological roles of Th17 cells are to 
promote host defense against infectious agents, 
including certain bacteria, fungi, viruses, and 
protozoa and to maintain barrier immunity at 
mucosal surfaces, such as the gut and lungs, as 
well as in the skin [72–75]. Th17 cells are associ-
ated with the development of multiple cancers 
and the prognosis of patients, such as colorectal 
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cancer, bladder carcinoma, breast cancer, and 
cervical cancer [76–80].

In cervical cancer, there was obvious aggrega-
tion of Th17 cells in the tumor tissue, and this 
kind of Th17 cells were an activated phenotype, 
accompanied by a significant increase in CCR6 
expression [81]. The expression level of 
CCL20  in tumor tissue was significantly higher 
than that in normal control tissue, and there was a 
positive correlation between CCL20 and Th17 
cells. In addition, CCL20 can effectively che-
moattract Th17 cells in in vitro migration experi-
ments [81]. In cervical squamous cell carcinoma, 
level of CCAAT/enhancer-binding protein beta 
(C/EBPbeta) in cervical fibroblast was increased 
after the stimuli of IL-6 produced by cervical 
cancer cells [80]. Subsequently, the instructed 
fibroblast produced high level of CCL20 which 
attracted CD4/IL-17/CCR6-positive cells in a 
CCL20/CCR6-dependent manner. This study 
demonstrated a novel mechanism through which 
cervical cancer cells reprogram the tumor micro-
environment with the recruitment of Th17 cells 
via interplay between cancer cell and cervical 
fibroblast [80]. And the signaling axis IL-6/C/
EBPbeta/CCL20 may be considered as the novel 
targets for new strategies for cervical squamous 
cancer treatment.

6.5	 �Synergistic Tumor 
Regulation of CCL20 
with Other Cytokines 
in Tumor Microenvironment

There exists the cytokine network in tumor 
microenvironment to collectively regulate tumor 
progression [25, 82–85]. During the process that 
CCL20 functions in tumor microenvironment, 
other cytokines such as CXCL8 and IL-6 may 
participate in the modulation. Analysis based on 
213 colorectal cancer patients who underwent 
surgery identified CCL20 and CXCL8 as the 
prognostic factors of CRC patients [86]. More 
interestingly, CCL20 and CXCL8 could collab-
oratively induce epithelial-mesenchymal transi-
tion (EMT) in CRC cells but CCL20 or CXCL8 

alone could not. EMT was required to maintain 
cell migration and invasion of colorectal cancer. 
In addition, concomitant expression of CCL20 
and CXCL8 was negatively correlated with 
E-cadherin expression in CRC tissues, confirm-
ing the synergistic role of the two in mediating 
EMT in CRC cells. Liver metastases more likely 
occurred in patients with coexpression of CCL20 
and CXCL8. Besides, high expression of both 
CCL20 and CXCL8 predicted the poorest overall 
survival and disease-free survival of CRC 
patients, making the two designated as the inde-
pendent high-risk factor for CRC [86]. However, 
this study did not clearly demonstrate the interac-
tion manner between CCL20 and CXCL8 
mechanistically.

6.6	 �Input and Output of CCL20 
Signaling

The factors that can activate CCL20 signaling are 
diverse, and vary in different cancers. This may 
be due to differences in the characteristics of dif-
ferent types of cancer, such as the microenviron-
ment in which they live. If we call these molecules 
that activate CCL20 pathways as input signals, 
then the downstream pathway activated by 
CCL20 is the output signal of CCL20 (Table 6.1). 
Unlike input, the output of CCL20 signaling is 
relatively fixed, and most studies have shown that 
CCL20 can activate the NF-κB pathway to pro-
mote different cancer progression (Table 6.1). It 
is worth mentioning that, a study revealed that 
the positive-feedback loop between CCL20 and 
NF-κB contributed to the promotion of taxane 
resistance in triple-negative breast cancer [61], 
indicating NF-κB as both input and output of 
CCL20 signaling (Fig. 6.1).

6.7	 �Conclusions 
and Perspectives

Although CCL20 receptor is only CCR6, its 
effects in TME are diverse due to the follow-
ing reasons: firstly, as a cytokine, it acts in a 
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Table 6.1  Inputs (factors that promote CCL20 signaling) and outputs (pathways that CCL20 activates) of CCL20 
signaling

Molecules/
factors Cancer type Description Ref.

Input HCV HCC HCV induced CCL20 protein expression and secretion in hepatoma 
cells.

[87]

NNK Lung cancer Tobacco carcinogen nicotine-derived nitrosaminoketone (NNK) 
induces production of chemokine CCL20 to promote lung cancer.

[88]

CD105 Oral cancer CCL20 expression participated in CD105-elicited cell motility in 
oral cancer cells.

[89]

CXCR4 Prostate cancer CXCR4 upregulates CCL20 mRNA and protein expression in 
prostate cancer cells.

[90]

C/EBPβ Cervical Cancer Cervical cancer cells instructed primary cervical fibroblasts to 
produce high levels of CCL20 through C/EBPβ pathway.

[80]

ENO1 Head and neck 
cancer

ENO1-mediated cell transformation partly via CCL20 upregulation. [91]

HuR Breast cancer HuR regulates CCL20 production by directly binding to the 3′-UTR 
of CCL20 mRNA and stabilizing it.

[60]

lncRNA 
u50535

Colorectal 
cancer (CRC)

LncRNA-u50535 promotes CRC growth and metastasis via 
activation of CCL20 signaling.

[92]

NF-κB PDAC CCL20 represents the strongest TRAIL inducible direct RelA target 
gene in PDAC cells.

[93]

NF-κB Ovarian cancer The CCL20 promoter activity was regulated by NF-κB dependent 
pathways.

[94]

NF-κB TNBC CCL20 production in breast cancer cells could be abolished by 
inhibition of p65 NF-κB.

[61]

RBPJK Breast cancer. Silencing of RBPJK in MDA-MB-231 cells significantly decreased 
CCL20 mRNA while protein levels were not significantly altered.

[95]

RANK/
RANKL

Endometrial 
cancer

CCL20 was dramatically enhanced in RANKL-treated RANK 
over-expressed EC cells.

[96]

STAT3 HCC Tumor cells transfected with STAT3 siRNA presented significantly 
lower CCL20 expression than tumor cells transfected with control 
siRNA.

[97]

TLR4 Colon cancer TLR4 ligation by LPS significantly promotes CT-26 colon cancer 
cells to produce chemokine CCL20 via activation of TLR4 signaling 
pathways.

[65]

Output NF-κB Thyroid cancer CCL20/CCR6 interaction induced the activation of NF-κB, and 
stimulated the expression and secretion of MMP-3.

[98]

AwKT, 
NF-κB

GCTB CCL20 recruited mononuclear cells and induced osteoclastogenesis 
by overactivating the AKT and NF-κB signaling pathways.

[99]

PKC/
p38-NF-κB

TNBC CCL20 activated the axis of PKC/p38-NF-κB-ABCB1 in TNBC to 
promote taxane resistance.

[61]

ABCB1 Ovarian cancer CCL20 activated NF-κB signal pathway to promote ABCB1 
expression.

[100]

CrkL Gastric cancer CCL20 activated the expression of p-CrkL in MGC803 cells in a 
dose-dependent manner.

[101]

p38 Laryngeal cancer P38 was activated significantly when the cells were treated with 
CCL20 at 100 ng/ml.

[102]

ERK1/2, 
PI3K

Lung cancer CCL20 promoted lung cancer cells migration and proliferation in an 
autocrine manner via activation of ERK1/2-MAPK and PI3K 
pathways.

[103]

NNK nitrosaminoketone, PDAC pancreatic ductal adenocarcinoma, TNBC triple-negative breast cancer, EC endometrial 
cancer, LPS lipopolysaccharide, GCTB giant cell tumor of bone
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variety of ways, including autocrine, para-
crine, and endocrine; secondly, the input sig-
nals that can activate CCL20  in 
microenvironment are diverse, which makes it 
more complicated of CCL20 activation in 
tumor niche. In addition, by binding to CCR6, 
CCL20 recruits different types of cells to infil-
trate into TME, which further complicates the 
signaling network in the microenvironment. 
These reasons, but not limited to them, make 
CCL20 regulate the malignant progression of 
multiple cancers.

However, so far, there are still some prob-
lems to be solved or worth exploring. Does 
CCL20 have potential clinical value as a target 
for cancer treatment? This requires more in vivo 
and even clinical experiments to illustrate. 
What is the importance of CCL20 signal in 
tumor microenvironment? Will its deletion 
cause great changes in tumor microenviron-
ment and subsequent effects on tumor growth 
and even cancer treatment efficacy? CCL20-
knockout mice model may be helpful to this 
problem. In addition, changes in the metabolic 
pattern of cancer cells cannot be ignored in the 
process of cancer development, so does CCL20 
signal also have an impact on it? Therefore, 
more experiments and efforts are needed to 
bring us closer to the true face of CCL20  in 
tumor microenvironment.
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