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Abstract: Prostate cancer (PCa) is considered as the most common cancer of urologic 
neoplasms, and its development and prognosis are associated with many factors. Chemokine 
receptor signaling combine with advances in advanced clinicopathological characteristics have 
provided new insights into the molecular landscape of prostate cancer. Chemokine (C-C motif) 
ligand 5 (CCL5) is an important member of the CC subfamily of chemokines. The expression 
of chemokine CCL5 is positively correlated with poor prognostic features in patients with PCa. 
Current study suggested that CCL5/CCR5 axis plays a significant role in the proliferation, 
metastasis, angiogenesis, drug resistance of prostate cancer cells and promotes self-renewal of 
prostate cancer stem cells (PCSCs). Due to the major domination in CCL5 by prostate cancer 
and the high cancer-specific mortality with prostate cancer, research on the CCL5/CCR5 axis 
effective antagonists is widespread application. However, challenges for precision oncology of 
CCL5/CCR5 axis and effective antagonists in CRPC remain. Herein, we summarized the 
crucial role of CCL5 in promoting the development of PCa and discussed the antitumor 
application of the antagonists of CCL5/CCR5 axis. 
Keywords: chemokine, tumor development, CCR5, antagonists

Introduction
Prostate cancer (PCa), a kind of heterogeneous malignancy, is the most common 
cancer and the second most common cause of cancer-related mortality among men 
in the United States, with 174,650 new cases and 31,620 deaths estimated in 2019.1 

Regulated by a huge variety of intrinsic and microenvironmental factors, tumor 
development and malignancy are multifactorial result.2,3 The microenvironmental 
mediator has become a promising target for PCa treatment.4 Notably, the chemo-
kines, as microenvironmental mediators, are an important messenger mediating the 
development of PCa.4 For example, CCL5, the abundant chemokine derived from 
tumor-associated macrophages, can promote PCa metastasis.5 Increased levels of 
CCL5 in tissues or blood are positively associated with the poor prognosis and 
advanced clinicopathological characteristics of PCa.5 Accumulating evidences sug-
gest that targeting the CCL5/CCR5 axis can be viewed as an effective antitumor 
strategy for PCa treatment.5 At present, the antagonists of this axis associated with 
PCa are cenicriviroc, maraviroc, anibamine and DT-13. These antagonists can exert 
valid antitumor effects on PCa.

Herein, we review the crucial role of CCL5 in promoting the development of 
PCa and currently available antagonists that target the CCL5/CCR5 axis for PCa 
treatment.
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Chemokines and CCL5
Chemokines belong to the superfamily of chemotactic 
cytokines,6 soluble small molecule (8–14 kDa) signaling 
proteins7 whose receptors are typically seven- 
transmembrane guanine nucleotide-binding protein 
(G-protein) coupled receptors (GPCRs).4 The specific 
binding of chemokines to chemokine receptors will acti-
vate the downstream pathway of phosphatidylinositol 3 
kinase and small Rho guanosine triphosphatase.8 The 
first chemokine, platelet factor 4 (PF-4/CXCL4), became 
known in 1977.9 Since then, chemokines have been iden-
tified and divided into four subfamilies: CXC, CC, CX3C, 
and C chemokines.10 Currently, CXCLn, CCLn, CLn and 
CX3CLn (L is a ligand, n is a different number) are used 
to represent different members of the CXC, CC, C, and 
CX3C families.11 The CC chemokines are known by the 
two adjacent cysteines at the amino terminus and are 
closely related to inflammation and the immune 
response.12 Recent studies have indicated that CCL2213 

and CCL514,15 can promote PCa cell migration. CCL5 was 
originally discovered in 1988 by analyzing cDNA libraries 
of subtracted T cells,16 but detailed reports on the relation-
ship between CCL5 and PCa were not available until 
2004.17 As a member of the CC subfamily, CCL5 is 
expressed in T lymphocytes, macrophages, synovial fibro-
blasts, tubular epithelium, endothelial cells, and selected 
tumor cells, including PCa cells.5,18 It mainly interacts 
with CCR5 while it can also bind other classic receptors 
CCR1, CCR3, CCR4 and GPR75 and the atypical recep-
tors ACKR1 and ACKR2 in various cell types.19 When 
CCL5 recognizes and binds its receptors, such as CCR5, 
heterotrimeric G proteins and JAK family tyrosine kinases 
are activated to trigger multiple downstream signaling 
cascades thus conferring not only the proliferation, metas-
tasis, angiogenesis, and drug resistance of prostate cancer 
cells, but also the self-renewal of prostate cancer stem 
cells (PCSCs).5

The Role of CCL5 in the 
Development of Prostate Cancer
Along with unceasingly thorough research, the occurrence 
of tumors has been realized to be related to many factors. 
Chemokines have a wide range of biological functions and 
are worthy of further study. Among them, CCL5 is the 
most prominent, for it is not only involved in an inflam-
matory reaction20 but also closely related to tumorigenesis, 
tumor growth, invasion and metastasis.2,17 We reviewed 

existing studies of CCL5 promoting the proliferation, 
angiogenesis, metastasis, drug resistance of prostate cancer 
cells and the self-renewal of PCSCs, and which are shown 
in Figure 1.

Dr. Vaday reported that CCL5 alone could promote the 
proliferation of PCa cells.21 At the same time, the combi-
nation with the CCR5 antagonist TAK-779 inhibited the 
proliferation of PCa cells, suggesting that CCL5 may act 
by binding to CCR5.21 There is a research demonstrated 
that the interaction of the cell surface prostate-specific 
membrane antigen (PSMA) with specific antibodies 
strongly induce NF-κB activation and then promote the 
gene expression of IL-6 and CCL5.22 And CCL5/CCR5 
interactions lead to the upregulation of cyclin D1 and 
ultimately promote the proliferation of LNCaP cells by 
promoting phosphorylation of STAT5.22 After the addition 
of CCR5 antibody, cell proliferation was inhibited.22 In 
addition, CCL5 could also stimulate cell proliferation by 
activating the mTOR pathway, resulting in rapid upregula-
tion of cyclin D1 and c-Myc.23 The mutual effect between 
CCL5 and CCR5 could also increase the uptake of glu-
cose, increase ATP production and augment glycolysis in 
tumor cells, thereby promoting tumor cell proliferation.23

By injecting polyester-polyurethane sponges into mice 
to induce inflammation, researchers shown that neovascu-
larization was associated with dynamic changes in the 
chemokine CCL5.24 Furthermore, exogenously added 
CCL5 in CCR5 knockdown C57BL/6J mice did not pro-
mote corneal neovascularization, suggesting that CCL5/ 
CCR5 could promote corneal neovascularization.25 In 
a study of ovarian cancer, the researcher identified that 
CCL5 promoted tumor angiogenesis by activating NF-κB 
and STAT3 pathways.26 After genetic analysis of BPH 
(Benign Prostate Hyperplasia) cells with CCL5 interven-
tion, the researcher discovered that the expression of 
angiogenin and pleiotrophin significantly increased, both 
of which were potent inducers of angiogenesis.27

There are still not enough to uncover the black box of 
tumor metastasis.28–31 Most research on tumor metastasis 
has focused on the movement of tumor cells.32,33 It is 
generally regarded that chemokine signaling pathways 
promote chemotactic migration. Stuelten describes that 
when chemokines bind to their receptor, a series of down-
stream pathways will be activated.34 These include several 
classical pro-metastatic pathways, such as the PI3K and 
PTEN pathways.34 With that pathways being activated, 
cell redistributes the phosphatidylinositol-3,4,5-trispho-
sphate (PIP3) to the leading edge of cells and harbour 
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pleckstrin homology (PH) domain-containing proteins to 
the front of cells, and these changes cause actomyosin 
contraction and tail retraction and finally cause cell 
migration.23,34,35

CCL5, an important chemokine, promotes the migra-
tion and invasion of a variety of tumors, including 
PCa.36–41 As early as 2003, Vaday et al demonstrated 
that the invasive ability of PCa cells in the CCL5 experi-
mental group was approximately twice as high as that in 
the control group, and the effect was weakened after 
administration of the CCL5 antagonist TAK-779.23 When 
CCL5 binds to CCR5, as described above, their interaction 
could also activate the PI3K/Akt pathway, which belongs 
to the star complex molecular pathway of PI3K-PTEN- 
mTOR, and the NF-κB pathway, which could promote the 
secretion of MMP-9 and MMP-2.34,42 In addition, the 
interaction between CCL5 and CCR5 could also promote 
metastasis by activating ERK and Rac signaling.34 

Notably, Ras oncogenic signaling pathways could activate 
Jnk signaling pathways, which have been regarded as 

important signaling pathways in human tumor 
metastasis.34 And the activated Jnk signaling pathways 
not only leads to tumor cell proliferation but also promotes 
tumor metastasis by enhancing the expression of matrix 
metalloproteinases (MMPs) and reducing the expression of 
epithelial–mesenchymal transition (EMT) markers such as 
E-cadherin.43 Moreover, CCL5 could also upregulate 
MMP-9 by activating STAT3 signaling pathways.44 In 
other cases, the CCL5/CCR5 axis could promote tumor 
metastasis by activating MEK or ERK signaling pathways, 
leading to the activation of αvβ3 integrin.45 Sottnik et al 
demonstrated that CCL5 derived from a mouse long bone 
microenvironment could promote metastasis of PCa cells 
and post-metastasis tumor growth.46 Similarly, Yeh found 
that cancer-associated fibroblasts (CAF) can secrete IL-6 
and CCL5 to recruit macrophages, and then macrophages 
can promote PCa cells metastasis by secreting IL-6 in the 
tumor microenvironment.47 Zhao48 illuminated that after 
co-culture of human umbilical vein endothelial cells 
(HUVECs) and the CRPC cell line C4-2, CCL5 was the 

Figure 1 The role of CCL5 in PCa. CCL5 promotes PCa proliferation, angiogenesis, metastasis, the formation of stem cells and drug resistance via the crosslinking with 
CCR5 or CCR1.
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most abundant chemokine in the culture supernatant, and it 
could enhance autophagy by inhibiting the AR pathway, 
ultimately reducing cell adhesion and promoting the 
metastasis of PCa.48 Interestingly, another study found 
that CCL5 secreted by bone stromal cells could activate 
the AR signaling pathway which promoting metastasis of 
PCa cells.49 Karnoub found that CCL5 derived from 
mesenchymal stem cells could induce a metastatic pheno-
type and promote tumor metastasis by binding to its recep-
tor CCR5 in primary tumor tissues.41 Furthermore, 
researchers have noted that distant tumor metastasis is 
closely related to the intravascular microenvironment, 
which is the result of the interaction between tumor cells, 
white blood cells, platelets, and vascular endothelial 
cells.50 The study finally confirmed that tumor cells 
could interact with white blood cells and platelets, which 
could stimulate the microvascular endothelial cells to 
secrete CCL5, recruiting macrophages to promote tumor 
metastasis.50 In this study, CCL5 promoted tumor metas-
tasis by changing the tumor metastasis microenvironment 
rather than directly affecting tumor cells.50 As mentioned 
earlier, CCL5 can bind to several different receptors and it 
plays a role in promoting tumor metastasis not only by 
binding to the major receptor CCR5 but also by binding to 
the receptor CCR1.18 Interaction between CCR1 and 
CCL5 could also promote the migration of taxane- 
resistant prostate cancer cells by activating Rac signaling 
pathway and by increasing the release of MMP-2 and 
MMP-9 via the activation of ERK signaling pathway, 
indicating that CCR1 could be a novel therapeutic target 
for taxane-resistant prostate cancer.15 Notably, prostate 
cancer stem cells (PCSCs) play a vital role in PCa metas-
tasis, which is considered as a barrier for successful PCa 
treatment. For example, Huang demonstrated that CCL5 
could promote PCa metastasis via activating β-catenin 
/STAT3 signaling which is a robustly relevant pathway 
of cancer stem cells.5

At present, the mainstream understanding is that CSCs is 
small fractions, approximately 0.1% to 1%, of tumor cells in 
tumor tissues, with self-renewal and multi-directional differ-
entiation capabilities.51 There is increasing evidence that 
chemokines could promote the self-renewal of CSCs.52–55 

For example, CCL5 could increase the self-renewal of ovar-
ian cancer stem-like cells.56 Studies have found that CCL5 
secreted by PC3 and DU145 cells recruited bone marrow 
mesenchymal stem cells, constituting the tumor immune 
microenvironment of PCa which promoted the growth, 
metastasis, and drug resistance of PCa cells.57 Luo et al, 

via co-culture of bone marrow mesenchymal stem cells and 
PCa cells, confirmed a new pathway of action named the 
CCL5-AR-CXCR4/ZEB-1 axis.58 The CCL5 mRNA 
expression and the secretion of CCL5 were upregulated, 
which could inhibit AR nuclear translocation and promote 
the self-renewal of PCSCs.58 Consequently, the activated 
axis led to the upregulation of ZEB-1, snail and MMP9 
and finally promoted the metastasis of PCa.58 Luo et al 
also showed that CCL5, released by bone marrow mesench-
ymal stem cells (BM-MSCs), enhanced hypoxia-inducible 
factor 2α (HIF2α) expression to inhibit AR and HSP90 
binding, suppressing nuclear translocation of AR and silen-
cing the androgen receptor (AR) signaling pathways that 
promote the self-renewal of PCSCs and PCa metastasis.59

In addition, it is necessary to determine the mechanism 
of tumor drug resistance, which can guide future clinical 
treatment strategies. When the TLR3 signaling pathway is 
triggered by DAMPs in HNSCC cells, downstream che-
mokines, such as CCL5, are activated resulting in resis-
tance to cisplatin.60 In malignant ovarian cancer, cisplatin 
promoted the secretion of CCL5 by activating cancer- 
associated fibroblasts (CAFs), and then attenuated the 
cytotoxic effect of cisplatin on tumor cells.61 It was also 
found that CCL5 facilitated cisplatin resistance by promot-
ing STAT3 phosphorylation and activating the STAT3 
signaling pathway.61 CCL5 could also inhibit apoptosis 
signaling and promote tamoxifen resistance in breast can-
cer by promoting STAT3 phosphorylation.62 A study sug-
gested that the treatment with docetaxel promotes the 
infiltration of CD4+ T cells in PCa tissue, and CD4+ 

T cells secrete CCL5 to activate STAT3 signaling pathway 
which promotes PCa Docetaxel resistance.63 CCL5 has 
been shown to be associated with drug resistance in var-
ious tumors. Docetaxel resistance in advanced PCa is 
a significant factor in treatment failure. So, it is essential 
to confirm the key role of CCL5 in PCa drug resistance.

The Therapeutic Effect of Drugs on 
the Action of CCL5/CCR5 Axis in 
Prostate Cancer
Clinical evidence has indicated that the level of CCL5 in 
tissues or blood is associated with the poor prognosis of 
various tumors, including PCa,5 breast cancer,64 gastric 
cancer65 and so on. By analysing 36 cases of PCa or 
benign prostatic hyperplasia, König et al identified that 
CCR5 is elevated in more than 89% of PCa tissues.17 

Using GO term analysis, Sicoli et al found that the 
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expression of CCR5 in mouse PCa tissue was 11.3 times 
higher than that in mouse normal prostate tissue.66 In 
addition, by consulting the Oncomine database, they 
found that the expression of CCR5 in patients with PCa 
was 4 to 5 times higher than that in normal controls, which 
can also be confirmed by other public databases.66 

Through the analysis of clinical specimens of patients, 
a study found that in the androgen-independent prostate 
cancer (AIPC) bone metastasis site, the expression of 
CCL5 was approximately 24 times higher than that of 
the primary site of PCa.13 Likewise, through analysis of 
the difference between tumor and non-neoplastic tissues in 
patients with PCa, several studies demonstrated that the 
expression of CCL5 significantly increased in stromal 
cells67 and was approximately 2.31 times than that of 
normal adjacent tissues.68 According to the analysis of 
272 clinical serum specimens, the level of CCL5 in 
patients with cancerous prostates was approximately 
25,323.63 ± 1210.77 pg/mL, which was different from 
that of patients with non-cancerous prostates as 
22,339.28 ± 1185.27 pg/mL (P = 0.080).69 These findings 
suggest that the CCL5/CCR5 axis has good clinical appli-
cation prospects as a new therapeutic target and for mon-
itoring or predicting disease development in liquid biopsy. 
Evaluated in germ-line DNA samples from 814 African- 
American and Jamaican men by genetic analysis of variant 
chemokine-associated SNPs, for example, CCR5 gene was 
linked with a 1.52–1.73 fold increase in PCa risk.70 CCL5/ 
CCR5 inhibitors could exert their antitumor effects.21,66

The current drug development focused on the CCL5/ 
CCR5 axis is primarily directed at CCR5. And the impor-
tance of CCR5 in HIV infection has led to the 

development of compounds that target CCR5.71 

Currently, Maraviroc, a marketed drug for CCR5, is pri-
marily used to treat HIV because of its good tolerance, and 
it is also beneficial in advanced metastatic colorectal 
cancer.72 As seen from various studies and reviews, 
antagonists of CCR5 in previous clinical applications are 
vicriviroc,73 aplaviroc,74 INCB009471,75 cenicriviroc 
(also known as tako-799),76 PRO140 (Leronlimab),77 

anibamine,78 Met-CCL5,79 OTR412080 and OTR4131,80 

DT-13,81 and Cenicriviroc TBR-652.82 Herein, the follow-
ing will focus on CCR5 inhibitors associated with PCa, 
including cenicriviroc, maraviroc, anibamine and DT-13 
which are shown in Table 1.

Maraviroc
Maraviroc, the first-in-class CCR5 inhibitor, was approved 
by the FDA in 2007 and is used primarily for the clinical 
treatment of HIV,83 with a 50% inhibitory concentration 
(IC50) of CCR5 of 5.2 nM.84 Increased expression of 
CCL5 and CCR5 is associated with metastasis and poor 
prognosis in PCa.5 Building a stable animal model of bone 
metastasis contributes to the research of PCa. Sicoli have 
innovatively established a new stable cell line for the study 
of PCa bone metastases.66 They utilized v-Src oncogene- 
transformed prostate epithelial cells and then used these 
cells to construct a mouse metastasis model, finding that 
metastasis occurred in all mice.66 They demonstrated that 
there was a significant difference in the expression of 
CCR5 between normal mouse prostate tissue and v-Src- 
PEC subcutaneously implanted tumor tissue.66 At the 
same time, Src is activated in AKT survival pathway, 
and is required for CXCLR activation in metastatic cancer, 

Table 1 The Therapeutic Effect of Drugs on the Action of CCL5/CCR5 Axis in Prostate Cancer

Name Characteristics Effects of Anti-Prostate Cancer References

Maraviroc 1. CCR5 Antagonist.
2. IC50 of CCR5 is 5.2 nM.

1.Reduced the rate of brain metastasis and bone metastasis 

in vivo.

[66,83,84]

Cenicriviroc (also known as 

TAK-799)

1.CCR5 and CCR2 

Antagonist. 
2.IC50 of CCR5 is 1.4 nM.

1.Inhibition of tumor proliferation and migration in vitro. [21,76]

Anibamine 1.CCR5 Antagonist. 

2.IC50 of CCR5 is 1.0 μM.

1.Inhibition of tumor proliferation and migration in vitro. 

2.provides a structural skeleton of chemical modification of 

CCR5 antagonist in vitro.

[85–88]

DT-13 1.CCR5 Antagonist. 

2.IC50 of CCR5 is 1.0μM.

1.Inhibition of tumor proliferation, angiogenesis and migration 

in vitro. 
2.Synergistically enhance the effect of chemotherapeutics in vitro.

[81,90–93]
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maraviroc prostate cancer metastasis to bone by block 
CCR5 signaling.66

Cenicriviroc
Cenicriviroc, also called TAK-799, is a CCR5 non-peptide 
small molecule inhibitor that was first reported in a study 
on HIV in 1999. With good oral bioavailability and long 
half-life, its 50% inhibitory concentration (IC50) of CCR5 
is 1.4 nM.76 As early as 200621, Dr. Vaday found that 
TAK-799 attenuated the effect of CCL5 in promoting 
migration and proliferation of PCa cell lines DU145 and 
PC3, but the use of TAK-799 alone had no inhibitory 
effect, which means that other experiments, such as 
experiments in vivo, are needed to confirm whether it 
has an effect on PCa.21

Anibamine
Anibamine, the natural product CCR5 antagonist with 
an IC50 at 1 μM in competition with 125I-gp120, plays 
a decent role against PCa and provides a structural 
skeleton for chemical modification of the CCR5 
antagonist.85 Studies have found that anibamine could 
significantly inhibit the proliferation and metastasis of 
PCa cells by inhibiting CCR5.86,87 Under the full under-
standing of the structural skeleton of anibamine, Zhang 
et al constructed 17 anibamine analogues and tested 
their activity, enhancing the anti-tumor activity of ani-
bamine through structural modification and showing 
potential for good clinical application of an anibamine 
antagonist in PCa.88

DT-13
DT-13, as a saponin monomer of dwarf lilyturf tuber,89 has 
chemical properties and good oral bioavailability 

compared with similar drugs and inhibits the expression 
of CCR5 as well as the secretion of CCL5.90,91 A study 
found that DT-13 has a very comprehensive anti-tumor 
activity, inhibiting the proliferation, metastasis, and angio-
genesis of tumor cells.92 In addition, DT-13 could also 
augment the role of other antitumor drugs and synergisti-
cally enhance the effect of vinorelbine in non-small cell 
lung cancer92 and the effect of topotecan in gastric 
cancer,93 for example. The IC50 of PCa cell proliferation 
inhibition by DT-13 is approximately 5 μM.81 Other stu-
dies have shown that DT-13 can inhibit the expression of 
Integrinβ1 and MMP2/9 and induce apoptosis by blocking 
the PI3K/Akt pathway, thereby inhibiting the proliferation 
and migration of PCa cells.81

Regulation of CCL5 Expression and 
Its Downstream Signaling Pathways
The Transcription Factor Related to 
CCL5 Expression
The full length of CCL5 gene is 9303 bp, and it is 
located on chromosome 17q12 by searching in NCBI 
database.18 It has three transcripts: the 1365 bp CCL5- 
201, the 1244 bp CCL5-202 and the 719 bp CCL5-203. 
The transcription factors regulating human CCL5 
expression are complex and diverse. Current findings 
indicated that the CCL5 promoter submodels can be 
divided into six regions.94,95 Based on previous studies, 
CCL5 promoter base sequence and binding transcrip-
tion factor were summarized94,95 and shown in Figure 
2. Moreover, there are some bioinformatic strategies to 
predict the transcription factor of CCL5. Firstly, the 
base sequence −2000 bp to 100 bp from the CCL5 
transcriptional start point was found by analyzing the 

Figure 2 Model of the regions of the human CCL5 promoter. The regions A to E and G named in order of discovery and their base sequence and binding transcription 
factor were summarized. The percentages below each region demonstrate the percentage of CCL5 promoter activity remaining after deleting that region. 
Abbreviations: NFAT, nuclear factor of activated T cells; PU.1/Ets-1, Ets family members; ATF3, activating transcription factor 3; JunD/FosB/Fra1/Fra2, AP1 family members; 
R(C)FLAT, R(C) factor of late activated T cells; HMG(γ), high-mobility group protein (γ); IRF-1, interferon regulatory factor-1; GABP, GA binding protein; NF-IL6, nuclear 
factor of interleukin 6; C/EBP, CAAT/enhancer binding protein; SPBP, stromelysin-1 PDGF responsive element binding protein; NF-ƙB, nuclear factor kappa B; p50/p50, NF- 
ƙB p50 subunit homodimer; p50/p65, NF-ƙB Rel family members; R(A)FLAT-1, R(A) factor of late activated T cells-1; Sp1, stimulating protein 1.
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UCSC database. Secondly, based on the sequence of 
CCL5 transcriptional start point, the transcription fac-
tor regulating CCL5 was predicted through using the 
PROMO database with 5% fault tolerance, which are 
shown in Figure 3 plotted via Cytoscape software.96

The Downstream Pathways of 
Chemokine CCL5
First, CCL5 can upregulate cyclin D1 expression by promoting 
phosphorylation of STAT5, which leads to the proliferation of 
PCa cells.22 Second, CCL5 can promote ovarian cancer 

Figure 3 The transcription factor regulating CCL5 predicted by analysing the UCSC database. We firstly found the base sequence −2000 bp to 100 bp from the CCL5 
transcriptional start point and then predicted the transcription factor with the base sequence through using the PROMO database with 5% fault tolerance. 
Abbreviations: TBP, TATA-binding protein; TFⅡD, general transcription factor; PITX2, paired-liked homeodo-main transcription factor 2; TCF-4, T cell factor 4; VDR, 
vitamin D receptor; XBP-1, X-box binding protein-1; YY1, YIN-YANG 1; IK-1, IKaros-1; PR, progesterone receptor; P53, tumor suppressor gene; FOX, Forkhead box; C/ 
EBP, CAAT/enhancer binding protein; AP-2, integrase-type DNA-binding superfamily protein; AR, androgen receptor; Jun/Fos, AP1 family members; Ets-1/Ets-2, Ets family 
members; C-Myb, MYB proto-oncogene; ER, Leucine-rich receptor-like protein kinase family protein; GATA, Glutamyl-tRNA amidotransferase, subunit A; GR, glutathione 
reductase; HNF-1A/HNF-1B/HNF-1C, HNF1 homeobox family members; IRF-1, interferon regulatory factor-1; LEF-1, lymphoid enhancer binding factor 1; NF-1, nuclear 
factor-1; NF-AT, nuclear factor of activated T cells; NF1/CTF, nuclear factor 1 family of site-specific DNA-binding proteins; NF-Y, nuclear factor-Y; Pax-5, paired box 5; PEA3, 
polymoma virus enhancer 3; PPAR, peroxisome proliferator-activated receptor; PXR/RAR/RXR, nuclear receptor; RelA, RELA proto-oncogene, NF-kB subunit; Sp1, 
stimulating protein 1; STAT, signal transducer and activator of transcription; T3R-β1, thyroid hormone receptor-beta 1.
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angiogenesis by activating the NF-κB and STAT3 pathways.26 

Luo et al demonstrated that the CCL5/HIF2α/AR/ZEB-1 axis 
promotes the self-renewal of PCSCs and PCa metastasis.58,59 

CCL5 enhanced hypoxia-inducible factor 2α (HIF2α) expres-
sion to inhibit AR and HSP90 binding, thereby decreasing the 
nuclear translocation of AR, which ultimately leads to the 
upregulation of ZEB-1.59 Third, Zhao et al illuminated that 
CCL5 can increase autophagy, which can weaken cell adhe-
sion and further the metastasis of PCa.48 Kato found that the 
crosslinking of CCL5 and CCR1 activates the RK signaling 
pathway to promote the release of MMP2/9 and activate the 
Rac signaling pathway, ultimately facilitate PCa metastasis.15 

Moreover, Xiang found that CCL5 can activate STAT3 signal-
ing pathway and that contributes to PCa docetaxel resistance.63 

These are summarized and shown in Figure 4.

Conclusion
This review clarifies the role of CCL5 in PCa and the 
development made in CCL5 research. The chemokine 
CCL5 activates a series of downstream pathways 
through specific binding to the CCR5 receptor. CCL5 
plays an important role in tumor growth, metastasis, 
angiogenesis, tumor resistance, and self-renewal of 
tumor stem cells. As a key factor that promotes tumor-
igenesis and tumor development, CCL5 is regulated by 
multiple elements. Some drugs can reduce the expres-
sion of CCR5 and the secretion of CCL5, thus exerting 
effective antitumor activity. The CCL5/CCR5 axis has 
a quite broad tumor-promoting effect. And its antago-
nists are prospective for clinical application which is 
worthy of further study.

Figure 4 The schematic diagram of the downstream pathways of CCL5 in PCa. (A) The human umbilical vein endothelial cells (HUVECs), bone stromal cells, macrophages 
and cancer-associated fibroblasts (CAF) can promote PCa cell metastasis by secreting CCL5 in tumor microenvironment. (B) By secreting CCL5, bone marrow mesenchymal 
stem cells (BM-MSCs) promote PCa metastasis and stemness. (C) By secreting CCL5, PCa recruit mast cells which can release FGF-2, VEGF and IL-6 to promote 
angiogenesis. (D) CCL5 promotes the proliferation of prostate cancer. (E) CCL5 promotes the drug resistance of prostate cancer.
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