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Background. Glioblastoma is the most frequent and aggressive brain tumour in humans with median survival from 
12 to 15 months after the diagnosis. This is mostly due to therapy resistant glioblastoma stem cells in addition to inter-
tumour heterogeneity that is due to infiltration of a plethora of host cells. Besides endothelial cells, mesenchymal 
stem cells and their differentiated progenies, immune cells of various differentiation states, including monocytes, 
comprise resident, brain tumour microenvironment. There are compelling evidence for CCL5/CCR5 in the invasive 
and metastatic behaviour of many cancer types. CCR5, a G-protein coupled receptor, known to function as an es-
sential co-receptor for HIV entry, is now known to participate in driving tumour heterogeneity, the formation of cancer 
stem cells and the promotion of cancer invasion and metastasis. Clinical trials have recently opened targeting CCR5 
using a humanized monoclonal antibody (leronlimab) for metastatic triple negative breast cancer (TNBC) or a small 
molecule inhibitor (maraviroc) for metastatic colon cancer. There are important CCL5 and CCR5 structure and signal-
ling mechanisms in glioblastoma. In addition, the CCL5/CCR5 axis directs infiltration and interactions with monocytes/
macrophages and mesenchymal stem cells, comprising glioblastoma stem cell niches. 
Conclusions. CCR5 is highly expressed in glioblastoma and is associated with poor prognosis of patients. CCL5/CCR5 
is suggested to be an excellent new target for glioblastoma therapy. The molecular mechanisms, by which chemoat-
tractant and receptor respond within the complex tissue microenvironment to promote cancer stem cells and tumour 
heterogeneity, should be considered in forthcoming studies.
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Introduction

Brain tumours originate from various types of 
cells, of which gliomas are most frequent. Recent 
epidemiological data in UK confirmed that glio-
blastoma (GB) is also the most common among 
glial tumours with 5–7 cases per 100.000 individu-
als yearly, and represents 50% of all gliomas.1 The 
World Health Organisation (WHO) distinguishes 
four grades of glioma, of which GB is the most 
aggressive, invasive, and lethal among all types 
of brain tumours. According to the standard his-

tological classification, GB originates from neo-
plastic glial cells, also called astrocytes, either via 
the de novo pathway without clinical or histologic 
evidence of a less malignant precursor lesions (pri-
mary glioblastoma) or via the progressive pathway 
through development from a low-grade astrocy-
toma, progressing to anaplastic astrocytoma into 
diffuse glioblastoma (secondary glioblastoma). 
The major marker of secondary glioblastoma is 
mutated isocitrate dehydrogenase (IDH1)2, al-
though also expressed in the proneural subtype 
of primary glioblastoma. Regardless of the origin, 
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GB is characterized by histological features, such 
as necrosis, vascular proliferation and pleomor-
phism.3 Contrary to most tumour types, irradia-
tion and chemotherapy have proven to be ineffec-
tive to impair GB progression in longer term, dem-
onstrating its remarkable therapeutic resistance.4 
Commonly used chemotherapeutic is temozolo-
mide (TMZ), showing the highest effectiveness in 
GB.3,5 However, only in about 55–60% of patients 
with methylated, i.e. silenced gene coding for 
O6-methylguanine deoxyribonucleic acid (DNA) 
methyltransferase (MGMT), thereby lowering the 
enzyme expression, the responsiveness to TMZ is 
more effective.6 There is thus continuous search 
for new, adjuvant therapeutics, including kinase 
inhibitors, anti-angiogenic agents and recently 
also immunotherapeutics, to increase average sur-
vival of glioblastoma patients.

There are other reasons for GB therapy resist-
ance, i.e. the presence of glioblastoma stem cells 
(GSCs), mostly due to their high DNA repair 
mechanisms expression.7 The heterogeneity and 
plasticity of these cells that carry the genetic fin-
gerprint of the developing glioma, has been rec-
ognised as one of the additional obstacles for their 
resistance. GSCs, similar to normal neural cells, 
which are precursors of glial and neural cells, 
express the characteristic stemness genes (e.g. 
CD133, Sox2, Nanog, Olig 4, Notch, etc.), in addi-
tion to selected oncogenes and tumour suppres-
sor genes.8 The initial transcriptome analyses by 
Philips et al 9 and Verhaak et al.10, set the basis for 
the Cancer Genome Atlas (TCGA), defining four 
different glioblastoma subtypes: the proneural 
(PN), mesenchymal (MES), neural (N), and clas-
sical (CL) by their major genomic characteristics, 
which are: PDGFRA/IDH1 (in PN), NF1/TP53 (in 
MES) and epidermal growth factor receptor EGFR 
abnormalities i.e. amplification of the epider-
mal growth factor (EGF) (in N) and mutation in 
EGFRvIII/PTEN (in CL). These GB subtypes differ 
significantly in survival rate, being shorter in MES 
subtype. However, mixed subtypes are observed 
in the single tumour, giving rise to intra-tumour 
heterogeneity.11

Tumour microenvironment 

Solid tumour progression is not only relaying on 
the genetic and epigenetic variations of cancerous 
cells acquired during their evolution, but also on 
how their homotypic and heterotypic interactions 
with the stromal cells of associated microenviron-

ment are. The “tumour microenvironment” (TME) 
consists not only of local, resident cells being in-
vaded by the tumour cells, but also of infiltrating 
host cells, e.g. bone-marrow and blood-derived 
mesenchymal stem cells (MSC) and haematopoiet-
ic stem cells (HSC) and their progenitors, e.g. ma-
ture lymphocytes, macrophages, etc. Very recently, 
Salmon et al.12 reviewed specific determinants that 
might influence tumours development and argue 
that unrevealing these selective interactions, medi-
ating for example tumour immunity should facili-
tate development of immunotherapeutic precision 
strategies for patients with cancer.

In glioblastoma in addition to their autonomous 
(inter-tumour) heterogeneity11, the increasing at-
tention is paid to their non-autonomous heteroge-
neity (intra-tumour heterogeneity), that is present-
ing an obstacle to a more informed treatment, as 
we still do not understand the ability of GB cells to 
manipulate and exploit these non-cancerous cells 
collectively termed “tumour stroma”. As stated by 
Broekman et al.13, almost all cell types in the GB 
stroma are affected: the tumour is able to stimu-
late angiogenesis and co-opt existing vasculature, 
suppress immune cell functions, disarm microglia 
and macrophages that should recognize and fight 
these “foreign elements” in the brain and coerce 
astrocytes into supporting tumour modification 
extracellular matrix (ECM) to facilitate invasion. 
GB cells recruit innate immune cells and change 
their phenotype to support tumour growth and 
suppress adaptive immune responses.14 The in-
creasing understanding of how T cells access the 
brain and how the tumour tricks the immune re-
sponse, offers new strategies for mobilizing an an-
ti-immune tumour response. For example, GB cells 
extensive cross-talk with microglia and infiltrating 
macrophages, through the release of cytokines 
(see below), extracellular vesicles exchange and 
connecting nanotubes and microtubules, results 
in their support to malignancy, as reviewed by 
Matias et al.15 Among these cells, MSC homing to 
GB, have crucial effects on the microenvironment, 
either by their de-differentiation to other stromal 
cells, via paracrine effectors such as immunomod-
ulatory cytokines16, or by direct interactions with 
GB cells.17 

Thus, GB cells spreading to the brain involve 
multiple modes of communication with stromal 
cells as extensively reviewed by Matias et al.15 The 
aim of this review is to reveal the complex interac-
tions of one of the most important cytokines, affect-
ing glioblastoma progression i.e., chemokine (C-C 
motif) ligand 5 (CCL5) and its receptors. 
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Inflammatory chemokines  
& cytokines in cancer

As reviewed by Balkwill18, chemokines are chemo-
tactic cytokines that cause directed migration of 
stromal cells, such as leukocytes, that are induced 
by inflammatory cytokines. Chemokine signal-
ling results in transcription of target genes that 
are involved in cell invasion, motility, interactions 
with the extracellular matrix (ECM) and cell sur-
vival. Chemokine signalling can coordinate cell 
movement during inflammation, as well as the 
homeostatic transport of HSCs, MSCs, myeloids 
cells lymphocytes, dendritic cells and neutrophils, 
as well as cancer-associated fibroblasts (CAFs).19 
Directed migration of cells that express the appro-
priate chemokine receptor, occurs along a chemi-
cal gradient of ligand - known as the chemokine-
receptor axis — allowing cells to move towards 
high local concentrations of chemokines. More 
than 50 human chemokines and 20 chemokine 
receptors have been discovered so far. Cytokines, 
as pro-inflammatory mediators, when excessive, 
also play a role in causing chronic inflammation, 
for example induced by bacterial (e.g. by H. pylori) 
or after viral (Hepatitis B) infections, inducing im-
mune suppression.20 Various cancers have a specif-
ic complex chemokine network that influences the 
immune-cell recruitment of inflammatory cells to 
the tumour milieu, but being neutralised by cancer 
immune suppression, and providing an immuno-
logical privilege that enables neoplasia, i.e. tumour 
cell growth, survival and migration, angiogenesis 
and metastasis.19,21

CCL5 - RANTES and its 
receptors

The cytokine CCL5, also classified as C-C mo-
tif chemokine 5, has been initially termed 
RANTES (“Regulated upon Activation Normal 
T cell Expressed and Secreted”), and as a potent 
chemokine, attracting leukocytes.22 Later, CCL5 
was recognised as a versatile inflammatory media-
tor, expressed by breast cancer cells (BC), where 
along with CCL2 it promoted pro-malignant activi-
ties by attracting macrophages, T-cells and granu-
locytes, as well as mesenchymal stem cells and en-
hancing angiogenesis.23 CCL5 has been suggested 
as potential therapeutic target to impair the disease 
progression. In immune cells, CCL5 was reported 
initially as a HIV-suppressive factor and expressed 
mainly by CD8+ T cells.24 It binds to its cognate 

receptor C-C chemokine receptor type 5 (CCR5), 
which is (alongside C-X-C chemokine receptor 
type 4 (CXCR4)), an HIV entry co-receptor into 
CD4+ T cells.25 The Food and Drug Administration 
approved the first CCR5-based entry inhibitor, 
now called maraviroc (MRV) in 2009, and based 
on this, new drugs that promote CCR5 and CXCR4 
internalization, independent of canonical cellular 
signalling, provided clinical benefits for HIV pa-
tients with minor side effects. 

The mode of CCL5 action thus comprises bind-
ing not only to its cognate and the most studied 
interacting partner, the CCR5 membrane receptor, 
but also to other members of the G-protein coupled 
receptors (GPCR), such as C-C chemokine receptor 
type 1 (CCR1) and C-C chemokine receptor type 
3 (CCR3). In addition to that, non-conventional 
or auxiliary receptors of CCL5 are CD4426 and 
GPR75 (Figure 1A).27 This is not unusual, as many 
chemokine receptors display promiscuous ligand 
binding, meaning they have more than one high-
affinity ligand.28 Such variety of CCL5 interactions 
causes the activation of multiple pathways and 
gives the ligand a diverse range of not only physi-
ological, but also pathological functions, including 
in cancer.29 In this vein, CCL5 has been shown to 
be highly expressed in a plethora of cancer types, 
such as colorectal30, lung31, prostate32, breast28,33,34 
and cervical cancer.35 In addition, tissue or plasma 
CCL5 also serve as a marker of poor prognosis, as it 
is the case in cervical35, prostate32, gastric36, breast37, 
pancreatic cancer38, as well as in glioblastoma.39 
The cells that express and secrete CCL5 in cancer, 

FIGURE 1. Chemokine CCL5 promiscuous binding to receptors. A variety of 
chemokine-receptors are interacting with CCL5/CCR5 in the signalling axis: (A) in 
addition to the cognate receptor CCR5, CCL5 binds also to CCR3 and CCR1. Non-
conventional receptors are GPR75 and CD44. (B) The chemokines which bind to 
CCR5 are also CCL5, CCL4 and CCL3.

A B
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can either be cancerous cells themselves or stromal 
cells.40

The receptor CCR5, classified as C-C chemokine 
receptor 5, alternatively termed also CD195, is the 
main receptor through which CCL5 transduces sig-
nalisation.41,42 Structurally, CCR5 is a GPCR, as are 
many other chemokine receptors.41 This means that 
it has a N-terminal extracellular tail responsible 
for ligand binding, seven hydrophobic transmem-
brane regions, the six loops that connect them, and 
a C-terminal cytosolic tail. This is crucial for trans-
ducing the signal caused by ligand binding after 
its heterotrimeric G-proteins binding or through 
G-protein independent pathways.41

Similar to other chemokine receptors, CCR5 
also acts redundantly for signalling pathways.28 
High affinity ligands that bind to CCR5 are CCL5, 
as well as chemokine (C-C motif) ligand 3 (CCL3) 
(also known as MIP-1α) and chemokine (C-C 
motif) ligand 4 (CCL4) (also known as MIP-1β) 
(Figure 1B).42,43 As already mentioned, substantial 
research has been dedicated to the role of CCR5 in 
HIV infection; M-tropic or macrophage strain HIV-
1 uses CD4 as its main receptor to bind to and enter 
CD4+ T cells, but for this it also needs co-receptors, 
CCR5 and CXCR4 acting as such. Small molecular 
inhibitors (maraviroc [MRV]) and the humanized 
monoclonal antibody (leronlimab)44,45 are CCR5 
antagonists that inhibit HIV-1 virus from enter-
ing the T-cells.43 MRV binds to CCR5 and acts as 
an allosteric inverse agonist, locking CCR5 in an 
inactive conformation.42 However, recent research 
has focused more on cancer, as similarly to CCL5, 
CCR5 is overexpressed in many types of cancers, 
including breast28,33,34,46, prostate32 and in particu-
lar glioblastoma.47,48 Both maraviroc49 and leronli-
mab46 have been shown to potently block cancer 
metastasis in murine xenografts.

The impact of CCL5/CCR5 
signalling in glioblastoma

The canonical (conventional) way of signalling is 
through a hepta-helical chemokine receptor and 
adjacent G proteins, more specifically their Gα 
subunit and Gβγ dimer.41 Upon ligand binding, 
CCR5 activates Gαβγ trimer by causing guanosine 
exchange (GDP à GTP) and the dissociation of the 
membrane-bound Gα subunit from the Gβγ di-
mer.50 Activated Gα affects adenylyl cyclase, and 
subsequently cellular cyclic adenosine monophos-
phate (cAMP) levels that activates cytosolic protein 
kinase A (PKA). Gα together with Gβγ affect vari-

ous targets (e.g. PLCβ), resulting in the production 
of secondary messengers, such as inositol-1,4,5-
triphosphate (IP3), diacylglycerol (DAG) and in-
creased cytosolic calcium concentration. Both Gα 
and Gβγ trigger calcium influx, therefore the di-
rect interaction of chemokine and its receptor can 
be confirmed by a calcium mobilisation assay.38 
Influx of calcium activates calcium-dependant 
pathways (NF-κB), as well pathways independent 
of G-proteins, all favouring malignancy in one way 
or the other.41

The CCL5/CCR5 axis has been recently reported 
as a mechanism of tumour progression in pancre-
atic38, gastric20 and breast cancer.33,34 Noteworthy, 
in cancer, the CCL5-receptors signalling can favour 
cancer progression directly by affecting prolifera-
tion, migration and cell survival of cancer cells, or 
indirectly, by affecting tumour microenvironment, 
i.e. by recruiting pro-tumour and/or anti-inflam-
matory effector cells.20,51 The state of the art in af-
fecting the key hallmarks of glioblastoma progres-
sion, first described by Kouno et al.47 and recent 
reports on MES-GB subtypes29 and glioblastoma 
stem cells52,53, will be discussed below. 

Direct impact on glioblastoma 
cells

Cancer cell proliferation is regulated by many 
pathways, one of them, most commonly mediated 
by CCL5/CCR5 signalling, is mammalian target 
of rapamycin mTOR) pathway. This pathway is 
convergent with the Phosphatidylinositol 3-kinase 
(PI3K) pathway, as they both activate the Akt (pro-
tein kinase B) pathway (Figure 2).54

The “mTOR is a kinase, encoded by mTOR 
gene MTOR and is the member of phosphatidyl-
inositol 3 kinase (PI3K)-related kinase family that 
plays an important role in transcriptional acti-
vation, as it regulates the eukaryotic translation 
initiation factor 4E-binding protein 1 (4E-BP1). 
The role of 4E-BP1 is to sequester the eukaryotic 
translation initiation factor 4E (eIF4E), inhibiting 
translation. By inducing hyper phosphorylation 
of 4E-BP1, mTOR complex 1 (mTORC1) disables 
its eIF4E binding, enhancing the rate of transla-
tion.51 Binding to CCR5, CCL5 has been proven to 
activate the mTOR/4E-BP1 pathway, inducing the 
translation of a specific subset of mRNAs that have 
a long and highly structured 5’-UTR region, coding 
for cell survival and growth related onco-proteins, 
such as cyclin D1, c-Myc, and Dad-1.20 Indeed, 
CCL5/CCR5 signalling stimulated survival and 



Radiol Oncol 2019; 53(4): 397-406.

Koprivnikar Kranjc M et al. / CCL5-CCR5 signalling in glioblastoma 401

proliferation of MCF-7 breast cancer cells through 
the mTOR/4E-BP1 pathway.55 Although similar has 
not directly been shown in glioblastoma, there are 
numerous reports on the role of the mTOR path-
way in GB.56 Moreover, Khan et al.52 have shown 
that inhibition of mTOR complexes, mTORC1 and 
mTORC2, significantly increased the in vitro and 
in vivo sensitivity of glioblastoma stem cells to ra-
diotherapy. The relevance of mTOR in GSCs, has 
been recently demonstrated by Mecca et al.54, by 
inhibition of mTORC1/2 in glioblastoma, causing 
persistent and dramatic reduction in p-Akt levels, 
which inhibited GSCs’ proliferation. Along these 
lines, Pan et al.29, demonstrated that CCL5/CCL5-
receptor signalling in GB cells created an autocrine 
signalling circuit, important for high-grade glioma 
growth. Interestingly, they found that increased 
CCL5 expression was restricted to both human and 
mouse MES-GB, subtype characterized by NF1 
protein (neurofibromin). This protein negatively 
regulated CCL5 expression through suppression 
of AKT/mTOR signalling. Zhao et al.56 also report-
ed that GB cell proliferation is mediated through 
CCR5 signalling. Using BrdU incorporation in vitro 
in the GB cells U87 and U251, they determined that 
CCL5 stimulation significantly enhanced prolifera-
tion. In their experiments, CCL5/CCR5 axis activa-
tion triggered the PI3K/Akt pathway to promote 
proliferation, whereas PI3K inhibitors decreased 
Akt phosphorylation, which in turn decreased 
proliferation. However, both mTOR and PI3K are 
known to activate the Akt pathway, but the mutual 
relation of these two pathways is not clear. Further 
studies in GB are urgently needed due to the no-
tions that most aggressive MES-GB and GSCs are 
affected by CCL5/CCR5 mediated treatment.

Migration and invasion 

Cell migration along or through 3D extracellular 
matrix (ECM) is fundamental to normal tissue for-
mation and regeneration, stem cells and immune 
cells trafficking, and cancer cell invasion and me-
tastasis.57 As in various cancer cell types, migratory 
glioblastoma cell acquire mesenchymal type of 
movement58, where invasion rates are governed by 
the capacity of cells to induce a proteolytic cascade. 
This includes metalloproteases (MMPs), plasmino-
gen and its activators as well as cathepsins59 and 
integrin- actomyosin mediated mechano-coupling. 
The process starts with cell polarisation of the actin 
cytoskeleton, enabling directional movement of the 
migrating cell. By forming frontal protrusions that 
activate integrin receptors, the cells are attached 

to the ECM integrins. Intracellularly, this triggers 
activity of small cytosolic GTPase proteins, RhoG, 
Cdc42 and Rac, which are essential in coordinat-
ing these processes58 and thereby metastasis in 
vivo.60 Monomeric G-actin polymerises into F-actin 
filaments, resulting in actomyosin contraction and 
subsequently migration, which is linked to FAK in-
tracellular signalling and subsequent activation of 
PI3K at the leading edge.

Early studies showed the importance of CCR5 
in the invasion of breast and prostate cancer cells.61 
In human lung cancer cells, CCL5/CCR5 activation 
augments the migratory ability by increasing their 
surface expression of αvβ3 integrin31 and phospho-
rylation of PI3K/Akt kinases. Further, the authors 
have shown that by PI3K/Akt inhibitors or trans-
fection of the CCL5 treated cells by mutant PI3K 
and Akt, lead to a decrease in αvβ3 integrin ex-
pression and migration. CCL5/CCR5 activation of 
PI3K/Akt signalling also activated IKKα/β and NF-
κB, again enhancing αvβ3 integrin expression and 
migration.31 Presumably, the major mechanisms of 
CCL5 and other chemokines activation involves 
the PI3K-γ isoform through the Gβγ dimer of the 

FIGURE 2. Phosphatidylinositol 3-kinase (PI3K)/pAkt-kinase pathway as a central 
CCL5/CCR5 signalling cascade in cancer cells. Upon CCL5 binding to its cognate 
receptor CCR5, primarily the PI3K/Akt pathway is triggered. This favours the 
phosphorylation of PIP2 to PIP3, a secondary messenger responsible for the 
activation of the Akt kinase, which in turn phosphorylates several downstream 
effectors. This causes the inhibition of pro-apoptotic effectors and the upregulation 
of survival genes. Another target of PI3K is the mammalian target of rapamycin 
complex 1 (mTORC1), which also activates the Akt kinase. However, it has also been 
shown that a secondary intracellular target, Focal Adhesion kinase (FAK) binding- 
SRC kinase complex can be activated, resulting in additional PI3K activation (in 
prostate cancer62).
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G-protein, which is coupled with the CCR5 recep-
tor.51

Actin polymerisation as a result of CCL5 acti-
vation of CCR5 was observed also in pancreatic 
cancer38 and recently in breast cancer epithelial cell 
lines34, enhancing migration by a PI3K/Akt path-
way. In GB cell lines U87 and U251, CCL5 stimu-
lation enhanced their migratory ability.56 After 
treatment of U87 cells with a PI3K inhibitor and 
CCR5 siRNA, inhibition of Akt phosphorylation 
was demonstrated in CCL5-treated cells and sig-
nificant inhibition of growth was observed in U87 
glioma xenografts in mouse model. Finally, high 
CCR5 expression in MES- GB was correlated with 
high p-Akt expression in patients’ samples. We 
have shown that GB cell invasion is triggered by 
intracellular cathepsin B62, followed by its activa-
tion of plasminogen system63 and finally activat-
ing executive metalloproteases of which MMP-9 
is directly degrading EMC, and the latter was also 
downregulated by downregulated CCR5-PI3K/
Akt signalisation.56 Wang et al.64 reported that hy-
poxia, frequently found in GB, also induced CCR5 
expression in U87 cells in vitro. This lead to an in-
crease in matrix metalloproteinase-9 (MMP-9) ex-
pression and secretion and enhanced GB cancer 
cell invasion. The activation of CCR5 by hypoxia 
is undoubtedly one of the important mechanisms 
for enhancing cell migration via CCR5, but not the 
only one, as hypoxia simultaneously activates nu-
merous signalling pathways.

Cell survival

Tumour’s maintenance of cancer cell survival is a 
necessity for its progression. This is achieved by 
overexpression of DNA repair and/or by increas-
ing the apoptotic threshold to avoid cancer cell 
death. CCR5 signalling promotes breast cancer 
cell survival in both ways34, but in glioblastoma 
the CCL5/CCR5 activation mostly affects apopto-
sis. In human breast cancer, high CCR5 expression 
correlates with poor outcome, as recently reported 
by Jiao et al.34 In vitro, reintroduction of CCR5 ex-
pression into CCR5-negative breast carcinoma BCa 
SUM-159 cells that were irradiated, lower level of 
DNA damage marker γH2AX was demonstrated, 
indicating an increased DNA repair vs. CCR5 
negative cells. CCR5-expressing BCa raised more 
metastases in animal model. Single cell analysis 
revealed that CCR5 governs PI3K/Akt and cell sur-
vival signalling. The drug maraviroc dramatically 
enhanced cell killing effect, mediated by DNA-
damaging chemotherapeutic agent doxorubicin. 

As CCR5 augments DNA repair, the CCR5 inhibi-
tors may enhance the tumour-specific treatments, 
allowing for lower doses of standard chemothera-
py and radiation.

In GB, Pan et al.29 reported that GB cell survival 
also involves CCL5 signalling, although interest-
ingly not by binding to CCR5, but to an auxiliary 
receptor CD44, and in an autocrine manner trig-
gers signalisation that inhibits apoptosis. In the 
MES-GB subtype, CCL5 expression was shown to 
be increased and consistently with its role as a GB 
growth regulator, CCL5 knockdown in MES-GB 
cells reduced their survival in vitro, and increased 
mouse GB survival in vivo. Noteworthy, these au-
thors demonstrated that CCL5 operates via CD44, 
activating the effector caspase-3 to inhibit apopto-
sis of MES-GB cells. 

Impact on tumour 
microenvironment 
Immunosuppression 

Tumour-induced immunosuppression involves 
recruitment of different cells forming tumour mi-
croenvironment, such as tumour infiltrating lym-
phocytes (TIL), myeloid-derived suppressor cells 
(MDSCs), innate lymphoid cells, mesenchymal 
stem cells (MSC), immature dendritic cells (IDC) 
and tumour-associated macrophages (TAM), 
many of these cells expressing CCR5 and its ligand 
CCL5.46,48,65 TAMs actually comprise as two on-
togenetically distinct subsets, microglia and glio-
blastoma infiltrated macrophages (MDMs) derived 
from monocyte are representing about 30% of all 
cells in glioblastoma.66,67 The difference between 
MDMs and microglia is also reflected in cytokine 
gene expression.65 Microglia mediated immuno-
suppression dwells also on the CCL5/CCR5 and 
effect of CCR5 signalling on TAM activation (po-
larization) and GB progression has been investi-
gated by Laudati et al.48 The main finding reveals 
that the functional relationship exists between the 
chemokine-CCR5 system and microglia polari-
zation. Overall, the pharmacological blockade of 
CCR5 prevents the occurrence of a M2 anti-inflam-
matory microglia state (Figure 3).

Furthermore, under conditions mimicking the 
late stage of glioma pathology, CCR5 blockade 
thus induces a prevailing M1 pro-inflammatory 
state. Such changes in microglia polarization pro-
file are potentially associated with cytotoxic and 
anti-tumour properties, which leads to a potential 
reduction in tumour growth (Figure 3), as empha-
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sised by Jiao et al.46 Taken together, these changes 
suggest a possible clinical exploitation of CCR5 an-
tagonists in the treatment of human GB. However, 
it has been shown in vivo, that the nature of micro-
glia and TAM is not as simple binary as the M1/
M2 paradigm predicts. TAM phenotypes are much 
more complex to distinguish in the context of hu-
man pathology, compared to in vitro experiments 
by immunosuppressive myeloid cells (IMC) of 
both monocytic and granulocytic lineages.68 Ban 
et al.69 demonstrated that the absence of the auto-
crine CCL5 abrogated the generation of granulo-
cytic myeloid-derived suppressor cells and tumor-
associated macrophages. In parallel, enhanced 
maturation of intra-tumoral neutrophils and 
macrophages occurred in spite of tumor-derived 
CCL5. Maraviroc was used to block the CCL5/
CCR5 causing a reprograming of MDMs: initially 
they expressed anti-inflammatory effectors, but 
after maraviroc treatment they also underwent 
repolarisation and expressed significantly more 
pro-inflammatory mediators. Targeting the host 
CCL5 in bone marrow via nanoparticle-delivered 
expression silencing in combination with araviroc, 
resulted in robust immunities, suggesting that the 
myeloid CCL5/CCR5 axis is an excellent target for 
cancer immunotherapy.69

The concept of hierarchical tumour evolution 
from cancer stem cells is now widely accepted 
and proven also in GB.7 GSCs and their progenies, 
represent the final obstacles for therapy failure, as 
these represent the most resistant cell phenotype 
in the GB. These cells, although a minority of total 

cancer cell populations, define the functional pro-
gression of GB by expressing a panel of stemless 
markers and cell damage resistance genes. Besides 
molecular set up of these cells’ subpopulation, 
also the micro environmental cues contribute to 
their resistance by stromal cells’ protection in the 
so-called tumour tissue niches. We have recently 
shown the cellular and functional features of GB 
niches around a fraction of arterioles by immuno-
histochemistry.70 Besides the crucial endothelial-
GSCs paracrine interactions, maintained mainly 
by CCL12-CXCR4 axis, other interactions with 
resident mesenchymal stem cells (MSCs) are plau-
sible, and may be maintained by CCL5/CCR5 axis 
as shown on Figure 4 (unpublished data).

FIGURE 3. CCL5-CCR5 system and microglia polarization. The pharmacological 
blockade of CCR5 with maraviroc prevents the activity of glioblastoma-associated 
anti-inflammatory microglia M2 phenotype in and induces (green arrow) the 
conversion to prevailing pro-inflammatory M1 microglia phenotype. 

FIGURE 4. CCL5 and CCR5 in Glioblastoma microenvironment. (A) Fluorescence immunohistochemical labelling of CCR5 in glioblastoma associated 
macrophages. Macrophages in the tumour section were immuno-fluorescently labelled to detect antigen CD68 (marker for macrophages), as well 
as CCR5 expressions in glioblastoma tissue samples of glioblastoma patient. Nuclei were stained with DAPI (blue), CD68 with Alexa Fluor 546 (red) and 
CCR5 with Alexa Fluor 488 (green) dye. CCR5 is expressed in macrophages, shown in yellow in merged pictures. 40x magnification was used. (B) CCL5 
is expressed in proximity to MSC on glioblastoma tissue slide. Immunofluorescence images of GB tissue slides, labelled for CD105 marker of Mesenchymal 
stem cells (green positive cells) and CCL5 (red). We observe selective localisation of CCL5 in glioblastoma cells and colonalization in the fraction of 
mesenchymal stem cells, expressing CCL5. This indicates the involvement of MSCs in the CCL5/CCR5 signalling in glioblastoma. CCL5 was also expressed 
in glioblastoma cells.
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CCL5/CCR5 mediated cell-cross talk in 
glioblastoma

The basic question when investigating chemokine 
paracrine signalling is what attracts what, or when 
considering autocrine CCL5/CCR5 loop also, what 
activates what. Typical examples of the dilemma are 
numerous heterotypic interactions among hetero-
geneous glioblastoma cell subtypes, and stromal 
cells as listed above, microglia, infiltrating mac-
rophages, lymphocytes, neutrophils, MSCs, neu-
rons and neural stem cells, endothelial cells, etc. By 
categorically studying bilateral ligand and recep-
tor expression by cell types, the mechanisms of in-
dividual cell types in CCL5/CCR5 signalling in GB 
may be elucidated. We are still far from being able 
to interpret complex multiple interactions under in 
vivo conditions. There are three types of situations, 
considering the trigger of signalling activation is 
the ligand CCL5. 

External activation of receptor CCR5 
expressing glioblastoma cells

The most commonly observed situation in CCL5/
CCR5 signalling is activating host CCR5, expressed 
by differentiated glioblastoma cells, by stromal 
cells such as TAM, as discussed above and by 
Wang et al.64 As GB cells highly express CCR5, be-
ing activated by adding macrophage conditioned 
media, containing CCL5, which was even over-
expressed under hypoxic conditions65, resulted 
in enhanced GB cell invasion. Another study71 
observed microglia specific activation of growth 
of Neurofibromatosis 1 glioma cells, presumably 
(MES-GB) expressing CCR5. RNA-sequencing 
of microglia cells revealed CCL5 to be highly ex-
pressed. Its functionality was determined by CCL5 
neutralising antibodies that also reduced glioma 
growth in in vivo murine model. Taken together, 
stromal cells activation via tumour CCR5 is a com-
mon functional mode of the CCL5/CCR5 axis in GB 
and presents a potential therapy target.

Activating stroma by ligand CCL5 
expressing glioblastoma cells

Another way of heterotypic cellular cross-talk in 
glioblastoma is via secreted CCL5 by GB cells. This 
ligand affects infiltrating or stromal cells that ex-
press CCR5, thus affecting their intracellular signal-
isation that results for example in the immunosup-
pression of the GB microenvironment, as has been 
discussed above in chapter Immunosuppression. 

Besides modifying macrophages, T-reg lympho-
cytes, expressing CCR5, are recruited effectors of 
GB, known to be important players in immunosup-
pression.72 However, T-reg recruitment in GB in 
relation to CCL5/CCR5 signalling has been poorly 
studied so far. Similarly, as discussed above48, host 
microglia express CCR5 and rely on tumour (GB) 
derived CCL5 to maintain anti-inflammatory prop-
erties and migrate to attracting GB tissues. These 
results confirm the hypothesis of Kouno J. et al. that 
CCR5 ligands are overexpressed in GB in order to 
attract effector cells that modulate local immunity.47

Autocrine activation of glioblastoma 
cells, expressing both CCL5 and CCR5

Another hypothesis by Kouno et al. was that the 
upregulation of CCR5 and its ligand in glioblas-
toma serves to facilitate an autocrine system that 
enhances GB proliferation.47 This means that GB 
cells express both ligand and receptor, and thus 
activate the pathways downstream of CCR5 in a 
cell autonomous manner, as also suggested by Pan 
et al.29 This cross-talk via CCL5/CCR5 in cancer is 
also known for other cancers, indeed expressing 
both, the receptor and the ligand. In osteosarcoma 
cells, Wang et al.73, have shown that cells expressing 
both, CCL5/CCR5, regulate the VEGF expression, 
as a result of the autocrine CCL5/CCR5 activation 
attracts endothelial progenitor cells (EPC), contrib-
uting to tumour angiogenesis and subsequently, 
malignancy.

In MES-GB subtype, the autocrine CCL5/CCR5 
activation loop has been examined as well by 
adding CCL5. Because no significant difference 
between wild-type tumours and those with addi-
tional stromal CCL5 was noticed, they concluded 
that CCL5 promotes survival and proliferation of 
the cells in a cell-autonomous and autocrine man-
ner. Low grade gliomas seem to rely on stromal 
chemokine stimulation, whereas high grade glio-
mas (GB), establish autocrine chemokine stimula-
tion. An interesting interpretation of this is that 
the ability of autocrine activation grants gliomas 
for relative stromal independency and this in turn 
causes the stromal cells to have less control over 
the regulation of the tumour leading in tumour 
malignancy.29
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