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Abstract: Chemokines, a group of small chemotactic cytokines, and their G-protein-coupled receptors were origi-
nally identified for their ability to mediate various pro- and anti-inflammatory responses. Beyond the influence of 
chemokines and their cognate receptors in several inflammatory diseases, several malignancies have been shown 
to be dependent of chemokines for progression, tumor growth, cellular migration and invasion, and angiogenesis; 
those later facilitating the development of distant metastases. In hepatocellular carcinoma (HCC), chemokines were 
shown to affect leukocyte recruitment, neovascularization and tumor progression. CXCL12 (stromal-derived factor 
1 alpha- SDF-1) is the primary ligand for the seven transmembrane G-protein coupled receptor CXCR4. The CXCR4/
CXCL12 axis exerts a variety of functions at different steps of HCC tumor progression, using autocrine and/or para-
crine mechanisms to sustain tumor cell growth, to induce angiogenesis and to facilitate tumor escape through eva-
sion of immune surveillance. In this review, we have comprehensively described the role of CXCR4/CXCL12 in HCC 
and also investigated the role of CXCR7, an alternative receptors that also binds CXCL12 with potentially distinct 
downstream effects. Preclinical data converge to demonstrate that inhibition of the CXCR4/CXCL12 axis may lead 
to direct inhibition of tumor migration, invasion, and metastases. This pathway is under investigation to identify 
potential novel treatments in HCC and other cancers. However, one of the major challenges faced in this emerging 
field targeting the CXCR4/CXCL12 signaling pathway, is the translation of current knowledge into the design and 
development of effective inhibitors of CXCR4 and/or CXCL12 for cancer therapy.
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Introduction

Primary liver cancer is the third leading cause 
of cancer-related mortality and the sixth most 
common cancer worldwide with approximately 
750000 new cases every year [1]. Hepa- 
tocellular carcinoma (HCC) accounts for around 
90% of primary liver cancers. The geographic 
distribution of liver cancer incidence is hetero-
geneous, with the highest rates in developing 
areas and a lower but growing incidence in 
developed countries. This distribution reflects 
the prevalence of known risk factors. While 
hepatitis B virus (HBV) is the primary cause of 
HCC in developing areas, in developed coun-
tries hepatitis C virus (HCV) and alcohol con-
sumption are the main known causative fac-

tors. In the majority of HCC cases cirrhosis is 
present prior to malignant degeneration. Tumor 
resection, liver transplantation and percutane-
ous treatment are curative options, while trans-
arterial chemoembolization and treatment with 
sorafenib, a small molecule inhibitor of several 
tyrosine protein kinase (vascular endothelial 
growth factor [VEGF] and platelet derived 
growth factor receptor [PDGFR]) and Raf kinas-
es, are palliative treatments. The very poor 
prognosis of this disease is linked to the fact 
that most patients are diagnosed at advanced 
stages with very limited opportunities for imple-
menting curative strategies [2].

Seeking for preventive strategies such as vac-
cination and/or improving early diagnosis are 
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likely to provide long-term benefit in HCC. 
However, as most tumors often develop silently 
and are not amenable for curative surgical 
resection due to the development of multiples 
liver lesions and/or distant metastases, new 
systemic therapies for advanced disease are 
required. So far, sorafenib, a tyrosine kinase 
inhibitors that inhibits the activation of PDGFR, 
VEGFR and Raf, remains the only medical 
option for advanced diseases that unequivo-
cally prolong survival [3, 4]. Various other drugs 
also targeting VEGFR and PDGFR along with 
other kinases, including brivanib, erlotinib, lini-
fanib and sunitinib have failed to demonstrate 
being more efficient than sorafenib in HCC [5]. 
Moreover, the increased toxicity of multikinase 
inhibitors in cirrhotic patients and the lack of 
predictive response biomarkers in a heteroge-
neous disease could explain these failures. 
Other therapeutic targets in HCC are clearly 
needed. For patients with tumors displaying pri-
mary resistance or acquired resistance to 
sorafenib, no validated option has yet emerged. 
Results from several preclinical studies have 
identified a number of signaling pathways 
involved in HCC, improving our understanding 
of its pathogenesis and offering targets for the 
development of systemic therapies. Pathways 
implicated in HCC development involve growth 
factors such as the epidermal growth factor 
(EGF), insulin-like growth factor (IGF) and hepa-
tocyte growth factor (HGF); cytoplasmic inter-
mediates (AKT/mTOR and RAS/MAPK signaling 
cascades); pro-angiogenic factors such as 
VEGF, fibroblast growth factor (FGF), PDGF; and 
signaling pathways involved in cell differentia-
tion such as WNT/β-catenin, Hedgehog and 
Notch [6]. In addition, chemokines such as 
CXCL12 and its ligands that are often expressed 
in the inflammatory microenvironment of can-
cer cells in HCC were thought to be potentially 
used as targets for the design and the evalua-
tion of new drugs in HCC.

Chemokines

Chemokines and cancer

Chemokines, a group of small (<15 kDa) che-
motactic cytokines, and their G-protein-coupled 
receptors were originally reported to mediate 
different pro- and anti-inflammatory responses 
[7]. Chemokines are subdivided into four fami-
lies based on the position of the cysteine resi-

dues located in the N-terminal region: CXC, CC, 
C and CX3C chemokines, in which the X repre-
sents any amino acid. CXC chemokines can be 
further subdivided depending on the presence 
or absence of an ELR (Glu, Leu, Arg) motif, 
located in front of the first conserved cysteine 
residue. ELR (+) CXC chemokines have been 
described to possess neutrophil chemotactic 
and angiogenic properties, whereas most ELR 
(-) CXC chemokines are angiostatic and attract 
lymphocytes and natural killer cells [8].

Chemokines are secreted by different cell types 
and were originally described as mediators in 
leukocyte migration to inflammatory sites and 
to secondary lymphoid organs [9]. They exert 
their functional effects by binding to G protein-
coupled seven-transmembrane domain recep-
tors (GPCRs) defined as CXCR, CCR, CR or 
CX3CR. To date, just over 20 human chemokine 
receptors have been identified, and while some 
ligands bind exclusively to one receptor, others 
may interact with several members of a recep-
tor family.

Chemokines play an essential role in tumor pro-
gression, acting on endothelial, epithelial and 
tumor cells. They act either by autocrine or 
paracrine mechanism to sustain tumor cell gr- 
owth, induce angiogenesis and facilitate tumor 
escape through evasion of immune surveil-
lance. Some chemokines actively participate in 
initiation, promotion and tumor progression 
[10-12], being involved in cellular migration, 
invasion, angiogenesis/angiostatic activity, 
tumor growth and metastases development.

Chemokines and HCC

Although the etiology of HCC is diverse, with 
few exceptions, prior to HCC transformation, 
most patients have developed cirrhosis follow-
ing liver inflammation and lymphocytic infiltra-
tion mediated by chemokines [13]. The role of 
inflammation and chemokines in the pathogen-
esis of HCC is supported by evidence that HCV 
patients responding to interferon (IFN) have a 
20% lower risk of developing HCC [14].

Cytokines, and specifically chemokines, associ-
ated with type-1 immune response are major 
regulators of the liver inflammation present in 
HCV infection. CXCL 9, CXCL 10, CXCL 11, 
CCL3, CCL4, and CCL5 have a migration and 
activation effect on T lymphocytes in HCV 
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patients expressing CXCR3 or CCR5 [15, 16]. If 
the normal specific immune response fails in 
these patients, these chemokines attract non-
specific T lymphocytes, which produce and per-
petuate inflammation without removing the 
virus. Liu et al. showed that peripheral blood 
lymphocyte expression of the chemokine 
receptors CXCR3, CCR5 or CCR6 was decreased 
in HCC patients with a consequent increase in 
the recruitment of these lymphocytes to the 
liver [17, 18].

Several other chemokines and their receptors 
appear to be directly implicated in HCC [19]. 
The CCL20-CCR6 axis may mediate the growth 
and progression of HCC through phosphoryla-
tion of MAPK [20, 21] and is associated with 
intrahepatic metastasis of HCC and poor prog-
nosis after resection [22, 23]. Serum CCL20 is 
also a potential marker for detecting HCC in 
HCV-infected patients [24]. CCL5-CCR1 pro-
motes metastasis and invasion of the HCC cell 
line Huh7 and CCL3-CCR1 contributes to the 
growth and progression of HCC, whereas the 
CX3CL1-CX3CR1 axis is believed to be involved 
in HCC tumor growth inhibition [19].

CXCL12, also known as stromal-derived factor 
1 alpha (SDF1α), is the specific ligand for 
CXCR4. However, it can also activate CXCR7. 
These three proteins allow the migration of pro-
genitor cells in embryonic development, and 
the knockout of any one of them in mice results 
in lethality [25, 26]. CXCR4 is involved in other 
physiological functions (immunity, hematopoie-
sis, brain development, angiogenesis) and 
pathological processes (HIV infection, autoim-
mune diseases and cancer) [27]. After CXCL12 
binding, CXCR4 exerts its activity via a hetero-
trimeric G-protein, which is dissociated into 
activated subunits. These subunits activate dif-
ferent pathways, notably calcium release and 
cellular migration, PI3K/AKT and cellular sur-
vival, Ras-MAPK, and cell proliferation [27, 28]. 
β-arrestin is also recruited downstream of 
CXCR4 to control receptor trafficking and 
desensitization. Moreover, it has been shown 
that CXCL12, alone and in combination with 
VEGF-A, has a key role in tumor vasculature 
remodeling under hypoxic conditions [29]. 

Beyond their influence in several inflammatory 
diseases, chemokines and their receptors play 
diverse roles in HCC tumor biology affecting 
leukocyte recruitment, neovascularization, and 

tumor progression. The chemokine CXCL12-
CXCR4 axis is attracting increasing attention 
with mounting evidence of its role in HCC 
progression.

CXCL12-CXCR4 axis

CXCL12-CXCR4 axis in pathological liver 
stroma remodeling

Much clinical and preclinical evidences point to 
a role of the CXCL12-CXCR4 axis in the patho-
genesis of chronic hepatitis and fibrosis. CXCR4 
mRNA is upregulated in the liver following HCV 
infection [30] and CXCR4 is overexpressed at 
active inflammatory foci resembling lymphoid 
structures formed in cirrhotic livers [31]. In 
addition, Asselah et al. concluded that genes 
involved in the immune response (including 
CXCR4) and in extracellular matrix turnover are 
implicated in the transition from mild to moder-
ate fibrosis in patients with chronic hepatitis C 
[32].

The ligand CXCL12 was also overexpressed in 
inflammatory and cirrhotic liver samples of 
HCV, HBV infected patients or primary scleros-
ing cholangitis compared to normal human liver 
tissue [31, 33]. Furthermore, a significant ele-
vation in plasma CXCL12 levels has been 
described in patients with high fibrosis com-
pared to patients with healthy liver and low 
fibrotic tissues. CXCL12 may play a role in fibro-
sis by directing recruitment of endothelial pro-
genitor cells. In addition, liver-infiltrating lym-
phocytes overexpressing CXCR4 migrate and 
adhere to the extracellular matrix in response 
to CXCL12 [31]. Moreover, after massive liver 
injury, hepatocytes [34, 35] and/or oval cells 
[36] upregulated CXCL12 expression, which 
exerts its biological effect on oval cells in a 
paracrine or autocrine manner. Thus, oval cells 
migrate, following a CXCL12 gradient, from the 
periportal to the pericentral liver parenchyma, 
where the microenvironment is favorable for 
proliferation or differentiation [34-36]. None- 
theless, these findings must be interpreted 
with caution given recent discordant data sug-
gesting that CXCL12-CXCR4 signaling contrib-
utes not only to hepatic protection and liver 
regeneration, but also prevents the progres-
sion of liver fibrosis [37]. Differences in the ani-
mal models, hematopoietic cells populations, 
liver damage intensity or drugs used could 
explain this discrepancy.
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Taken together, these data support the role of 
the CXCL12-CXCR4 pathway in hepatic stroma 
remodeling and potential therapeutic applica-
tions of CXCR4 inhibitors as anti-fibrotic agents 
[38].

CXCL12-CXCR4 axis and chemotaxis

Cancer cells that express CXCR4 can migrate 
via chemotaxis through a CXCL12 gradient to 
target tissues, supporting a chemotactic role 
for this axis in the development of metastases. 
Chemotaxis is recapitulating physiological func-
tions that have been observed during embryo-
genesis and hepatic regeneration after liver 
injury. Evidences of the role of CXCL12/CXCR4 
on chemotaxis in cancer has been provided by 
reports showing that high levels of CXCL12 in 
bones, lymph nodes, and lungs [39] can attract 
CXCR4-expressing breast cancer cells, promot-
ing metastasis and supporting the “seed and 
soil” hypothesis proposed by Paget in the past 
century [40]. This report in breast cancer more 
than a decade ago resulted in extensive 
research in this area, with the consequent 
implication of this signaling pathway in many 
other human cancers including prostate, 
esophageal, gastric, colon, pancreas, renal, 
lung, and HCC [41-43], as discussed below.

CXCL12-CXCR4 axis in HCC

The CXCL12-CXCR4 axis has aroused recent 
interest in HCC pathogenesis and progression. 
A number of studies have demonstrated immu-
nohistochemical staining of CXCR4 in HCC tis-
sue but not in normal hepatic tissue [44, 45]. 
Reports of CXCR4 mRNA expression are con-
trasting; Liu et al. found expression in HCC 
tumor-tissues and negative expression in nor-
mal tissues [45], while others report reduced 
expression in HCC tissue [43] or no differences 
[44]. Nonetheless, the majority of studies 
showed correlations between high CXCR4 
expression and aggressive tumor behavior, 
metastasis development, and poor prognosis 
(Table 1) [44, 46, 47]. Xiang et al. identified 

CXCR4 overexpression as an independent risk 
factor for reduced disease-free survival (rela-
tive risk [RR]=5.440; p=0.023) and overall sur-
vival (RR=7.082; p=0.001) in 181 HCC patients 
[44]. Likewise, another study showed that 
nuclear immunohistochemical CXCR4 expres-
sion was an independent prognostic factor for 
overall survival (p=0.038) in 268 HCC patients 
[46]. Although other studies failed to correlate 
CXCR4 expression with survival in HCC patients, 
a significantly decreased 3-year-survival rate 
was observed in patients with tumor strongly 
expressing CXCR4, the small patient sample 
size may explain these results [47].

Expression of the CXCR4 ligand, CXCL12, has 
been reported in tumor ascites fluid and mRNA 
has been detected in HCC lymph node metas-
tases, but was undetectable in HCC and normal 
hepatic tissues [45]. In addition, evaluation of 
CXCL12 and CXCR4 polymorphisms identified 
an association between a CXCL12 gene variant 
and HCC; individuals bearing the CXCL12 
(RS1801157) polymorphism having higher risk 
of developing stage III or IV HCC, while no sig-
nificant association with the CXCR4 polymor-
phism (RS2228014) was observed [48]. In 
other studies, no correlation between CXCL12 
polymorphisms and HCC development has 
been identified in HCV or alcoholic cirrhosis 
patients [49, 50].

In summary, it is now known that injured hepa-
tocytes, oval cells, biliary epithelial cells, sinu-
soidal endothelial cells, tumor-associated leu-
cocytes and HCC cells can release CXCL12, 
which in turn activates CXCR4-expressing cells, 
such as HCC cells, lymphocytes or endothelial 
cells in an autocrine or paracrine manner 
(Figure 1). Furthermore, tissues expressing 
high levels of CXCL12 can also attract malig-
nant HCC cells expressing CXCR4.

CXCL12-CXCR4 axis in HCC cells: proliferation, 
survival, invasion, and migration: Evidence of 
the involvement of the CXCL12-CXCR4 axis in 
cell growth, migration, and invasion of HCC 

Table 1. Studies showing the relationship between CXCR4 expression and prognosis in HCC patients

Study (Reference) Date N pa-
tients

Metastasis  
(p-value)

DFS  
(p-value) OS months (p-value) 3-year OS  

(p-value)
Schimanski et al. [51] 2006 39 Lymphatic (0.005)

Distant (0.009)
- - Decreased (0.01)

Xiang et al. [44] 2009 181 Bone (<0.001) 0.023 18 vs 36 (p<0.001) -
Xiang et al.[46] 2009 268 Lymphatic (0.001) - 15.1 vs 24.5 (p=0.002) -
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cells comes from the over-expression of CXCR4 
in several HCC cell lines, including the Huh7 
and Hep3B human hepatoma cell lines, which 
also secrete CXCL12 under basal conditions. In 
addition, CXCL12 induces translocation of 
CXCR4 from the membrane and cytoplasm to 
the perinuclear region in Huh7 and Hep3B cells 
[51].

Interestingly, it has been shown that both che-
motherapy and loss of phosphatase and tensin 
homolog (PTEN) function promote cell invasive-
ness through a reactive oxygen species (ROS)-
dependent upregulation of the CXCL12/CXCR4 
axis in pancreatic or prostate cancer cells [52, 
53]. Therefore, a tumor microenvironment rich 
in ROS and pro-inflammatory molecules as 
occurs during HCC progression may critically 
influence CXCR4-mediated expression and 
functions, ultimately encouraging cancer pro-
gression and metastasis development.

CXCL12 can stimulate cell proliferation through 
its association with CXCR4 and glycosaminogly-
cans, such as syndecan-4 (SDC-4) present in 

the plasma membrane. It has a strong effect on 
migration and invasion of Huh7 cells, which is 
dependent on MAPK-ERK1/2 and JNK/SAPK 
activation. CXCL12 also induces activation of 
MMP-9, which is involved in cell invasion acting 
on the degradation of various components of 
the basement membrane [54]. Zhang et al. 
identified that osteopontin upregulates MMP-2 
and invasion by activating the CXCL12-CXCR4 
pathway in HepG2 and SMMC7721 HCC cell 
lines [55]. In Hca-F and Hca-P mouse HCC cell 
lines, CXCL12-CXCR4 also mediates MMP-9 
and MMP-2 secretion, facilitating lymph node 
metastasis [56].

Nonetheless, conflicting data were reported 
indicating that the CXCL12-CXCR4 axis does 
not operate in other HCC cell lines. Mitra et al. 
described that in HepG2 cells, CXCR4 does not 
response to CXCL12 stimulation because of a 
defect in the receptor [57] and Kim et al. report-
ed that despite abundant CXCR4 expression in 
five cell lines (HepG2, Hep3B, SK-HEP-1, NCL-
H630 and PCL/PRF5), the protein remained 
trapped in the cytoplasm with a negligible 

Figure 1. Role of the CXCR4-CXCL12 axis in HCC progression.
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response to CXCL12. These authors also 
showed that CXCL12 bound to all cell lines, and 
while it induced the phosphorylation of AKT and 
ERK1/2 in some cell lines (PCL/PRF5, Hep3B), 
neither migration nor proliferation were seen 
[58]. These findings suggest that the biological 
effect of CXCL12 in HCC cell lines depends on 
the cellular subtype, and those additional fac-
tors such as CXCR7 receptors and their ligands 
(CXCL11) may modulate the final outcome of 
this pathway.

CXCL12-CXCR4 axis in T lymphocytes: tumor 
immunity suppression: Reported cases of spon- 
taneous HCC regression suggest that immune 
mechanisms are also important to control HCC 
progression [59, 60]. However, HCC cells may 
favor the development of a microenvironment, 
which often impairs tumor immunity. As such, a 
high prevalence of CD4+CD25+ T regulatory 
cells (T reg) has been reported in peripheral 
blood, tumor tissue, and peritumor regions of 
HCC patients [61, 62].

Secretion of CXCL12 appears to play an impor-
tant role in the migration and accumulation of 
CD4+CD25+ T reg cells in HCC tissue through 
the activation of CXCL12-CXCR4 signaling. T 
reg cells can inhibit cytokine secretion and pro-
liferation of CD4+CD25- T cells in HCC patients 
causing potential immune tolerance for tumor 
cells. Immunosuppression could be due to the 
modification of cytokine secretion in the tumor 
microenvironment, such as increased secre-
tion of IL-10 and TGF-beta (TGF-β) and decr- 
eased IFN-gamma (IFNγ) [61]. The loss of IFNγ 
promotes HCC formation [63], since IFNγ pro-
duced by cytotoxic T cells induces growth inhi-
bition and death in HCC cells [64, 65] as well as 
the stimulation of chemokines such as CXCL9 
and CXCL10, which can attract lymphocytes to 
HCC tissue [66]. Furthermore, CD4+CD25+ T 
reg cells could regulate CD8+ cytotoxic T-cell 
activity, allowing HCC progression [67].

CXCL12-CXCR4 axis in endothelial cells: angio-
genesis: Participation of the CXCL12-CXCR4 
axis in tumor neovascularization through VEGF-
dependent and independent mechanisms has 
been reported. CXCR4 upregulates VEGF 
expression through the Akt pathway in breast 
cancer [68]. In addition, CXCR4 is upregulated 
under hypoxic conditions in glioblastoma, via 
the hypoxia inducible factor 1-alfa (HIF1-α) and 
VEGF [69]. Other models showed that response 

to VEGF and hypoxia may be more variable 
depending of the model, as evidence has been 
reported that VEGF was not inducing CXCR4 
expression in some HCC cell lines, whereas 
hypoxia only increased the cytoplasmic and cell 
surface expression of CXCR4 in PLC/PRF5 cells 
[58]. Nonetheless, it has been demonstrated 
that osteopontin, a potent tumor angiogenic 
factor [70] induced expression and activation 
of MMP-2, mediated by the CXCL12/CXCR4 
axis, which is associated with increased HCC 
cell invasion [55].

Beyond direct angiogenic activity on HCC tumor 
cells, the CXCL12/CXCR4 axis may also be 
involved in the induction of neoangiogenesis 
via the activation of sinusoidal endothelial 
cells. Li et al. reported that CXCL12 and CXCR4 
were significantly overexpressed in sinusoidal 
endothelial cells of HCC tissue, suggesting a 
role in HCC neoangiogenesis by means of an 
autocrine mechanism [71]. Furthermore, in two 
phase II trials in HCC patients, reduction in cir-
culating VEGF-A and CXCL12 levels was 
observed after bevacizumab treatment [72], 
and an increase in circulating plasma CXCL12 
levels correlated with progression of HCC 
patients under sunitinib treatment [73].

CXCL12-CXCR4 axis and metastasis: Liu et al 
detected CXCL12 in portal lymph nodes and 
tumor ascites fluid, and CXCR4 in HCC tissues, 
suggesting that this signaling pathway plays an 
important role in metastasis of HCC by promot-
ing the migration of tumor cells [45]. Additional 
supportive evidence was accumulated includ-
ing a report that CXCL12 secreted by hepatic 
stellate cells (Ito cells) favors liver metastasis 
[74]. Several studies have confirmed the rela-
tion between CXCR4 overexpression and 
metastasis development in HCC [75]. CXCR4 
was shown to be involved in the process of 
metastasis in HCC, contributing to the forma-
tion of portal vein tumor thrombus through cell 
invasion and migration [76]. Other studies have 
shown that the location of CXCR4 expression in 
the HCC cell may impact its biological signifi-
cance in this setting. According to the findings 
of Xiang et al. there is a close correlation bet- 
ween increased expression of nuclear CXCR4 
and lymph node metastasis in HCC patients, 
while this was not the case with cytoplasmatic 
CXCR4 expression [44]. However, other studies 
show mostly cytoplasmatic expression of 
CXCR4 [46, 51]. 
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CXCR7 and HCC: CXCR7 has recently been dis-
covered as a new player in the CXCL12-CXCR4 
axis, described as binding to CXCL12 with even 
greater affinity than CXCR4. CXCL11 the natu-
ral ligand for CXCR3, is also a ligand of CXCR7 
but displays 10-fold lower affinity than CXCL12 
[77]. CXCR7 is overexpressed in tumor cells, 
including breast, prostate, lung, and pancreatic 
cancer cells, as well as in tumoral endothelial 
cells [78-80]. New data propose that CXCR7 
promotes development and progression in can-
cer [81, 82]. Various in vitro and in vivo studies 
suggest that alterations in CXCR7 expression 
are associated with proliferation, apoptosis, 
migration, invasion and tumor growth [83-85]. 
Moreover, CXCR7 expression regulated the 
expression of the proangiogenic factors inter-
leukin 8 (IL-8) and VEGF, which may regulate 
tumor angiogenesis [86].

Interestingly, in contrast to CXCR4, CXCR7 ex- 
erts its biological effect mediated by β-arrestin, 
independently of G protein activation. Hence, 
the CXCR7-CXCL12 complex is internalized and 
CXCL12 degraded, regulating both extracellular 
CXCL12 levels and CXCL12-CXCR4 signaling 
[87]. When coexpressed, CXCR4 and CXCR7 
can form homo- and heterodimers, with het-
erodimerization seemingly playing an important 
role in the modulation of the downstream sig-
naling of CXCR4 [88].

As a result, CXCR7 was initially regarded as a 
decoy receptor, acting as either a scavenger of 
extracellular CXCL12 or a modulator of CXCR4 
signaling and effects [89]. Subsequent findings 
revealed that CXCL12 mediated activation of 
CXCR7 alone evoking other intracellular signal-
ing events such as activation of the MAPK path-
way [83] in a β-arrestin-dependent manner 
[90]. Over the last few years, several reports 
have been published showing that calcium 
influx and inhibition of the adenylyl cyclase are 
exclusively mediated by CXCR4, whereas 
CXCR4 and CXCR7 together or CXCR7 alone 
can activate intracellular signaling pathways 
including phosphorylation of Akt and MAPK and 
activation of JAK2/STAT3. The PI3k/Akt activa-
tion predominantly results in cytoskeleton rear-
rangement and therefore influences cell migra-
tion and chemotaxis, whereas activation of 
MAPK and Akt signaling pathways promotes 
cell survival and proliferation, and transcrip-
tional regulation of multiple genes involved in 

angiogenesis, invasion and adhesion of cells 
[83, 91, 92].

Overexpression of CXCR7 protein and mRNA 
has been described in human HCC compared 
to normal liver tissue [93, 94]. Furthermore, 
expression of CXCR7 in 116 specimens from 
HCC patients was significantly higher in patients 
with lung metastasis (p=0.0017) [93]. CXCR7 
effects might be mediated through osteopontin 
upregulation [95]. In vivo studies confirmed 
that HCC cells with high expression of CXCR7 
were prone to metastasize to the lungs [93]. 
Interestingly, the authors showed that CXCR4 
expression was lower in the tumor than in para-
cancerous tissues. The location of CXCR7 has 
been reported in both HCC cells [93, 94] and 
endothelial cells [96], which may influence the 
mechanisms mediating the role of this axis in 
HCC. Moreover, CXCR7/CXCL12 induce inva-
sion, proliferation and VGEF secretion in HCC 
cells lines (SMMC-7721, HCCLM3) [93, 94].

The initial view that CXCL12 only targets CXCR4 
and that CXCR7 is a decoy receptor limits the 
role of CXCR4 activity and clearly needs to be 
redefined. It has been proposed that CXCL12 
scavenging by CXCR7 may reduce retention of 
CXCR4-positive tumor cells within the tumor, 
increasing the dissemination of CXCR4-positive 
tumor cells, however this hypothesis needs to 
be verified in preclinical models. Furthermore, 
despite broad knowledge of CXCR4 expression 
in different tumor types, co-expression pat-
terns of both receptors and their regulation in 
the context of the tumor microenvironment are 
lacking.

Anti-CXCR4 drugs and HCC clinical trials: In this 
review, we have shown that the metastatic pro-
cess is influenced by CXCL12 and its receptor 
CXCR4 in HCC patients. Thus, identification of 
novel agents that can down regulate CXCR4 
expression and its associated functions have 
great potential in the treatment of metastatic 
HCC. A wide variety of strategies, such as pep-
tides, small molecules, antibodies, and small 
interfering RNA, have been employed to target 
this pathway.

Nevertheless, to date few compounds have 
advanced to early stages of clinical develop-
ment. Plerixafor (AMD3100; Genzyme), which 
is known to block CXCR4 is approved by the 
FDA for mobilization of hematopoietic CD34+ 
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cells and has been extensively studied in hema-
tological malignances. A clinical study evaluat-
ing Plerixafor in combination with mitoxantrone, 
etoposide and cytarabine in acute myeloid leu-
kemia patients (sponsored by the Washington 
University School of Medicine) has recently 
been completed. In addition, clinical studies 
with Plerixafor in combination with bevacizum-
ab in recurrent high-grade glioma patients or 
with bortezomib in relapsed or refractory multi-
ple myeloma patients are ongoing. However, 
the phase I study of an oral CXCR4 antagonist, 
MSX-122 (Metastatix, Inc) in patients with 
refractory metastatic or locally advanced solid 
tumors has suspended participant recruit- 
ment.

A phase Ib, open-label, multicenter study evalu-
ating BMS-936564 (Bristol-Myers Squibb), a 
fully human IgG(4) monoclonal antibody that 
specifically recognizes human CXCR4, in mono-
therapy and combined with lenalidomide/dexa-
methasone or bortezomib/dexamethasone in 
relapsed or refractory multiple myeloma pa- 
tients will be completed in February 2015. A 
nanobody inhibiting CXCR4 (ALX-0651; Ablynx) 
has been recently studied in a first-in-man 
phase I study in healthy male volunteers.

There are currently no reports of clinical studies 
evaluating the activity of CXCR4-inhibitors in 
HCC. In a rectal cancer study, it was proposed 
that this axis could work as an escape mecha-
nism after antiangiogenic therapies [97]. Taking 
into account that hypoxia upregulates CXCR4 
and CXCR7 [98] and that neoangiogenesis play 
an important role in HCC, the axis could work 
as an escape mechanism to antiangiogenic 
drugs such as sorafenib, considered as stan-
dard of care in advanced HCC. Considering that 
chemokines activation may be primed in 
response to sorafenib and other antiangiogenic 
agents, blocking the CXCL12-CXCR4 axis using 
CXCR4 inhibitor in HCC could be considered 
either monotherapy or in combination for 
patients with tumors that relapsed after 
sorafenib treatment. High circulating levels of 
CXCL12 were indeed observed in HCC patients 
with progression during treatment with the anti-
angiogenic agent, sunitinib [73]. In any case, 
better knowledge of the biological complexity of 
the axis, its regulation and the exact relation-
ship existing between the different components 
in HCC are warranted before developing treat-
ment strategies.

Conclusions

The poor prognosis of advanced HCC along 
with the lack of effective treatments highlights 
the urgent need for research into new thera-
peutic approaches and the identifications of 
novel targets. The underlying inflammatory 
environment in HCC with a previous context of 
cirrhosis renders chemokines an area with 
good potential for investigation. This review has 
focused on current literature reporting on the 
role of the CXCL12-CXCR4 axis in liver inflam-
mation and HCC pathogenesis acting directly in 
HCC cells or indirectly in the microenvironment 
cells such as leucocytes or endothelial cells. 
The chemokine CXCL12 and its receptors 
CXCR4 and CXCR7 exert a variety of effects on 
tumor cells in vitro and in vivo, promoting 
growth, invasion, angiogenesis and progres-
sion of HCC tumors. However, publications 
addressing novel pharmacologic approaches 
for CXCR4/CXCL12 targeting therapies in HCC 
are few and far between, and are mostly in the 
preclinical or early clinical developmental 
stage. Further studies will certainly reveal new 
aspects of the interaction or role of other che-
mokines and its receptors such as CXCL11 or 
CXCR7, which should be analyzed in conjunc-
tion with CXCR4 and CXCL12, and will hopefully 
result in the design and development of promis-
ing clinical candidates for the inhibition of this 
axis in HCC.
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