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1. ABSTRACT

Instructed cell migration is a fundamental
component of various biological systems and is critical to
the pathogenesis of many diseases including cancer. Role
of chemokines in providing navigational cues to migrating
cancer cells bearing specific receptors is well established.
However, functional mechanisms of chemokine are not
well implicit, which is crucial for designing new
therapeutics to control tumor growth and metastasis.
Multiple functions and mode of actions have been
advocated for chemokines and their receptors in the
progression of primary and secondary tumors. In this
review, we have discussed current advances in
understanding the role of the chemokines and their
corresponding receptor in tumor progression and
metastasis.
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2. INTRODUCTION

Malignancy involves group of diseases that share
a characteristic of uncontrolled growth. In most tissues and
organs, a balance between cell proliferation and cell death
maintains homeostasis. Occasionally, cells neglect the skill
to acknowledge the standard growth machineries and
clones of cells arise, which can grow to a considerable size
producing tumors or neoplasm. Most malignant tumors are
able to metastasize, a process of new tumor formation and
growth at distant sites, which is responsible for 90% cancer
associated deaths (1). At the tumor-host interface, a wide
range of host factors including growth factors, adhesion
molecules, cytokines and chemo attractants support tumor
cell proliferation, survival and migration (2). Recently,
members of chemo attractant cytokines, named
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chemokines, which were primarily known as key regulators
of the immune system, have been implicated in malignant
transformation and tumor progression (3-5). Most
importantly, a growing body of experimental evidence both
in vitro and in vivo suggests that members of the
chemokine family together with their cognate receptors
play a key role in the metastatic progression of numerous
tumor types (6). Depending on number and spacing
between 4 chemokine subfamilies have been defined
(Figure 1). The largest group of chemokines has the first 2
cysteines in an adjacent position (CC chemokines). Most of
these molecules, products of a large multigenic cluster on
chromosome 17q11.2, act on monocytes, whereas other CC
chemokines, products of different chromosomal loci, are
active on different cell types (Figure 1). Group of
chemokines that has the first 2 of 4 total cysteines separated
by an intervening amino acid are called CXC chemokines.
Two large multigenic clusters code most of these
molecules. The first, located on chromosome 4ql12-q13,
includes CXC chemokines containing an ELR-conserved
amino acid sequence on the N-terminus (ELR'CXC
chemokines) that act on neutrophils. The second located on
4921.21, includes CXC chemokines lacking the ELR
sequence (ELR™ CXC chemokines) that act mainly on T
lymphocytes (Figure 1).

The chemokines, a super family of low
molecular weight chemotactic cytokines are key regulators
of leukocyte trafficking and other biological activities such
as development, angiogenesis and haematopoiesis.
Chemokine mediates many cellular responses (i.e.
cytoskeleton rearrangement, cell polarization and integrin
dependent adhesion) in leukocytes through activation of G
proteins and subsequent downstream effectors kinases,
which are essential for cell migration (7, 8), (Figure 2).
Nonetheless, it has become evident that they also
participate in the activities of other cells types and play
crucial role in pathological conditions including cancer (4,
7, 9). The expression of chemokines has been reported in a
variety of human tumors and they have been identified as
important mediators of tumor progression (3, 4). In the
tumor microenvironment, specific chemokines have been
shown to be responsible for the recruitment of leukocytes
into the tumor sites. However, chemokines may also play a
role in the functionality of tumor cells and other cells in
tumor microenvironment, which together regulate the
process of tumor development and progression (6). Indeed,
a number of evidence demonstrates the contribution of
chemokines to multiple steps of tumor progression,
including tumourigenesis, growth/survival, angiogenesis,
invasion and metastasis (5, 10).

3. CHEMOKINES AND THE TUMOR IMMUNE
RESPONSE

Tumor microenvironment is composed of tumor
cells as well as various types of stromal cells such as
fibroblasts and endothelial cells. It is apparent that several
types of inflammatory cells including neutrophils,
macrophages and lymphocytes are recruited to the tumor
and play both positive and negative roles in the cancer
progression (10-14). Accumulating data indicate that the
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infiltration of the inflammatory cells is regulated by a
variety of biologically active molecules in the tumor
microenvironment and the chemokines, in particular, play
an important role in this process (10). Such as, ovarian
cancer cells secrete CCL2 (14) and CCL2 produced in
epithelial areas of the tumor positively correlates with
number of epithelial cells expressing CCL2 and the total
number of CD8" T lymphocytes and macrophages in tumor
vicinity (14). In esophageal carcinoma, the expression of
CCL2 is positively correlated with the number of
macrophage infiltration, which correlates with tumor
angiogenesis (15). CCL2 also induces the production of
monocyte matrix metalloproteinases (MMPs), the matrix-
degrading enzymes that are required for the extravasations
of leukocytes through basement membrane into the tissue
(16). Similar to CCL2, the chemokine CCL5 is localized to
areas containing tumor-infiltrating leukocytes and is
responsible for the selective infiltration of T lymphocytes
in human colorectal carcinoma (14). Consequently, as
demonstrated in numerous studies, different types of
leukocytes recruited to tumor sites such as Th2
lymphocytes, immature dendritic cells, T regulatory cells
and macrophages act in different manners to suppress or
promote tumourigenesis (12).

4. CHEMOKINES IN TUMOR DEVELOPMENT,
GROWTH AND ANGIOGENESIS

Mounting evidence suggests that chemokine
receptors are highly expressed by the tumor cells and their
corresponding ligands (chemokines) are produced within
the tumor microenvironment. Furthermore, interaction of
chemokines with their corresponding liagd play crucial role
in tumor progression. CXCR2, which is receptor for
multiple inflammatory chemokines such as CXCL1 and
CXCLS8, demonstrates a high degree of homology to the
GPCR encoded by Kaposi’s sarcoma-associated
herpesvirus-8, called KSHV-GPCR. A point mutation of
CXCR2 results in the constitutive signaling of the receptors
and cellular transformation similar to KSHV-GPCR (17,
18). Over expression of CXCL2 and CXCL3 the ligands for
CXCR2, in melanocytes also increase tumourigenicity in
vitro and in nude mice (19). A proliferative effect of
chemokines on tumor cells has also been demonstrated.
CXCL1 and CXCLS, ligands for CXCR2 have been
identified as autocrine growth factors of melanoma cells,
which constitutively express CXCR2. Blocking CXCL1 or
CXCR2 with specific antibodies inhibits melanoma cell
growth (20-22). In addition, some chemokines may support
tumor growth by providing anti-apoptotic signals. For
example CXCL12 and CXCL9 enhance tumor cell survival,
expressing their cognate receptors CXCR4 and CXCR3,
respectively, in serum-free conditions (23, 24).
Chemokines also affect tumor growth by regulating the
formation of new vascular networks around the tumor and
CXC chemokines, containing an ELR (Glu-Leu-Arg) motif
at the NH2-terminus play significant role in this process.
The ELR-positive chemokine (i.e. CXCLS8) elicits an
angiogenic effect on prostate tumors. CXCLS8 is highly
elevated in prostate cancer (PCa) patients, compared to
healthy subjects or patients with benign tumors (25, 26).
The administration of CXCLS8 neutralizing antibody
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Figure 1. The chemokine system: Chemokines, their receptors, and predominant receptor repertoires in different leukocyte
populations are listed. The selected ligands are identified with one old acronym and the new nomenclature, the first part of the
name identifies the family and L stands for “ligand,” followed by a progressive number. Chemokine acronyms are as follows:
BCA, B-cell activating chemokine; BRAK, breast and kidney chemokine; CTACK, cutaneous T-cell-attracting chemokine; ELC,
Epstein-Barr virus—induced receptor ligand chemokine; ENA-78, epithelial cell-derived neutrophil-activating factor (78 amino
acids); GCP, granulocyte chemo attractant protein; GRO, growth-related oncogene; HCC, hemofiltrate CC chemokine; IP,
interferon-inducible protein; I-TAC, interferon-inducible T-cell A chemo attractant; MCP, monocyte chemo attractant protein;
MDC, macrophage-derived chemokine; Mig, monokine induced by y interferon; MIP, macrophage inflammatory protein; MPIF,
myeloid progenitor inhibitory factor; NAP, neutrophil-activating protein; PARC, pulmonary and activation-regulated chemokine;
RANTES, regulated upon activation normal T cell-expressed and secreted; SCM, single C motif; SDF, stromal cell-derived
factor; SLC, secondary lymphoid tissue chemokine; TARC, thymus and activation-related chemokine; TECK, thymus-expressed
chemokine. Ba, basophils; CC, chemokine with the first 2 cysteines in adjacent positions; Eo, eosinophils; iDC, immature
dendritic cells; MC, mast cells; mDCs, mature dendritic cells; Mo, monocytes; Mg, macrophages; NK, natural killer cells; PMN,
neutrophils; T act, activated T cells; T naive, naive T cells; T muc, mucosal-homing T cells; Treg, regulatory T cells; T skin,
skin-homing T cells.
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Figure 2. Summary of major signal transduction pathways downstream of chemokine receptors. This simplified figure depicts
signaling molecules activated following chemokine receptor activation. The binding of chemokines to their respective receptors
results in the activation of three main downstream signaling pathways to various cellular responses. The classical G-protein
pathway activates various downstream systems including PLC, PI3K, FAK and MAPK, leading to cell adhesion, polarization and
chemotaxis. Inactivating Gia using PTX can be inhibite this pathway. The activation of the JAK/STAT pathway being initiated
following the tyrosine phosphorylation of activated chemokine receptors has been documented. The signaling pathways initiated
by phosphorylation at serine/threonine residues on the COOH-terminus region involve the activities of GRKs and B-arrestins.
This pathway is responsible for internalization and recycling/degradation of the activated receptors. Arrows indicate ‘‘activated
downstream”’. Question marks indicate unclear downstream signaling pathways. FAK focal adhesion kinase, PLC phospholipase
C, PI3K phosphatidylinositol 3-kinase, MAPK mitogen-activated protein kinase, PTX pertussis toxin, JAK/STAT Janus
kinase/Signal transducer and activator of transcription, GRKs G-protein-coupled receptor kinases.

inhibits tumor growth and angiogenesis in PCa mouse
model, which constitutively produce CXCL8 (27). Other
ELR-positive CXC chemokines such as CXCL1, CXCL2
and CXCL3 also show angiogenic properties and
experimental evidences suggest that over expression of
these chemokines in non-tumorigenic mouse melanocytes
promotes formation of highly vascular tumors in mice (19,
28). In contrast, ELR-negative CXC chemokines such as
CXCL4, CXCL9 and CXCL10 show angiostatic activity
(29-31). In SCID mice, the intra-tumoral injection of
CXCL10 attenuates the growth and neovascularization of
non-small cell lung cancer, whereas blocking the function
of CXCL10 by the administration of CXCL10 neutralizing
antibody promote tumor growth and angiogenesis (32).
However, the ELR-negative CXC chemokine CXCL12
appears to exhibit angiogenic ability both in vitro and in
vivo (33). Overall, balances between the activities of
angiogenic and angiostatic factors, including certain CXC
chemokines are required for the formation of neovascular
network in tumors (30, 31).
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5. CHEMOKINES
METASTASIS

IN TUMOR INVASION AND

Chemokines and their receptors have gained
much attention in recent years due to their significant roles
in advance stages of cancer. The function of these
molecules in cancer has been inferred from the
physiological activities of leukocytes, especially the
chemotaxis, which is tightly regulated by chemokines. In a
seminal study by Muller et al. (34) demonstrates that
metastasizing tumor cells migrate towards chemokine-
producing secondary organs similar to the directional
migration of leukocytes to the sites of inflammation.
Numerous studies have demonstrated the involvement of
various chemokines and chemokine receptors in metastasis
and invasion of cancer (10). Expression of CXCLS8 as well
as its corresponding receptors, CXCR1 and CXCR2,
increases the invasiveness of human melanoma cells and
correlates with the metastatic potential of the cells in mice
(35, 36). Furthermore, over expression of CXCLS8 also
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results in an increased invasion and metastasis of PCa, both
in vitro and in vivo (37). CCR7, the receptor for CCL19
and CCL21, has also been implicated in melanoma
metastasis (38).

The functional expression of CCR7 enhances the metastasis
of B16 murine melanoma cells and CCL21 neutralizing
antibody inhibits metastasis (38). A number of chemokines
promote the invasive and metastatic potential of breast
cancer cells. A wide range of ligands including CCL3,
CCL4, CCL2, CCL5, CXCL10, CXCL7, CXCLI and
CXCL2 have been shown to induce the migration of human
breast cancer cells (39). The expression of CXCLS8 has also
been correlated with the metastatic potential of breast
cancer cell lines (40).

Muller and colleagues has provided first
experimental evidence revealing the molecular mechanism
involved in chemokine-mediated organ-specific metastasis
of breast cancer (41). Amongst all known chemokines
receptors, the human breast cancer cell lines and malignant
breast tumors predominantly express CXCR4 and CCR7.
The functionality of CXCR4 and CCR7 was demonstrated
by in vitro experiments showing that the stimulation of
human breast cancer cells with CXCL12 and CCL21
mediates actin polymerization, chemotaxis and invasion. A
panel of normal human organs was screened for the
respective ligands: CXCL12 for CXCR4 and CCL21 for
CCRY7. Interestingly, expression of CXCL12 was higher in
all target organs for breast cancer metastasis (i.e. lung,
liver, bone marrow, and lymph nodes) and low at other
organs (41). On the other hand, CCL21 was expressed
selectively in lymph nodes. Protein extracts of the target
organs exerted chemotactic activity on breast cancer cells.
Blocking CXCR4-CXCL12 interaction with CXCR4
neutralization antibody in metastatic breast cancer model
MDA-MB-231 cells attenuated metastasis to the regional
lymph node and lung (41). This study indicates a
significant  involvement of CXCR4/CXCL12 and
CCR7/CCL21 in invasion and metastasis of breast cancer.
Studies by other investigators have also shown that down
regulation of CXCR4 receptors by inducible small-
interfering RNA (siRNA) inhibits the metastasis of breast
cancer cells both in vitro and in vivo (42, 43) and blocking
CXCR4 activity using a specific antagonist delays the
growth of breast cancer cells in the lung (44). In addition to
breast cancer CXCR4/CXCLI12 axis has been shown to
play important role in prostate, melanoma, pancreatic and
ovarian  cancers metastasis (45, 46). Hecnce,
CXCR4/CXCL12 axis is currently considered as one of the
major determinants of metastatic progression of cancer. A
number of recent reports have extensively investigated the
biological functions of CXCR4/CXCL12 associated with
the metastatic potential of cancer cells and several
mechanisms underlying these processes (10). First, the
activation of CXCR4 may trigger the arrest of circulating
cancer cells on endothelial cells by promoting the
interaction between adhesion molecules on both cell types.
In B16 murine melanoma cells, the activation of CXCR4
rapidly increases the affinity of $1 integrin on the cells for
vascular cell adhesion molecule-1 (VCAM-1). Under shear
stress conditions, over expression of CXCR4 in B16 cells
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resulted in greater than ten-fold increase in adhesion to
lung endothelial cells expressing VCAM-1 in response to
TNF-a (47). In addition to these studies, it has also been
shown that stimulation of CXCR4 expressing melanoma
cell, glioma cells and ovarian cancer cells with CXCL12
facilitate cell proliferation and survival (48-51).
CXCR4/CXCL12 signal transduction leading to cell
survival is likely to be mediated by the activation of PI3Ks
and their downstream PKB/Akt (51). Furthermore, it has

been recently documented that the malignant
transformation and the function of CXCR4 and CCR7
chemokine receptors are interconnected and most

importantly, are interdependent in breast cancer cells (52).

5. CROSS TALK BETWEEN CHEMOKINES AND
GROWTH FACTORS IN CANCER PROGRESSION

Tumor progression is influenced by homeostatic
factors released locally and systemically, such as adhesion
molecules, immune components and growth factors (2, 53,
54). At tumor—stroma interface, a tumor cell can be
simultaneously exposed to variety of humoral factors
produced by both tumor and host cells. It is now well
accepted that the families of G-protein-coupled receptors
(GPCRs) and receptor tyrosine kinases (RTKs) play
important roles in mediating the signals from extra cellular
stimuli such as hormones, growth factors and cytokines
involved in a variety of physiological and pathological
conditions (10, 55). More importantly, recent studies have
indicated that the signal transduction cascades mediated by
these two receptors share downstream signaling pathways
and may modulate each other to transduce the signals (56,
57). Cross talk between these receptors adds a significant
complexity to their downstream signal transduction
networks, which translate multiple signals from extra
cellular stimulus into cellular activities and this may affect
the patho-physiological conditions mediated by the two
types of receptors. As mentioned above, several growth
factors i.e. EGF, VEGF and IGF families play a crucial
roles in cancer development and have been identified as
therapeutic targets for cancer (55). One of the well-
established growth factor systems, the IGF family, has been
documented to contribute to the processes of
transformation, proliferation, survival, and lesser defined
invasion and metastasis, therefore controlling the
accomplishment of malignant potential of tumor (58-61).
Numerous molecular studies indicate that the activation of
IGF tyrosine kinase receptor and CXCR4 receptor by their
respective ligands, i.e. IGFs and CXCL12 respectively,
triggers signal transduction pathways in involved in cell
migration - a cellular activity mandatory for metastasis and
invasion of cancer cells (58, 62). We have recently shown
that PCa cell lines and primary prostate tumors express
CXCRS, which correlates with the tumor grade. In this
study, we present the first evidence that CXCL13, the only
ligand for CXCRS5 and IL-6 were significantly elevated in
the serum of PCa patients compared to normal healthy
donors with benign prostatic hyperplasia (BPH), or high-
grade prostatic intraepithelial neoplasia (HGPIN) as well as
normal healthy (NHD). Serum CXCL13 levels significantly
(p<0.0001) correlated with serum prostate-specific antigen
(PSA), whereas serum IL-6 levels significantly (p<0.0003)
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correlated with CXCL13 serum levels. CXCL13 was found
to be a better predictor of PCa than PSA. CXCL13 was
highly expressed by human bone marrow endothelial
(HBME) cells and osteoblasts (OBs), but not osteoclasts
(OCs), following treatment with physiologically relevant
levels of interleukin-6 (IL-6). We further demonstrate that
CXCL13, produced by IL-6-treated HBME cells, was able
to induce PCa cell invasion in a CXCRS5-dependent
manner. CXCL13-mediated PCa cell adhesion to HBME
cells and o, 3;-integrin clustering was abrogated by CXCRS
blockade. These results demonstrate that the CXCL13-
CXCRS5 axis is significantly associated with PCa
progression (63).

7. EXPRESSION OF CHEMOKINE RECEPTORS
AND CANCER METASTASIS

The expression of chemokine receptors CXCR4
and CCR7 in particular, on tumor cells has recently
received a great attention due to their direct involvement in
promoting cancer metastasis. Expression of these
chemokine receptors has been reported on a number of
cancer cell lines, tissues and primary tumors and interaction
with their specific ligands has been demonstrated to
stimulate migration of cancer cells in vitro and in vivo.
Retrospective studies in clinical samples positively
correlates with chemokine expression and clinical out
come. Presence of CCR7 in non-small cell lung cancer
(NSCLC) cells has been directly associated with the
development of lymph node metastasis (64). More
specifically, CCR7 mRNA was expressed at higher levels
in cancer tissue and not in the neighboring normal lung
tissues. Furthermore, the expression of CCR7 mRNA
correlated with the stage of lymphatic invasion, suggesting
that CCR7 may participate in the emigration of cancer cells
from peripheral tissue to lymph nodes via the lymphatics.
As a consequence, it was proposed that CCR7 expression
could be used as a potential diagnostic tool for predicting
lymph node metastasis before surgery and may improve
therapeutic out come of NSCLC. Since CXCR4 is the most
common chemokine receptor expressed by tumor cells,
being implicated in over 25 different epithelial,
mesenchymal and haemopoietic human cancers (45, 46).
CXCR4 expression has been extensively studied variety of
tumor cells and tissues. Notably, not all cancer cells studied
are CXCR4-positive; the cell lines derived from ovarian
cancer, acute myelogenous leukemia (AML), anaplastic
thyroid cancer and glioma are CXCR4-negative (45, 46).
Moreover, within primary tumors such as ovary and
NSCLC, only a subpopulation of cells expresses CXCR4.
More importantly, CXCR4 expression has been linked in
promoting the production of other factors that are involved
in tumor development. For example, stimulation of ovarian
cancer cells and primary cells isolated from ascitic disease
produce more pro-inflammatory cytokine (i.e. TNF-a) after
CXCL12 stimulation (65), which has been implicated in
tumor/stromal communication in this disease.

The majority of these studies have focused on
positively correlating receptor expression with the
metastatic disease. However, conflicting evidence shows
that the expression of CXCR4 on cancer cells is not simply
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confined to tumor cells exhibiting metastatic abilities.
Schmid et al/ have shown that CXCR4 expression is
initiated at a very early point in the transition from normal
to a transformed phenotype in breast epithelium and highly
expressed in ductal carcinoma in situ (DCIS) (66).
Moreover, high levels of CXCR4 were detected in 94% of
studied cases of atypical ductal hyperplasia, potentially the
first clonal pre-neoplastic expansion of ductal epithelial
cells, representing an early stage in tumourigenic
transformation (66). Therefore, these observations raise the
possibility that expression of CXCR4 and CCR7 receptors
implicated in metastasis and not restricted to the malignant
forms of breast cancer.

In view of these contrasting data, the precise
relationship of chemokine receptor expression in cancer
cells and their potential role in metastasis is still not clear
and requires considerable clarification. To establish if the
level of chemokine receptor expression relates to the
disease stage of breast cancer, the analysis of CXCR4 and
CCR?7 expression in breast cancer cells was performed in
vitro in a panel of cell lines ranging from non-transformed
immortalized breast epithelial cells to highly aggressive
breast cancer cell lines (67). The examination of CXCR4
and CCR7 expression revealed significant levels of
expression throughout the panel of breast epithelial cancer
cell lines. CXCR4 and CCR7 expression were not restricted
to the metastatic cell types, since a non-transformed
immortalized breast cancer cell line (MCF-10A), exhibits
similar levels to that observed in highly invasive
transformed breast cancer cell line, MDA-MB-231. These
data challenge previous reports and strongly suggest that
CXCR4 and CCR?7 expression alone is not an indicator of
aggressive breast cancer and therefore its application as a
prognostic marker of metastasis requires further
clarification. We have shown that CCR9 is highly
expressed by the PCa cells. Neutralization of CCL25-CCR9
interactions impaired the migration and invasion potential
of the LNCaP and PC3 cell lines towards chemotactic
gradient of CCL25. CCL25 differentially modulated the
expression of collagenase-1 or matrix metalloproteinase
(MMP)-1, collagenase-3 (MMP-13), stromalysin-2 (MMP-
10), stromalysin-3 (MMP-11), and gelatinase-A (MMP-2),
but not MMP-3, MMP-7, MMP-8, MMP-9, MMP-12, or
MMP-14 in PCa cells. These studies suggest that the
expression and activation of CCR9 affects cancer cell
migration, invasion, and MMP expression, which together
may affect PCa metastasis (68).

8. ROLE OF CHEMOKINE AND THEIR
RECEPTORS IN CANCERS

8.1. Breast Cancer

The normal breast expresses a set of chemokines,
albeit at low levels. Indeed, CXCL1, CXCL2, CXCL3,
CXCLS5, CXCL6, CXCL7 and CXCLS8 have been detected
in human milk (69, 70). Primary cultures of normal breast
epithitelial cells secrete CXCLS8 in addition to TNFo and
IL-6 (70). In many cases, levels of chemokines are higher
in cancer tissues compared to normal tissue. A global gene
expression profiling comparing normal epithelial cells and
in situ, invasive and metastatic breast carcinomas using
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serial analysis of gene expression (SAGE) analysis
revealed that many chemokines are highly expressed in
normal breast and absent in carcinoma, including CXCLI1,
CXCL2, CXCLS5, CXCL6, CXCLS8, CXCL20, CX3CL1,
CCL2 and CCL7 (71). Most studied chemokine in breast
cancer are CXCLS8, CCL2, CCL4 and CCLS5.

CXCLS8 has been shown to play an important
role in various pathological conditions and in many types
of cancers (72). CXCLS8 is over expressed in breast cancer
compared to normal tissues both at the protein levels and
the RNA levels in primary tumors (73) and in the sera of
patients (74, 75). In addition to CXCL8, CCL2 and CCL4
also highly expressed by the malignant tissue compared to
normal (73). To our knowledge, only one study performed
on a limited number of samples did not report any
differences in CXCLS levels between infiltrating mammary
carcinoma and normal breast (76). CCL5 is highly
expressed by the tumor cells and rarely in normal breast
biopsies (77). Similarly, serum CCLS5 levels in patients
with high-grade breast tumors are higher, compared to low-
grade tumors (78). In addition to these facts, CCLS levels
are also elevated in primary tumors, as well as at metastatic
sites (78).

Potential role of chemokine and their
corresponding receptor interaction in breast cancer
progression is now well accepted. Most studies chemokine
in breast cancer are CXCR4 and CCR7, which bind
CXCL12 and CCL19/CCL21 respectively (41). CCL21 is
mainly expressed in lymph node, which could explain the
migration of breast tumor cells to the lymph node (41). On
the other hand, CXCL12 is present at high levels in lymph
node, bone marrow, liver and lung, which could also
account for the migration of breast cancer cells to the
sentinel lymph node and subsequently to distant metastasis
organs (3, 41). It is important to note that the levels of
chemokine receptors might not be sufficient to determine
whether a particular cell will be responsive to its natural
ligand. Indeed, Holland et al. have shown that by analyzing
a panel of breast cancer cell lines that expression of
CXCR4 is relatively uniform between the different cells
lines both at RNA and protein levels, but only metastatic
cell lines displayed a functional receptor (52).

8.2. Prostate Cancer

Besides the role of chemokines and their
receptors in angiogenesis, they also seem to be involved in
the process of tumor cell migration, invasion, and
metastasis. Metastasis is a multistep process in which
tumor cells gain access to the vasculature in the primary
tumor, survive in circulation, arrest in the microvasculature
of the target organ, exit from the microvasculature, and
proliferate in the target tissues. It has been shown that
greater numbers of tumor vessels increase the opportunity
for tumor cells to enter the circulation (79). In prostate
carcinoma (PCa), a histological analysis has shown direct
positive correlation between microvessels density of
invasive prostate carcinoma and the incidence of
metastases (80). However, directional migration of cancer
cells, which critical step in metastasis, is determined by the
chemokine receptors expressed by the PCa cells and
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expression of corresponding ligand (chemokine) at the
target organs. In this regard, it has been shown that
different human PCa cell lines from the same cancer type
use distinct angiogenic CXC chemokines (81). Since, PCa
has the tendency to metastasize to the bone, there has been
more focus on bone-associated chemokines and their
receptors expressed by the PCa cells. Recent reports
indicate that the CXCL12/CXCR4 chemokine axis is
involved in PCa metastasis (82, 83). Expression of CXCR4
in PCa cells has been implicated in ‘‘homing’ to
microenvironments of higher concentrations CXCL12 (83),
such as bone (84). During this process, the circulating PCa
cell mimics hematopoetic and immune cells in terms of
localizing to the high CXCL12-expressing sites, firm
adhesion to endothelial cells, transmigration across the
blood vessel wall and migration toward the chemokine
(85). Moreover, it has demonstrated that CXCL12-CXCR4
is key factor for metastatic PCa (86, 87). It has also been
shown that androgen receptor negatively regulates CXCR4
(3), suggesting that loss of androgen receptor enhances PCa
migration. Another mechanism through which CXCR4
could be regulated to promote metastasis is through NF-xB.
NF-kB has been shown to up-regulate chemotaxis of breast
cancer cell by inducing CXCR4 expression (88). However,
inhibition of CXCR4 in vivo only partially blocks the
metastatic behavior of PCa, suggesting that other factors
may play a role in controlling tissue-specific migration
(89). Our laboratory also reported the cellular and
molecular mechanisms of CXCR4/CXCL12-mediated PCa
cell migration and invasion (90). In addition to highly
studied CXCL12-CXCR4 axis, we have recently reported
that CXCRS5 a chemokine receptor for CXCL13 is highly
expressed by the PCa cell and tissues (91). Additionally,
we have also shown clinical and biological significance of
CXCL13-CXCRS in PCa (91). A recent report indicates
that CXCR?7, another receptor for CXCL12 is expressed
in PCa. In vitro and in vivo studies with PCa cells
suggest that alterations in CXCR7 expression are
associated with enhanced adhesive and invasive activities
in addition to a survival advantage (86, 87). It has been
shown that CXCR?7 also regulates the expression of the
pro-angiogenic factors CXCL8 or VEGF, suggesting a
role in the regulation of tumor angiogenesis.
Furthermore, studies have shown that signaling through
or expression of CXCR4 alters CXCR7 levels, while
CXCR7 expression is not directly linked to CXCR4
expression (86, 87). CXCR7 forms functional
heterodimers with CXCR4 that potentiates CXCL12
signaling (92). A previous report supports that CXCR7
mediates many biological and pathological processes,
including cell growth/survival and adhesion, as well as
the promotion of tumor growth (93). However, it was
suggested that the CXCR7 signaling pathway might be
distinct from the typical G-protein-coupled receptor
mechanism. Other than CXCR4, CXCR5 and CXCR7 a
significant positive correlations between expression of
CXCL16 and CXCR6 vs. the stage and grade of PCa has
been established very recently. In this study authors have
also shown that CXCL16 can stimulate the growth of PCa
cell lines transfected to express CXCR6 (94). Hence,
multiple chemokies and their corresponding receptors are
involved in etiopathogenesis of PCa.
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8.3. Ovarian Cancer

It is now well established that complex biology
of both normal and malignant ovarian cells are regulated by
the chemokine (95,96). Chemokines expressed by the cells
of tumor microenvironment can affect the types and the
degree of the immune infiltrate in the tumor. The CC
chemokine subfamily, particularly CCL2 is the most often
expressed in ovarian cancer histotypes (97) and particularly
involved in macrophage recruitment. Negus et al. (86)
reported the expression of CCL2 and CCLS5 in epithelial
ovarian cancer cells and demonstrated the direct
relationship between the levels of CCL2 with degree of the
immune cell infiltration. More recently, the analysis of
ovarian cancer ascitic fluid and ascite cells showed
significant expression of CCL2, CCL3, CCL 4, CCLS5,
CCL8, and CCL22, and their corresponding receptors
(namely, CCR1, CCR2a, CCR2b, CCR3, CCR4, CCRS5,
and CCR8), at mRNA and protein level (98). However, a
definite correlation between this expression pattern and
the total cell counts in ascites or the stage of the disease
still unclear. Indeed, tumors appear to utilize the same
molecular mechanisms used by the normal immune
system to eliminate malignant cells. In this regard,
influence of chemokines on anti-tumor immune response
has been described in a study that strongly supports the
view that tumor-associated regulatory T cells (mediators
of the immune tolerance by suppressing auto reactive T
cells directed towards tumor antigens) impair the
function of T effector cells in tumor bearing patients
(99). Tumor tissue and ascites from ovarian cancer
patients contains high levels regulatory T cells. These
cells migrate into the tumor microenvironment in
response to CCL22 are capable of suppressing antitumor
responses. This specific recruitment of regulatory T cells
represents a mechanism by which tumors may develop
immune advantages and, as a consequence, the suggested
inhibition of regulatory T cell migration or function
using antibodies against CCL22 may represent a novel
anti-tumor approach.

One of the main features of all solid tumors is
their dependence on neovascularization. Cancer cells
recruit endothelial cells by producing several chemokines,
cytokines, and growth factors. Angiogenesis is also critical
for ascites development and metastasis in ovarian cancer.
The role of chemokines in tumor angiogenesis is well
known and mainly controlled by the CXC chemokines
family in a negative (angiostatic chemokines, ELR") or a
positive manner (angiogenic, ELR") (100). In particular,
CXCLS8/IL-8 and CXCL1-3/GROa, -B and -y, and
CXCLS5/ENA-78 induce angiogenesis through the
activation of direct mechanisms on endothelial cells (101).
A direct relationship between the expression of angiogenic
molecules and the pathological behavior of five different
human ovarian cancers xenografted indicates that the
expression of CXCLS/IL-8 is associated with
neovascularization and inversely correlated to survival
(102). Moreover, CXCLS8-overexpressing cells when
xenotransplanted in mice display an increased cell growth,
micro vessel density, and tumourigenic rate (103).
Similarly, in vitro, IL-6 and CXCLS8/IL-8 accelerate the
proliferation rate of several EOC cell lines (104).
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The fate of metastatic tumors cells at new
homing site is determined by its microenvironment, which
supports the homing as well as growth of the tumor cells.
Several  observations indicate  that the tumor
microenvironment at metastatic sites is enriched with
chemokines and tumor cells expressing the cognate
receptors migrate and adhere in response to these
chemokines. An important role for the CXCL12/CXCR4
axis in metastasis of ovarian tumor is well established
(105). However, it is clear that CXCL12 alone is not
responsible in determining the fates of metastatic cells. In
particular, the role of CCL11/eotaxin-1 in proliferation and
invasion of ovarian cancer cells was analyzed. EOC over
expressed CCR2, -3, -5, and the cognate receptors of
CCLI11, with a strong positive correlation between tumor
grade and the levels of each of these receptors.
Interestingly, the inhibition of CXCLI11 activity by
neutralizing antibodies significantly increases cis-platinum
response in ovarian carcinoma cells (106,107). Higher
efficacy of cis-platinum after CXCL11 neutralization
suggests that chemokines also play significant role in up
regulating anti-apoptotic molecules.

9. MOLECULAR MECHANISMS OF THE
FUNCTIONAL ON-SWITCH OF THE CHEMOKINE
RECEPTORS IN METASTATIC CANCER CELLS

It is now very clear that a large number of
downstream effectors molecules that are regulated by
chemokines are highly involved in the pathobiology of
tumors. However, role of various effectors of chemokine
receptors in primary and metastatic tumors are not well
established. Moreover, chemokine signaling has been
predominantly investigated in leukocytes and very little
evidence is available on signaling cascades mediated by the
chemokines in other cell types.

Although at the present, relatively little is known
regarding the signaling pathways activated by chemokines
in cancer cells, preliminary data show that CXCR4 and
CCR7 are capable of activating a number of different
intracellular events such as chemotaxis, invasion and
adhesion, which are essential for cancer cells to achieve
metastatic goal (108, 109).

In non-metastatic breast cancer cells, actin
polymerization and chemotactic responses are not induced,
when CXCR4 and CXCR?7 is stimulated with their ligands.
Therefore it is possible that the signaling intermediates
further upstream of these events are disrupted. Chemokine
signaling pathways are mediated through G-protein coupled
receptors (GPCRs) and generally use the Gi subclass of G-
proteins (3) that results in the activation of the Gaui subunit,
which mediates the inhibition of adenyl cyclase-mediated
cAMP production and the mobilization of intracellular
calcium (110). Treatment with CXCL12 or CCL19 inhibits
forskolin-induced adenyl cyclase-mediated cAMP in
metastatic breast cancer cell lines but not in non-metastatic
cells. Furthermore, chemokines induce Gai-dependent
intracellular calcium mobilization in metastatic breast
cancer cells are inhibited by Gai inhibitors and pertussis
toxin.
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In leucocytes, the Py subunit of the G-protein
complex is responsible for the activation of numerous
kinase cascades downstream of GPCRs (111). In metastatic
breast cancer cells, a rapid and sustained activation of
ERK1/2, IkBa, JNK, Akt, p38MAPK and GSK-3 o/p} are
observed in response to CXCR4 and CCR?7 ligands, where
as little or no activation detected in the non-metastatic cell
lines. Several of these effector molecules play a significant
role during the migration of leukocytes, these data imply
that breast cancer cells use similar chemokine mediated
mechanisms to regulate migration, proliferation and
survival required for cancer progression and metastasis.
Moreover, GPBy-dependent signaling is not activated in the
non-metastatic cell types, suggesting the blocked in
functional signaling in further upstream of these signaling
intermediates. Overall, the analysis of chemokine-mediated
signaling events downstream of the G-protein o and By
subunits in breast cancer cells suggests that the blockade in
CXCR4 and CCR?7 function in non-metastatic cells occurs
at the level of G protein activation.

The heterotrimeric G proteins act as molecular
switches in signaling pathways by coupling the activation
of heptahelical receptors at the cell surface to intracellular
responses. This role depends on the ability of the Ga
subunit to cycle between a resting conformation primed for
interaction with an activated receptor and a signaling
conformation capable of modulating the activity of
downstream effector proteins (112). In the resting state, the
Gao subunit binds GDP and Gfy. Receptors activate G
proteins by catalysing GTP for GDP exchange on the Ga
subunit, leading to a conformational change in the Ga. and
Gy subunits that allows their dissociation and activation
of a variety of downstream effector proteins. The G
protein returns to the resting conformation following
GTP hydrolysis and subunit re-association.

Analysis of the chemokine receptor and G-
protein coupling in resting and chemokine-activated
metastatic and non-metastatic breast cancer cells
demonstrated that CXCR4 and CCR7 forms complexes
with the Gai subunit constitutively in both cell types.
However, following chemokine stimulation, dissociation
of Gai from the receptor takes place only in the
metastatic cells. In parallel, the G subunit associated
with chemokine receptors in both non-invasive and
metastatic breast cancer cells; however, the dissociation
of G from the receptor upon ligand stimulation occurred
only in the metastatic cells. Further investigations
revealed that the formation of the heterotrimeric G-
protein complex could only be detected in the invasive
cell types that express functional chemokine receptors.
The differences in Gai and G binding observed
throughout the panel of breast cancer cells lines were not
due to the absence of Gf} protein since all cells examined
expressed GP subunits. Therefore, this novel finding
indicates that in non-invasive cells with non-functional
CXCR4 or CCR7, Gai and GPBy do not form the
functional heterotrimeric complex, which is critical for
GDP to GTP transfer and activation of signaling pathways
downstream of G proteins (113).
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Furthermore, these findings strongly suggest the
existence of specific regulatory mechanisms that may be
switched on or off during the metastatic progression and
acquisition of an invasive phenotype. The hypothetical
functional ‘‘on-switch’” for chemokine receptors expressed
in breast cancer cells is controlled at the level of the
chemokine receptor (i.e. CXCR4 and/or CCR7) and G-
protein subunit interactions. The lack of G-protein
heterotrimeric complex formation in the non-invasive cells
may be due to the expression of ‘‘incompatible’” o and By
subunits. It is noteworthy that the family of heterotrimeric
G proteins consists of 27a, 53 and 14y subunits, which may
leads to a very high number of possible ofy subunit
combinations of varying affinity for a multitude of GPCRs
(51). Another plausible explanation for the inability of Gou
and Gy subunits to form stable complexes in selective cell
lines may be due to the expression of one or more
inhibitory molecules. Many aspects of G-protein-mediated
signaling remain to be elucidated, and to gain a broader
understanding of the functional roles of chemokine receptor
signaling pathways in human breast and other cancer cells.
Additional studies are necessary to delineate the regulation
of G-proteins downstream of CXCR4 and CCR7. A
detailed understanding of the physiological and
pathophysiological role of G-protein-mediated signaling in
normal and transformed cells will allow the full
exploitation of this multifaceted signaling system as a
target for pharmacological interventions.

10. CONCLUSION AND PERSPECTIVE

Cancer research has emphasized the importance
of intrinsic properties of tumors as well as the host
homeostatic systems activated during cancer progression.
Accumulating evidence suggest that chemokies play
significant role in cancer progression and metastasis.
Importantly, chemokines in the tumor microenvironment
and potentially interact with growth factors to regulate the
process of invasion and metastasis of cancer. As thoroughly
reviewed, molecular analyses have indicated that the
activation of chemokine receptors by chemokines triggers
the signal transduction networks leading to cell migration,
which is mandatory for cancer cells to accomplish
metastatic goal. While different types of cross talk between
GPCR and RTK signal transduction are increasingly
documented, it has been clearly demonstrated that the
migrational signaling downstream of chemokine receptors
can be transactivated by growth factors as is the case for
the cross talk between CXCR4/CXCL12 and IGF-1R/IGF-I
in metastatic breast cancer cells. Despite the existence of
cross talk between the two types of receptors being
documented, many important aspects require further
investigation. Of importance, a variety of normal cells,
diseased cells and tissues, including cancer cells other than
those derived from breast cancer, should be examined for
similar cross talk. Different factors involved in establishing
the CXCR4/IGF-1R signaling complex must be identified
in order to elucidate the precise mechanism of the cross
talk. The role of this cross talk in breast cancer metastasis
and invasion would also need to be studied in in-vivo
models to develop specific approaches to inhibit the cross
talk. Currently, cross talk between different types of
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molecules exerting their biological effects on tumor cell is
being increasingly studied and this aspect is essential for
understanding the molecular pathogenesis of cancer and
lead to the development of effective cancer therapy.
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