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Although chemokines have been thought of primarily as leukocyte
attractants, a growing body of evidence indicates that they also
contribute to a number of tumor-related processes, such as tumor
cell growth, angiogenesis/angiostasis, local invasion, and meta-
stasis. The current knowledge of the possible involvement of chemokines
and their receptors in these cellular events are reviewed here. The
operating mechanism of chemokines in relation to metastatic
processes in vivo are also discussed. (Cancer Sci 2005; 96: 317–322)

Chemokines, their receptors and nomenclature. Chemokines re-
present a family of small-molecular-weight (8–14 kDa) chemotactic
cytokines that bind to G-protein-coupled heptahelical receptors.(1)

Structurally, chemokines are categorized into four major sub-
families (CXC, CC, CX3C, and C), based on the arrangement
of four conserved N-terminal cysteine residues in the mature
proteins. Between the first two cysteine residues, the CC, CXC,
and CX3C chemokines have 0, 1, and 3 non-conserved amino-acid
residues, respectively, while the C chemokines lack the first and
third of the four conserved residues. There are approximately 50
chemokine family members, and the CC and CXC chemokines
represent the majority (Table 1). There are at least 18 chemokine
receptors. Each receptor binds ligands from only one of the four
structural subfamilies described above, and hence, the receptors
are also grouped into four subfamilies (Table 1).

As the chemokines were discovered, they were named by the
individual laboratories that identified and/or characterized them;
in fact, a single chemokine often had multiple names, which
resulted in significant confusion. Therefore, as summarized in
Table 1, a new nomenclature system was developed several
years ago, in which the chemokine structural code (CXC, CC,
CX3C, or C) is followed by the letter ‘L’ (ligand) for each
chemokine (as in CXCL1) or by the letter ‘R’ (receptor) for
each receptor (as in CXCR1).(1) This simple numbering system
was adopted for the almost 50 chemokines and 20 receptors.
However, it is often difficult, even for those who are actively
working in this area, to correlate the rather nondescript num-
bered code names with known chemokines or their receptors. To
alleviate this problem, we will provide both the new and old
names of chemokines when they appear in the text.

Chemokines are also classified into two main groups based
on their function and pattern of expression: inflammatory and
homeostatic.(1) The inflammatory chemokines are not constitut-
ively expressed but are inducible and up-regulated by inflam-
matory stimuli, at which point they recruit leukocytes to the
sites of the inflammatory stimulus. Their expression is under
the tight control of the local proinflammatory cytokine milieu.
In contrast, the homeostatic chemokines are constitutively
expressed in certain cell types or tissues, and play a vital role in
the development and maintenance (homeostasis) of the hemo-
poietic and immune systems. These chemokines are often called
lymphoid chemokines, because they act preferentially on
lymphocytes, although some of them act on dendritic cells (DC)
as well. Although the functional classification of ‘inflammatory’

versus ‘homeostatic’ has been simple and extremely useful for
understanding the functional significance of each chemokine, it
is becoming clear that a few chemokines do not belong in either
of these groups, but rather share characteristics of both. These are
now called ‘dual-function’ chemokines.(2) They are up-regulated
upon exposure to inflammatory stimuli, and play an important
role in the recruitment of various lymphocyte subsets to the
relevant tissues during immune responses. A salient feature of
both the dual-function and homeostatic chemokines is that each
of these chemokines binds to a single receptor, expressed
mainly on lymphoid cells, whereas the inflammatory chemo-
kines bind to multiple receptors. Furthermore, the receptors for
inflammatory chemokines bind to multiple chemokines (recep-
tor promiscuity).

Chemokine-induced biological events. The binding of a cognate
chemokine ligand to its receptor modifies the tertiary structure
of the receptor, such that its cytoplasmic portion can bind and
activate heterotrimeric G proteins. The activated G-protein
subunits subsequently stimulate multiple signal transduction
pathways involving phospholipase Cβ (PLCβ) isoforms,
phosphoinositide-3 kinases (PI3K), and various Src family
kinases; the pathway details outlined in Fig. 1 vary slightly,
depending on the cellular context in which the relevant receptor
is expressed. For instance, the activation of PI3Kγ, but not
PLCβ activity, is required for myeloid cell chemotaxis,(3)

whereas PI3Kγ activation is dispensable for lymphocyte
chemotaxis.(4) In neutrophils, PI3K activation results in the
generation of phophatidylinositol-3,4,5-triphosphate (PIP3), and
both PI3K and PIP3 translocate to the leading edge of the
chemotaxing cell, where they activate the small GTPase Rac,
which then induces local actin polymerization in the leading
edge. Protein kinase B (PKB) also translocates to the leading
edge, where it contributes to local actin polymerization.(5,6) In
lymphocytes, the translocation of PI3K and PIP3 has not been
documented,(7) and activation of a PI3K-independent pathway
leads to Rac activation, in which the scaffold protein DOCK-2
appears to play a critical role.(8) Indeed, in DOCK-2-deficient
mice, in which chemokine-induced Rac activation is severely
decreased in lymphocytes but not in monocytes, lymphocyte
chemotaxis is preferentially abrogated, whereas monocyte
chemotaxis is uncompromised,(8) validating the idea that
lymphocytes use biochemical pathways for directional cell
migration that are distinct from those used by monocytes.(7) In
the leading edge of monocytes, another small GTPase, Cdc42,
is recruited and activated locally, and appears to be essential for
directional cell migration, because the absence of Cdc42 results
in non-directional cell migration.(6,9) In neutrophils, Cdc42 has
an essential role in the exclusion from the leading edge of
a PIP3-phosphatase, PTEN, which is a negative regulator of
PIP3.

(10) Thus, upon chemokine stimulation, PI3K localizes
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anteriorly, whereas PTEN localizes posteriorly in neutrophils,(11)

and the spatial and temporal regulation of the PI3K-dependent
pathways as well as of Rac and Cdc42 GTPases appears
essential for determining the internal polarity (particularly the
‘frontness’) of a migrating cell.

Another small GTPase, Rho, is involved in the regulation of
cellular morphology through its effects on the actin cytoskele-
ton. Upon chemokine stimulation, Rho preferentially localizes
to the trailing edge of a migrating cell and is activated by Rho
guanine nucleotide exchange factors (GEF) in non-lymphoid
cells.(6) Activated Rho then induces the formation of actin and
myosin complexes, resulting in the retraction of the trailing edge of
the cell. Thus, Rho appears to be directly involved in determin-
ing the ‘backness’ of at least non-lymphoid cells. Interestingly,

the polarity signals are transmitted by different G-protein
subunits in non-lymphoid cells, in which frontness is controlled
by Gβγ subunits, which coordinate the activation of PI3K and
Rac and of actin organization at the leading edge, whereas back-
ness is controlled by the Gα12/13 subunit, which activates Rho,
Rho-dependent kinase, and myosin II.(11) The role of Rho in
lymphoid cells is currently unclear.(7)

In lymphocytes, Rap1 appears be important in both cell polar-
ity determination and integrin activation by chemokines. Rap1
activation occurs rapidly and transiently upon chemokine stimu-
lation in a Gαi-dependent manner.(12) Following Rap1 activa-
tion, a Rap1-binding protein (RAPL) rapidly associates with a
β2 integrin (LFA-1) and translocates with LFA-1 to the leading
edge,(13) which is essential for the activation of cell-surface

Table 1. Chemokines and their receptors. Chemokines consisting of four major subfamilies (CXC, CC, XC, CX3C) are listed here together with
their original names. Major receptors for each chemokine are also shown, although some chemokines may bind other receptors. Chemokines and
their receptors identified in humans are listed here

New official name Original name (other names may exist) Receptor(s)

CXCL1 GROα – growth related oncogene α CXCR2 > CXCR1
CXCL2 GROβ – growth related oncogene β CXCR2
CXCL3 GROγ – growth related oncogene γ CXCR2
CXCL4 PF-4 – platelet factor 4 Unknown
CXCL5 ENA-78 – epithelial cell derived neutrophil activating factor 78 CXCR2
CXCL6 GCP-2 – granulocyte chemoattractant protein 2 CXCR1, CXCR2
CXCL7 NAP-2 – neutrophil activating protein 2 CXCR1, CXCR2
CXCL8 IL-8 – interleukin 8 CXCR1, CXCR2
CXCL9 MIG – monokine induced by interferon-γ CXCR3
CXCL10 IP-10 – γ interferon inducible ptrotein 10 CXCR3
CXCL11 I-TAC – interferon inducible T cell α-chemoattractant CXCR3
CXCL12 SDF-1 – stromal cell derived factor 1 CXCR4
CXCL13 BCA-1–B cell activating chemokine 1 CXCR5
CXCL14 BRAK – breast and kidney chemokine Unknown
CXCL15 Unknown Unknown
CXCL16 SR-PSOX – scavenger receptor that binds phosphatidylserine and oxidized lipoprotein CXCR6
CCL1 I-309 CCR8
CCL2 MCP-1 – monocyte chemoattractant protein 1 CCR2
CCL3 MIP-1α – macrophage inflammatory protein 1α CCR1, CCR5
CCL4 MIP-1β – macrophage inflammatory protein 1β CCR5
CCL5 RANTES – regulated on activation, normally T cell expressed and secreted CCR1, CCR3, CCR5
CCL6 Unknown CCR1, CCR2, CCR3
CCL7 MCP-3 – monocyte chemoattractant protein 3 CCR1, CCR2, CCR3
CCL8 MCP-2 – monocyte chemoattractant protein 2 CCR2, CCR3, CCR5
CCL9/10 Unknown CCR1
CCL11 Eotaxin CCR3
CCL12 Unknown CCR2
CCL13 MCP-4 – monocyte chemoattractant protein 4 CCR1, CCR2, CCR3
CCL14 HCC-1 – hemofiltrate CC chemokine CCR1
CCL15 Lkn-1 – leukotactin 1 CCR1, CCR3
CCL16 LEC – liver expressed chemokine CCR1
CCL17 TARC – thymus and activation regulated chemokine CCR4
CCL18 PARC – pulmonary and activation regulated chemokine Unknown
CCL19 ELC – Epstein-Barr virus induced receptor ligand chemokine CCR7
CCL20 LARC – liver and activation regulated chemokine CCR6
CCL21 SLC – secondary lymphoid tissue chemokine CCR7
CCL22 MDC – macrophage derived chemokine CCR4
CCL23 MPIF-1 – myeloid progenitor inhibitory factor 1 CCR1
CCL24 MPIF-2 – myeloid progenitor inhibitory factor 2 CCR3
CCL25 TECK – thymus expressed chemokine CCR9
CCL26 Eotaxin-3 CCR3
CCL27 ESkine CCR3, CCR2, CCR10
CCL28 MEC – mucosae-associated epithelial chemokine CCR10, CCR3
XCL1 Lymphotactin-α XCR1
XCL2 Lymphotactin-β XCR1
CX3CL1 Fractalkine CX3CR1
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LFA-1 and its adhesion to intercellular adhesion molecule-1
(ICAM-1). The expression of a dominant-active form of Rap1
promotes shear-resistant cell adhesion to LFA-1 ligands such as
ICAM-1 and promotes a polarized morphology in lymphoid
cells.(12) Inhibition of Rap1 activation by the forced expression
of a Rap GTPase-activating protein, Spa-1, inhibits lymphoid
chemotaxis,(12) and a lack of RAPL results in remarkably decreased
levels of integrin-mediated cell adhesion and chemotaxis.(13,14)

These results strongly indicate that Rap1 plays an essential role
in integrin activation and cell polarity determination through the
action of RAPL in lymphocytes, although the exact biochemical
pathways leading to Rap1 activation remain to be fully explored.

Roles of chemokines and their receptors in tumor biology. Although
chemokines were initially characterized as attractants of
leukocytes, it is now widely recognized that any cell type can
express chemokines and chemokine receptors. In particular,
their expression by tumor cells has attracted much attention, and
the prevailing hypothesis implicates chemokines as road signs
for tumor cell invasion and metastasis. However, chemokines
appear to function more than as attractants, and increasing
evidence indicates that interactions between chemokines and
their receptors are important in virtually every step of tumor
development, including tumor growth, progression, and metastasis,
as reviewed here.

Chemokines and tumor transformation, survival, and growth.
Emerging evidence indicates that chemokines are directly
involved in the transformation, survival and growth of tumor
cells. For instance, several chemokines, including CXCL1/
Groα/MGSAα and CXCL8/IL-8, bind not only to their natural
receptor, CXCR2, but also to the G-protein-coupled receptors
encoded by tumorigenic viruses such as Kaposi’s sarcoma-
associated herpes virus-8 (HHV-8). Transgenic expression of the
HHV8-encoded receptor results in the development of angio-
proliferative lesions resembling Kaposi’s sarcoma in mice,(15)

indicating that chronic and excessive signaling through the
CXCR2-like GPCR promotes oncogenic cellular transformation.

Furthermore, CXCR2 transmits an autocrine cell growth
signal in several tumor cell types. A few of the established
melanoma cell lines produce CXCL1/Groα/MGSAα(16) and
CXCL8/IL-8(17) and express their common receptor CXCR2
constitutively,(18) and blocking either the ligands or their recep-
tor inhibits cell growth.(17,19) Similar observations have been
made in other tumor cell types (reviewed in Arya et al.).(20)

These results indicate that chemokines produced by tumor cells
can function as autocrine and/or paracrine growth factors under
certain conditions.

In addition, chemokines provide survival signals to tumor
cells in some instances. For example, CXCL12/SDF-1α and
CXCL9/MIG can enhance the survival of CXCR4-expressing(21)

and CXCR3-expressing(22) cells, respectively, grown in subopti-
mal conditions, such as a low serum concentration.

Chemokines and angiogenesis/angiostasis. Chemokines can affect
tumor growth not only directly but also indirectly by promoting
or inhibiting angiogenesis. Among the CXC chemokines, those
bearing an ELR (Glu-Leu-Arg) motif at their NH2 terminus
(ELR+ chemokines) are angiogenic,(23) stimulating endothelial
cell chemotaxis, whereas those lacking the ELR motif (ELR–

chemokines) are angiostatic, inhibiting endothelial cell chemotaxis.
Accumulating evidence strongly indicates that the ELR+ chemokines
promote tumor growth by acting as angiogenic factors in vivo.
In particular, CXCL8/IL-8 and CXCL1/GROα have been
reported to contribute to tumor-derived angiogenic activity in a
variety of human tumors. In prostate cancer, significant levels of
CXCL8 are observed in tumor cells, but not in normal or benign
hyperplastic cells.(24) CXCL8 serum concentrations(25) and CXCL8
mRNA levels in radical prostatectomy specimens are positively
correlated with an advanced pathologic stage.(26) Interestingly,
anti-CXCL8 antibodies effectively inhibit the tumorigenesis and
tumor-related angiogenesis of a CXCL8-producing prostate
cancer cell line, PC-3, in severe combined immunodeficiency
(SCID) mice, whereas anti-CXCL1 antibodies inhibit those of a
CXCL1-producing prostate cancer cell line, Du145, in the same

Fig. 1. The chemokine receptor signaling network.
Chemokine receptors can bind and activate
heterotrimeric G proteins, including Gαißγ and
Gα13βγ. In a chemotaxing cell, signaling
components responsible for the formation of
cell polarity, directional sensing and F-actin
polymerization, such as PI3K, Rac and Cdc42, are
preferentially recruited to the leading edge,
whereas the mediators of actomyosin contraction,
which are downstream of Rho, are recruited to
the trailing edge. PTEN is excluded from the
leading edge, helping to restrict PI3K signaling to
the leading edge. Thus, the spatially regulated
localization of signaling components plays a vital
role in determining the ‘frontness’ and ‘backness’
in a chemotaxing cell. The details of the chemo-
kine signaling pathways appear to vary slightly
depending on the cellular context.
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model.(27) Lung carcinoma cells also often secrete CXCL8, and
its neutralization by a specific antibody abrogates the tumor-
related angiogenic activity(28) and tumor growth in SCID mice,(29)

supporting the hypothesis that angiogenic chemokines play a
role in promoting tumor growth in vivo.

CXCL10/IP-10 is an angiostatic ELR– chemokine produced
at high levels by human non-small cell lung cancer cells.(30) In
SCID mice, the production of CXCL10 is inversely correlated
with the tumorigenesis of lung cancer cells, and the intratumoral
injection of CXCL10 attenuates the growth and neovasculariza-
tion of the tumors, whereas the functional depletion of CXCL10
by the systemic administration of neutralizing antibodies aug-
ments the tumor growth and neovascularization.(30) The forced
expression of murine CXCL10 in human Burkitt lymphoma
cells also inhibits subcutaneous tumor growth in nude mice,
causing capillary damage and tumor necrosis.(31)

Chemokines and tumor-leukocyte interactions. The local produc-
tion of inflammatory chemokines by tumor cells and/or stromal
cells would be expected to cause the recruitment of various
types of leukocytes into the tumor tissue. Indeed, there is ample
evidence for the association of various types of inflammatory
cells with cancer. Because these inflammatory cells secrete a
variety of biologically active molecules, including cytokines,
chemokines, proteases, and lipid mediators, they are likely to
regulate neoplastic processes that affect the growth and spread
of tumor cells. In breast cancer, tumor cells produce CCL5/
RANTES, and the level of expression correlates with the
extent of macrophage infiltration and lymph node metastasis.(32)

In a mouse model, the long-term administration of a CCL5
antagonist, Met-CCL5, significantly reduces the subcutaneous
growth of CCL5-producing syngeneic mouse breast cancer cells
without affecting their proliferative ability, but concurrently
inhibits leukocyte infiltration into the tumor.(33) In esophageal
carcinoma, CCL2/MCP-1 expression is positively correlated
with the level of macrophage infiltration, tumor angiogenesis,
and invasion.(34) These results indicate that tumor-infiltrating
macrophages may in fact facilitate tumor growth and pro-
gression. Enforcing this idea, genetic studies by Lin et al.(35,36)

clearly demonstrate the tumor-growth-promoting activity of
infiltrating macrophages and implicate colony-stimulating factor
(CSF) as a tumor-derived macrophage growth factor that
exacerbates macrophage infiltration, thereby promoting sub-
sequent tumor progression and metastasis. However, there are
conflicting reports on the role of tumor-associated leuko-
cytes. Monti et al. reported that CCL2/MCP-1 is secreted by
pancreatic carcinoma cells and that inflammatory cytokines
such as IFNγ, TNFα, and IL-1β synergistically up-regulate
its expression.(37) The tumor-associated CCL2 is apparently
released into the circulation of tumor-bearing patients, and
interestingly, those with high circulating levels of CCL2 have
significantly higher survival than do low CCL2 producers.
In addition, serum CCL2 levels are positively correlated with
intratumoral macrophage infiltration and inversely correlated
with tumor cell proliferative activity, while these tumor cells do
not express functional receptors for CCL2.(37)

A variety of DC subsets are also found in tumor tissues. In
breast carcinoma, immature DC that are likely to be of myeloid
origin are found preferentially within the tumor bed where
CCL20/LARC/MIP-3α is highly expressed; in contrast, more
mature DC are confined to peritumoral areas where clusters of
T cells are often found.(38) Plasmacytoid DC are also found in
certain tumors, and chemokines have been implicated in their
recruitment.(39) As with intratumoral macrophages, the available
data are conflicting as to the role of these DC subsets, and it is
unclear whether the presence of these DC is correlated with a
beneficial or adverse outcome. It is also unclear whether their
presence within tumor tissues signifies an active host response
or a subversive effect of the tumor.(40)

Chemokines and tumor invasion/metastasis. Accumulating data
show that some but not all tumor cells express chemokine
receptors and respond to chemokine gradients in vitro.
Furthermore, in vivo data also indicate that certain chemokines
can serve as tissue-specific attractant molecules for tumor cells,
promoting tumor-cell migration to particular sites, as reviewed
here.

The concept that a particular chemokine-receptor pair may
promote organ-specific tumor metastasis was first experimen-
tally addressed by Muller et al.(41) They showed that a chemo-
kine receptor, CXCR4, is more highly expressed in mammary
carcinoma tissue than in normal mammary tissue and that its
ligand CXCL12/SDF-1α is expressed in a variety of tissues
including lymph nodes, bone marrow, and lungs, where mam-
mary carcinoma cells preferentially metastasize.(41) They then
showed that certain mammary carcinoma cell lines can undergo
chemotactic migration to CXCL12 in vitro and that experimen-
tal metastases to lymph nodes and lungs induced by intravenous
or orthotopic injection of one of these cell lines into SCID mice
are inhibited significantly by treating the mice with a neutraliz-
ing monoclonal antibody against CXCR4. In fact, CXCR4 is
the chemokine receptor most commonly found in human and
murine cancer cells,(42,43) and its involvement in metastasis has
been suggested in a variety of tumors, including small-cell lung
cancers, pancreatic cancers, astrogliomas, myelomas, B cell
lymphomas, and chronic lymphocytic leukemias.(42) However,
it may be too simplistic to envision that the mere ability of
CXCL12 to induce chemotaxis explains why this chemokine
plays an important role in tissue-specific tumor metastasis,
because CXCL12 is expressed in a wide variety of tissues
and can perform functions other than chemotaxis, such as
the promotion of tumor cell growth/survival and cytokine
secretion.(43,44)

Furthermore, in a mouse metastasis model, CCR7, which
is the receptor for two major chemokines, CCL19/ELC and
CCL21/SLC, that are expressed in lymph nodes, plays an
important role in tumor metastasis. Wiley et al. demonstrated
that the functional expression of CCR7 enhances the metastasis
of B16 murine melanoma cells to regional lymph nodes com-
pared with control melanoma cells, and this metastasis is
blocked by neutralizing anti-CCL21 antibodies but not by con-
trol IgG.(45) Because CCR7 ligands are expressed in both high
endothelial venule cells and lymphatic endothelial cells in
lymph nodes,(46) Wiley et al. examined whether CCR7-B16
melanoma cells metastasize to draining lymph nodes through
blood vessels or lymphatic vessels. Intravenous administration
of CCR7-B16 or control B16 cells yielded comparable numbers
of metastatic nodules in the lungs without forming visible
metastasis in the lymph nodes, indicating that CCR7 expression
specifically enhances the metastatic ability of B16 melanoma
cells through a lymph-mediated but not a blood-borne path-
way.(45) Because the CCR7-dependent lymphatic migration of
tumor cells is reminiscent of the physiological migration of DC
into draining lymph nodes,(47) an interesting possibility is that
tumor cells co-opt physiological mechanisms of lymph node
immigration during metastasis.(45) Supporting this idea, CCR7-
positive gastric carcinoma cells have a high incidence of lymph
node metastasis, and patients with CCR7-positive tumors have
a significantly poorer prognosis than those with CCR7-negative
tumors.(48) Similar observations have been made in esophageal
carcinoma patients.(49)

Other chemokine receptors have been implicated in chemokine-
dependent tumor cell attraction to certain tissues. CCR10 is
expressed in melanoma cells,(41) and its ligand, CCL27/CTACK,
is produced constitutively by keratinocytes in the skin, to which
melanomas often metastasize. CCR4 is often expressed in adult
T-cell leukemias that preferentially invade the skin, where one
of the CCR4 ligands, CCL17/TARC, can be expressed.(50) CCR3
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is expressed in CD30+ cutaneous lymphomas, and its ligand
CCL11/eotaxin is often expressed in the tumor cells and tumor-
associated skin lesions.(51) Although chemotaxis has been
invoked as a possible mechanism for the organ-specific meta-
stasis of tumor cells in these studies, this idea is based mainly on
inference and remains to be proven in vivo. It is also question-
able whether the metastatic migration of tumor cells is governed
over long distances by the chemotactic gradient of a single
chemokine. Metastasis is a complex phenomenon that involves
the ability of tumor cells both to migrate to a particular site and
to become established and proliferate. Thus, the prevailing view
of chemokines as mere attractants for tumor cells may be an
oversimplification.(43,44)

Operating mechanisms of chemokines in vivo. While there is
sufficient evidence to suggest that chemokines can stimulate
tumor motility and attract them to sites of production, it must
be kept in mind that chemokines are soluble and subject to
diffusion from their source as a result of body fluid flow in vivo.
Thus, for chemokines to function locally in the body, they
would have to be immobilized on tissue components upon
secretion. In this regard, it is notable that chemokines can
bind to glycosaminoglycans, such as heparan sulfate(52) and
chondroitin sulfates(53) that decorate proteins expressed broadly
in various tissues (i.e. proteoglycans). Vascular endothelial cells
express some proteoglycans and can bind certain chemokines
on the luminal cell surface, which is apparently a prerequisite
for leukocyte adhesion to and extravasation through blood
vessels.(54) Endothelial cell-immobilized chemokines can activ-
ate integrins on leukocytes, enabling them to adhere to the endo-
thelial cells and subsequently to extravasate into tissues. The
involvement of a similar mechanism has been speculated for
the extravasation of tumor cells.(43)

In addition, certain chemokines can bind to non-proteoglycan-
type ECM proteins, some of which are abundantly expressed
in the basal lamina of small blood vessels. CXCL12 is reported
to bind fibronectin preferentially,(55) although our preliminary
results indicate that CXCL12 can bind to other vascular ECM
components as well, including collagen IV and laminins (BG Yang
& T Tanaka, unpubl. data, 2005). In addition, CCL21, CCL5/
RANTES, and CXCL10/IP-10 bind to mac25/angiomodulin
expressed on the basal lamina of small venules in lymph
nodes.(56) Interestingly, chemokines immobilized on either of the
above-mentioned ECM components can effectively induce the
chemotaxis of receptor-expressing cells, in the absence of soluble
chemokine (Bai et al., unpubl. data, 2005), suggesting that
immobilized and not soluble chemokines accomplish their
necessary functions in vivo.

In considering the mode of action of chemokines in vivo, it
must also be noted that chemokines do not always induce the
migration of cells along a positive chemical gradient. CXCL12
has been shown to induce the repulsion of human T cells at high
concentrations but attraction at low ones.(57) In our study, at vari-
ous concentrations used, CXCL12 tends to induce mainly a
random-walk type of movement in a majority of murine periph-
eral T cells and thymocytes, whereas CCL21 tends to induce
mainly positive migration along a chemokine gradient in these
cells (Z Bai & Y Srinoulprasert, unpubl. data, 2005). Thus,
certain chemokines may provide a multidirectional rather than
unidirectional cue to receptor-expressing cells, and the notion of

chemokines as directional migration inducers or simple tissue-
specific attractants in tumor metastasis should be considered
with caution.

Therapeutic implications. Given that chemokines play important
roles in multiple steps of tumor progression and metastasis,
chemokines and their receptors are now regarded as attractive
molecular targets for the treatment of malignant tumors. In
particular, monoclonal antibodies against chemokine receptors
have been useful for inhibiting the growth and/or spread of
malignant tumor cells in experimental settings. For instance,
an anti-CXCR4 monoclonal antibody significantly inhibits the
metastasis of human breast carcinoma cells to the lymph nodes
of SCID mice.(41) Pretreatment of non-Hodgkin lymphoma cells
with an anti-CXCR4 antibody also inhibits subsequent growth
of the cells in immunodeficient mice.(58) However, whether the
inhibitory effects observed with these antibodies are caused
only by the inhibition of chemotaxis remains unclear, because
antibody-bound tumor cells are likely to be subject to Fc-mediated
trapping by the liver and/or lung and to Fc-mediated killing by
macrophages.

Expectations are growing that chemokine receptors will be
subject to therapeutic intervention using small molecule inhibi-
tors. A specific antagonist of CXCR4, AMD3100, which is also
a potent blocker of human immunodeficiency virus cell entry,
was shown to inhibit the growth of brain tumors by inducing
apoptotic cell death in the tumor cells.(59) However, because the
CXCL12-CXCR4 system plays an important role in a variety of
homeostatic processes, such as the development and migration
of hemopoietic stem cells, primitive germ cells, and neural pre-
cursors, clinical applications of CXCR4 inhibitors must be
approached with extreme caution.(43)

Conclusion

Because chemokines and chemokine receptors are important in
tumor progression and metastasis, as summarized in the present
review, disrupting these interactions may prove to be a useful
approach for treating cancers. However, given the complex
nature of carcinogenesis and metastasis formation, let alone the
heterogeneity of different cancers, it is not likely that any single
inhibitor or functional modulator of chemokines or chemokine
receptors will become a ‘cure’ for cancer. It is more probable
that, when used in conjunction with other therapeutic regimens,
newly discovered chemokine- or chemokine-receptor-based
agents will contribute significantly to the control of tumor cell
invasion and metastasis. Such an approach may lead to many
cancers becoming dormant and clinically manageable. An
increased understanding of the mode of action of chemokines on
tumor cells and their microenvironment will help us meet this
goal.
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