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Abstract

Malignant cells from at least 23 different types of cancer express the chemokine receptor CXCR4 and respond to its ligand CXCL12.
This receptor ligand pair appears to be involved in directed migration of cancer cells to sites of metastasis, increased survival of cancer cells
in sub optimal conditions and establishment of a tumour promoting cytokine/chemokine network. Preliminary data from animal models
suggest that CXCR4 may be an important therapeutic target in a range of cancers. However CXCR4 plays major roles in embryogenesis,
homeostasis and inflammation. This raises questions concerning the specificity of CXCR4 antagonists in the treatment of cancer.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction showing reduced body size, generalised oedema and dyspla-
sia of the ventricular septum. They have a range of defects
Chemokine gradients are central to the directed movementin the haematopoietic system, heart, cerebellum and vascu-
of cells in many normal and pathologic processes. Cancerslature. These results suggest a critical role for CXCR4 in
have a complex chemokine network that may influence the migration and patterning of a number of embryonic cell lin-
leucocyte infiltrate and angiogenegi$. Malignant cellscan  eages and also that CXCL12 is the only known receptor for
also express chemokine receptors and respond to chemokin€XCR4 (6,7] and references therein).
gradients and this may be related to the growth and spread In zebrafish embryos the posterior lateral line, PLL, is
of cancer. Different cancers express different CC and CXC a mechanosensory system comprising seven to eight sense
chemokine receptors and the corresponding ligands areorgans aligned from head to tail along the flank of the an-
sometimes expressed at sites of tumour spfea8]. There imal. The PLL is formed by a primordium that originates
is one chemokine receptor, however, that appears to befrom the cephalic placodg8]. A trail of a CXCL12-like
expressed by a majority of cancer types and this is CXCR4. chemokine is present along the pathway of the primordium,
CXCR4 and its ligand CXCL12 are widely expressed in and a CXCR4-like receptor is expressed by the migrating
normal tissues and play a fundamental role in foetal develop- cells.
ment, mobilisation of haemopoietic stem cells, and traffick- CXCR4 and CXCL12 are also involved in the migration
ing of ndve lymphocyteg4]. CXCR4 is also a co-receptor  of primordial germ cells, PGCs, in fish and murine em-
for T-trophic HIV [5]. This review will discuss the signifi-  bryos. Germ cells are created at a distance from the future
cance of CXCR4 expression on cancer cells in relation to its gonad and somatic tissues lining their migratory path pro-
roles in embryonic development, homeostasis and inflam- vide attractive, repulsive and survival cues. Zebrafish PGCs
matory disease. are guided towards somatic cells producing high levels of
a CXCL12-like molecule, following a dynamic pattern of
CXCL12 expressior[9]. There are two zebrafish homo-
2. CXCR4 and CXCL 12 in embryonic development logues of CXCR4,cxcrda and cxcr4b. Knocking down
CXCL12 or CXCR4b mRNA with RNAI results in lack of
Mice lacking CXCR4 or its ligand develop normally for  directional PCG migration and ectopic localisation. PGCs
the first 13 days (E13) but by E17.5 a majority are dead, with a mutatedcxcr4b fail to undergo directed migration
towards the target tissue, and exogenous CXCL12 can re-
*Tel.: +44-20-7882-6108; faxs-44-20-7882-6110. cruit germ cells to ectopic sites in the embifi®]. Murine
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numbers of PGCs that arrive in the gonads are significantly causes a reduction in bone marrow plasma CXCL12 levels,

reduced11]. mainly due to degradation by neutrophil elastfi32,33]
G-CSF may also regulate CXCR4 expression although data
are conflicting with evidence for cleavage of the CXCR4 re-

3. CXCR4 and CXCL12 in adult tissues ceptor to an inactive forr§83], or receptor upregulatid32].
Mobilised HPC are attracted to sites of increased CXCL12

mMRNA for CXCR4 is detected in a range of adult tissues. expression at sites of tissue injury, e.g. the lif&t].

Functional receptor protein is found on peripheral blood Thus, CXCR4 is expressed on a range of normal cells.

lymphocytes and unprimed T cel[42], monocytes[13], Stimulation of the receptor can affect growth, survival and

pre B cells, plasma cellgl4,15] CD16 negative NK cells  homing of those cells. The receptor and its ligand can be

[16], dendritic cell§17], mast cell§18], adult CD34+ bone modulated by other cytokines and a further level of control

marrow progenitor cell§l9], vascular smooth muscle cells may exist in terms of a receptor that is expressed but is not

[20], endothelial cells[21,22] retinal pigment epithelial  functional[31].

cells [23], intestinal[24] and alveolar epithelial cellR5],

microglia, neurons and astrocytfd. CXCR4 expression

can be regulated positively by cytokines such as T8F- 4. Intracellular signalling pathways activated by

VEGF, bFGF, and negatively by cytokines such as IL-5, CXCL12

IFN-a andy. CXCL12 is constitutively expressed by stro-

mal cells in many tissues and is generally considered to be CXCRA4, like all other chemokine receptors, is a seven

a homeostatic chemokirj&1]. transmembrane domain receptor that is associated with het-

CXCR4 and CXCL12 are involved in proliferation, sur- erodimeric G proteins. Signal transduction by chemokine

vival, homing and retention of primitive haematopoietic receptors leads to activation of G proteins and phospho-

CD34+ progenitor cells, HPC, in bone marrojt9,26] lipase C and the elevation of cytosolic free calcil®s].

Direct proof for a role for CXCR4/CXCL12 in CD34 cell Stimulation of chemokine receptors also results in acti-

trafficking in humans comes from treatment of volunteers vation of ERK-2 and PI 3-kinase leading to formation

with the selective CXCR4 antagonist AMD31(#7,28] A of PIP3 and activation of PKB/Akt. In contrast to other

single dose produces a rapid generalised leucocytosis assoehemokine receptors, stimulation of CXCR4 can lead to

ciated with an increase in peripheral blood CB3dells. prolonged activation of these two signalling pathways
At the highest dose of AMD3100 the number of progenitors [36]. Signalling via CXCR4 also enhances tyrosine phos-
increases 15-20-fold. phorylation, association of components of focal adhesion

Responsiveness to CXCL12 correlates with positioning complexes such as paxillin, and NF-kB activity in nuclear
of B lymphocytes within a secondary lymphoid organ and extracts[35]. Optimal chemotactic response of T cells to
is regulated by the differentiation state of the cell and by CXCL12 requires activation of both class IA and class
B cell receptor engagemef29]. CXCR4/CXCL12 is also IB PI 3-kinases[37]. Chemokines, including CXCRA4,
involved in the migration of antibody-secreting plasma blasts activate integrins and Rapl plays a pivotal role in this
during the course of a memory immune respojiss. [38].

Some normal epithelial cells express CXCRA4. There is a
predominant apical distribution, for instance on enterocytes
in normal human bowel24,30] and when colon epithelial 5. Splice variants and mutations of CXCR4 and
cells are stimulated by CXCL12, they are able to produce CXCL 12
other CXC chemokines.

Different dendritic cell, DC, subsets, express a range Murine CXCR4 has two CXCL12-binding isoforms,
of functional chemokine receptors such as CCR1, CCR2, which are differentially expressed in lymphoid tissues and
CCR5, CCR6, CCR9 and CXCR4 and these are involved in brain[39]. There is also a report of an alternative less potent
extravasation and movement to peripheral sigdg. After transcript for human CXCR4, CXCRA4-I@0] which can
activation in the stroma, or contact with inflammatory cy- be detected in spleen, lungs, peripheral blood mononuclear
tokines, they change their chemokine receptor phenotype,cells and some cancer cell lines. CXCR4 shows consider-
upregulating CCR7 which allows DC to migrate to gradi- able conformational heterogenei@l] and the commonly
ents of the chemokines that signal through CQRZ]. In used anti-CXCR4 antibody 12G5 is only able to recognise
this process, receptors such as CXCR4 are down regulateda sub population of CXCR4 molecules.

or become unresponsive to ligand binding. A truncating mutation in the cytoplasmic tail GXCR4
is associated with WHIM syndrome, an immunodeficiency
3.1. Mechanisms of progenitor cell mobilisation via CXCR4 disease characterised by peripheral neutropenia, hypogam-

maglobulinemia and extensive human papillomavirus infec-
CXCRA4 positive HPC are mobilised from the bone mar- tion [42]. Interestingly, patients with WHIM syndrome have
row by treatment with cytokines such as G-CSF. G-CSF abundant mature myeloid cells in their bone marrow.
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6. CXCR4 and CXCL 12 in inflammatory disease 7. Malignant cells may respond to chemokine gradients

Just as CXCR4/CXCL12 is involved in homing and re-  While restricted and specific CC and CXC chemokine
tention of cells during embryogenesis and homeostasis ofreceptor expression has been found on many cancer cells
adult tissues, there is evidence for a similar role in inflamma- [1,2], the chemokine receptor most commonly found on tu-
tion. For instance, in inflammatory liver disease, CXCL12 mour cells, both in human and experimental murine can-
is upregulated in biliary epithelial cells and plasma lev- cers, is CXCR4Table 1summarises and references data
els of CXCL12 are also higher than in normal controls on CXCR4/CXCL12 expression in human cancer biopsies,
[43]. freshly isolated cancer cells and in cancer cell lines. CXCR4

In a murine model of airway inflammation, functional expression has been reported in at least 23 different epithe-
CXCR4 is expressed by primary bronchial epithelial cells lial, mesenchymal and haemopoietic cancers. However, not
and this is enhanced by IL@1[44]. IL-13 also increased  all cancer cells studied are CXCR4 positive. Some of the
CXCR4 mRNA and enhanced CXCL12 signalling in hu- cell lines derived from ovarian cancer, acute myelogenous
man bronchial epithelial cells. Similar CXCR4 expression |eukaemia, AML, anaplastic thyroid cancer and glioma are
was found in the nasal tissue of patients with symptomatic CXCR4 negative as are primary cells from acute myeloid
allergic rhinitis. CXCL12 was detected in synoviocytes of AML, erythroid AML and undifferentiated AML. Moreover,
the hyperplastic lining layer of the rheumatoid jojdb]. within primary tumours such as ovary and non small cell
This CXCL12 accumulated in, and was immobilised by, lung cancer, only a sub population of cells express CXCRA4.
heparan sulphate molecules on endothelial cells. CXCL12 When it has been possible to study primary tumour cells
may also be involved in the perivascular accumulation of T (i.e. from leukaemias and cells isolated from ovarian cancer
cells typical of rheumatoid arthritigl6]. Human synovial T ascites), the CXCRA4 receptor is functional with a variety of
cells have high levels of functional CXCR4 that is positively  signalling pathways activated.
regulated by TGRB1 and mediates adhesion of T cells to  There is less information on CXCL12 in malignant tis-
fibronectin. sues and cell linesTéble 1. The ligand is found in pri-

In a murine model of collagen-induced arthritis, exoge- mary tumour sites in lymphoma, glioma, ovarian cancer and
nous CXCL12, injected in periarthritic tissues, elicited an pancreatic cancer; at sites of metastasis in breast and thy-
inflammatory response and the majority of leucocytes har- roid cancer, neuroblastoma and haematologic malignancies.
vested from arthritic joints were MactlCXCR4+ [47]. CXCL12 expression varies with individual cancer types in
The importance of CXCR4/CXCL12 was demonstrated by patterns that could be consistent with attraction of cancer
the beneficial effects of treating mice with the CXCR4 an- cells to distant sites, or, conversely, to retention of cells in
tagonist AMD3100 before the appearance of first symptoms. the primary tumour. In kidney cancer there is a report that

Eosinophils consitutively express low levels of CXCR4 CXCL12 mRNA levels are lower in the malignant tissue
that can be upregulated by TNE-IFN-y and TGFg1 compared to adjacent normal areas. CXCL12 is not pro-
and down regulated by the Th2 cytokines IL-5 and duced by cell lines derived from breast and ovarian cancer,
IL-4 [48]. In non-inflamed tissues, CXCR4 may be in- but has been detected in cell lines derived from prostate and
volved in the retention of eosinophils. The Th2 state pancreatic cancer as well as glioma.
may favour their liberation via a decrease in CXCR4

expression. 7.1. CXCRA4/CXCL12 in cancer cell migration and invasion
As described above, CXCR4 and CXCL12 are involved
in neuronal cell migration and patternifi. There is recent In most of the studies summarisedTable ], activation

evidence for their involvement in neurotransmission in adult of CXCR4 stimulated directed migration of cancer cells,
brain and in neurotoxicity induced inflammation/infection invasion through matrigel, endothelial cell, bone marrow
[49]. CXCL12 is expressed at high levels in astrocytes stromal, or fibroblast monolayers, towards a CXCL12 gra-
and CXCR4 is found in glial cells and specific subsets of dient e.g[50-59] The concentrations of CXCL12 required
neurons. Stimulation of hippocampal slices of brain with to stimulate migration, invasion, calcium flux, prolifera-
CXCL12 induces, within seconds, the release of the neu-tion and gene induction in malignant cells are comparable
rotransmitter glutamate. CXCR4 stimulation induced rapid to those used to stimulate normal cells. Most commonly
cleavage and release of membrane T&FFhis TNF« 100-1000 ng/ml CXCL12 gives an optimal response in
then initiates a rapid and complex chain of events leading HPC, monocytes, lymphocytes and endothelial cells and
to prostaglandin formation, astrocyte communication and similar doses are effective on a range of cancer cell lines
cytokine release. and primary cancer cells.

Thus, in inflammatory disease CXCR4 and CXCL12 can  Further insight into the role of CXCR4/CXCL12 in inva-
be modulated by cytokines present at inflammatory sites andsion may come from experimental cancer models. In human
this can lead to attraction of cells to the site of inflamma- ovarian cancer biopsies, CXCR4 was only expressed by
tion, retention, prevention of apoptosis, enhanced responsea minority of cells in the primary tumoui60]. However,
to CXCL12 and generation of inflammatory mediators. if CXCR4 is over expressed in ovarian cancer cells that
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Table 1
Tumours that express CXCR4
Tumor type CXCR4 expression Functional receptor Regulation of CXCR4 CXCL12 expression References
B-CLL Higher expression than  Yes - Plasma CXCL12 lower [83,84]
on normal B cells than in normals
AML On myelomonocytic Yes - - [85]
promyelocytic subtypes
only
B-lineage ALL Freshly isolated cancer Yes - - [85,86]
cells. High CXCR4
expression predicted
extramedullary organ
infiltration
Intraocular Biopsies - - Weak in retinal pigment [87]
lymphoma epithelium
Non-Hodgkin Mainly in biopsies of - - - [88]
lymphoma anaplastic large cell
lymphoma
Follicular center  Freshly isolated cells Yes, more active than or In lymph nodes and [59]
lymphoma germinal center B cells made by lymphoma cells
CML Freshly isolated cancer Yes, but less active than — - [89]
cells in normal counterpart
Multiple myeloma Cell lines Yes - - [90]
Pancreatic cancer  Cancer cells and Yes - In cancer cells in tissues [54]

Prostate

Breast

Ovary

Thyroid
Colorectal cancer
Oral squamous

carcinoma

Cervical cancer

Neuroblastoma

Kidney

Glioma

Astrocytoma

Rhabdomyo-
sarcoma

Small cell lung
cancer

Melanoma

endothelial cells of large
blood vessels

Cell lines and cancer cellsres
in biopsies. Localised
and metastatic cancers

Cell lines biopsies Yes

Cell lines minority of Yes
cells in biopsies

Cell lines Yes
Cell lines Yes
Cell lines biopsies Yes

Cell lines biopsies

Cell lines Yes

Cell lines tumor biopsies Yes
(MRNA)

13/16 cell lines biopsies  Yes

In biopsies increased  —
with tumor grade

Cell lines Yes
Cell lines Yes
Cell lines and biopsies Yes

Upregulated by VEGF

Upregulated by TGB-

Downregulated by
CXCL12
Upregulated in cancer
tissues compared with
normal

Upregulated in cancer
compared to normal
Upregulated by
PAX3-FKHR gene

SCF and CXCL12
co-operated in activation

not cancer cell lines

Osteoblasts in bone [91]
marrow

mRNA 11 in metastatic [67]
tissue compared to
normal tissue. Also in
cancer cell lines
mRNA at sites of [2,72]

metastasis Not in cell
lines
mRNA and protein in [52,53]
biopsies, protein not in
normal tissue or cell lines

mRNA in cell lines [58]

[78]
Protein in stromal cells [92]
adjacent to cancer cells
in lymph node
Slettenaar and
Wilson (personal
communication)
mRNA and protein cell  [55]
lines
mRNA downregulated in [66]
malignant compared with
normal tissues
mRNA and protein in [65,68,81]
cell lines and some
tumor tissues

Co-localised with [81]
CXCR4
- (50]
- [70,93]
- [64,69,94]

Table showing data on expression of CXCR4 and CXCL12 in a range of tumours; (=) data not known.
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normally have low levels of a weakly functional CXCR4 CXCL12 stimulation of ovarian cancer cell lines and pri-
receptor, the transfected cells show increased migrationmary cells isolated from ascitic disease caused production of
and invasion in response to CXCL12 in vitro, increased the pro-inflammatory cytokine TNE-[53]. This cytokine
adhesion to extracellular matrix and CXCL12-mediated has been implicated in tumour/stromal communication in
survival under sub optimal growth conditions. When grown this disease, establishment of a tumour cytokine network
intraperitoneally in nude mice, the CXCR4-transfected and is also an endogenous tumour promoter in murine skin
cells are able to establish extensive metastases outsideancer{71].
the peritoneum unlike wild type cells (Kulbe and Wilson, As well as being an important regulator of angiogene-
manuscript in preparation). sis, via its neuropilin-1 receptor, VEGF can have autocrine

Subcutaneously injected prostate cancer cells transfectedactions on breast cancer cells, including increased invasive-
with CXCR4 grow larger tumours with increased blood ness. This is due to induction of CXCR42]. In addition,
vessel density and muscle invasion, compared with parentalCXCL12 is a target of estrogen action in ER alpha posi-
cells [61]. Intra-arterial injection of MDA-MB-231 hu-  tive human ovarian and breast cancer cell lifig3]. The
man breast cancer cells in immunodeficient mice results mitogenic effects of estradiol are neutralised by addition of
in osteolytic bone metastases. Subpopulations of cells with CXCL12 antibody and the hormone upregulates CXCR4 ex-
enhanced metastatic abilities were isolated by in vivo se- pression. Also in breast cancer, cell motility was controlled
lection[62]. A gene expression profile linked with the bone by NF«B upregulation of CXCR463].
metastatic clones. It is of interest that one of four highly  Alveolar rhabdomyosarcoma is a highly aggressive tu-
over expressed genes was CXCR4, along with IL-11, osteo-mour characterised by recurrent PAX3 and PAX7-FKHR
pontin and connective tissue-derived growth factor, CTGF. gene fusions. Transfer of PAX3-FKHR into embryonal
When overexpressed alone in parental cells, CXCR4 causeshabdomyosarcoma cells activates CXCR4 expression
a limited but significant increase in bone metastases but[50].
triple transfectants with IL-11, osteopontin and CXCR4 or ~ CXCL12 production in primary tumours may also con-
CTGF show a dramatic increase in both the rate and inci- tribute to the local immune suppression that is linked to ma-
dence of bone metastases. In other xenograft experimentslignant progression. Tumours are also known to inhibit type
CXCR4 expression and CXCL12-mediated migration are | dendritic cell, DC1, migration and function, suppressing
increased in tumour cells growing in the mammary fat any specific immune response. In ovarian cancer, there is
pad compared with parental cells grown in cultyés], evidence that tumour cell production of CXCL12 weakens
and when non small cell lung cancer cells are grown in immunity by attracting and protecting CXCR4-expressing
SCID mice only 35% cells in the primary tumour ex- preDC2 cells. Tumor CXCL12 may also alter preDC1 dis-
press CXCR4 compared with 99% of cells in metastasestribution and stimulate fibrosig4].
[30].

In the syngeneic B16 melanoma model, CXCR4-transfected.4. Sgnalling pathways activated in malignant cells by
cells show a 10-fold increase in lung metastases after i.v. CXCL12
injection and there is increased adhesion of these cells to

dermal and pulmonary microvascular endothelial déig. The same signalling pathways that are described above
However, metastases to lymph node, liver and kidney were are reported to be activated in malignant cells. Indeed
rare in the CXCR4-transfected B16 cells. some of the CXCL12-mediated pathways were first de-
fined in transformed lymphocytes, but it is not yet clear
7.2. CXCRA4/CXCL12 and cancer cell growth/survival whether there are difference between normal and malig-

nant cells in intensity of signal, kinetics, or affinity of

In some types of cancer, CXCL12 can also stimulate can- chemokine for the receptor. There is one interesting report
cer cell proliferation or survival under suboptimal condi- of cross talk between the BCR/ABL oncogenic tyrosine
tions, e.g[53,65-70] These chemokine actions may allow kinase and CXCR4 signalling75]. In chronic myeloge-
tumour cells to grow in distant and less favourable sites. nous leukaemia, CML, BCR/ABL kinase phosphorylates,
However, the significance of high levels of tumor-derived activates and disregulates proliferation and survival path-
CXCL12 at the site of the primary lesion is not understood. ways of progenitor cells in the bone marrow. Immature
Although this may stimulate tumour growth and promote leukaemic cells leave the marrow and are found in large
survival, by analogy with its role in bone marrow retention numbers in the blood and spleen. BCR/ABL strongly ac-
of HPC, it could also serve to retain the malignant cells, tivates a CXCR4-dependent signalling component through

rather than encourage metastasis. the Src family tyrosine kinase, Lyn. Cross talk between
BCR/ABL and CXCR4 signalling may allow the oncopro-
7.3. CXCR4/CXCL12 and malignant progression tein to couple to PI3-kinase and MAPK cascades and ‘take

over’ the chemokine pathway. This could lead to disruption
CXCR4 expression and action may be linked to other of chemotaxis and hence release of the transformed cells
factors that are involved in the processes of malignancy. into the periphery.
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Table 2
Other chemokine receptors expressed by cxcr4 positive tumor cells
Tumor type Positive Negative References
Prostate CXCR4, CCR9 — [95]
Ovarian CXCR4, CCR9 CCR1, 2,3,4,5,7,8 [52]
CXCR 1, 2, 3, 5 CXC3CR1 [96]
Breast CXCR4, CCR7 CX3CR1, CXCR5, XCR1 [2]
CXCR1, CCR4, CCR3, CCR2, CCR1
Melanoma CXCR4, CXCR3, CCR7, CCR10 - [69,94]
Multiple myeloma CXCR4, CCR1, CXCR3, CXCR6 - [90]

(=) not studied.

7.5. Other chemokine receptors expressed together with with CXCR4 antibodies are injected intravenously they are
CXCR4 present in the circulation much longer than control cells,
demonstrating a role for CXCR4 in extravasation. Tumour
In most, but not all, of the cancer cells studied, CXCR4 is development is also inhibited if antibodies are administered
co-expressed with other CC or CXC chemokine receptors, to mice three days after Namalwa cell injection. Antibodies
as summarised ifiable 2 Expression of CCR7 and CCR10 to CXCL12 inhibit organ metastases of non small cell lung
on melanoma cells, for example, is linked to expression of cancer cells when they are given for eight weeks starting at
ligands for these receptors at the two major sites of metasta-the time of tumour cell injectiofi30].
sis, skin and lymph nodg&]. CCRY7 is also found on gastric Transfection of breast cancer cells with inducible small
cancer cells and these cells respond to chemokine ligand byinterfering CXCR4 RNA inhibits invasion in vitr¢80] but
directed migration in vitrd76]. Stepwise regression analy- no work has been done in animal models with such con-
sis showed that the most important factor determining lymph structs as yet.
node metastasis in gastric cancer was CCR7 expression in CXCR4 is expressed in glioblastoma multiforme and
the primary tumour. medulloblastomd81] and the ligand is found in tumor-
The repertoire of chemokine receptors on different tumour associated blood vessels. CXCL12 stimulates proliferation,
types may be related to patterns of spread but it is not clearchemotaxis and survival of glioblastoma cell linfg3].
whether chemokine receptors can act in a synergistic fashionGlioblastoma cells grow as intracranial xenografts and this
on the malignant cells. growth is strongly blocked by systemic treatment with the
CXCR4 antagonist AMD3100, with an increase in tumour
cell apoptosig82].
8. Inhibition of CXCR4/CXCL 12 in murine cancer Hence, CXCRA4 is a potential therapeutic target in human
models cancer but the studies are preliminary and more extensive
studies using established tumours are required.

CXCR4 seems to be commonly expressed on cancer cells
and plays arole in migration, invasion, proliferation, survival
and other malignant processes. Is this receptor a therapeu9. Conclusions
tic target? There are some data from experimental murine
cancer models to support this idea. When cells are trans- Functional CXCR4 is widely expressed by malignant
fected with CXCL12 containing an ER retention sequence, cells. There is preliminary evidence that CXCR4 expres-
the chemokine is able to bind CXCR4 in the endoplasmic sion can confer an invasive phenotype in vivo. Moreover,
reticulum and prevent its surface expressjon]. When T the first animal experiments show that CXCR4 antibodies
cell hybridoma cells are transfected with this construct and antagonists may inhibit cancer growth and spread. How-
injected intravenously, they no longer metastasise to dis- ever, CXCR4 and its ligand are also widely expressed in
tant organs. When similar experiments are carried out with a number of homeostatic and inflammatory situations and
CT-26 colorectal cancer cells, lung and liver metastases CXCR4 antagonists can mobilise stem cells from bone
are greatly reducef¥8]. However, CXCR4-deficient CT-26  marrow. This raises the possibility that CXCR4 antago-
cells colonise the lungs to the same extent as control cells;nists could have considerable side effects and even release
they survive but do not proliferate. CXCR4 positive cells from primary tumour sites with high
Anti-CXCR4 antibodies inhibit spread of breast cancer levels of CXCL12. Relatively little is known about cross
xenografts to lymph nodf]. Pre-incubation of Namalwa talk between CXCR4 signalling and the oncogenes and
lymphoblastoid cells with anti-CXCR4 or anti-CXCL12 growth factors important in malignant disease. There are
antibodies delayed i.p. tumour growth in NOD/SCID mice many other unanswered questions. By analogy with studies
and reduced tumour weighf79]. If cells preincubated in zebrafish, do some cancer cells have mutatiol@XGR4
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which lead to random dispersal of cells at inappropriate [17] Zoeteweij JP, Golding H, Mostowski H, Blauvelt A. Cytokines reg-
ulate expression and function of the HIV coreceptor CXCR4 on

sites? Does CXCL12 control directed mutation of cells in a I
primary cancer? Is CXCR4 functional in primary cancers human mature dendritic cells. J Immunol 1998;161:3219-23.

.o . . . . [18] Juremalm M, Hjertson M, Olsson N, Harvima I, Nilsson K, Nilsson
or is it inactive due to the inflammatory cytokine microen- G. The chemokine receptor CXCR4 is expressed within the mast
vironment or high levels of CXCL12 at the tumour site? cell lineage and its ligand stromal cell-derived factor-1a acts as a

However, on the basis of the experiments reviewed in this mast cell chemotaxin. Eur J Immunol 2000;30:3614-22.

article, it would seem that further understanding of the action [19] Aiuti A, webb 1J, Bleul C, Springer T, Guttierrez-Ramos
JC. The chemokine SDF-1 is a chemoattractant for human

of CXCR4 in normal and malignant disease could lead to S : )
L. . . . . . CD34+ hematopoietic progenitor cells and provides a new mecha-
exciting new therapeutlc options in a range of mahgnanues. nism to explain the mobilisation of CD34progenitors to peripheral
blood. J Exp Med 1997;185:111-20.
[20] Schecter AD, Berman AB, Taubman MB. Chemokine receptors in
vascular smooth muscle. Microcirculation 2003;10:265—72.
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