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Abstract The receptor (CXCR4) for the stromal-derived

factor-1 (SDF1) and the urokinase-receptor (uPAR) are up-

regulated in various tumors. We show that CXCR4-trans-

fected cells migrate toward SDF1 on collagen (CG) and do

not on vitronectin (VN). Co-expression of cell-surface

uPAR, which is a VN receptor, impairs SDF1-induced

migration on CG and allows migration on VN. Blocking

fMLP receptors (fMLP-R), alpha-v integrins or the uPAR

region capable to interact with fMLP-Rs, impairs migration

of uPAR/CXCR4-transfected cells on VN and restores their

migration on CG. uPAR co-expression also reduces the

adherence of CXCR4-expressing cells to various compo-

nents of the extracellular matrix (ECM) and influences the

partitioning of beta1 and alpha-v integrins to membrane

lipid-rafts, affecting ECM-dependent signaling. uPAR

interference in CXCR4 activity has been confirmed in cells

from prostate carcinoma. Our results demonstrate that

uPAR expression regulates the adhesive and migratory

ability of CXCR4-expressing cells through a mechanism

involving fMLP receptors and alpha-v integrins.

Keywords uPAR � Urokinase-receptor � fMLP receptors �
CXCR4 � Prostate carcinoma cells

Introduction

The CXCR4 chemokine receptor is implicated in several

physiologic and pathologic processes; in fact, it is a co-

receptor for T-trophic HIV, plays a fundamental role in

fetal development and in the trafficking of naive lympho-

cytes, and is a key molecule in the regulation of

hematopoietic stem cell (HSC) trafficking from and to the

bone marrow (BM). In fact, CXCR4 is expressed in HSCs,

and its ligand, the stromal derived factor 1 (SDF1), is

largely produced by BM endothelium [1].

CXCR4 and SDF1 are also considered key molecules

in invasion and metastasis of several cancers. CXCR4 is

highly expressed by several tumors such as leukemias,

breast, prostate, lung and brain tumors, and is strongly

involved in directing tumor cells to organs that highly

express SDF1 (lymph nodes, lungs, liver, bones), which

contributes to a suitable microenvironment for metastatic

cells [2–5].

Urokinase (uPA) is a serine protease that activates

plasminogen to plasmin and binds a specific high-affinity

cell-surface receptor, uPAR [6]. uPAR is formed by three

homologous domains (D1, D2, D3) anchored to the cell

surface by a glycosyl-phosphatidylinositol (GPI) tail. The

GPI-anchor confers extreme mobility to uPAR along the
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cell membrane and allows its association to lipid rafts,

cholesterol-rich microdomains of the plasma membrane,

which seem implicated in signal transduction events initi-

ated by cell adhesion to the extracellular matrix (ECM)

[7, 8].

uPAR is strongly up-regulated in several cancers and

represents a negative prognostic factor [9]. uPAR tradi-

tional role was considered the focusing of proteolytic uPA

activity on the cell membrane. However, proteolysis-

independent uPAR activities have been demonstrated in the

last years [9]. uPAR binds vitronectin, a component

abundant in tumor-associated ECM [10, 11], interacts with

various integrins regulating their activity, interferes with

the activity of specific growth-factor receptors, mediates

uPA-dependent cell migration and is required for chemo-

taxis induced by fMet-Leu-Phe (fMLP), a potent leukocyte

chemoattractant [9, 12]. Indeed, cell-surface uPAR func-

tionally interacts with fMLP-receptors (fMLP-Rs) through

a specific site corresponding to amino acids 88–92

(SRSRY) located in the region linking uPAR domain 1

(D1) to uPAR domain 2 (D2) [13, 14]. The fMLP receptor

family comprises three highly homologous receptors: the

high and low affinity fMLP-Rs, FPR and FPRL1, and the

FPRL2, which does not bind fMLP [15].

uPAR can be cleaved, thus generating cell-surface

truncated forms lacking the N-terminal D1 domain. uPAR

cleavage negatively regulates most of full-length uPAR

activities, since cleaved uPAR does not bind uPA and VN,

and does not coimmunoprecipitate with integrins. Never-

theless, cleaved uPAR, still containing the SRSRY

sequence at its N-terminus, retains its ability to function-

ally interact with fMLP-Rs [9, 12].

Both full-length and cleaved uPAR forms can be shed

from the cell surface, generating soluble full-length

(suPAR) and cleaved (c-suPAR) forms of uPAR. The

soluble form of cleaved uPAR, lacking the N-terminal

domain and exposing residues 88–92 (SRSRY-c-suPAR),

or soluble uPAR peptides, containing the SRSRY

sequence, are ligands for all three fMLP-Rs and induce

migration of various cell types, including HSCs [13, 16,

17]. The SRSRY-dependent signaling is supported by a

cross-talk between the high-affinity fMLP receptor (FPR)

and the alpha-v chain of integrinic VN receptors [18].

SRSRY-c-suPAR also regulates the activity of inflamma-

tory chemokine receptors, such as MCP-1 and RANTES

receptors, through fMLP-R activation [19].

Independently on uPAR expression, fMLP-Rs have been

reported to regulate the activity of other chemokine

receptors, including CXCR4 [20–22] and integrins [23].

Recently, increased expression of fMLP-Rs in some tumors

has been demonstrated [24].

We recently demonstrated that the suPAR derived

peptide, uPAR84–95, (residues 84–95), containing the

SRSRY sequence, is able to mobilize murine HSCs from

BM into the circulation, likely by stimulating HSC

migration and/or by impairing migration of human and

mouse leukemia cells toward the CXCR4 ligand, SDF1

[17, 25].

These observations prompted us to investigate whether

the cell-surface uPAR can interfere with CXCR4 activity,

by examining the effect of uPAR expression on CXCR4

functions.

Materials and methods

Reagents

The rabbit anti-uPAR polyclonal antibody and the amino-

terminal fragment of uPA (ATF) were from American

Diagnostica (Greenwich, CT); the monoclonal antibody R4

was kindly provided by Dr. G. Hoyer-Hansen (Finsen

Laboratory, Copenhagen, Denmark). Rabbit polyclonal

antibodies against alpha-v and beta1 integrins, the poly-

clonal antibody directed to phosphorylated ERK 1/2 and

the monoclonal antibody against total ERK 2 used in

Western-blot analysis, were from Santa Cruz Biotechnol-

ogy (Santa Cruz, CA); the anti-alpha-v integrin monoclonal

antibody (P3G8) used in migration assays was from

Chemicon (Temecula, CA); the rabbit poyclonal antibody

directed to the N-terminus of CXCR4 was from Upstate

(Temecula, CA). FITC-anti-mouse IgG were purchased

from Santa Cruz Biotechnology and Alexa Fluor 594 anti-

rabbit IgG from Invitrogen (Carlsbad, CA, USA). Horse-

radish peroxidase-conjugated anti-mouse and anti-rabbit

IgG were from Bio-Rad (Hercules, CA); fluorescein iso-

thiocyanate-labeled goat anti-rabbit IgG were from Jackson

Lab (West Grove, PA). ECL detection kit was from

Amersham Biosciences. Polyvinylidene fluoride (PVDF)

filters were from Millipore (Windsor, MA). Collagen,

laminin, fibronectin were from Collaborative Research

(Bedford, MA) and vitronectin from Promega (Madison,

WI). The chemotaxis polyvinylpyrrolidone-free (PVPF)

filters were from Whatman Int. (Kent, UK) and 96-well

flat-bottom microtiter plates were from NUNC (Roskilde,

Denmark). uPAR-specific siRNA and the control siRNA

were from Qiagen (Valencia, CA, USA); oligofectamine

and lipofectamine from Invitrogen. The WKYMVm pep-

tide was synthesized by Innovagen (Lund, Sweden). The

rabbit antibody recognizing the SRSRY sequence of uPAR

has been developed by PRIMM (Milan, Italy) by using

the uPAR84–95 peptide (corresponding to uPAR residues

84–95, which include the SRSRY sequence) assembled

onto a branching lysine core. The antibody specificity and

sensitivity was tested by ELISA; 10 lg/ml of antibody

detected up to 2 ng of uPAR84–95 peptide.
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Cell culture

Human embrional kidney 293 (HEK-293) cells were grown

in DMEM and PC3 prostate carcinoma cells in RPMI,

supplemented with 10% fetal bovine serum (FBS). Trans-

fected cells were grown in DMEM supplemented with 10%

FBS and selective antibiotics.

Transfection

uPAR cDNA was cloned in a pcDNA3 vector with resis-

tance to Geneticin, and the resulting plasmid was named

uPAR-pcDNA3 [14]. The cDNA coding for CXCR4,

cloned in a pcDNA3 vector with resistance to Hygromycin,

named CXCR4-pcDNA3, was kindly provided by Dr. R.M.

Melillo (‘‘Federico II’’ University, Naples, Italy). A total of

5 9 106 cells, cultured overnight in 100 mm tissue culture

dishes, were transfected with 10 lg of uPAR-pcDNA3 or

with the empty vector pcDNA3 by 60 ll of Lipofectamine

for 5 h at 37�C (5% CO2). Transfected cells were selected

by Geneticin at 1.5 mg/ml for 15 days, pooled and cultured

in the presence of 0.5 mg/ml Geneticin. uPAR- and vector-

transfected cells were then transfected again with CXCR4-

pcDNA3 or the empty vector pcDNA3 resistant to

Hygromicin. Double transfected cells (uPAR/CXCR4-293,

CXCR4-293, V-293) were selected by Hygromicin at

0.4 mg/ml for 15 days and then cultured in the presence of

0.5 mg/ml Geneticin and 0.2 mg/ml Hygromicin.

Flow cytometry analysis

The cells were harvested by 2 mM EDTA-PBS and washed

in Ca2?/Mg2?-containing PBS. 5 9 105 cells were incu-

bated with 10 lg/ml of anti-uPAR or anti-CXCR4

polyclonal antibodies for 1 h at 4�C. Purified rabbit

immunoglobulins were used as a negative control. The

cells were then washed and incubated with a fluorescein

isothiocyanate-labeled goat anti-rabbit IgG for 30 min at

4�C. Finally, the cells were washed and analyzed by flow

cytometry using a FACScan (Becton–Dickinson, Mountain

View, CA).

Fluorescence microscopy

Transfected cells were grown on glass slides and stimu-

lated with 100 ng/ml SDF1 or DMEM for 1 h at 37�C.

Then, the cells were incubated for 2 h at 20�C with the R4

mouse uPAR-specific antibody (2 lg/ml) and a rabbit

CXCR4-specific antibody (10 lg/ml) or nonimmune Ig,

washed and further incubated for 1 h at 20�C with FITC

anti-mouse IgG (1:100) and Alexa Fluor 594 anti-rabbit

IgG (1:200). Cells were visualized using a Zeiss 510META

LSM microscope in multitrack analysis.

In internalization experiments with fluorescent N-for-

myl-Nle-Leu-Phe-Nle-Tyr-Ly, the cells, grown on glass

slides to semi-confluence, were incubated with buffer,

100 nM fMLP, 100 nM uPAR84–95 peptide or 100 nM

scrambled peptide for 30 min at 37�C. Then, the cells were

washed with PBS, exposed to 10 nM fluorescent N-formyl-

Nle-Leu-Phe-Nle-Tyr-Lys (Molecular Probes) for an

additional 30 min at 37�C. Cells were visualized using a

Zeiss 510META LSM microscope. Z-series images repre-

sent focal planes corresponding to 0.5 lm vertical interval.

Cell migration assay

Cell migration assays were performed in Boyden chambers

using 8-lm-pore-size PVPF polycarbonate filters coated

with 5 lg/ml of vitronectin, collagen, fibronectin, or lam-

inin. Transfected cells (2 9 105) were plated in the upper

chamber in serum-free medium. 100 nM SDF1 or serum

free medium was added in the lower chamber. The cells

were allowed to migrate for 4 h at 37�C, 5% CO2. The cells

on the lower surface of the filter were then fixed in ethanol,

stained with hematoxylin, and counted at 2009 magnifi-

cation (ten random fields/filter). In a separate set of

experiments, transfected cells were preincubated for 1 h at

room temperature with 5 lg/ml of polyclonal antibodies

directed to uPAR or the uPAR84–95 region or 5 lg/ml of a

monoclonal antibody directed to alpha-v integrins, or

for 1 h at 37�C with 100 nM fMLP, 100 nM uPAR84–95

peptide or 5 nM WKYMVm peptide.

In migration assays with PC3 cells, 1 9 105cells/filter

were loaded and the cells were allowed to migrate for 2 h

at 37�C, 5% CO2. In migration assays with uPAR-silenced

PC3 cells, cells have been transfected with 50 nM uPAR-

specific siRNA or control siRNA oligonucleotides

(Qiagen) and 4 ll of Oligofectamine, incubated for 48 h at

37�C, 5% CO2, and then harvested and loaded in Boyden

chambers. Transfection efficiency (nearly 90%) and func-

tional specificity were monitored with the RNAi starter kit

by using Alexa Fluor 488 labeled nonsilencing siRNA

(Qiagen). uPAR silencing was assessed by Western-blot

analysis with uPAR-specific antibodies and RT-PCR.

Reverse-polymerase chain reaction

Total cellular RNA was isolated by lysing cells in TRIzol

Solution according to the supplier’s protocol. RNA was

precipitated and quantitated by spectroscopy. Total RNA

(5 lg) was reversely transcribed with random hexamer

primers and 200 U of M-MLV reverse transcriptase. Then,

1 ll of reversely transcribed DNA was amplified using

FPRL2 specific 50 sense (AGTTGCTCCACAGGAATC

CA) and 30 antisense (GCCAATAATGAAGTGGAGGA

TGAGA) primers. PCR was performed in a thermocycler
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for 40 cycles at 61�C. The reaction products were analyzed

by electrophoresis in 1% agarose gel containing ethidium

bromide, followed by photography under ultraviolet

illumination.

Lipid rafts analysis

Cells were harvested by 2 mM EDTA-PBS and resus-

pended in Ca2?/Mg2?-containing PBS. Washed cells

(1 9 106) were plated in 35-mm plates coated with

10 lg/ml of CG or VN and incubated for 1 h at 37�C.

Cells were then lysed in lysis buffer (20 mM MOPS,

0.15 M NaCl, 1% Triton-X 100 and protease inhibitors)

for 30 min at 4�C. The protein content was measured by a

colorimetric assay (Bio-Rad) and 2 mg of protein was

diluted to 1 ml, mixed with 1 ml of 80% sucrose in

MOPS and placed at the bottom of a centrifuge tube. The

samples were overlaid with 4 ml of 30%, 2 ml of 5%,

4 ml of 0% sucrose in MOPS and centrifuged at

39,000 rpm for 17 h using a SW41Ti rotor in a Beckman

L7-55 ultracentrifuge at 4�C. After centrifugation, the top

4 ml was removed and the remaining 8 ml was harvested

as 1 ml fractions. Equal volumes (60 ll) of each fraction

were analyzed by Western blot.

Western-blot analysis

Samples were electrophoresed in 10% SDS-PAGE and

transferred onto a PVDF filter. The membrane was blocked

with 5% nonfat dry milk and probed with 1 lg/ml of anti-

uPAR, anti-integrin, anti-caveolin or anti-CXCR4 poly-

clonal antibodies, or with 2 lg/ml of the anti-uPAR84–95

polyclonal antibody. Finally, washed filters were incubated

with horseradish peroxidase-conjugated secondary anti-

bodies and detected by ECL.

Analysis of ERK 1/2 activation

Transfected cells were serum starved for 20 h, harvested

by 2 mM EDTA-PBS and plated in wells pre-coated with

10 lg/ml of CG or VN (106 cells/35 mm well) at 37�C,

5% CO2. At different time points, cells were lysed in 1%

Triton X-100/PBS in the presence of protease and phos-

phatase inhibitors and the protein content was measured

by a colorimetric assay. 30 lg of protein was electro-

phoresed in 12% SDS-PAGE and transferred to a PVDF

membrane. The membrane was blocked with 5% nonfat

dry milk and probed with 1 lg/ml rabbit anti-phospho-

ERK 1/2 and, then, with mouse anti-ERK 2 (as a loading

control) antibodies. Finally, washed filters were incubated

with horseradish peroxidase–conjugated anti-rabbit or

anti-mouse antibodies; specific bands were detected by

ECL.

Adhesion assay

Flat-bottom 96-well microtiter plates were coated with

10 lg/ml of laminin, vitronectin, fibronectin, collagen or

1% heat-denatured BSA-PBS as a negative control, and

incubated overnight at 4�C. The plates were then blocked

1 h at room temperature with 1% heat-denatured BSA-

PBS. Cells were harvested by 2 mM EDTA-PBS and

resuspended in Ca2?/Mg2?-containing PBS. 105 cells were

plated in each coated well and incubated for 1 h at 37�C.

Then, wells were washed and attached cells were fixed with

3% paraformaldehyde in PBS for 10 min and then incu-

bated with 2% methanol for 10 min. The cells were finally

stained for 10 min with 0.5% crystal violet in 20% meth-

anol. Stain was eluted by 0.1 M sodium citrate in 50%

ethanol, pH 4.2, and the absorbance at 540 nm was mea-

sured with a spectrophotometer.

Statistical analysis

Differences between groups were evaluated by Student’s

t test using PRISM software (GraphPad, San Diego, CA).

p B 0.05 was considered statistically significant.

Results

HEK-293 cells transfected with uPAR and CXCR4

cDNAs express both receptors which colocalize

on their surface

To investigate whether the cell-surface uPAR can interfere

with CXCR4 activity, uPAR- and CXCR4-negative HEK-293

cells were transfected with a cDNA coding for CXCR4, with

cDNAs coding for uPAR and CXCR4, or with both the empty

vectors, as negative controls; the corresponding transfected

cells were named CXCR4-293, CXCR4/uPAR-293, V-293.

Flow cytometry analysis with anti-uPAR and anti-CXCR4

antibodies showed a high expression of uPAR in uPAR-

transfected cells and a moderate but comparable expression of

CXCR4 on the cell surface of both uPAR-negative and uPAR-

expressing cells (Fig. 1a). uPAR expressed by CXCR4/

uPAR-293 cells was mostly in the full-length form, as shown

by Western-blot analysis of CXCR4/uPAR-293 cell lysates

with uPAR-specific antibodies (Fig. 1b).

Analysis by confocal microscopy of CXCR4/uPAR-293

cells further confirmed cell-surface expression of both

receptors and showed CXCR4 colocalization with uPAR,

which increased following SDF1 stimulation (Fig. 2).

Accordingly with previous reports [26], uPAR-transfected

293 cells showed formation of extensive lamellipodia.

Interestingly, uPAR localized both at the peripheral

lamellipodia and at the more internal ‘‘lamella proper’’ of
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the leading edge of spreading cells [26], whereas CXCR4

colocalized with uPAR only at the ‘‘lamella proper’’. SDF1

stimulation increased uPAR and CXCR4 focusing in dots

at the ‘‘lamella proper’’, likely corresponding to focal

complexes [27].

These results demonstrate that CXCR4 and uPAR are

expressed in transfected cells and colocalize on the cell

surface, thus supporting the possibility of a functional

interaction of these two receptors.

uPAR expression regulates SDF1-induced cell

migration on VN and CG

In order to elucidate the potential influence of cell-sur-

face uPAR in CXCR4 activity, we examined the

capability of transfected cells to migrate toward SDF1,

the CXCR4 ligand, on different ECM components.

Firstly, the baseline migration of transfected cells on

ECM components was assessed. Transfected cells were

plated on filters coated with fibronectin (FN), laminin

(LM), collagen (CG) or vitronectin (VN), and allowed to

migrate in the absence of chemoattractants. The assay

showed that the expression of both receptors does not

affect he baseline migration of HEK-293 cells on specific

substrates (Fig. 3a).

Then, transfected cells were allowed to migrate toward

SDF1 (Fig. 3b). CXCR4-293 and CXCR4/uPAR-293 cells

migrated with similar efficiency on FN and LM; thus, both

CXCR4- and CXCR4/uPAR-293 cells express a functional

CXCR4 on their surface. Interestingly, transfected cells

behaved differently on the other two substrates. In fact,

CXCR4-293 cells migrated efficiently toward SDF1 on

CG, whereas they were unable to migrate on VN; con-

versely, CXCR4/uPAR-293 cells migrated efficiently on

VN and very poorly on CG.

Fig. 1 uPAR and CXCR4 are expressed by transfected HEK-293

cells. a HEK-293 cells were transfected with CXCR4 cDNA

(CXCR4-293), with uPAR and CXCR4 cDNAs (CXCR4/uPAR-

293), or with empty vectors (V-293). Transfected cells were analyzed

by flow cytometry with anti-CXCR4 antibodies, anti-uPAR antibodies

or nonimmune immunoglobulins (Ig). b V-293, CXCR4-293 and

CXCR4/uPAR-293 cells were lysed in 1% TRITON X-100 and 5 lg

of proteins were analyzed by Western blot with uPAR-specific

antibodies. uPAR, expressed only in CXCR4/uPAR-293 cells, was

mainly in the full-length form

Fig. 2 uPAR and CXCR4

colocalize on the surface of

transfected HEK-293 cells.

HEK-293 cells transfected with

CXCR4 and uPAR cDNAs

(CXCR4/uPAR-293) were

grown on glass slides and

stimulated with SDF1 or buffer

for 1 h. Then cells were

incubated with the mouse

uPAR-specific antibody (green)

and the rabbit CXCR4-specific

antibody (red), and analyzed by

confocal microscopy. SDF1-

treated cells, incubated with

nonimmune Ig and secondary

antibodies, were shown as

control. Scale bar 10 lm
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Control cells, which do not express uPAR and CXCR4,

did not migrate to SDF1 on all tested ECM components, as

expected.

The observed effect of uPAR expression on cell

migration toward SDF1 on CG and VN was due to the

contemporaneous coexpression of uPAR and CXCR4,

since we previously showed that the same HEK-293 cells

used in the present report as recipient cells, transfected

only with uPAR cDNA, migrated with similar efficiency on

CG and VN toward different ligands [14].

HEK-293 cells do not produce uPA [28] which, upon

binding to uPAR through its aminoterminal fragment

(ATF), is able to increase uPAR interactions with VN and

integrins, likely by promoting the active conformation of

uPAR [9, 29]. We then investigated whether ATF could

further influence SDF1-induced migration of CXCR4/

uPAR-293 cells on VN and CG. ATF can contribute to

uPAR effects on CXCR4 activity, further decreasing

migration on CG (Fig. 3c).

Thus, uPAR expression does not affect SDF1-induced

cell migration on LM and FN, whereas it strongly impairs

migration on CG and allows migration on VN.

uPAR effects on CXCR4 activity are mediated

by the uPAR84–95 region

uPAR involvement in the regulation of CXCR4 activity on

VN and CG was confirmed by chemotaxis assays per-

formed in the presence of an anti-uPAR polyclonal

antibody. In fact, the anti-uPAR antibody reversed

CXCR4/uPAR-293 cell capability to migrate on these

specific ECM components, impairing migration on VN and

restoring migration on CG (Fig. 4a), thus inducing the

same behavior of uPAR-negative CXCR4-293 cells (see

Fig. 3b).

Then, we investigated the effect of a polyclonal

antibody directed to the uPAR84–95 region, which con-

tains the binding sequence for fMLP receptors (residues

Fig. 3 uPAR expression affects SDF1-induced cell migration on VN

and CG. a HEK-293 cells transfected with CXCR4 cDNA (CXCR4-

293), uPAR and CXCR4 cDNAs, (CXCR4/uPAR-293) or empty

vectors (V-293), were plated in Boyden chambers on filters coated

with fibronectin (FN), laminin (LM), collagen (CG) or vitronectin

(VN), and allowed to migrate in the absence of chemoattractants. The

values are the mean ± SD of three experiments performed in

triplicate. b Transfected cells were plated in Boyden chambers and

allowed to migrate toward 100 ng/ml SDF1 on filters coated with FN,

LM, CG, or VN. 100% values represent cell migration in the absence

of chemoattractants. The values are the mean ± SD of three

experiments performed in triplicate. *p B 0.05 as determined by

Student’s t test. c CXCR4/uPAR-293 cells were plated in Boyden

chambers and allowed to migrate toward 100 ng/ml SDF1 on filters

coated with CG or VN, in the presence or in the absence of 10 nM of

the aminoterminal fragment of uPA (ATF). ATF was added to both

upper and lower compartments of the Boyden chamber. 100% values

represent cell migration in the absence of chemoattractants. The

values are the mean ± SD of three experiments. *p B 0.05 as

determined by Student’s t test
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88–92) [13, 16]. This specific antibody efficiently rec-

ognizes uPAR in Western blot and immunoprecipitation

(Fig. 4b). Interestingly, the anti-uPAR84–95 antibody

induced the same effect of the anti-uPAR polyclonal

antibody in a more pronounced manner, thus suggesting

the involvement of this specific uPAR epitope in the

regulation of CXCR4 activity (Fig. 4a). However, since

the uPAR84–95 region also contains two of the five res-

idues implicated in uPAR binding to VN, i.e., Arg(91)

and Tyr(92) [28, 30], we assessed whether the observed

effect of the anti-uPAR84–95 polyclonal antibody on the

migration of CXCR4/uPAR-293 cells could be due to the

impairment of uPAR-VN interaction. A total of 5 lg/ml

of the anti-uPAR84–95 antibody, able to impair CXCR4/

uPAR-293 cell migration on VN and to restore their

migration on CG, did not affect CXCR4/uPAR 293 cell

adhesion to plastic-bound VN; an higher antibody con-

centration (50 lg/ml), used as a positive control,

impaired CXCR4/uPAR 293 cell adhesion to VN, as

expected (Fig. 4a, inset).

Fig. 4 uPAR effects on SDF1-induced migration involve the

uPAR84–95 epitope and fMLP-receptors. a CXCR4/uPAR-293 cells

were incubated with nonimmune immunoglobulins (-), anti-uPAR

antibodies or anti-uPAR84–95 antibodies, plated in Boyden chambers

and allowed to migrate toward 100 ng/ml SDF1 on filters coated with

collagen (CG) and vitronectin (VN). 100% values represent cell

migration in the absence of chemoattractants. The values are the

mean ± SD of three experiments performed in triplicate. *p B 0.05,

as determined by Student’s t test, compared to migration on VN of

cells treated with nonimmune Ig. #p B 0.05, as determined by

Student’s t test, compared to migration on CG of cells treated with

nonimmune Ig. Inset CXCR4/uPAR-293 cells were plated on VN-

coated wells in the presence of 5 lg/ml of nonimmune immunoglob-

ulins (-) or the anti-uPAR84–95 polyclonal antibody (white columns)

or of 50 lg/ml of nonimmune immunoglobulins (-) or the anti-

uPAR84–95 polyclonal antibody (grey columns). The attached cells

were fixed and stained with crystal violet. The stain was eluted, and

the absorbance at 540 nm was measured with a spectrophotometer.

The values represent the means ± SD of three experiments performed

in triplicate. *p B 0.05, as determined by Student’s t test. b Charac-

terization of the anti-uPAR84–95 polyclonal antibody: cell-surface

proteins of uPAR-transfected 293 cells were biotinylated; cells were

lysed and 500 lg of proteins were immunoprecipitated (IP) with

10 lg/ml of the anti-uPAR84–95 polyclonal antibody or pre-immune

immunoglobulins (left). uPAR-293 cells were lysed in TRITON

X-100 and 5 lg of proteins were analyzed by Western blot (WB) with

10 lg/ml of the anti-uPAR84–95 polyclonal antibody (right).
c CXCR4-293 cells were pre-incubated with buffer (-), 100 nM

uPAR84–95 peptide or 100 nM fMLP, plated in Boyden chambers and

allowed to migrate toward 100 ng/ml SDF1 on CG-coated filters.

100% values represent cell migration in the absence of chemoattrac-

tants. The values are the mean ± SD of three experiments performed

in triplicate. #p B 0.05, as determined by Student’s t test, compared to

migration on CG of untreated cells. d CXCR4/uPAR-293 cells were

pre-incubated with buffer (-), 100 nM uPAR84–95 peptide or 100 nM

fMLP, plated in Boyden chambers and allowed to migrate toward

100 ng/ml SDF1 on filters coated with CG or VN. 100% values

represent cell migration in the absence of chemoattractants. The

values are the mean ± SD of three experiments performed in

triplicate. *p B 0.05, as determined by Student’s t test, compared to

migration on VN of untreated cells. #p B 0.05, as determined by

Student’s t test, compared to migration on CG of untreated cells
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These results suggest that the uPAR84–95 region is

implicated in uPAR-dependent regulation of CXCR4

activity likely through its interaction with fMLP-Rs.

uPAR effects on SDF1-induced migration involve

fMLP-receptors

The uPAR84–95 epitope, involved in the regulation of

CXCR4 activity, interacts with fMLP-Rs [13, 14]. HEK-

293 cells express the high-affinity fMLP receptor (FPR),

whereas they do not express the low affinity receptor

(FPRL-1) [14]; therefore, we explored the involvement of

FPR in the uPAR-dependent regulation of CXCR4 activity.

FPR can be desensitized by treating cells with its ligands

before migration [31]. fMLP and the soluble uPAR-derived

peptide, covering the uPAR84–95 region (uPAR84–95), are

ligands of fMLP-Rs, including FPR [13, 14]. Thus, we

firstly examined the involvement of FPR in the migration

on CG of CXCR4-293 cells, which do not express uPAR,

desensitizing FPR. CXCR4-293 cells, following treatment

with uPAR84–95 peptide or fMLP, were unable to migrate

toward SDF1 on CG (Fig. 4c), suggesting that SDF1-

induced migration on CG of CXCR4-293 cells requires

FPR activity, or, alternatively, that fMLP induces heterol-

ogous desensitization [31] of CXCR4, as shown in other

cell systems [19–22]. Migration on VN, following FPR

desensitization, was not performed since CXCR4-293 cells

do not migrate on VN (see Fig. 3b).

We then examined FPR involvement in the migration on

CG and VN of CXCR4/uPAR-293 cells (Fig. 4d). Pre-

treatment of CXCR4/uPAR-293 cells with the uPAR84–95

peptide impaired migration on VN and restored migration

on CG (Fig. 4d), fully neutralizing the effect of uPAR

expression, similarly to the anti-uPAR84–95 antibody

(Fig. 4a). fMLP cell-treatment reduced CXCR4/uPAR-293

cell migration on VN, as the uPAR84–95 peptide, whereas it

did not significantly restore migration on CG. These results

prompted us to assess whether both fMLP and the

uPAR84–95 peptide target FPR in CXCR4/uPAR-293 cells.

To this end, we evaluated the effect of uPAR84–95 and

fMLP on agonist-dependent FPR internalization [32]. The

exposure of CXCR4/uPAR-293 cells to the fluorescent

FPR-agonist N-formyl-Nle-Leu-Phe-Nle-Tyr-Lys at 37�C

induced FPR internalization, as indicated by punctuate

green fluorescent intra-cytoplasmic spots (Fig. 5a, left

panels), according with previous reports [33]. The inter-

nalization of the fluorescent FPR-agonist was prevented by

cell pre-incubation with 100 nM fMLP as well as by cell

pre-incubation with the uPAR84–95 peptide (Fig. 5a, right

panels). These results demonstrate that both ligands

specifically bind FPR in CXCR4/uPAR-293 cells, even

they show a different effect on the SDF1-induced

migration on CG.

Then, we reasoned that fMLP is able to bind only two

among the three fMLP receptors, i.e., FPR and FPRL1,

while it does not bind FPRL2; vice versa, the uPAR84–95

peptide interacts with all three fMLP receptors, including

FPRL2. Thus, the uPAR84–95 peptide could totally neu-

tralize uPAR effects by targeting also FPRL2, beside FPR,

unlike fMLP. Therefore, we assessed FPRL2 expression in

CXCR4/uPAR 293-cell (Fig. 5b, inset) and evaluated

Fig. 5 uPAR84–95 peptide and fMLP prevent agonist-FPR interac-

tion. All fMLP-receptors expressed by HEK-293 are involved in

uPAR effects on SDF1-induced migration. a Representative confocal

images of CXCR4/uPAR-293 cells incubated with buffer (none),

100 nM fMLP, 100 nM uPAR84–95 peptide or 100 nM scrambled

peptide for 30 min at 37�C and exposed for further 30 min at 37�C

to 10 nM N-formyl-Nle-Leu-Phe-Nle-Tyr-Lys-fluorescein. Z-series

images represent focal planes corresponding to 0.5 lm vertical

interval. Original magnification 6309. Scale bar 10 lm. b CXCR4/

uPAR-293 cells were pre-incubated with buffer (-) or 5 nM

WKYMVm peptide, plated in Boyden chambers and allowed to

migrate toward 100 ng/ml SDF1 on filters coated with collagen (CG)

or vitronectin (VN). 100% values represent cell migration in the

absence of chemoattractants. The values are the mean ± SD of three

experiments. *p B 0.05, as determined by Student’s t test. Inset 5 lg

of total RNA from CXCR4/uPAR-293 cells was reversely transcribed

and amplified using FPRL2-specific primers. The reaction products

were analyzed by electrophoresis and stained with ethidium bromide,

followed by photography under ultraviolet illumination
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CXCR4/uPAR-293 cell migration on CG and VN, fol-

lowing treatment with the synthetic peptide WKYMVm,

which is a ligand for all three fMLP receptors [15].

Pre-incubation of CXCR4/uPAR-293 cells with the

WKYMVm peptide completely neutralized the effect of

uPAR on CXCR4-mediated migration, impairing CXCR4/

uPAR-293 cell migration on VN and restoring their

migration on CG, similarly to the uPAR84–95 peptide

(Fig. 5b).

All together, these results indicate that the uPAR-

dependent regulation of CXCR4 activity involves all fMLP

receptors expressed by HEK-293 cells.

uPAR effects on SDF1-induced migration involve

specific integrins

uPAR is a GPI-anchored protein, and requires functional

partners provided with cytosolic domains for signal trans-

duction. Integrins interact with uPAR and have been

proposed as the best candidates to mediate uPAR signaling

[34, 35]. We then also explored the role of alpha-v inte-

grins, which are expressed in HEK-293 cells and are

involved in uPAR-related cell signals [36, 37], in uPAR-

dependent regulation of CXCR4 activity. CXCR4/uPAR-

293 cells were allowed to migrate toward SDF1 on VN or

CG in the presence of nonimmune Ig or an anti-alpha-v

monoclonal antibody. Specific antibodies significantly

reduced migration of CXCR4/uPAR-293 cells on VN, and

moderately restored migration on CG (Fig. 6).

These results demonstrate that also integrins are

involved in uPAR-related activities enabling CXCR4/

uPAR-293 cells to migrate on VN and impairing migration

on CG.

uPAR expression down-regulates adhesion

of CXCR4-transfected cells

We then investigated whether uPAR expression influences

also the stable adhesion to ECM of CXCR4-expressing

Fig. 6 uPAR effects on SDF1-induced migration involve specific

integrins. CXCR4/uPAR-293 cells were incubated with nonimmune

Ig (-) or an anti-alpha-v monoclonal antibody, plated in Boyden

chambers and allowed to migrate toward 100 ng/ml SDF1 on filters

coated with collagen (CG) or vitronectin (VN). 100% values represent

cell migration in the absence of chemoattractants. The values are the

mean ± SD of three experiments performed in triplicate. *p B 0.05,

as determined by Student’s t test

Fig. 7 uPAR expression down-regulates the adhesion of CXCR4-

transfected cells to ECM components. a CXCR4-293, CXCR4/uPAR-

293 or control cells (V-293) were plated on FN-, LM-, CG-, or

VN-coated wells. The attached cells were fixed and stained with

crystal violet. The stain was eluted, and the absorbance at 540 nm was

measured by a spectrophotometer. The values represent the

mean ± SD of six experiments performed in triplicate. *p B 0.05,

as determined by Student’s t test. b HEK-293 cells transfected with

uPAR cDNA (uPAR-293) or control cells transfected with the empty

vector (V-293) were plated on VN-coated wells. The attached cells

were fixed and stained with crystal violet. The stain was eluted, and

the absorbance at 540 nm was measured by a spectrophotometer. The

values represent the mean ± SD of three experiments performed in

triplicate. *p B 0.05, as determined by Student’s t test
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cells. The adherence of V-293 control cells, CXCR4-293

and CXCR4/uPAR-293 cells to different components of the

ECM was examined (Fig. 7a). Transfected cells were pla-

ted on FN, LM, CG, and VN coated wells. Adherent cells

were stained by crystal violet and the absorbance of eluted

stain was measured. CXCR4-293 cells adhered efficiently

to all substrates, as well as control cells, even though no

significant variations were observed in their adhesion to FN

and LM. uPAR co-expression down-regulated cell adhe-

sion to all substrates, including VN. CXCR4/uPAR-293

cell behavior on VN was unexpected, since uPAR

expression had been previously shown to up-regulate HEK-

293 cell adhesion to VN [38]; increased adhesion of HEK-

293 cells upon transfection with only uPAR cDNA was

confirmed in control experiments (Fig. 7b).

uPAR expression reduces integrin association to lipid

rafts in CXCR4-expressing cells

uPAR association to lipid rafts has been previously shown

[7]. Lipid rafts are cholesterol-rich microdomains of cell

membrane that represent anchoring platforms for specific

cell-signaling mediators and can be associated to active

integrins [8, 39]. Thus, the effect of uPAR expression

on the partitioning of integrins to lipid rafts has been

examined.

Protein association to lipid rafts is evaluated by ultra-

centrifugation of cell lysates in a sucrose gradient, in which

proteins excluded from lipid rafts remain in the bottom,

whereas proteins associated to lipid rafts tend to float to the

top, together with lipids. Lysates of transfected cells plated

on CG and VN have been loaded on a sucrose gradient and

ultracentrifuged. Harvested fractions have been analyzed

by Western blot with antibodies directed to beta1 or alpha-

v integrins, CXCR4, and uPAR or caveolin as floating

controls [7, 40] (Fig. 8). Beta1 distribution was analyzed to

investigate the effect of uPAR on integrins with different

specificities, since beta1 associates to a wide variety of

alpha chains; alpha-v partitioning was examined because

this VN-specific alpha chain is a signaling partner for

uPAR [37].

In lysates from uPAR-negative CXCR4-293 cells plated

on CG and VN, beta1 integrins were present both in the

bottom of the gradient, which contains the solubilized non-

raft membranes, and in the upper fractions, containing the

detergent-resistant lipid rafts. By contrast, in lysates from

CXCR4/uPAR-293 cells plated on the same substrates,

beta1 integrins were totally confined to the bottom of the

gradient, thus associated to non-raft membranes (Fig. 8,

upper). Alpha-v integrins appeared associated to non-lipid

fractions (bottom fractions) in both CXCR4- and CXCR4/

uPAR-293 cells plated on CG; by contrast, they tended to

Fig. 8 uPAR expression affects

integrin association to lipid

rafts. CXCR4-293 and CXCR4/

uPAR-293 cells were plated on

CG- or VN-coated wells,

incubated for 1 h at 37�C and

lysed in buffer containing 1%

Triton X-100. Cell lysates were

subjected to sucrose density

gradient ultracentrifugation.

After centrifugation, 8 ml was

harvested as 1-ml fractions.

Equal volumes of each fraction

were analyzed by Western blot

with anti-beta1 or anti-alpha-v

integrin antibodies or with anti-

CXCR4 antibodies (upper
panels) or with anti-uPAR or

anti-caveolin antibodies (lower
panels)
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float with lipid rafts in CXCR4-293 cells and to remain in

the bottom fractions in CXCR4/uPAR-293 cells plated on

VN, similarly to beta1 integrins (Fig. 8, upper). The anal-

ysis of other integrins, such as beta3, alpha5, and alpha3,

showed a partitioning pattern very similar to that of beta1

integrins (not shown).

CXCR4 partitioned to lipid and non-lipid fractions in

uPAR-negative CXCR4-293 cells plated on both CG and

VN, as reported in other cells types [41], whereas it was

confined, as integrins, in non-lipid fractions in uPAR-

expressing cells (Fig. 8, upper).

uPAR, expressed only in CXCR4/uPAR 293 cells, was

found both in the bottom of the gradient, and in the top

fractions, as previously shown in the same cells transfected

only with uPAR [7]. Caveolin, which associates to lipid-

rafts [40], was used as a control (Fig. 8, lower).

All together, these results show that uPAR, partitioned

to both lipid raft and non lipid raft fractions, affects inte-

grin and CXCR4 association to lipid rafts, confining them

in non-raft membranes.

uPAR expression affects ERK 1/2 activation

in CXCR4-transfected cells

Integrin confinement in non lipid-raft fractions could sug-

gest modifications in their signaling pathways [39].

Integrin-dependent signaling pathways can converge on

various mediators, including extracellular regulated kinases

(ERK1 1/2) [42]. Thus, we explored the possibility that the

affected partition of integrins to lipid rafts, induced by

uPAR co-expression in CXCR4 transfected cells, could

coincide with a modification of integrin-mediated

signaling.

CXCR4-293 and CXCR4/uPAR-293 cells were serum-

starved, plated on CG or VN, harvested at the indicated

times and lysed. Western-blot analysis with anti-phospho-

ERKs 1/2 antibodies showed ERK1/2 activation in

CXCR4-293 cells plated both on CG and VN, even if at

different incubation times (Fig. 9, left upper and lower

panels, respectively). By contrast, ERK1/2 activation was

not detected in CXCR4/uPAR 293 cells plated on the same

substrates (Fig. 9, right panels), suggesting a modification

of ECM-dependent signaling following uPAR expression

in CXCR4-expressing cells.

uPAR regulates SDF1-induced migration in tumor cells

uPAR and CXCR4 are up-regulated in several types of

tumor [5, 9]; thus, the interference of uPAR in CXCR4

activity was examined also in tumor cells that constitu-

tively express both receptors. PC3 prostate carcinoma cells

express uPA, uPAR, and CXCR4 [43, 44], thus, their

migration to SDF1 on CG and VN, in the presence or in the

absence of the anti-uPAR84–95 polyclonal antibody, was

examined. The results showed that PC3 cells migrated

efficiently on VN and poorly on CG in a SDF1 gradient;

the anti-uPAR84–95 polyclonal antibody and the uPAR84–95

peptide, ligand of all three fMLP receptors, reduced their

migration on VN and allowed a significant migration on

CG (Fig. 10a, b), as for CXCR4/uPAR-transfected 293

cells (Fig. 4a).

To further support these results, uPAR expression in

PC3 cells was silenced by transfection with a specific

siRNA. Migration toward SDF1 of PC3 cells transfected

with a uPAR-specific siRNA or a control siRNA was

examined, showing that uPAR silencing in PC3 cells

induced the same effect of the anti-uPAR84–95 polyclonal

antibody and of the uPAR84–95 peptide (Fig. 10c, left).

uPAR silencing was assessed by Western-blot analysis of

transfected cell lysates (Fig. 10c, right) and real-time PCR

analysis (not shown).

These results confirm in tumor cells the interference of

uPAR in CXCR4 activity observed in transfected cells.

Discussion

Chemokine gradients are central to direct the movement of

cells in many normal and pathologic processes. We pre-

viously found that a soluble form of uPAR, exposing the

Fig. 9 uPAR expression affects

ECM signaling in CXCR4

expressing cells. CXCR4-293

(left) and CXCR4/uPAR-293

(right) cells were serum-starved

and plated on collagen (CG)

(upper panels) or vitronectin

(VN) (lower panels). The cells

were harvested at the indicated

times and lysed for Western-

blot analysis with anti-phospho-

ERKs and anti-ERK 2 (as a

loading control) antibodies
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chemotactically active SRSRY sequence (aa 88–92),

inhibited migration of HSCs toward the SDF1 [17, 25]. On

this basis, in the present report, we investigate whether the

cell-surface uPAR could interfere with CXCR4 activity,

thus playing a new role in chemokine-mediated cancer cell

trafficking.

We transfected HEK-293 cells with CXCR4 or with

both receptors and observed their colocalization on the

cell surface. Then, transfected cells were analyzed in

functional assays. We showed that CXCR4-transfected

cells efficiently migrated to SDF1 on CG and were

unable to migrate on VN. The co-expression of cell-

surface uPAR, which is a VN receptor [28], allowed cell

migration on VN, a component largely expressed in

tumor-associated ECM [10, 11], whereas it strongly

impaired migration on CG. Antibodies against alpha-v

integrins, or cell pre-treatment with fMLP-receptor

(fMLP-R) ligands [15], such as fMLP, the synthetic

WKYMVm peptide, the soluble uPAR84–95 peptide,

impaired SDF1-induced migration on VN of CXCR4/

uPAR-293 cells, strongly suggesting that alpha-v inte-

grins and fMLP-receptors are likely uPAR partners in

cell-signaling on VN. In fact, uPAR lacks the cytosolic

domain, thus it requires cell-surface partners to transduce

signals inside the cell.

Interestingly, pre-treatment of CXCR4/uPAR-293 cells

with fMLP, able to desensitize FPR and FPRL-1, only

impaired CXCR4/uPAR-293 cell migration on VN, but

was not able to restore their migration on CG, whereas

soluble uPAR84–95 and WKYMVm peptides, also targeting

FPRL-2, completely restored migration on CG. This

observation suggests that also uPAR capability to impair

cell migration to SDF1 on CG depends on its interaction

with fMLP-Rs, in particular with FPRL-2. Indeed, we

previously demonstrated that, in human basophils, uPAR

function is mostly mediated by its interaction with FPRL-1

and FPRL-2 [45].

Besides regulating SDF1-induced migration on specific

ECM substrates, we also showed that uPAR expression

significantly decreased the adherence of CXCR4-express-

ing cells to various components of the ECM. The decrease

in HEK-293 cell adhesion to CG, FN and LM, following

uPAR expression, was in agreement with previous results

obtained with HEK-293 cells transfected only with the

uPAR cDNA [14, 38], although, in other cell types, uPAR

up-regulation induces activation of FN-specific integrins

Fig. 10 uPAR expression regulates SDF1-induced migration in

tumor cells. a PC3 cells were pre-incubated with nonimmune Ig

(-) or the polyclonal anti-uPAR84–95 antibody, plated in Boyden

chambers and allowed to migrate toward 100 ng/ml SDF1 on filters

coated with collagen (CG) or vitronectin (VN). b PC3 cells were pre-

incubated with buffer (-) or the uPAR84–95 peptide, plated in Boyden

chambers and allowed to migrate toward 100 ng/ml SDF1 on filters

coated with CG or VN. c PC3 cells were transiently transfected with a

uPAR-specific siRNA (?) or a control siRNA (-). Transfected cells

were plated in Boyden chambers and allowed to migrate toward

100 ng/ml SDF1 on filters coated with CG or VN (left). 100% values

represent cell migration in the absence of chemoattractants. The

values are the mean ± SD of three experiments performed in

triplicate. *p B 0.05, as determined by Student’s t test. uPAR

silencing was assessed by Western-blot analysis of transfected cell

lysates with uPAR-specific antibodies (right)
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[46]. On the contrary, CXCR4/uPAR-293 cell behavior on

VN was unexpected, since uPAR expression had been

previously shown to up-regulate HEK-293 cell adhesion to

VN [38], thus suggesting a reciprocal interference between

uPAR and CXCR4. In agreement with cell-adhesion

results, uPAR seems to saturate lipid rafts and to exclude

integrins from these membrane microdomains, which

would play a proactive function in clustering integrins and

in the priming of cells for efficient ligand binding [47].

Integrin confinement in non lipid-raft fractions could sug-

gest a modulation of their ligand-binding activity and,

likely, modifications in their signaling pathways. In fact,

we found that uPAR expression in CXCR4-expressing cells

impairs ERK 1/2 activation induced by ECM components

(Fig. 9). Thus, integrin confinement in non lipid-raft frac-

tions and modifications in their signaling pathways could

contribute to the impaired adhesion observed in CXCR4/

uPAR transfected cells.

All together, our results demonstrate that the simulta-

neous expression of CXCR4 and uPAR influences the

adhesive and migratory features of cells. In particular, cells

become less adherent to ECM and, at the same time,

acquire the capability to migrate toward SDF1 on VN. The

mechanism involves both fMLP-receptors and alpha-v

integrins, previously proposed as uPAR partners in the

activation of cell-signaling pathways. On this basis, we

propose that uPAR functionally associates to a supramo-

lecular complex including such molecules; the exclusion of

fMLP-Rs or alpha-v integrins from the complex abolishes

uPAR capability to regulate CXCR4 activity. The possi-

bility that uPAR, fMLP-Rs, integrins and CXCR4 form a

functional complex is based on previous literature. In fact,

uPAR can interact, at least functionally, with FPR, through

the SRSRY sequence [13, 14], and with integrins, through

specific sequence in the D2 and the D3 domains [48, 49]. A

cross-talk between CXCR4 and fMLP-Rs is suggested by

fMLP capability to desensitize CXCR4 [20, 21], and, on

the other hand, by the requirement of fMLP-Rs for the

activity of specific chemokine receptors [22]; CXCR4 can

regulate the activity of specific integrins and, in turn, its

activity can be regulated by integrins [50].

We confirmed uPAR interference in CXCR4 activity in

cells derived from prostate carcinomas, in which the

expression of uPAR and CXCR4 and the importance of the

CXCR4–SDF1 axis have been previously demonstrated

[51, 52].

CXCR4 is up-regulated in a large number of common

human cancers, such as those of breast, lung, prostate, colon,

and in melanoma [2–5]. A variety of strategies have been

used to target the CXCR4–SDF1 axis and few compounds

are advancing into early stages of clinical development in

oncology [53]. uPAR also is strongly up-regulated in various

malignancies, including carcinomas [54]. The finding that

uPAR can exist also in soluble and cleaved forms and that

can regulate the functions of various integrin families and

the activity of growth factor and chemokine receptors sug-

gested new potential roles for uPAR in cancer, beside the

focusing of uPA proteolytic activity [55]. Several approa-

ches have been proposed in cancer therapy to disrupt ligand-

dependent and ligand-independent uPAR activities [56].

Recently, increased expression of fMLP-Rs in some cancers

has been reported [24].

The simultaneous expression of CXCR4, fMLP-Rs, and

uPAR, observed in various tumors, could thus reinforce a

neoplastic phenotype, characterized by decreased adher-

ence to physiologic ECM and by enhanced capability to

migrate on VN, suggesting the uPAR-fMLP-Rs-CXCR4

cross-talk as a new molecular target in combating cancer.
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