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Summary

We have previously shown that chymotrypsin-cleaved
soluble uPAR (D2D3sg-279 elicits migration of monocytic
cells through interaction with FPRL-1, a G protein-coupled
receptor that is homologous to the fMLP receptor. Here,
we report that D2D3gg-274 also modulates the ability of
monocytes to migrate in response to other chemokines.
Pretreatment of monocytes with increasing amounts of
D2D3gg-274 prevents cell migration in response to MCP-1,
RANTES and fMLP. We demonstrate that D2D3g-274
does not inhibit MCP-1 receptor binding, elicit CCR2
internalization and prevent MCP-1-induced intracellular
Ca?* increase. Thus, CCR2 receptor desensitization cannot
account for D2D3s-274mediated inhibition of MCP-1-

induced cell migration. Rather, we show that pretreatment
of monocytes with D2Dgg.274 dramatically decreases

chemokine-induced integrin-dependent rapid cell adhesion
by interacting with FPRL-1. Together, our results indicate

that chemokine-dependent cell migration can be regulated
not only by homologous and heterologous receptor
desensitization, but also by inhibition of integrin-

dependent cell adhesion, an important step in cell
transmigration.
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Introduction A growing number of soluble factors are now known to elicit

Cell migration across the blood barrier and into tissues is orf@igration of monocytes. Among these, monocyte chemotactic
of the first events during inflammation, immune respons@rotein (MCP-1) is the best characterized. MCP-1 elicits
against infection and tissue remodeling following injury.monocyte recruitment to inflamed sites by promoting integrin-
Migration is a complex response that requires the coordinatétependent cell adhesion and by inducing migration across the
cooperation of multiple cell surface receptors, includingvessel wall (Ashida et al., 2001). In addition to MCP-1,
chemoattractant receptors that direct oriented migratory signalSegulated on Activation, Normal T cell Expressed and
adhesion receptors that modulate interactions of migrating ceffgecreted (RANTES) and formyl-methyonyl-leucyl-proline
with the endothelium and with the extracellular matrix, andfMLP) have been described to elicit monocyte migration in
protease receptors that mediate interactions of cells with theifvo (Fine etal., 2001). We previously reported that, in addition
extracellular environment (Pluskota et al., 2003). Monocytetp these chemokines, chymotrypsin-cleaved soluble urokinase-
undergo a complex sequence of adhesive and locomotive stdge plasminogen activator receptor (UPAR) (DgDa9

as they are recruited to migrate from the vascular space in@dicits migration of monocytes and other cell types (Blasi and
sites of inflammation. Extravasation is usually preceded by &armeliet, 2002; Fazioli et al., 1997; Resnati et al., 1996;
phase of loose adhesion (tethering and rolling), followed by Resnati et al., 2002). This occurs via the interaction of uPAR-
phase of firm attachment mediated By integrin andB2  derived D2D3g-274with FPRL-1, a G protein-coupled receptor
integrin (Beekhuizen and van Furth, 1993). The bindindiomologue of the fMLP receptor.

capacity off32 integrin is mostly regulated by an inside-out D2D3gs-274induced cell migration is sensitive to pertussis
signaling mechanism (Stewart and Hogg, 1996). These signdRxin and involves phosphorylation of p56t39 tyrosine
determine the rapid transition between low and higrkinase (Bohuslav et al, 1995; Resnati et al., 1996) and
heterodimer affinity states during the sequential attachment aragtivation of the extracellular signal-regulated kinases ERK1
detachment steps that are necessary for cell recruitment addd 2 (ERK1/2) (Degryse et al., 2001). The chemotactic
motility (Laudanna et al., 2002). Chemokines modulateactivity of D2D3s-274 together with the finding that the
monocyte integrin affinity within fractions of seconds, whichcleaved form of uPAR is naturally produced and found in
results either in augmented reversible adhesions or immedidigsues and in biological fluids (Sidenius et al., 2000), suggests
arrest on the vascular endothelium (Alon and Feigelson, 2002hat D2D3s-274 plays an important role during inflammatory
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reactions and during the pathophysiology of many diseases. Was removed, scraped, fixed and stained with Diff-Quik (Dade
therefore investigated whether D243374 interferes with  Diagnostics, Aguada, PR). Migrated cells were counted by light
chemokine-induced cell migration. Here we show thagmicroscopy in a high-power field. Results, expressed as the meanzs.d.
pretreatment of monocytes with D2§374 prevents the from triplicate samples, are representative of at least three
ability of the cells to migrate in response to MCP-1. This effec Xperiments. Mlgratlonl |n.the absence of chemoattractant was set as
is not because of classical mechanisms of chemokine recep 0%. The chemotactic index is given by the number of the cells

d itizati but rather b f the interf grated in the presence versus those migrated in the absence of
ésensitization, but rather because 0 € Interterence Qfomoattractant. In our experiments, cells were pretreated with the

D2D3gs-274 With chemokine-induced rapid integrin activation reagents as indicated in the respective figures for 15-20 minutes at
and dependent cell adhesion. We suggest that interference W#f*C, and were then allowed to migrate in the Boydon chamber.
2-integrin-rapid adhesion should be considered as a nereagents used for the pretreatment were present during the assay. The
mechanism of chemoattractant receptor cross regulation.  ability of the cells to migrate was determined as described above
(Rabbani and Gladu, 2002). Migration of untreated cells was set to

. 100%.
Materials and Methods THP-1 cells were incubated for 15 minutes with either anti-
Cells and reagents B2-integrin (clone 1B4) or an isotype-matched control-Ab at a

THP-1 cells (American Type Culture Collection, Rockville, MD) concentration of 1pg/ml (as indicated).

were grown in suspension in RPMI medium (GIBCO/BRL)

supplemented with L-glutamine, penicillin/streptomycin and 10%

fetal bovine serum (FBS) (GIBCO/BRL). Human peripheral bloodBinding assay

monocytes were isolated from buffy coats of healthy volunteerst?3-MCP-1 (1 nM) (Amersham) was incubated with 180 cells in

Briefly, mononuclear cells were enriched by two rounds of100 pl of binding buffer (RPMI medium 1640, 0.5% BSA) in the

centrifugation (460g) and purified over sequential Ficoll™ and presence of increasing concentrations of unlabeled MCP-1, 9223

Percoll™ (Amersham Pharmacia) gradients. The purity of theand D1 for 4 hours at’@. Thereatfter, the cells were washed once with

obtained population was routinely verified by cytofluorimetric 1 ml of RPMI medium 1640, 0.5% BSA and centrifuged through a 10%

analysis following the staining of the cells with anti-CD14 sucrose-PBS cushion in Eppendorf tubes. The pellet-containing tips of

monoclonal antibody (mAb) (Pharmingen). Events were acquired bthe tubes were cut off and counted in a gamma counter.

FACScan™ (Becton Dickinson) and analyzed using CELLQuest

Software. Generally, 95% of the cells stained positive for CD14. ) )

Dl1gr (referred as to D1 throughout the manuscripty andMeasurement of intracellular Ca?* concentration

D2D3gs-274 fragments were obtained from chymotrypsin-cleavedCells were washed, resuspended in Krebs-Ringer-HEPES-glucose-

uPAR that was purified from the conditioned medium of stablyglutamine buffer (KRH buffer) and incubated with 1 mM FURA-2

transfected cell lines as previously described (Resnati et al., 1996). (Molecular Probes, Eugene, OR) for 30 minutes at 37°C. Fluorescence

recombinant soluble form of uPAR containing the chemotactic regiooutput was measured in a luminescence spectrometer (Perkin Elmer,

(D2D3s4-279 was generated by PCR and subcloned intoNbd- LS50B) at 340 nm and the relative ratio of fluorescence emitted at

EcoRl sites of the pBNSEN eukariotic expression vector (Pallisgaar800 nm was continuously recorded.

et al., 1994). D2D&-274 and D2D32-274 [the recombinant soluble

form of uUPAR missing the chemotactic regid¢db@D3)] was purified o ]

from conditioned medium of transiently transfected 293-cells a®etermination of F-actin

previously described (Fazioli et al., 1997). Chemotactic peptide fMLRCells were washed twice with PBS and resuspended in serum-free

was purchased from Sigma. MCP-1 was obtained from PeproTech ERPMI medium 1640. Cells were than treated by adding 10 nM

The MMK-1 peptide has been previously described (Klein et al.p2D3gg-274 10 nM urokinase-type plasminogen activator (uPA) or

1998). The anti-FPRL-1 polyclonal antibody (Ab) (N77) was medium for 30 minutes and stimulated with 100 nM MCP-1 without

generated by immunizing rabbits with an formyl peptide receptorremoving the original medium at the different time points. At the end

like 1 (FPRL-1)-derived peptide (ASWGGTPEERLKC) coupled to of the stimulation, cells were fixed with 4% paraformaldehyde and

keyhole limpet hemocyanin (KLH), and purified by affinity permeabilized with 0.5% Triton X-100. Fixed cells were stained with

chromatography on CNBr-peptide linked beads. The Ab was thefiuorescein isothiocyanate (FITC)-labeled phalloidin (Sigma) for 15

tested in flow cytometry analysis and shown capable of recognizingiinutes on ice. The amount of bound FITC-labeled phalloidin was

FPRL-1 expressed by transfected cells. Furthermore, the N77 Athan evaluated by flow-cytometry analysis.

inhibited MMK-induced cell migration (M.R., unpublished data). 4-

amino-5-(4-chlorophenyl)-7-putyl)pyrazolo[3,4-d]pyrimidine (PP2), ) )

an inhibitor of the Src family of tyrosine kinases, was purchased frorftapid adhesion assay

Calbiochem. PD-098059 and SB-203580, selective inhibitors of theluman monocytes were washed and resuspended in PBS with 1 mM

mitogen activated protein kinase (MAPK) and p38 respectively, wer€aCb, MgCl, and 10% FCS (at a concentration ofl@ per ml).

purchased from Sigma. Fibrinogen was used to coat 18-well (5 mm diameter) Teflon-coated
glass slides (Cel-Line) at°’@ (Berlin et al., 1993; Campbell et al.,

) 1996). After overnight incubation, fibrinogen was removed from the
Chemotaxis assay slides by suction and replaced with @®f the cell suspension ¥80*
Migration of THP-1 cells or monocytes was assessed using a 48-welélls), which was allowed to settle for 5 minutes. After settlingl, 5
microchemotaxis Boyden chamber (Neuroprobe, Cabin John, MD) asf a 5x solution of the indicated chemokine were added to the cell.
previously described (Resnati et al., 1996). Briefly, differentAfter 3 minutes the slides were washed by dipping in PBS and then
concentrations of the appropriate chemoattractant diluted in serurfixed in 1.5% of glutaraldehyde. Where indicated, the cells were
free RPMI medium were placed in the lower compartment of theretreated with the reagents indicated in the figures for 15-20 minutes
Boyden chamber. The cells{80* cells in 50ul medium) were added at 37C, and then allowed adhere to fibrinogen-coated glasses.
to the upper compartment and allowed to migrate through an uncoat@gagents used for the pretreatment were present during the assay. In
filter (pore size Jum) placed between the two compartments. After asome experiments, monocytes were first incubated with inhibitors of
90-minute incubation at 3T in humidified air with 5% Cg) the filter  intracellular signaling for 30 minutes at°&7 and then incubated with
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D2D3gs-274for an additional 20 minutes at¥7. Thereafter, adhesion
was determined as described above. The number of adherent cell:

counted over at least four fields (0.2 mm) using video-imagi 8 b I ® MCP-L
software (NIH Imagine) (Laudanna et al., 1997). Experiments w :g\ - <.> z[')m
routinely performed in triplicate. £ W o,
E
E 200+
Results B 00
D2D3gg-274 inhibits MCP-1-induced monocyte migration BE
To further characterize the chemotactic ability of D634 0 : . . :
we investigated whether this molecule interferes w 0 0.1 -1 10
chemokine-induced monocyte migration. Soluble D1 a Chemoattractants (nM)
D2D3gg-274 fragments were obtained from chymotrypsi B
cleaved uPAR as previously described (Fazioli et al., 19 —~ 120 4 DI
Resnati et al., 1996). Recombinant soluble forms of UPAR 1 & 40 dell
either contain or lack the minimal chemotactic epitope ga\ O pep3,,..,
amino acid positions 88-92 (D2BS74 and AD2D3, g £ 80
respectively) were purified from conditioned medium « g g &
transiently transfected 293-cells. As expected, 2D3 ‘§§ 40
which contains the minimal chemotactic epitope 88-92, and = -
D1, which lacks the chemotactic sequence, elicited migrat <
of human THP-1 monocytic cells (Fazioli et al., 1997) and 0 o o 1 0
peripheral blood-derived human monocytes (Fig. 1/ Reagents in puetrestawent (aM)
Similarly to D1, AD2D3 also failed to elicit migration of
monocytes through the Boyden chamber filter. These res _ 120+
confirmed that also for human monocytes, the chemota & gz['m
fragment of soluble uPAR is mapped in the D1-D2D3 link =  '® B oo,
region. We next asked whether, as previously shown for ot = o
chemoattractants and for a number of chemokines (Olson i% 60
Ley, 2002), D2Dgg-274interferes with the activity of other pro- < |
inflammatory stimuli. Monocytes (Fig. 1B) and THP-1 cel =
(Fig. 1C) were pretreated for 15 minutes with D294 D1 Eiz 201 -8
0

or AD2D3 at the concentrations indicated in the figure and : - y g

cells were subsequently allowed to migrate in response o 01 1 N

MCP-1. Cells pretreated with D1 &D2D3 migrated as the ResminpecaneTt (h)

control cells in response to the chemokine, whereas thgg 1.D2D3ss 574inhibits MCP-1 induced monocyte migration.

migration of cells pretreated with D2B¥»74was reduced by (A) Human monocytes were obtained from the peripheral blood of

up to 65%. Similar results were obtained by using recombinatiealthy volunteers using Ficoll and Percoll gradients. Cell migration

soluble D2D34-274 eliminating the possibility that the effect in response to the indicated concentration of DRD34(M),

is owing to chymotrypsin contamination. AD2D3 () and D1 #) was determined in a Boyden chamber as
described in Materials and Methods. As control, cells were allowed
to migrate in response to 2 nM MCP@)( The number of cells

D2D3gs-274 does not inhibit MCP-1/CCR2 binding or migrating in the absence of chemoattractant was taken as 100%.
signaling (B) Monocytes or (C) THP-1 cells were left either untreated or

. . . stimulated for 15 minutes with D2@8274(Hl), D2D3s4-274((]),
We reasoned that D2B8274 might inhibit MCP-1-induced  Ap>p3 () and D1 #) as indicated. Thereafter, the ability of the

cell migration by competing for MCP-1 binding to CCR2, by celis to migrate in response to 2 nM MCP-1 was determined. The
inducing CCR2 receptor downregulation or by eliciting CCRZ2humber of cells migrating towards MCP-1 was taken as 100% and
desensitization. Initially we investigated whether Da®&4  the values of cells migrating after pretreatment with D2D3swere
directly binds to CCR2. For this, iodinated D2@374was calculated relative to this. Each point represents the meanzs.d. of
used in binding assays performed on parental and CCR#hree independent experiments.

transfected CHO cells, and showed that iodinated 23

did not bind to any parental CCR2-expressing cells (data not

shown). We then investigated whether D2®34 competes ineffective in preventing MCP-1 binding. In some experiments,
for MCP-1 binding to its receptor. To this aim, binding assaysells were treated from 2 to 24 hours with either unlabeled
with iodinated MCP-1 were performed on monocytes (FigMCP-1 or D2D3s.274 Again, while variable degrees of
2A), THP-1 cells (not shown) and CCR2-expressing CHO cellshibition were observed with MCP-1 pretreatments
(Fig. 2B) in the absence and in the presence of an excess|[obnsistent with receptor internalization, (Sarau et al., 1997)],
unlabeled competitors. As expected, unlabeled MCP-ho effect was observed with D2E¥374 or D1. These data
inhibited up to 50% of129-MCP-1 binding to human indicate that inhibition of MCP-1/CCR2 interaction cannot
monocytes (Dzenko et al., 2001) and up to 88% on CCR2-CH@xcount for D2Dgs-274dependent inhibition of MCP-1-
cells. By contrast, both D2[38274and D1 were completely induced cell migration.
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We next investigated whether D2§3374prevents MCP-1- As an independent proof for receptor functionality we
induced Ca&* flux, one of the earliest events induced by MCP-investigated whether D2R@8274 inhibits MCP-1-induced
1 binding to its receptor (Gerszten et al., 1999). Monocytepolymerization of newly formed F-actin. To this aim, the cells
and THP-1 cells were loaded with FURA-2 and changes imere either not treated or pretreated with D@34 as
intracellular C&* concentration following the stimulation with described above. Thereafter, the cells were stimulated with
either D2D3g-274 or MCP-1 were measured by fluorimetric MCP-1, fixed, permeabilized, stained with FITC-labeled
analysis. Stimulation of the cells with D28374 did not  phalloidin and analyzed by flow cytometry. As a control,
induce any detectable change in the2*Caoncentration, homologous receptor desensitization was induced by
whereas MCP-1 induced a transienfCiacrease (Fig. 2B). pretreatment of the cells with an excess of MCP-1. The results
Cells were then pretreated with D2§3374 loaded with showed a rapid and transient actin polymerization induced
FURA-2 and stimulated with MCP-1. The results reported irby MCP-1. When the cells were pretreated with MCP-1,
Fig. 2B indicate that untreated and treated monocytes aradlditional MCP-1 had no effect on actin polymerization. On
THP-1 cells respond to a similar extent to MCP-1. the contrary, pretreatment with D2§3374did not inhibit actin
polymerization induced by MCP-1 (Fig. 2C). This experiment
indicates that D2Dg.274 does not prevent F-actin
A , Monocytes CHO/CCR2 polymerization induced by MCP-1. Taken together, these
20 120 results suggest that D2B¥374+dependent inhibition of MCP-
1-induced monocyte migration cannot be explained by
competition for MCP-1 binding, receptor down modulation or
receptor desensitization.

150 4

% of control
% of control

D2D3gs-274 inhibits RANTES and fMLP-induced
monocyte migration

We next investigated whether, in addition to MCP-1,
D2D3gg-274 was also able to interfere with other
chemoattractants, fMPL or RANTES. To this aim, monocytes
(Fig. 3) and THP-1 cells (not shown) were pretreated for 15
minutes with either D1 or D2B@8274 at concentrations
indicated in the figure. The cells were subsequently allowed to
migrate in response to either fMLP or RANTES (Fig. 3A).
While untreatedAD2D3- or D1-treated cells responded to a
similar extent to fMLP; pretreatment with D28¥374
compromised the ability of the cells to respond to this
chemoattractant. Furthermore, D2§@374 also inhibited
RANTES-induced monocyte chemotaxis (Fig. 3A, closed
circles). As observed for MCP-1, the inhibitory activity of
A A A D2D3gs-274 was concentration-dependent and was at its
D2D3, 10, D2D3,. .., maximum at 1 nM. Indeed, fMLP- and RANTES-induced
A chemotaxis of D2D&.o74treated cells was 58% and 50%,

i m :.' \‘ respectively, when compared with untreated control cells.

D2D3... W " u.x

MCP-1

med

med

MCP-1 Fig. 2. D2D3gg-274stimulation does not induce CCR2 heterologous
. desensitization. (A) MCP-1 binding to CCR2 was measured on
human monocytes and CCR2-overexpressing CHO cells by the
addition of 1 nM!25-MCP-1 (see Materials and Methods). The
percentage of control specific binding is indicated in the figure.
(B) Monocytes and THP-1 cells were loaded with 1 mM Fura-2 for
C 1.84 30 minutes at 37°C and then stimulated wita\. MCP-1 or 1uM
D2D3gg-274 Fluorescence output was measured at 340 nm in a

phalloidin. The amount of bound phalloidin-FITC was evaluated by
flow cytometry analysis and its increase in percent, compared to the
content of F-actin detected in unstimulated cells, is shown in the
08 e o o figure §-axis). The data in A and C represent the meanzs.d. of
0 20 40 o0 50 100 120 three experiments. Each experiment was performed in triplicate for
Time (seconds) each stimulus.

=

u med/MCP-

= 2 _”IM( " ] fluorescence spectrophotometer. The results were confirmed in two
51 D203, ., /MCP-1 different experiments. (C) THP-1 cells were pretreated with serum-
E A uPAMCP-1 free medium (med), 10 nM D2B8274(D2D3) or 10 nM uPA

-‘3 (% (uPA) for 30 minutes and then stimulated with 100 nM MCP-1 for
= ) A the times indicatedx{axis). At the end of the stimulation, cells

2 T Tmemsl were fixed, permeabilized and stained with FITC-labeled

o)

[
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A Fig. 3.D2D3gg-274inhibits 32-integrin-dependent monocyte
120 - migration. (A) THP-1 cells were pretreated for 15 minutes
at 37°C with increasing concentrations of &4),(AD2D3
& app3 | IMLP (gray <), D2D3g-274(®) or D2D335-274(®). (B, C) THP-1
& D203 cells were pretreated for 15 minutes at 37°C with
@ D203, /RANTES increasing concentrations of MMK-1 and ATF. After
pretreatment, cells were tested for their ability to migrate in
response to fMLP (A,B,C), RANTES (A) or MCP-1 (B,C).
The number of cells migrating towards the different chemokines was
taken as 100%, and the values of cells migrating after pretreatment
with pretreating reagents were calculated relative to this. (D) THP-1
cells were incubated with either neutralizing g#imAb or with an
isotype-matched control-mAb. Thereafter the cells were allowed to
migrate in response to MCP-1 (2 nM). The data in A, B, C and D
represent the meants.d. of three experiments. Each experiment was
performed in triplicate for each stimulus.

100 - & ool

80

60 A
40 4

20 A

% control migration

0 0.1 1 10
B Reagents in pretreatment (nM)

120 W MCPl
100 O me

80
6(' . . . . . . .
D2D3gsg-274 inhibits chemokine-induced integrin-
dependent cell adhesion

20 —n In most circumstances, a phase of loose adhesion followed by
0 = : a phase of firm attachment precedes migration of cells in vivo.
D 230 500 We reasoned that D2[@3274 might inhibit chemokine cell
MME-Xi(oM) migration by modulating cell adhesion. Indeed, chemokine-
20 induced monocyte migration through the Boyden chamber
100 & By filter relied on the activity o2 integrin, and was inhibited by
. i pretreating the cells with an afg2-integrin mAb but not with
an isotype-matched control-mAb (Fig. 3D).
To investigate whether D2[@8274 regulatesp2-integrin
40 function, we exploited a rapid adhesion assay that completely
20 relies on integrin functionality (Liddington and Ginsberg,
2002; van Kooyk and Figdor, 2000). As expected, both MCP-
1 and fMLP (at 1M and 50uM, respectively) induced rapid
monocyte adhesion to fibrinogen-coated fiberglass (Fig. 4A).
By contrast, neither D233.274 nor MMK-1 were able to
800 induce monocyte adhesion at any of the concentrations tested
ne (Fig. 4A). We then investigated, whether pretreatment of the
600-1 cells with D2D3s-274 affects the rapid and firm monocyte
adhesion induced by MCP-1 and fMLP. To this aim, PBMCs
L were pretreated with iM of D2D3gs-274 D1,AD2D3 or full
length soluble uPAR (suPAR), stimulated for 3 min with
- - either MCP-1 or fMLP and allowed to adhere to fibrinogen
L coated glass slides (Fig. 4B). The results indicated that D1-,
is.ctrmAb  Anti-B2 mAb AD2D3- and suPAR-treated cells adhered like untreated
control cells, whereas pretreatment with D2B3rainhibited
MCP-1 up to 75% of the MCP-1-induced cell adhesion. The
inhibitory activity of D2D3s-274 was detected at the
D2D3gs-274 induces cell migration by interacting with concentration of UM and was rapidly lost at concentrations
FPRL-1 (Resnati et al., 2002). We next investigated whethdrelow 10 nM (data not shown). Interestingly, SUPAR failed to
FPRL-1 engagement by MMK-1, a synthetic ligand of FPRL4nhibit MCP-1- and fMLP-induced cell adhesion at all
1, modulates chemokines-induced chemotaxis. To this aim, tlt®ncentrations tested (0@, 0.5 uM and 1uM) (Fig. 4C).
cells were pretreated with different amounts of MMK, and therSimilarly to D2D3g-274 MMK-1 also inhibited MCP-1- and
allowed to migrate in response to MCP-1 and fMLP gradientd§MLP-induced cell adhesion (Fig. 4B). D2B¥%74 and
The results reported in Fig. 3B show that MMK inhibited MMK-1 failed to inhibit MCP-1- and fMLP-induced
MCP-1- and fMLP-induced chemotaxis by 65% and 85%gadhesion when added simultaneously to the chemokine,
respectively. Furthermore, pretreatment of the cells with eithezonfirming that receptor competition does not account for the
uPA (not shown) or its amino-terminal fragment (ATF) (Fig.observed inhibitory activity (control mix in Fig. 4B). To
3C) inhibited both MCP-1- and fMLP-induced monocyteinvestigate whether the inhibitory activity of both D29374
chemotaxis by 70%. Together, these results indicate that eithend MMK-1 required FPRL-1, we pretreated the cells with
FPRL-1 engagement by D2B¥3740r MMK-1, or its possible an anti-FPRL-1 mAb capable of inhibiting both D2j9374
interaction with the uPA/UPAR complex inhibits chemokine-and MMK-1-induced cell migration (Resnati et al., 2002) and
induced monocyte chemotaxis. data not shown. Thus, monocytes were first pretreated with

40

% control migration

@)

80

60

%control migration

0 0.1 1 10
ATF (nM)

=

econtrol migration
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the anti-FPRL-1 Ab or control Ig, then incubated withthe cells with PI3K, p38 and Hck inhibitors. These inhibitors
D2D3gg-274 or MMK-1, stimulated with either MCP-1 or were chosen because PI3K, p38 and Hck are not directly
fMLP and allowed to adhere to fibrinogen coated glass slidesmvolved in MCP-1- and fMPL-induced cell adhesion (Ashida
Neither the anti-FPRL-1 Ab, nor the control Ig interferedet al., 2001; Cambien et al., 2001), but are required for
with MCP-1- and fMLP-induced cell adhesion. By contrast,D2D3ss-274 and uPA-dependent cell migration (Resnati et al.,
the anti-FPRL-1 Ab, but not the control lg, completely1996; Webb et al., 2000). PBMCs were first treated with the
prevented D2Dg& 274 and MMK-1-inhibition of MCP-1- or indicated concentration of the inhibitors, then stimulated with
fMLP-induced cell adhesion (Fig. 4D). D2D3gg-274 and then allowed to adhere in response to either

Together these results indicate that engagement of thdCP-1 or fMLP (Fig. 4E). Inhibitors of PI3K, p38 or Hck did
FPRL-1 receptor by either D2@8274 or MMK-1 inhibits  not prevent the inhibitory activity of D2[@8274 thus
MCP-1- and fMLP-dependent monocyte adhesion bysuggesting that D21R3.274 inhibits chemokine-induced
decreasing B2-integrin activation. To investigate which monocyte adhesion through an intracellular pathway that does
intracellular signals are responsible for this event we treateabt involve these kinases.

A

Fig. 4.D2D3gg-274inhibits chemokine- & 250

induced monocyte-adhesion. Rapid 1S

adhesion of monocytes to fibrinogen-coated g 200

slides was assessed as described in =

Materials and Methods. Adherent cells were 2 150

counted in four independent 0.2 ffields 8

by using video-imaging software. < 100

Triplicates were analyzed for each %

condition. The data are the meanzs.d. of £ 50

triplicate evaluation (a total of twelve 0.2 <

mn¥ fields). (A) Monocytes were 0 Y- P

stimulated with MCP-1 (M), fMLP (50 i . '

UM) or the indicated amounts of D2B¥374 B D2D3g5 57,(MM) MMK (M)

and MMK-1 (MMK) and allowed to adhere “E 300 & Basal adhesion
for 3 minutes. (B) Monocytes were left ~ 250 W MCP-1 (2uM)
untreated (-) or pretreated for 15 minutes o LI MLP (50 uM)
with D2D3gg-274(1 uM), MMK (50 uM), & 200

D1 (1pM), AD2D3 (1pM) or full-length o] 150

SUPAR (1uM). The ability of the cells to o C B CTR
adhere to fibrinogen-coated slides was & 100 2 = W MCP-1
determined following stimulation with o cE

MCP-1 (black bars) or fMLP (white bars). 5 50 &

As control, D2Dgs-274was added to the < 5

cells simultaneously with MCP-1 or fMLP - D2D3,, MMK DI AD2D3  SUPAR  Ct-MIX 0 02051
stimulation (Ctr-MIX). Gray bar, basal SUPAR (M)
adhesion. (C) For titration: pretreatment for D £ 250

15 minutes with sUPAR at concentrations as g

indicated. Gray bar, basal adhesion (CTR); N 500

black bars, MCP-1 (fuM). (D) Monocytes e .
were left untreated (<) or preincubated with 2 10 % ;is:'fd;e’j"”
either anti-FPRL-1 Abo(FPRL-1) or 2 o (5(0 “M))
control Ig (Ctr Ig) for 15 minutes on ice £ 100 "
after which they were treated for an o

additional 15 minutes at 37°C with medium 2

(=), 1pM D2D3gg-274 or 50uM MMK. The z %

ability of the cells to adhere to fibrinogen-

coated slides was then determined following 0

stimulation with MCP-1 (black bars) or __GFRLLcCrlg - oFPRLL Gilp - ofPRLA Grl

fMLP (white bars). Gray bar, basal £ : D2D3g5.774 MMK

adhesion. (E) Monocytes were incubated £ 300,

with medium (=), the Hck inhibitor PP2 (10 N 550

nM), the PI3K inhibitor LY (25uM) and the o ,
p38 inhibitor SB (JuM) for 30 minutes at 1%} 2004 % r\BAacssllad;enjon
37°C. Thereatfter, half of the cells were 8 150] L
treated with D2Dgg-274(1 UM ) for an =

additional 15 minutes at 3C. Following o 1004

this, all cells were stimulated with MCP-1 2 50

(2 uM) and allowed to adhere to fibrinogen- 2 0

coated slides for 3 minutes. Gray bar, basal b - PP2 SB LY - PP2 SB LY
adhesion. D2D345 574(1 M)
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Discussion is preceded by a phase of integrin-dependent cell adhesion, we
Here we have shown that D2§374 the chemotactic postulate that inhibition of this event hampers the ability of the
fragment of soluble uPAR, inhibits chemokine-inducedcells to further respond to the chemokine gradient. Indeed, by
monocyte chemotaxis by preventing rapid integrin-dependenidking advantage of a rapid adhesion assay, which relies on
cell adhesion. We suggest to consider this as a novel aimtegrin activation, we found that pretreatment of monocytes
possibly general mechanism involved in the regulation ofvith D2D3s-274 prevented MCP-1- and fMLP-induced rapid
inflammatory responses. cell adhesion. As for chemotaxis, the ability of D3B34to

Our previous findings (Blasi and Carmeliet, 2002; Fazioli etnhibit integrin-dependent cell adhesion was attributable to
al., 1997; Resnati et al., 1996; Resnati et al., 2002) and thlee D1-D2D3 linker region (amino acids 88-92). Thus,
results reported here, indicate that upon cleavage and releasgkile chymotrypsin-generated D2B¥3»74 and recombinant
from the cell surface, uPAR-derived D2§3374is endowed D2D3gs-274inhibited MCP-1- and fMLP-induced cell adhesion
with all properties of a chemoattractant, i.e. it is able to botto similar extents, D1 andD2D3 failed to do so. Moreover,
positively and negatively regulate monocyte migration. Indeedull-length suPAR was unable to alter chemokine-induced cell
D2D3gs-274can induce monocyte migration and can interfereadhesion at all concentrations tested. Our data indicate that like
with MCP-1-, RANTES- and fMLP-dependent cell migration. the chemotactic activity, the inhibitory activity of D2§3374

It is interesting that, like the chemotactic activity, thealso requires the interaction with FPRL-1. Thus, the inhibitory
inhibitory activity of D2D3sg-274 also requires the amino effect of D2D3s-274 was prevented by the addition of anti-
acidic sequence in the D1-D2 linker region mapping betweeRPRL-1 Ab, and it was recapitulated by the FPRL-1 ligand
residues 88 and 92. However, whereas chymotrypsin-generat®tiMK. Since only full length membrane-bound uPAR (Aguirre
D2D3sg-274and recombinant D233.274both inhibited MCP-  Ghiso et al., 1999; Bohuslav et al., 1995; Montuori et al., 2002;
1-induced cell migration, neither D1 nAb2D3 (which lacks  Simon et al., 1996; Simon et al., 2000; Sitrin et al., 1996; Wei
the sequence SRSRY 88-92) elicited a similar effectet al., 1996) but not truncated forms of uPAR (that lack the D1
Consistently, full-length suPAR, previously shown to lackdomain and expose the 88-92 linker region) can Biniditegrin
chemotactic activity, failed to alter chemokine-induced celland1 integrin (May et al., 1998; Montuori et al., 2002), we
migration. Interestingly, uPA and ATF mimicked the effect ofsuggest that D2[¥3-274regulates integrin function by signaling
D2D3gs-274and D2D34-274 and inhibited MCP-1- and fMLP- via FPRL-1 rather than via direct binding to fd#integrins.
induced cell migration. These data allow the conclusion that the Integrin affinity and avidity are generally regulated by
88-92 fragment of UPAR, exposed upon receptor cleavage orside-out signaling, which involves ligand-independent
following uPA or ATF binding, is responsible for both cell integrin clustering and high affinity states, and/or ligand-
migration (Fazioli et al., 1997) and chemokine cross-regulationinduced conformational changes. What could be the signaling
Our findings also indicate that both activities are probablpathway involved in D2Dg-274 and MMK-dependent
mediated by the engagement of FPRL-1. Thus, the B3  inhibition of 32-mediated cell adhesion? Several signaling
induced cell migration is inhibited by anti-FPRL-1 Ab (Resnatimolecules are involved in inside-out signaling leading to
et al., 2002), and MMK-1, a synthetic ligand of this receptorintegrin activation by chemokines (Ashida et al., 2001;
and recapitulates the D2B¥374dependent inhibition of both Laudanna et al., 2002). We show here that PP2, a potent and
MCP-1 and fMLP-induced chemotaxis (Fig. 3). specific inhibitor of the Src family of tyrosine kinases, LY, an

What is the mechanism responsible for DgPbg+ and inhibitor of the PI3K, and SB, an inhibitor of p38, have no
MMK-dependent inhibition of chemokine-induced cell effect on D2Dgs-274dependent inhibition of integrin
migration? Chemokine receptor desensitization has beduonctions. It is possible that the regulation of integrin function
previously demonstrated and generally occurs via homologousquires intracellular signaling events different from the ones
or heterologous desensitization (Ali et al., 1999). Our findingnediating cell migration. This could be in keeping with the
that D2D3s-274 prevents MCP-1-, RANTES- and fMLP- observation that the regulation of integrin-dependent cell
mediated cell migration suggests that D2z mediates adhesion requires maximal receptor engagement, rather than
either heterologous (CCR2, CCR5) or homologous (FPRL-1he gradient needed for chemotaxis. Interestingly, whereas both
receptor desensitization. However, we found that 33B3  D2D3gs.274and MMK-1 bind to the same receptor (FPRL-1),
was unable to inhibit MCP-1 receptor binding, to elicit CCR2they elicit different intracellular signaling pathways. Indeed,
internalization, to prevent MCP-1-mediatecPCiux or to alter  whereas MMK-1 induces @& fluxes (Hu et al., 2001),
MCP-1-mediated actin polymerization. Likewise, D2B374  D2D3gs-274 fails to do so on monocytic cells (Fig. 2) and
pretreatment did not elicit FPRL-1 downregulation and did noEPRL-1 overexpressing cells (M.R. and F.B., unpublished
inhibit fMLP-mediated C#& flux in FPRL-1-expressing cell data). Despite this difference they both regulate integrin
lines (M.R. and F.B., unpublished data). Thus, CCR2 antunction. We are currently investigating whether integrin
FPRL-1 receptor desensitization cannot explain ¥8D3+  sequestration or inhibition of chemokine-induced integrin
dependent inhibition of MCP-1- and fMLP-mediated cellclustering, accounts for the ability of D2§374and MMK to
migration. Even though we did not specifically address whetheegulate chemokine-induced cell adhesion.
D2D3gs-274 pretreatment induces CCR5 heterologous In conclusion, our results revealed an unexpected activity
desensitization, this seems unlikely in light of the results abovier uPAR/FPRL-1 and underlined the existence of a new
reported. Rather, we favor the possibility that the engagementechanism regulating the complex interaction between
of FPRL-1 by D2D3g-2740r MMK-1, or the association of the chemoattractants and integrins. Thus, inhibition of chemokine-
FPRL-1 receptor with the uPA/JUPAR complex originate arninduced integrin-dependent cell adhesion should be considered
intracellular signal able to desensitize the cells to chemokinéa addition to chemokine receptor desensitization, as a possible
induced chemotaxis. Since chemokine-directed cell migratiomechanism that can prevent monocytes recruitment in the
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inflamed site. In this light, it is interesting that increasedHu, J. Y., Le, Y., Gong, W., Dunlop, N. M., Gao, J. L., Murphy, P. M. and
levels of soluble uPAR and soluble D243374are found in the Wang, J. M. (2001). Synthetic peptide MMK-1 is a highly specific
blood of neoplastic patients. In fact, the D2D3 concentration chemotactic agonist for leukocyte FPRU1Leukoc. Biol70, 155-161.

. . . . {em, C., Paul, J. I., Sauve, K., Schmidt, M. M., Arcangeli, L., Ransom,

in the serum of leukemia and cancer patients IS S.'m'lar to_tha J., Trueheart, J., Manfredi, J. P., Broach, J. R. and Murphy, A. J(1998).

of full-length suPAR (0.1-2 nM), i.e. the chemotactically active |dentification of surrogate agonists for the human FPRL-1 receptor by
concentration (Sidenius and Blasi, 2003). It is tempting to autocrine selection in yeaat. Biotechnol16, 1334-1337. _
speculate that tumor-released D2B374 conditions the Laudanna, C., Campbell, J. J. and Butcher, E. C(1997). Elevation of

. . . intracellular cAMP inhibits RhoA activation and integrin-dependent leukocyte
tumor microenvironment by affecting the onset of a local adhesion induced by chemoattractadtsSiol. Chem272 24141-24144.

!nﬂammatory reaction that is required to mount a Propefaudanna, C., Kim, J. Y., Constantin, G. and Butcher, E(2002). Rapid

immune response against the tumor. This possibility is leukocyte integrin activation by chemokinémmunol. Revl86, 37-46.

currently under investigation. Liddington, R. C. and Ginsberg, M. H. (2002). Integrin activation takes
shapeJ. Cell Biol.158 833-839.
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