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Background: Vascular smooth muscle cell (VSMC) migration in response to urokinase is
dependent on binding of the urokinase molecule to the urokinase plasminogen receptor
(uPAR) and cleavage of the receptor. The aim of this study was to examine the role of the
soluble uPAR (suPAR) in VSMC migration.
Methods: Human VSMCs were cultured in vitro. Linear wound and Boyden microchemotaxis
assays of migration were performed in the presence of suPAR. Inhibitors to G-protein
signaling and kinase activation were used to study these pathways. Assays were performed
for mitogen-activated protein kinase and epidermal growth factor receptor activation.
Results: suPAR induced concentration-dependent migration of VSMC, which was G protein-
dependent and was blocked by Gai and GBy inhibitors. Removal of the full uPAR molecule by
incubation of the cells with a phospholipase did not interfere with this response. suPAR
induced ERK1/2, p38MAPX and c-Jun N-terminal kinase [JNK] activation in a Gei/GBy-dependent
manner, and interruption of these signaling pathways prevented suPAR-mediated migration.
suPAR activity was independent of plasmin activity. suPAR did not activate epidermal growth
factor receptor. Interruption of the low affinity N-formyl-Met-Leu-Phe receptor (FPRL1) but not
high affinity N-formyl-Met-Leu-Phe receptor (FPR) prevented cell migration and activation in
response to suPAR. suPAR increased matrix metalloproteinase-2 expression and activity, and
this was dependent on the low affinity N-formyl-Met-Leu-Phe receptor (FPRL1) and ERK1/2.
Conclusions: suPAR induces human smooth muscle cell activation and migration indepen-
dent of the full uPAR through activation of the G protein-coupled receptor FPRL1, which is
not linked to the plasminogen activation cascade.
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1. Introduction

The serine protease, urokinase plasminogen activator (uPA) is
the primary serine protease (plasminogen activator) involved
in vessel remodeling processes [1], and increased serum uPA
is associated with development of restenosis after coronary
angioplasty [2]. Within the microenvironment of the cell wall,
uPA can also be cleaved by other proteases into several bio-
logically active fragments as follows: aminoterminal fragment
(ATF), kringle domain (K), and carboxy-terminal fragment.
Each appears to have unique characteristics [3—5]. We have
shown that ATF will induce plasmin-independent cell
migration and that carboxy-terminal fragment will induce
plasmin-dependent cell proliferation [3]. Urokinase requires
binding of its aminoterminal domain to uPAR on the cell
surface to initiate migration. Urokinase, through its protease
domain is also capable of cleaving the cell surface receptor at
its glycosylphosphatidylinositol (GPI) tail. If one uses ATF,
which contains only the receptor binding domain of uroki-
nase, one can isolate the receptor binding from protease ac-
tivity. ATF induces plasmin-independent cell migration in
vascular smooth muscle cells (VSMCs) [3]. This migration re-
quires the binding to the GPI-tethered uPAR receptor. uPAR
exists on the membrane in a complex of multiple receptors
including low density lipoprotein receptor—related protein,
integrins, and epidermal growth factor receptor (EGFR). Our
recent data have demonstrated that ATF will induce smooth
muscle cell (VSMC) migration through transactivation of erbB1
in an A Disintegrin And Metalloproteinase (ADAM)-dependent
manner and is mitogen-activated protein kinases (MAPK)
dependent [3,6,7]. After ATF binds uPAR, there is cleavage of
the uPAR receptor into a cell-bound D1 fragment and a soluble
D2/D3 fragment, soluble uPAR (suPAR). D2/D3, which has been
shown to bind to the low affinity receptor of N-formyl-
methionyl-leucyl-phenylalanine (fMLP), formyl peptide
receptor-like-1 (FPRL1), to induce Gai-mediated responses [8].
Other receptors of the family of FPRL, formyl peptide receptor
(FPR) and formyl peptide receptor-like-2 (FPRL2), have also
been shown to respond to the same peptide sequence on
SuPAR and are desensitized by the suPAR chemotactic frag-
ments [9—11]. The aim of this study was to test the hypothesis
that FPRL1 is required for suPAR-induced cell signaling and
suPAR-mediated cell migration in human VSMC.

2. Methods
2.1 Experimental design

Human coronary arterial VSMCs were cultured in vitro (pas-
sage 3—6; Clontech, Mountain View, CA). Linear wound and
Boyden microchemotaxis assays of migration were performed
in the presence of suPAR, ATF, or fMLP. Dose response assays
for migration and the ED50 for each agonist were used. Assays
were performed for MAPK and EGFR activation. Chemical and
molecular inhibitors to G-protein signaling, EGFR, fMLP re-
ceptors, and MAPK activation were used to study these
pathways.

2.2. Materials

suPAR and ATF were purchased from American Diagnostica,
Inc (Greenwich, CT). fMLP, pertussis toxin (PTx) (Gai inhibitor,
100 ng/mlL), phosphatidylinositol-specific-phospholipase C
(100 pg/mL), PD98059 (ERK inhibitor, 25 uM) SB203580 (p38™MAPK
inhibitor, 10 pM), SP600125 (c-Jun N-terminal kinase [JNK] in-
hibitor, 1 uM), EGFR inhibitor (AG1478, 10 uM), e-aminocaproic
acid (EACA; plasmin inhibitor, 100 pM), aprotinin (plasmin
inhibitor, 100 units/ml), and GM6001 (matrix metal-
loproteinase [MMP] inhibitor, 10 nM) were purchased from
Sigma Chemical Co (St. Louis, MO). Peroxidase-conjugated
anti-rabbit IgG antibody (raised in goat) and peroxidase-
conjugated anti-mouse IgG antibody (raised in goat) were
purchased from Jackson ImmunoResearch Laboratories, Inc
(West Grove, PA). Phospho-extracellular signal-regulated
kinase (ERK1/2) antibody was purchased from Promega, Inc
(Madison, WI). Total ERK1/2 antibody was purchased from BD
Transduction Laboratories (Lexington, KY). Phospho-p38MAFK
and phospho-JNK antibodies were purchased from Biosource
(Camarillo, CA). Total p38MAFPX and JNK antibodies were pur-
chased from Cell Signaling (Beverley, MA). Dulbecco minimal
essential medium (DMEM) and Dulbecco phosphate-buffered
saline were purchased from Corning cellgro (Corning, NY).

2.3. Wound assay

The wound assay was performed with VSMC as previously
described [3,6]. Human VSMC were grown to confluence in
60 mm? dishes and then starved (1% serum) for 24 h in the
presence of hydroxyurea (5 mM, Sigma Chemical Co) to pre-
vent proliferation. Thereafter, each dish was divided into a 2 x
3 grid. With the use of a 1-200 pL pipette tip, a linear wound
was made in each hemisphere of the dish. Immediately after
wounding, media were changed to fresh DMEM (for all reagent
dishes and as negative control) or 10% fetal bovine serum
(positive control). Cells were then allowed to migrate over 24 h
at 37°C in DMEM with or without suPAR (10 nM), ATF (10 nM),
or fMLP (10 nM). In a second series of experiments, migration
in response to the agonists was examined in the presence and
absence of the inhibitors to G-protein signaling, fMLP re-
ceptors, and MAPK activation. Under a x40 lens with an
attached SPOT camera (Diagnostic Instruments, Inc, Sterling
Heights, MI), images were taken of the intersections of the
linear wound and each grid line. This resulted in eight fields
per dish. Cells were allowed to migrate over 24 h at 37°C. Each
field was measured at time 0 and at 24 h. The area of each field
was measured using SPOT Advanced software (Diagnostic
Instruments, Inc), and eight fields from each dish were aver-
aged. Trials with each reagent or inhibitor were performed in
six separate dishes, and the results were averaged.

2.4. Boyden chamber

Chemotaxis was measured using a 48-well Boyden chamber
(Neuro Probe, Inc, Gaithersburg, MD) and polycarbonate filters
(Neuro Probe, Inc, 10 um pore size, 25 x 80 mm, poly-
vinylpyrrolidone free) with VSMC as previously described
[3,6]. suPAR (10 nM), ATF (10 nM), or fMLP (10 nM) was added to
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