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Tumor cell migration and invasion require complex interac-
tions between tumor cells and the surrounding extracellular
matrix. These interactions are modified by cell adhesion
receptors, as well as by proteolytic enzymes and their recep-
tors. Here, we study the influence of the protease urokinase-
type plasminogen activator (uPA) and its receptor (UPAR) on
melanoma cell adhesion to, and migration on, the extracellu-
lar matrix protein vitronectin (VN). Cell adhesion to VN, but
not to type | collagen, is significantly enhanced in the pres-
ence of either uPA or its amino-terminal fragment (ATF).
Soluble uPAR can inhibit this effect, indicating that uPA/
uPAR on melanoma cells can function as a VN receptor. In
the absence of bivalent cations, uPA/UPAR can promote cell
attachment on VN, but not cell spreading, suggesting that the
glycosylphosphatidylinositol (GPl)-anchored uPAR alone is
unable to organize the cytoskeleton. Chemotactic melanoma
cell migration on a uniform VN matrix is inhibited by uPA and
ATF, implying that cell motility decreases when uPA/uPAR
acts as a VN receptor. In contrast, plasminogen activator
inhibitor 1 (PAI-1) can stimulate melanoma cell migration on
VN, presumably by inhibiting uPA/uPAR-mediated cell adhe-
sion to VN and thereby releasing the inhibition of cell
migration induced by uPA. Together, our data implicate
components of the plasminogen activation system in the
direct regulation of cell adhesion and migration, thereby
modulating the behavior of malignant tumor cells. Int. J.
Cancer, 71:116-122, 1997.
© 1997 Wiley-Liss, Inc.

but appears frequently in advanced primary and metastatic tumors
(DeVrieset al., 1994).

Inhibiting uPA's proteolytic activity with function-blocking
antibodies (Ossowski and Reich, 1983; Hearaigal., 1988) or
altering the proteolytic balance of tumor cells by overexpression of
specific inhibitors (Muelleret al., 1995; Soffet al., 1995) can
inhibit tumor growth, invasion and metastasis. Similarly, strategies
that prevent uPA from binding to uPAR also significantly reduce
tumor angiogenesis, growth, invasion and metastasis (Craatlal,
1993; Kooket al.,1994; Minet al.,1996). Together, these data imply a
critical role for uPA and uPAR in the biology of malignant tumors.

Vitronectin (VN) is a common component of the extracellular
matrix, particularly the basement membrane (Preissner, 1991), and
has also been demonstrated in the matrix of human tumors
(Gladson and Cheresh, 1991). Cells adhere to VN primarily by
using VN receptors of the integrin type, particulasy; ando,Bs
(Gladson and Cheresh, 1994). Expression of the integifia has
been also linked to malignant progression of melanoma (Albetida
al.,, 1990), and metastatic melanoma cells coordinately express
ayBszand uPAR (Nipet al.,1995). uPA/UPAR has been described as
modulating the interactions between cells and VN-containing
matrices. For example, on FG pancreatic carcinoma agJps is
not sufficient to support haptotactic migration on VN; rather, these
cells need uPAR expression and occupancy with catalytically
active uPA to migrate on a VN gradient (Yebet al., 1996).
Further, uPA/UPAR colocalizes with the integiigps on HaCaT
keratinocytes adhering to VN, and uPA-mediated activation of

depend on the ability of tumor cells both to degrade and to migr fesumably by degradation of the integrin binding site on VN
through connective tissue barriers. Malignant cells, in order {einartz et al., 1995). In contrast, cytokine-stimulated U937
become invasive, acquire and utilize a repertoire of matrixponocytic cells do not adhere to VN, but become adhesive to this
degrading enzymes, as well as adhesion receptors, particularlsghstrate in the presence of uPA or diisopropylfluorophosphate-
the integrin type (Mignatti and Rifkin, 1993; Ruoslahti, 1992jnactivated uPA (Waltzt al., 1993). Further investigation of the
Ashkenaset al., 1994). Although specific molecular componentsatter effect revealed the presence of a high-affinity, @pproxi-
involved in cell migration and invasion have been identified, thef@ately 30 nM) cation- and Arg-Gly-Asp-independent VN binding
is currently only a limited understanding as to the integration gfolecule on the surface of stimulated monocytic cells, the activity
different cellular functions that influence cell behavior and produeg which is tightly coupled to uPAR occupancy (Waltz and
the malignant phenotype. Chapman, 1994). This VN receptor was subsequently identified as
One proteolytic system that has been implicated in normal abfPAR (Weiet al.,1994). The observation that uPAR functions as a
pathological processes involving cell invasion is the plasminogdfN receptor only upon binding of uPA suggests that uPAR, like
activation cascade (Dare# al., 1985; Vassallet al., 1991). In this ~ adhesion molecules of the integrin type (Schwatzl., 1995),
system, the serine protease urokinase-type plasminogen activgists in an active and inactive conformation with regard to VN
(UPA) converts the ubiquitous proenzyme plasminogen into pldginding (Weiet al., 1994). An additional modulator of uPA/uPAR-
min which, in turn, can degrade a wide range of g|ycopr0tein§]edlated adhesion to VN is PAI-1, which downregulates uPA-
Plasminogen activation is thought to occur on the cell surface,
where a specific uPA receptor localizes and enhances uPA activity
(Behrendtet al., 1995) and also mediates the endocytosis of uPA Abbreviations: uPA, urokinase-type plasminogen activator; uPAR, uPA

complexed to specific inhibitors (Conese and Blasi, 1995). receptor; VN, vitronectin; ATF, amino-terminal fragment of uPA; GPI,

. L . . glycosylphosphatidylinositol; PAI-1, type-1 plasminogen activator inhibi-

Components of the plasminogen activation system, 'nClUd”'? : FBS, fetal bovine serum; MDCM, matrix-dependent chemotactic
uPA, its serpin-type inhibitor, PAI-1, and its cellular receptormigration.

UPAR, are expressed by tumor and stroma cells in various

malignancies. In human t-)reaSt cancet tis_sues, for example, free %am sponsor: National Institutes of Health, contract grant
cell surface-_bound UPA is assouat_ed with tumor cells and fIbrﬂﬂmber CA59692; Contract grant sponsor: American Cancer Society.
blasts (Carriereet al., 1994), uPAR is expressed by tumor cells,

macrophages and endothelial cells (Biaretral.,1994) and PAI-F1 ——

by tumor cells, fibroblasts, macrophages and endothelial cells‘Correspondence to: Barbara M. Mueller, Department of Immunology,
(Bianchi et al., 1995). A correlation between the expression o cripps Research Institute, 10550 N. Torrey Pines Road, IMM13, La Jolla,
components of the uPA system and tumor progression has b éA‘n9 037.

described for cutaneous melanoma, where the expression of uPA,

UPAR, PAI-1 and PAI-2 is not detectable in benign or early stages,Received 5 November 1996

Invasion and metastasis are hallmarks of tumor progression % sminogen leads to an abrogation of VN adhesion of these cells,
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dependent adhesion of U937 myeloid cells to VN (Wadtzal., Adhesion assay

1993). Here, we report on the effect of uPA on the interactions Cell adhesion assays were performed in 96-well cluster plates
between tumor cells and a VN matrix, utilizing a human melanomgat were coated for 1 hr at 37°C with 10 ug/ml VN or collagen type
cell line that expresses high levels of UPAR. We implicatgin TBS and subsequently blocked with 3% BSAin TBS for 1 hr at
UPA/UPAR as a VN adhesion receptor on human melanoma cejfg>C. To determine nonspecific binding, wells were only blocked
and further demonstrate that uPA/UPAR, acting as an adhesigith 3% BSA. 3H-thymidine-labeled M24met cells were sus-
receptor, inhibits chemotactic melanoma cell migration on a Vended in either RPMI or in RPMI containing 3 mM EDTA,
matrix. Finally, we demonstrate that PAI-1 can overcome thgimixed with uPA or other proteins, as indicated, and the cell
uPA/UPAR-mediated inhibition of chemotactic migration, thugoncentration was adjusted to 50,000 cells/ml. Cell suspensions
implying a promigratory role for PAI-1. (100 pl) were added to matrix protein-coated wells and incubated
for 1 hr at 37°C in a humidified CQncubator. Nonadherent cells
were removed by gentle rinsing with either RPMI or RPMI with 3
MATERIAL AND METHODS mM EDTA. Adherent cells were quantified either by counting
Cells and cell culture under an inverted microscope or lysed by freezing and thawing,
The human melanoma cell line M24met has been describ@fd the radioactivity was determined Byscintillation counting.
previously (Stahl and Mueller, 1994). M24met cells were routineloth quantification techniques gave comparable results. Data
cultured in RPMI 1640 medium supplemented with 10% fetdoints were calculated from quadruplicate wells and expressed as
bovine serum (FBS). Cells were passaged using versene (0.5 i meant SD.
EDTA, 0.15 M NaCl and 20 mM HEPES).

Matrix proteins, enzymes and antibodies RESULTS

Urea-purified VN was prepared from human plasma following a we previously showed that the human melanoma cell line
standard protocol (Yatahoget al., 1988). Type | collagen was \j24met expresses a high number of uPAR molecules, and that uPA
purchased from Upstate Biotechnology (Lake Placid, NY). Recorginging to its receptor can stimulate these cells to invade through
binant human single-chain uPA and the purified amino-terminghd migrate toward reconstituted basement membrane (Matrigel)
fragment (ATF) of human uPA were kind gifts of Drs. J. Henkinstanl and Mueller, 1994). uPA can specifically mediate the
and B. Credo (Abbott Laboratories, Abbott Park, IL). Solubl@ttachment of monocytic cells to the matrix protein VN (Waitz
recombinant uPAR was generously provided by Dr. S. Rosenbg{g 1993) and uPAR, on these cells, can act as a uPA-dependent
(Chiron, Emeryville, CA). Recombinant human PAI-1 and awN.receptor (Weiet al., 1994). These findings prompted us to
anti-catalytic anti-human uPA mouse monoclonal antibody (394jvestigate the effects of uPA on melanoma cell adhesion and
were purchased from American Diagnostica (Greenwich, CT).  migration on VN. Initially, we used a standard adhesion assay in

) ) which 3H-thymidine-labeled M24met cells in RPMI were allowed
Metabolic labeling of M24met cells to adhere to VN-coated plastic for 1 hr. Under these conditions,

M24met cells were harvested with versene, and approximatéi24met adhesion was90% inhibited by a mixture of function-

5 X 10 cells were resuspended in a volume of 20 ml RPMblocking antibodies against integring3; andps (data not shown).
supplemented with 10% FBS and containing 200 pCiddfé The adhesion of M24met cells to VN was significantly increased in
thymidine (Amersham, Arlington Heights, IL). Cells were placedhe presence of uPA (Fig. 1), with the highest uPA concentration
onto tissue culture plastic and allowed to grow overnight. Prior {400 nM) tested resulting in &3-fold increase in cell adhesion.

the assay, the radioactive supernatant was removed, and the cefthtegrin function depends on the presence of bivalent cations
monolayers were rinsed several times and harvested with versqneftus et al., 1994). To characterize the uPA-dependent VN

B-scintillation counting of defined cell numbers indicated aadhesion of M24met cells in the absence of functional integrins, we
average specific labeling of 0.5-1.0 cpm/cell. performed further adhesion assays in RPMI containing 3 mM

Matrix-dependent chemotactic migration (MDCM) assay

We developed an assay to measure the influence of uPA on 400
directed migration of cells in the presence of a uniform matrix. Tk
assay was performed in modified Boyden chambers (tissue cuItLF-g
treated, 6.5-mm diameter, 8-um pore size Transwell chambers fris
Corning-Costar, Cambridge, MA). The upper and lower sides '§
the polycarbonate membranes in the Transwell chambers w2
coated with 100 pl of a 10-pg/ml solution of VN or collagen type ©
in Tris-buffered saline (TBS, 20 mM Tris, 150 mM NaCl, pH 7.8)& 200 -
After 1 hr incubation at room temperature, excess matrix soluticg
was aspirated from the upper and lower sides of the membra-g N
RPMI with 10% FBS (500 ul) was added to the lower chamber as2 100 1
chemo-attractanH-thymidine-labeled M24met melanoma cellsg -
in RPMI without FBS were admixed with uPA and other proteins
as indicated, and the cell density was adjusted to 100,000 cells/ 0 M
Cell suspensions (100 pl) were transferred into the upper compz 0o " ] 10 100
ments of the chambers and incubated overnight in a humidifi
COs-incubator at 37°C. Cells were harvested separately from t... nM uPA
upper and lower sides of the membrane using trypsin/versene .
(Biowhittaker, Walkersville, MD) at 37°C. Radioactivity was FIGUrRe 1 - Influence of uPA on M24met cell adhesion to VN. The

in 8 _ccintillati ; .yradhesion of M24met cells in RPMI to plastic-bound VN was deter-
measured in @-scintillation counter. The percentage of migratior:C ed in the presence of different uPA concentrations (0, 0.1, 1, 10 and

was calculated f%r eaclh well as tgehratio betweecril ]E:pm in éhe I?% nM).2H-thymidine-labeled cells were allowed to adhere for 1 hr at
compartment and total cpm, and then averaged for quadruplicgtec ang adherent cells were quantified by determining the bound

samples. For MDCM of untreated M24met cells on a VN matrixagdioactivity by scintillation counting. Data points represent the mean
we found that typically 6-8% of the cells migrated to the lowesf quadruplicate determinations: (SD) and are expressed as percent-
compartment within a 16-hr period. age of control.

300 -
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EDTA. Under these conditions, M24met cells adhered to VN onlgst the effects of uPA on the chemotactic migration of cells in the
in the presence of uPA (Table I). Soluble uPAR inhibited uPApresence of a specific matrix protein, and termed this a matrix-
mediated cell adhesion to VN, indicating that uPA needs to bind tiependent chemotactic migration (MDCM) assay. For such MDCM
cell surface uPAR in order to promote cell adhesion (Table I). lassays, both sides of the polycarbonate filter in a Transwell
contrast, uPAs catalytic activity was not required to mediate cathamber were coated with a matrix proteiw., VN or collagen
adhesion to VN. The amino-terminal fragment of uPA, thaype |. FBS was added as a chemo-attractant to the lower chamber,
contains the uPAR-binding growth factor domain of uPA, but lacksnd cells were allowed to migrate overnight from the upper to the
the catalytic domain, was as potent as uPA in mediating M24metver compartment of the migration chamber. M24met cell migra-
cell adhesion to VN. Similarly, an excess of an anti-catalytiion in the MDCM assay on a VN matrix was integrin-dependent,
anti-uPA antibody did not abolish the effect of uPA on M24met ceflince it was blocked by antibodies against g but not theps,
adhesion (Table I). These effects were specific for cell adhesionsigbunit of integrins (data not shown). uPA at nanomolar concentra-
VN, since M24met cell adhesion to type | collagen was natons significantly reduced the MDCM of M24met cells on a VN
enhanced in the presence of uPA (Table I). matrix (Fig. 3). The inhibition of MDCM by uPA required uPA
PAI-1 is a potent and specific inhibitor of uPA and is also knowhinding to uPAR, since it could be overcome by an excess of
to bind to VN (DeClercket al., 1988; Mimuro and Loskutoff, soluble uPAR (Fig. 4). The uPA effect on MDCM was not observed
1989). Thus, adhesion assays were performed to test the effeconfa collagen type | matrix and thus appeared to be specific for VN
PAI-1 on uPA/uPAR-mediated M24met cell adhesion on VN(Fig. 4). Together, these data indicate that MDCM was inhibited
Equimolar concentrations of PAI-1 completely abolished the uP&hen uPAR contributed to cell adhesion.
effect and brought cell adhesion back to background values (Tablesince PAI-1 was able to inhibit uPA/JuPAR-mediated cell adhe-
I). The observation that PAI-1 is also able to abolish ATF-inducesion on VN, we also tested the effect of PAI-1 on chemotactic
M24met cell adhesion to VN indicates that PAI-1 does not inhibihigration on a VN matrix and found that PAI-1 was able to
adhesion by virtue of being a uPA inhibitor, but rather bywvercome uPA-dependent inhibiton of MDCM on VN. For
interfering directly with the molecular interaction between UPAéxample, 25 nM uPA caused a 50% inhibition of MDCM that was
UPAR and VN. completely reversed by an equimolar concentration of PAI-1 (Fig.
Cell adhesion to components of the extracellular matrix can 15¢. ATF was as efficient as uPA in inhibiting M24met chemotactic
viewed as a two-step process,, initial attachment to the substratemigration on VN, and PAI-1 also reversed this ATF effect (Fig. 5).
and subsequent cell spreading. We wanted to clarify whethEhus, components of the plasminogen activation system pro-
uPA/uPAR could support one or both of these events in the absefigendly influence chemotactic migration of M24met melanoma
of functional VN-specific integrins. To this end, M24met humarells on a VN matrix. We demonstrate here that uPA binding to
melanoma cells in RPMI or RPMI/3 mM EDTA were allowed touPAR inhibits cell migration independent of uPAs proteolytic
adhere to VN-coated plastic for 1 hr in the presence or absenceaofivity and rather depends on the ability of uPA/uPAR to function
25 nM uPA. In the presence of bivalent cations, almost all celss a VN receptor. In the presence of uPA/UPAR, PAI-1 can
were spread after 1 hr, regardless of the presence of uPA (Fig. 2)stimulate melanoma cell migration on VN, presumably by releas-
RPMI/3 mM EDTA, the cells were unable to adhere to VN in théng the inhibition of cell migration induced by uPA/uUPAR.
absence of exogenous uPA. In the presence of uPA, cells attached to
the VN substrate, but did not spread (Fig. 2), even after prolonged
incubation periods (up to 4 hr). Incubation of M24met cells for 4 hr DISCUSSION
in 3 mM EDTA did not affect cell viability. These data suggest that
although uPA/UPAR can mediate attachment to VN, functional We demonstrate here that uPA, uPAR and PAI-1 can profoundly
integrin-type VN receptors are necessary to mediate cell spreadimjluence M24met melanoma cell adhesion to and migration on
Cell migration on extracellular matrix proteins is primarily avN- UPA mediates a concentration-dependent increase in M24met

function of adhesion receptors of the integrin type. The demonstfgl! adhesion to VN that requires uPA binding to UPAR, but is
tion that uUPA/UPAR can act as a VN receptor on M24met cells Idgdependent of uPAs proteolytic activity. Furthermore, uPA in-
us to investigate the impact of uPA/uPAR on cell migration ofuces cell adhesion that is specific for VN and independent of

VN-rich matrices. To this end, we used an assay that allowed ushiyalent cations. These data indicate that uPA/UPAR can directly
support adhesion to VN. This is in accordance with previously

published data describing uPA/UPAR as a VN adhesion receptor on

TABLE | — uPA/UPAR-DEPENDENT ADHESION OF M24met CELLS U937 cells (Waltzet al., 1993; Weiet al., 1994). Morphological
IN THE ABSENCE OF BIVALENT CATIONS examination of M24met melanoma cells showed that although uPA
Matrix Additive Cells bound could mediate cell attachment to VN in the absence of divalent
to matrix (cpm) cations, uPA/uPAR complexes were unable to support cell spread-
Vitronectin None 95+ 29 ing. Thus, the GPI-linked uPAR can immobilize cells on a VN
Vitronectin 25 nM uPA 2,984 593 matrix, but fails to organize the cytoskeleton. In the presence of
Vitronectin 25 nM uPA+ 100 nM soluble 46 + 18 bivalent cations, however, cell surface uPA has been found in HT
uPAR 1080 fibrosarcoma cells adhering to VN to be focally localized
Vitronectin 25 nM ATF _ _ 3,024+ 200 (Ciambrone and McKeown-Longo, 1992) and to colocalize with
Vitronectin 25 nM uPA+ anti-uPA antibody 3,630+ 309  the cytoskeletal protein vinculin (Pollanest al., 1988). Such
Vitronectin - 25 nM uPA+ 25 nM PAI-1 169+ 17 observations suggest that cell adhesion to VN may involve a direct
\gct)rl?);ge;rt]"t]ype | 2,\?0':]'\4 ATF+ 25 nM PAI-1 1437§ 38 physical contact between uPAR and integrins that may connect the
Collagen type | 25 nM uPA 5g 14 GPI-linked uPAR to the cytoskeleton. In fact, a direct interaction

BSA None 30+ 13 between UPAR anfd; integrins has been implicated in the adhesion
— - of monocytic cells to fibrinogen (Sitriet al., 1996). Moreover, it
M24met cells fH-thymidine-labeled) were harvested in versengas been shown that in order to mediate VN adhesion, uPAR can
and resuspended in RPMI/3 mM EDTA containing UPA or othehteract with and modify the function o8, or B, integrins on
proteins, as indicated, and added to matrix protein-coated welltarent cell types (Weet al., 1996). We show here that M24met
(5 X 10 cells/well). Cells were allowed to attach for 1 hr at 37°C an Il adhesion to a VN matr'i,x in tHe absence of bivalent cations

washed gently, and the number of attached cells was determined . : -
B-scintillation counting. Data represent the mean and SD of quadrugi@i€ly depends on uPA/UPAR. In the presence of functional integrin

cate determinations in a representative experiment. Similar results w¥f receptors, cell adhesion is a function of both uPA/uPAR and
obtained in independent experimenténti-catalytic monoclonal anti- integrins, with the cytoplasmic portion of the integrins engaging
body 394 at 50 pg/ml. the cytoskeleton and organizing focal contacts.
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Ficure 2 — Cell spreading of M24met cells in the presence or absence of divalent cations. M24met cells were resuspended either in RPMI or in
RPMI with 3 mM EDTA, and 10 cells were placed in VN-coated six-well plates. After 1 hr incubation, wells were gently rinsed with the
respective media. The morphology of untreated delj) or cells in the presence of 25 nM uRB, d)in RPMI (a, b) or in RPMI/3 mM EDTA
(c, d)was determined by phase-contrast microscop§d magnification).

The saturable uPA-dependent increase in cell adhesion to N a biphasic manner on attachment strength, with maximal
was paralleled by a decrease in chemotactic migration in thg@gration at an intermediate level of cell adhesiveness. This
presence of a high and uniform concentration of VN. The inhibitiomplies that a significant increase in cell-substratum attachment
of MDCM on VN was, like the uPA effect on VN adhesion,strength would lead to a drastic reduction of migration speed at a
mediated by uPAR and specific for VN. Therefore, we suggest thgitven level of motile force. The mechanical strength of protein-
the uPA-induced increase in cellular adhesiveness to VN is direcplyotein bonds is logarithmically related to their biochemical
related to the reduced cell motility observed in the MDCM assagffinities (Kuo and Lauffenburger, 1993). The affinity of uPA/uPAR
This hypothesis is consistent with a model for cell migration thdor VN has been determined to be 30 nM (Vé¢ial.,1994) and is
DiMilla et al. (1991) deduced from mathematical considerationghus equal to or higher than the affinity of integrin receptors for
as well as from experimental data (DiMilket al., 1993). In this matrix components, which have been reported to range from 1 nM
model, initial cell-substratum attachment strength is a centr@iu et al., 1995) to approximately 1 pM (Akiyama and Yamada,
variable governing cell migration speed. Migration speed depenti885). Thus, engaging uPA/UPAR as an additional adhesion
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Ficure 5 — Effects of PAI-1 on the MDCM of M24met cells on VN.

FIGURE 3— Effect of uPA on the MDCM on a VN matrix@H- MDCM on a VN matrix of *H-thymidine-labeled M24met cells was
thymidine-labeled M24met cells migrated overnight on a VN matrix igl€termined in the presence of 25 nM uPA, 25 nM ATF, 25 nM uPA
the presence of the indicated concentrations of uPA toward FBS 4&NM PAI-1 or 25 nM ATF+ 25 nM PAI-1, as described. Data points
chemo-attractant. Cell migration was quantified, as described. D&gRresent the mean of quadruplicate determinationsSD) and are
points represent the mean of quadruplicate determinatior(f) and €XPressed as percentage of control.
are expressed as percentage of control.

uPA binding to uPAR inhibits cell matility by enhancing cell
adhesion. It should be noted, however, that haptotactic migration of
100 - X - T M24met cells toward VN or collagen typeile., migration toward

a matrix gradient, rather than migration toward a chemotactic stimulus
on a uniform VN matrix, was enhanced by uPA binding to uPAR (data
not shown). Together, these data suggest that uPA/UPAR can modulate
cell migration differentially depending on the microenvironmeng,,
matrix composition and the stimuli that induce cell motility.

50 T The specific uPA inhibitor PAI-1 did inhibit the uPA/uPAR-
mediated adhesion to VN and overcame the uPA/uPAR-induced
inhibition of MDCM on VN. We demonstrated also that cell
adhesion through uPA/uPAR was independent of uPA's proteolytic
activity. Therefore, the PAI-1 effect was apparently not mediated by
inhibiting uPA, but rather by interfering directly with the molecular
¢ ] ; 7 interaction between uPA/uPAR and VN. VN is a major binding
untreated uPA uPA + suPAR uPA protein for PAI-1 (DeClerclet al., 1988; Mimuro and Loskutoff,
1989), as well as for uPA (Moset al., 1995), and based on this,
FIGURE 4 — Specificity of the UPA effect on MDCM. MDCM of several models can be proposed to explain the interaction between
3H-thymidine-labeled M24met cells was determined, as describagPA, uPAR, PAI-1 and VN. uPA could function as a bridge between
MDCM of untreated cells on VNa); of cells in the presence of 25 nM cell and matrix by binding to VN and uPAR simultaneously.
uPA on VN (b); of cells in the presence of 25 nM uPA and 100 nMa(ternatively, as proposed by Wet al.(1994), uPA could induce a

soluble recombinant uPAR); of cells in the presence of 25 M UPA change in UPAR, thus stabiiizing an active VN binding conforma-
on collagen-type |. Data points represent the mean of quadrupllczﬁt(gz

A n of uPAR. PAI-1 could interfere with these interactions either
determinations SD) and are expressed as percentage of control. by inducing a rapid clearance of uPA from the cell surface (Conese

and Blasi, 1995) or by competing with uPA or uPAR for a closely
receptor should have a marked effect on the overall adhesimtated binding site on VN. The fact that PAI-1 is unable to bind to
strength to VN and could therefore account for a pronounce&TF or ATF/UPAR complexes, but is able to overcome the
inhibition of migration on this matrix component. Both predictionATF-mediated inhibition of MDCM on VN, makes the first
are in accordance with our findings that incubation of cells witexplanation seem less likely. The PAI-1 binding site on VN has
uPA leads to a>3-fold increase in VN adhesion and to a 50%been localized to the amino-terminal somatomedian B domain
inhibition of MDCM on this substrate. (Seiffertet al.,1994). It has been shown that soluble uPAR also binds to

The plasminogen activation system has been previously impiie somatomedian B domain and that, in fact, PAI-1 competes directly
cated in cell motility. Polarization of cell surface UPAR has beefyith UPAR binding (Dengt al., 1996). These findings support the idea
described toward the leading edge of migrating monocytic ceflgat in our model, PAI-1 interferes with uPA/uPAR-mediated cell
(Gyetkoet al.,1994) and on migrating cells at the edge of wounde@dhesion to VN by competing for binding to VN.
monolayers of endothelial cells (Peppral., 1987) and smooth  Expression of uPA and uPAR has been demonstrated for many
muscle cells (Okadat al., 1995). Inin vitro invasion models, cell tumor types, and correlates with tumor progression and a poor
migration requires the degradation of occluding extracellularognosis for cancer patients (Duffy, 1996). This is consistent with
matrix and in such models, invasion depends on regulated cele hypothesis that plasminogen activation contributes to the
surface-associated uPA activity (reviewed in Mignatti and Rifkirinvasive phenotype of tumor cells. Paradoxically, expression of the
1993). In contrast, several models for chemotactic or haptotactiPA inhibitor, PAI-1, has been shown in breast cancer (Jaemicke
cell migration demonstrated that binding of catalytically active cail., 1994) and in other tumors (Pappaital.,1995) to correlate with
inactive uPA to uPAR enhanced cell migration (Stahl and Muelles, poor prognosis, which has been interpreted as evidence for a
1994; Odekoret al.,1992; Busset al.,1994), thus implicating the requirement of controlled plasminogen activation in the malignant
GPI-linked uPAR as a signal transducing receptor. Here, vwpeocess. The observation thatvitro PAI-1 prevents uPA/uPAR-
describe arin vitro model, MDCM on a VN substrate, in which mediated adhesion of tumor cells to VN and thereby leads to the

MDCM (% of control)
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remobilization of uPAR-expressing tumor cells on VN-containing ACKNOWLEDGEMENTS
matrices suggests a proinvasive and prometastatic role for PAI-1 _ _ _
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not only regulates pericellular proteolytic degradation of the extracellported in part by a Junior Faculty Research Award to B.M.M. from
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