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Urokinase binds to a plasminogen activator inhibitor type-2-1ike 
molecule in placental microvillous membranes 
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Placental microvillous membranes exhibited saturable binding of urokinase-type plasmlnogen activator with plateau 
achieved by 30 min at 4 ° C and 10 min at 37 ° C. The binding was essentially irreversible. The eap~city was about 8 pmol 
urokinase per mg membrane protein. Half-maximal displacement of 12Sl-lahelled urokinase was achieved wlfh about 1.0 
nM unlabelled urokinase when using 75/tg membrane pmtein/ml, t2Sl-labelled umkinas~ did not bind when treated 
with diisopropylfluorophosphate to block the catalytic activity. Single-chain urokinase (Woorokinase), devoid of 
catalytic activity, did not bind. Catalytically active tlssne-type plasminogen activator did compete with nSl-lahelled 
urokinase for binding although less efficiently than urokinase. Binding activity remained in the 100000 × g pelk't after 
treatment of the membcanes with 3 M KCI, alkaline stripping at pH 12 or extraction by the detergent Triton X-100. The 
binding was essentially blocked by antibodies against pl~sminogen activator inhibitor-type-2 (PAl-2). Sadiron dndecyl 
sulfate imlyacrylamide gel eleetrOllOresis of solubilized membranes with bound IZSl-labelled umltinase showed that the 
urokinese-PAI-2 complexes largely migrated in fractions corresponding to a very large M r although no dearly defined 
peaks were observed. It is suggested that PAl-2 occurs in a form anchored to syncytiotroplmblast mk.~ovilfi, possibly to 
the eytoskeleton. 

Introduction 

Urokinase-type plasminogen activator appears to play 
an important role for the degradation of extracellular 
matrix in a variety of normal and pathological processes 
including invasive growth of trophoblasts and cancer 
cells (for review, see Ref. 1). Cultured cytotrophoblasts 
from term placentas can synthetize and secrete urokinasc 
[2] which may in part account for the previously de.- 
scribed capacity of this cell type to degrade extraceilular 
matrix [3]. The human placenta has specific and satura- 
ble binding sites for hormones (e.g. insufin), growth 
factors (e.g. epidermal growth factor), proteins im- 
portant for transfer of nutrients (e.g. transferrin), and 
immunoglobufins (leG). We recently reported that 
placental membranes also have a common binding site 
for complexes between a2-macroglobufin or the ha- 

mologous pregnancy zone protein and a variety of pro- 
teinases [4]. These may help to maintain the balance 
between pro~eolytic and antiproteotytic activity on or 
near the surface of the syncytiotrophoblast. 

The present study was initiated to elucidate whether 
the surface of the syncytiotrophoblast has binding sites 
for urokinase with the potential of modulating the 
activity. This might occur in two ways. The binding may 
leave the catalytic site free to interact with substrate as 
appears to be the case with urokinase receptors de- 
scribed in several cultured cell fines [1,5]. Alternatively, 
binding might occur to membrane components inter- 
acting with the catalytic site of urokinase and thereby 
quenching its activity in analogy with the action of 
plasminogen activator inhibitors type 1 or 2 (PAl-1 or 
2) released from various cell types [1]. 

Materials and Methods 

Correspondence: P.H. Jensen, institute of Physiology, University of A commercial urokinase preparation (Serono, 
Aarhus, DK-8000 Aarhus C, Denmark. Switzerland) was purified further by affinity chromatog- 

0005-2736/89/$03.50 © 1989 Elsevier Science Publishers B.V. (Biomedical Division) 



136 

raphy using a Sepharose-immobilized monoclonal anti- 
body directed against the B-chain [6]. The resulting 
preparation contained more titan 90% 54 kDa urokinase 
with a minor contamination of low molecular weight 
urokinase (about 33 kDa). 

This urokinase preparation was iodinated using chlo- 
ramine-T as the oxidizing agent. In brief, about 100 
pmol 125I- (Amergham, UK, 8.106 Bq in 4 pl) was 
added to 100 pmol urokinase (20 ill in 0.2 M NaHPO4, 
pH 8.0) followed by 2.5 pl chloramine-T (1 mg/ml) .  
Incubation with mixing was carried out for .~ rain at 
2 0 ° C  followed by the addition of 200 pl 0.1 M Tris, 
0.1% Triton X.100,1% bovine serum albumin (pH 8.1). 
Incorporation of iodine into protein averaged 50%. 
Labelled urokinase was separated from 12~I- by gel 
filtration on Sephadex G-50F using the Tris-Triton-al- 
bumin buffer (pH 7.4). 

Labelled or unlabelled urokinase was inactivated by 
the addition of diisopropylfluorophosphate to 1 m g / m l  
followed by incubation at 37°C, pH 8.1, for 60 rain. 
This procedure was repeated once. About 85?0 of the 
t2sI activity was in 54 kDa urokinase and about 15% in 
the low m,~!~ular weight urokinase. 

Pruurokinase (single-chain urokinase) was prepared 
from serum-free conditioned medium of the human 
fibrosarcema cell line HT-1080 by immunoaffinity 
chromatography [6]. Prourokinase was converted to ac- 
tive 54 kDa urokinase by incubation with plasmin [7]. 
The reaction was stopped by the addition of trasylol to 
0.1 mg/ml .  Control experiments in the continued pres- 
ence of trasylol showed no conversion of the pro- 
urokinase. 

Single-chain and two-chain tissue-type plasminogen 
activator was prepared as described [8]. 

The preparation of goat anti-PAI-2 [9] and moao- 
clonal anti-PAI-2 [10] has been d/scribed previously. 
The polyclonal anti-PAI-2 does not crossreact with 
PAL1 [11]. Placental microvillous membranes were pre- 
pared essentially as described previously [4,12,13]. In 
brief, the villous tissue from term human placentas was 
cut in pieces of about 5 g, washed in isotonic CaCI 2 and 
then in phosphate buffered isotonic NaCi (pH 7.2). The 
buffer was poured off, the tissue minced and an equal 
volume of 150 mM NaCI was added followed by gentle 
stirring for 1 h. The slurry was passed through a 56 p m  
mesh nylon filter and centrifuged at 800 × g for 10 rain. 
The supernatant was centrifuged at 10000 x g for 10 
rain and the microvillous membranes were pelleted by 
centrifugalion at 1 0 0 0 0 0 x g  for 60 rain. This mem- 
brane vesicle preparation is enriched 14-fold with re- 
gard to the plasma membrane marker enzymes alkaline 
phosphatase and 5'-nucleotidase as compared to placen- 
tal homogenate and is sparse in enzymes principally 
associated with intracellular organelles [13]. The pellet 
was resuspended, placed on top of a discontinuous 
sucr,3se g,'adient (40¢~ w / v  overlaid with 25~ w/v )  and 

centrifuged for 16 h at 100000 Xg. This causes a fur- 
ther 2-fold enrichment of 5'-nucleotidase and has been 
reported free of specific enzyme markers for subcellular 
contaminants [14]. The pellet was washed twice in 150 
mM NaCI, 10 mM Hepes, 1% bovine serum albumin 
pH 7.4) and the membranes (about 4 mg prote in /ml)  
were stored in that buffer at - 5 0 ° C .  All solutions 
contained 2 mM phenylmethanesulphonyl fluoride 
(PMSF) and the procedures were carried out at 4 °C .  

The binding experiments were carried out as follows 
unless otherwise stated. Membranes (15 ~g protein) 
were incubated in 200 pl of the above-mentioned buffer 
plus 5 pg  digitonin (Sigma) purified as described previ- 
ously [15]. The incubations were stopped by passing 150 
p.I incubate through 0.2 p,m Millipore filters (GVWP) 
soaked in the incubation buffer followed by wash with 2 
ml ice-co!d buffer. The results are the mean values of 
triplicate incubations unless otherwise stated. The coef- 
ficient of variation between replicates was about 5%, cf. 
Fig. 2. All experiments were carried out at least four 
times and representative experiments are shown. 

Membrane protein concentrations were measured 
according to Bradford [16] using bovine serum albumin 
as standard. 

Electrophorcsis was carried out in the Laemmli sys- 
tem [17] using 80 mm long, 0.4 mm thick acrylamide/  
bisacrylamide 30 :'0.8 slab gels (stacking gel 4%, running 
gel 8-16%) and .a  sample size of 30 #1. After electro- 
phoresis the gel was dried, cut in 3 - 4  mm slices and 
assayed for radioactivity. 

Results 

Table I shows that both isolated villi and microvil- 
lous membranes bound to saturable sites an appreciable 
fraction of 20 pM ~2SI-labeiled urokinase as compared 
with other iigands with well established placental recep- 
tors. The crude preparation of isolated villi serves only 
to show that urokinase binding can be demonstrated in 
a relatively 'unbroken'  preparation and further studies 

TABLE ! 

Saturable binding of t2~l-labelled urokinase, insulin transferrin and 
az-macroglobulin.trypsin complex to isolated chorionic villi (2.S m g / m l  
wet weigh 0 and to microvillous membranes (7.5 ~8 protein/ml) 

The numbers represent the per ¢,¢nt of the added radioact'~vity associ- 
ated with the villi or membranes after subtraction of activity associ- 
ated with the membranes in the presence of a saturating concentration 
of unlabvlled urokinase (400 nM). The tracer concentrations were 
about 20 pM. The incubat.ions were carried out for 18 h at 4°C. 

Labelled ligand Per cont saturable binding 

Uro- Insulin Trans- a2M. 
kinase ferrln trypsin 

Chorionic villi 15.3 17.1 - 4.8 

Microvillous membranes 23.3 35.4 18.2 21.3 
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Fig. 1. Time course of 1251-lahelled urokinase binding to placental 
mierovillous raerabranes. The incubations containing 20 pM labelled 
uroklnase and 75 #g membrane proteiu/ml were carried out at 20 °C 
(O, O), 37"C (I) or 4"C (A, A) with (o, a) or without (A, $, I )  25 
/.tg/ral digitonin. Unlabelled (400 uM) urokinas¢ was present in some 
incubations (x x) at 20°C. The inset shows saturable bind- 

ing at 4°C at prolonged time. 

were carried out on the microvillous membranes derived 
from the syncytiotrophoblasts. 

Fig. 1 shows the time course of 125f-labelled urokinase 
binding to mierovillous membranes. The process was 
temperature-dependent with a half-time of about 5 rain 
at 200C. Nearly the same plateau was achieved at 4 "C ,  
2 0 ° C  and 370C by 40 rain. Other experiments (not 
shown) demonstrated that binding at 2 0 ° C  was inde- 
pendent of pH in the range 6.8-8.0. The binding was 
increased by about 5055 when the membranes were 
treated with digitonin (Fig. 1), probably due to permea- 
bilization of the membrane vesicles. Binding to these 
membranes at 4 ° C  was stable for at least 8 h (Fig. 1, 
inset). Dissociation of radioactivity from the mem- 
branes after wash or wash plus the addition of unlabelled 
urokinase (4"C,  8 h) was negligible (data not shown). 
The small amount of radioactivity associated with the 
membranes (i.e. on the filters) in the presence of 400 
nM unlabelled urokinase correspond to the radioactiv- 
ity in trapped buffer using labelled L-glucose as a marker 
[4]. In other words, all bip_~ng of t2s l-labelled uroldnase 
could be described as saturable and the amount of 
radioactivity associated with the filters in the presence 
of 400 nM unlabelled urokinase was ~ttbtracted as a 
blank value in the following experiments. 

Other experiments (not shown) demonstrated that 
the precipitability in trichloroacetic acid remained un- 
changed (9855) after incubation of the tracer with mem- 
branes, whereas the ability to bind to fresh membranes 
was progressively reduced. This phenomenon remained 
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Fig. 2. Concentration dependence of urokinas~ binding. Microvillous 
membranes were incubated for 30 rain at 4°C with the IZSl-labclled 
urokinase preparation (@) or with 1251-1ahelled urokinase plus 
unlabelled urokinase (o). Some tubes contained tracer plus 100 nM 
unlabelled prourokinase ezx). 33 nM prourokinase treated wtlh pins- 
rain to activate the enzyme (At. 33 nM one chain tissue-type pb.s- 
minogen activator (13) or two chain tissue-qq~e plasminogen activator 
(lit as indicated. Since 1.3% of the urokinas¢ at a concentration of 45 
nM was bound to membr~,nes (75 rng protein/It the binding capacity 
was calculated as approx. 8 pn,ol (46 ~sg arokinase/mg membrane 

protein. 

unchanged when the incubations were performed with 
repeatedly washed membranes and is further described 
below. 

Fig. 2 shows that binding of 12Sl-labelled urokinase 
was reduced to 50% in the presence of about 1.0 nM 
unlabelled urokinase. About 15 nM two-chain tissue- 
type plasminogen activator caused a 50% reduction of 
the urokinase binding, whereas single-chain tissue-type 
plasminogen activator had little effect. Single-chain 
urokinase (prourokinase~ did not reduce the binding of 
t251-1abel!ed urokinase. Thus, the binding is specific and 
saturable. The capacity of the membranes is calculated. 
cf. legend to Fig. 2, as approximately 0.8 nmol 
urokinase/100 mg membrane protein, equivalent to 
about 4 nmol placenta. 

Table I1 shows the results using inhibitors with known 
effects on the catalytic activity of urokinase [18]. Diiso- 

TABLE II 

Importance o/ the catalytic activay /or b~nding to mierovillou~ mem- 
branes 

12Sl-lahelled urokinase was treated with diisopropylfluorophosphate 
(DFP) or ]eupeptin before illcubation, whereas the other inhibitors 
were added to the incubate. The incubations (75 /lg membran,. 
protein/ml) were carried out for 30 min at 4°C. Control binding is 
set at I00%. 

Per cent saturable binding 

No DFP Leupeptin Trasylol Soy'bean trypsin 
treatment 150 raM) (l raM) ~,0.1 ~-ag/m!) inhibitor 

(1 mg/ml) 

100 5 8 89 104 
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propylfluorophosphate (DFP) which irreversibly blocks 
the catalytic site essentially abolished binding to placen- 
tal membranes. Control experiments (not shown) with 
cultured human monocytes (U-937) demonstrated that 
DFP-treated 125I-labelled urokinase displayed full re- 
ceptor binding activity as described in detail in previous 
work [5]. Leupeptin, which inhibits urokinase activity 
[18], severely inhibited the binding to placental mem- 
branes (Table 1I) but not to U-937 receptors (not shown). 
Trasylol and soybean trypsin inhibitor had no effect in 
either system in accordance with the lack of effect on 
urokinase activity [18]. 

These results show that the placental microvillous 
membranes do not contain receptors as described in 
U-937 monocytes. It became essential to see whether 
the activity measured in the present experiments might 
be loosely adsorbed to the membranes, particularly 
since placenta is known to contain both type-1 [19] and 
type-2 [9,20] plasminogen activator inhibitors. O~e. could 
envisage this occurring during the preparation with 
some aclivity remaining on the membranes in spite of 
the wash inherent in the preparation procedure. 

Attempts to remove the binding activity were nega- 
tive and the results may be summarized as follows: 
Repeated simple washings did not reduce the binding 
activity. Treatment of the membranes with glycine 
buffer, pH 3.0, or with 3 M KCI did not reduce binding 
in a following standard incubation. 125I-labelled uroki- 
nase prebound at pH 7.4 did not dissociate at pH 3.0 
(in contrast to receptor-bound urokinase [1]), whereas 
binding was essentially abolished when the incubations 
were carried out at that pH. Alkaline stripping [21] of 
the membranes of pH 12.0 (pretreatment for 10 min 
with one volume 5 mM sodium phosphate plus five 
volumes 2 mM EDTA, 0.2 mM dithiothreitol, 15 mM 
NaOH), which depletes erythrocyte membranes of ex- 
trinsic proteins, had little effect on the binding activity. 
Finally, the membranes (300 #g protein/ml) were ex- 
tracted with the nonionic detergent Triton X-100 (1%), 
a treatment which has been shown to solubilize about 
half of the placental microvillous membrane protein 

TABLE Ill 
E/fect of antiserum against PAl.2 

Membranes (75/~g protein/ml) were preincubated for 4 h at 4°C 
with goat anli PAI-2 (8401, 0.25 nag lgG/ml; 7901,1.0 mg IgG/ml), 
monoclonal anti PAl-2 (0.15 mg lgG/ml) or goat preimmune serum 
(1.7 mg lgG/ml) and then an equal volume of tracer for 30 min. 

Per cent saturable binding 
Control Preimmune Anti PAI-2 Anti PAI-2 Anti PAI-2 
(buffer) s e r u m  (polyclonal) (polyclonal) (monoclonal) 

8401 7901 
16.8 17.0 1.7 1.4 5.8 

[22]. The resu;ting 100000 × g membrane pellet, previ- 
ously/" referred to as the cytoskeleton fraction [22], 
showed in three experiments a 30-40% increase in the 
binding of 125I-labelled urokinase. Control experiments 
showed that the Triton X-100 extraction removed more 
than 90~ of the binding sites for a2-macroglobulin- 
trypsin complex [4] in the membranes. Thus, the 
urokinase binding activity is not removed by Triton 
X-100 and may be associated with the cytoskeleton. 

A clue to the nature of the activity is shown in Table 
III. Polyclonal and monoclonal antibodies rai~ed against 
PAl-2 markedly inhibited the binding with no effect of 
preimmune serum. It appears, therefore, that a plas- 
minogen activator inhibitor with immunoreactivity simi- 
lar to the soluble PAI-2 is anchored to placental micro- 
villous membranes. 

Fig. 3 illustrates the sodium dodecyl sulfate poly- 
acrylamid gel electrophoresis pattern of medium and 
membrane-bound radioactive material. Fig. 3A shows 
that the tracer in buffer not incubated with membranes 
contains about 85~ of the radioactivity as 54 kDa 
urokinase, 15~ as 33 kDa urokinase. In medium in- 
cubated with membranes an additional approximately 
90 kDa peak appears. This peak increased progressively 
when membranes at increasing concentrations were in- 
cubated with 12SI-labdled urokinase, whereas it was 
absent when membranes were incubated with DFP- 
treated 12SI-labelled urokinase (data not shown). The 90 
kDa peak is markedly inhibited by polyclonal antibod- 
ies against PAI-2 and it therefore appears to represent 
complexes between labelled urokinase and PAI-2. In 
some experiments the labelled 90 kDa complex was 
isolated by gel filtration and it was found not to bind to 
the membranes (data not shown). 

Fig. 3B shows the pattern for the membrane-bound 
material. As expected, there is very little activity in 
membranes incubated with excess unlabdled urokinase 
and essentially zero in slices with molecules larger than 
60 kDa. In other words, the separation procedure and 
wash (cf. legend to Fig. 3) was sufficient ot prevent 
significant trapping of radioactivity from the medium 
with the membranes. When membranes had been in- 
cubated with tracer alone, most of the radioactivity 
remained in the stacking gel with some smearing into 
the running gel. In addition, there is a broad peak 
around 120 kDa. Thus, the bou~ld material is present as 
a very large complex which is at least partially sodium 
dodecyl sulfate-resistant and only partially enters the 
separation gel. Antibodies against PAI-2 markedly re- 
duced the radioactivity in all gel slices containing mole- 
cules larger than 60 kDa. 

Fig. 3C shows the gel pattern after reduction. Under 
these conditions about 70% of the radioactivity in the 
tracer is at 35 kDa and 30~ at 20 kDa. A large part of 
the membrane-bound activity now appears at 20 kDa 
corresponding to the light chain of urokinase. There is 
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Fig. 3. Electrophorelic pattern of medium and membrane-bound 
radioactivity. Membranes (75 ~g/ml) were incubated with 100 pM 
12Sl-labelled urokinase for 30 rain at 4°C. Incubation medium and 
membranes were separated by filtration on Millipore filters. The 
medium was diluted 1:4 in sample buffer with 5'~, sodium dodecyl 
sulfate, boiled and electrophoresis was carried out using 8-16% poly- 
acrylamide gradient gels (stacking gel 4e$). The filter with membranes 
was carefully washed and immersed in boiling sample buffer. The 
samples were centrifuged for 15 rain at 100000× g before electro- 
phoresis and the radioactivity was recovered quantitatively in the 
supcmatant. Panel A shows radioactivity in the medium: Incubation 
of tracer with buffer only ( × - - x ) ,  with membranes in buffer 
plus preimmune serum, 1.7 mg lgG/ml (I  I)  and with buffer 
plus polyclonal anti PAI-2, 8401, 0.025 mg IgG/ml ( o - - o ) .  
Panel n shows membrane-associated activity: Incubation of tracer 
with membranes and buffer plus preimmune serum (O  , I ) ,  

membranes and buffer plus 400 nM unlabelled urokinase ( ~ , - - z x )  
or membranes and buffer plus anti-PAl-2 ( o - - o ) .  Panel C 
shows the electrophoretie pattern after reduction with 20 mM di- 
thiocrythritol: Incubation of tracer with buffer alone ( x - -  x ) or 
with m©mbran~ and buffer plus preimmune serum ( e - - I ) ,  

R r = 0.0 indicates radioactivity in the stacking gel. 

an  equivalent reduction in radioactivity of the slices 
contor t ing  the putative binding proteins. Thus. the in- 
terehain disulfide bridge of the bound  urokinase is, as 
expected, split by reduction, whereas there is no evi- 
dence for disulfide-linked subunits  of the putative bind- 
ing proteins. 

D i s c u s s i o n  

The urokinase binding activity of the microvillous 
membranes  is at  first glance similar to that  observed in 
cells expressing urokinase receptors, e.g., cultured 
monocytes of the U-937 line. Thus,  the time course of  
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association and the apparent  half saturation constants 
are similar [1.23]. However, the placental membrane 
binding activity is, in contrast  to receptor binding activ- 
ity, dependent on the catalytic activity of urokinase and 
it is strongly inhibited by antibodies against PAI-2. 
Binding must therefore occur to sites in the membrane 
immunologically related to PAl-2. probably to a mem- 
brane-anchored form of PAI-2. This conclusion is sup- 
ported by the observation that two-chain tissue-type 
plasminogen act ivator  and  part icularly one-chain 
tissue-type plasminogen activator compete poorly with 
two-chain urokinase for binding to the membranes.  
Similar observations have been reported with purified 
PAI-2 [20,]. 

The binding capacity of membrane-associated PAl-2 
was calculated as a round 4 nmol per placenta. This is a 
minimum number  since the microvillous membrane rep- 
resents only a portion of the syncytiotrophoblast  surface 
[25]. This value should be compared with about  1.4 
nnlol 48 kDa soluble PAI-2 extracted per placenta [20]. 
It is therefore likely that membrane-bound PAl-2 repre- 
sents a significant part  of the total placental PAl-2 
activity. 

The present results show that soluble PAI-2 is released 
from the mictovillous membranes and into the incuba- 
tion, medium. A variety of cell lines, including U-937 
[23], produce PAl-2. However, U-937 cells do not con- 
tain membrane binding activity inhibitable with anti- 
bodies against PAl-2 (Nykj0er and Gliemann, unpub-  
lished observation). The releasable PAl-2 activity was 
not readily washed away from the placental membranes 
which therefore appear  to contain a stored pool of this 
inhibitor different from the pool mediating the urokinase 
binding. 

The microvillous preparat ion contains the apical part  
of the syncytiotrophoblast  brush-border  membrane fac- 
ing the maternal  blood with little contaminat ion of 
membranes from intracellular organelles [13.14,25]. 
Most membranes reseal to vesicles and the orientation 
is reported to be the same as in the intact placenta [25]. 
Even though it cannot  be excluded that some vesicles 
are inside out it is likely that  most of the urokinase 
binding occurs to the outside of  the syncytiotrophoblast  
microvilli. This conclusion is supported by the finding 
that t2Sl-labelled urokinase does bind to isolated 
chorionic villi. The membrane-associated PAI-2 may be 
anchored to the cytoskeleton since the activity is not 
extracted by Tri ton X-100. 

Electrophoresis of sodium dodecyi sulfate-solubilized 
membranes with bound t-'5l-labelled urokinase did not 
indicate a distinct size of the complex. In fact, specific 
and saturable bindL".g appeared in the entire range from 
54 kDA to very large molecules remaining in the stack- 
ing gel, of. Fig. 3B. Even though the samples were 
centrifuged at 100000 × g most of the activity remained 
in the 4~o stacking gel suggesting that  the binding 
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protein(s) is a t tached to very large molecular  structures.  
A soluble p lasminogen act ivator  inhibitor prepared  f rom 
placental  extracts is electrophoretically heterogeneous 
in non-reduced form but  runs as a single 47 k D a  band  
af ter  reduction [26]. In contrast ,  reduct ion of  the 
solubilized m e m b r a n e  proteins with 1251-labelled uro- 
kinase does not result in an  electrophoretieaUy homoge-  
neous band.  Molecular  characterizat ion of  the m e m -  
brane  binding protein(s) must  awai t  its purification in 
an active form. In  this respect, low molecular  weight 
urokinase (33 kDa)  should be a bet ter  probe  now it is 
realized that  the microvil lous membranes  do  not  con-  
tain urokinase receptors.  

PAI-2 is impor tan t  for quenching u.,'okinase activity 
and  the physiological mean ing  o f  a membrane -anchored  
form m a y  be  to regulate urokinase activity in the micro-  
environment .  In this connect ion it is interest ing that  
fibrin depositions are  of ten observed a round  full-term 
charionic  villi [27]. It  is als0 possible tha'~ PAI-2  in 
t rophoblast  m e m b r a n e s  can  serve as a point  of  a t tach-  
men t  for monocytes  with occupied urokinase receptors.  
Such mechan ism might  be  the reason for the close 
contact  between extravillous t rophoblasts  and  decidual  
macrophages  [28]. 

In summary ,  we have  demons t ra ted  that  placental  
microvil lous membranes  conta in  binding sites depen-  
dent  on the catalytic site of  urokinase. The  sites are  
immunological ly  related to PAI-2 and m a y  be  anchored  
to the cytoskeleton. 
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