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Fluorescence-activated ccll scanning anaiysis of human blood cells revealed novel urokinase receptors in large granutar lymphocytes and 4 small

subsct of T-cells (CD3+). Calturing of T-cells with interleukina2 to generate CDI+ tymphokinc-activated hifler cclls caused a large increase in

urckinase binding. suggesting that the urokinase reeeplor is an activation antigen. The receptor in tlymphocytes was similar to that in monocytes

with regard ta size, affinity and ligand specificity. but did not mediate degradation of urokinaseinhibitor complones. It is suggested that

lymphocyte-bound pro-urokinase is activated. ¢.g. by the human T-cell-specific serine proteinase, HuTSP-1, and thereby stants & cascade of
plasminogen activation important (or extravasation of the celts.

Urokinase receptor: Lymphocyte: LAK cell: Internalization: Plasminogen activator inhitritor, Activation antigen

1. INTRODUCTION

The plasminogen activator  arokinase (uPA) s
secreted as a single chain proenzyme (pro-uPA). which
binds to uPA receptors (UPAR) of a variety of cells.
uPARs arc 313 resique glycoproteins [1] largely
anchored to the plasma membranc by a C-terminal gly-
cosvl-phosphatidylinositol moiety (2],

Pro-uPA is converted to catalytically active uPA. c.g.
oy the human T-cell-specific serinc proteinase. HuTSP-
1. secreted by NK cells and activated T-cells [3.4]. Once
a small amount of active uPA has been generated a
cascade may be started by activation of the ubiquitous
plasminogen to plasmin. which causes further conver-
sion of pro-uPA 1o uPA [5]. Plasmin degradces several
components of the extraceilular matrix. and plasmi-
nogen activatior mediated by eeceptor-bound uPA s
thercfore thought {0 be imporiant for extravasation and
invaston of some tumor cells [6].

Plasminogen activation is controlled by inhibitors.
e.g. plasminogen activator inhibitor type-1 (PAF-1).
which forms a stable complex with uPA. It has been
shown that uPA:PAI-1 complexes are rapidly removed
from the cell surface by uPAR-mediated endocytosis

Abbreviations: DFP,  diisopropylflucrophosphate:  {-IJDFP-uPA.
“*Llabeled and DFP-treated uPA: FACS. fluorescence-activated cell
scanning: LAK cells. lymphokine activated kiflercells: LGL. large
granular lymphocytes: PAl-1. plasminogen activator inhibitor type-i.
PPD. purified protein Jderivative; uPA, urokinase iype plasminogen
activator: uPAR. receptor for uPA.
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followed by degradation in the monocytoid cell line.
U937 (7). and the choricarcinoma celt line, 12,

Previous work has shown that monocytes |v) and
polymorphonucicar leucocytes [10] arc uPAR-bearing.
This has also been reporied for B-cells, whereas T-cells
arc thought to be uPAR-negative {10]. We have used
fluorescence-activated cell scanning (FACS) to analyse
the occurcence of uPAR ia human lymphocytes. We
report hitherto unrecognized uPAR in large granular
Iymphocytes (LGL). which constitute active NK cells,
and interfeukin-2 (IL-2)activated T-cells (LAK cells).
In contrast to monocytes. LAK cells did not degrade
uPAR-bound uPA:PAI-1 complexes. Recent work has
shown that LAK ¢ells, which possess anti-tumaor activ-
ity. can lzin¢ the microcircalation and infiitrate puimo-
arry metastasis {11 Tur Sncinge suggest the implics
tion of cell surfacc-organized plasminogen aciivalion in
their extravasation.

2. MATERIALS AND METHODS

L. Reagents

Human recombinant 1L-2 was from Amersham, UK. Phosphatidy-
linositol phospholipase C was from Bochringer-" 4annheim. Germany.
Human twochain uPA was from Serono, Switzerland. Pro-uPA
{single chain uPA) was purified from serum-free conditioned medium
of human HT-1080 cells as described previously (8], uPA was catabv-
cally inactivated with diisopropylfluoro-phosphate (DFP) as de-
scribed [9]. uPA and DFP-uPA were iodinated to a specific activity of
about 9x10'* Bq/mol using chforamin-T as the oxidizing reagent {9].

Bigiiny..ion: 250 gb 30 aM uPA in 0.1 M NaHCDO, pH 98, was
added to 250 ul 1 mM biotin-V-hydroxy-succinamide (Sigma) in dimc-
thvlformamide followed by incubation for 1 h at 26°C and dialysis
2gainst phosphate-buffered saline. pid 7.2, with 50% glyeerol. Biotun-
ufFA was indistinguishable from uPA and DFP uPA as inhibitor of
binding of ['“I|DFP-uPA (cf. Fig. 3).
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Human PAL-1 was purificd by immunonffinity chromatography
from serum-free conditioned medium of HT-1080 cells cultured with
dexamethasone [8). Labeled wPA:PAL-1 complex was prepared by
incubating 1 zg/mi [**uPA with 10 gg/ml SDS-netivated PAL-1 [12]
in 0.1 M Tris, 0.1% Triton X-100, pH B.1, for 1 h at 20°C followed
by passage through anti-PAI-1 1gG and snti-uPA-18G columns 8],
The murine monoclonal untibody (clone 6) wns against the N-terminal
pretot:uPA containing the receptor binding domain [13].

2.2, Cels. et B R

Human peripheral blood ‘mononuclear:colls were prepared from
citrate-phosphate-dextrose. stabilized bulfy coms by flotation on
Isnpague-Ficoll, Monocyies were isolated as the populntion adhering
to plastic dishes afiet incubation for 1.5 hat 379C {9]. Theerythrocyte-
rosette-forming fraction (> 95% CDA+) wis isolated from the non-
adberont cells; using sheep red blood cells treated with 1% S-(2-
aminocthy!* isothiouronium followed by centrifugation on Ficoll, and
designited tae T-cell fraction, The non-rosetting celis, containing 60~
80% CD20+ cells, was designated the B-cell enriched fraction. Poly-
morphonticicar loucoeytes were prepared from buffy conts using
Porcoll gradient contrifugation s described [14]. LAK cells were
prepared by culturing (1-2 x 10 cells/ml, $% CO, in atmospheric alr)
the T-cell fraction in s:RPMI (Gibeo, UK} containing 10° UA TL-2.
Fresh TL-2 was added every third day and the cells (=95% CD3+, no
CDI16+) were harvested by about 10 days.

2.3, FACS analvsis

The cells were incubated with biotin-uPA, washed and resuspended
in phosphate buffered saline, pH 7.2, containing steeptavidine-phy-
coerythrinine and FITCH-conjugated cell marker antibodics (Becton
Dickinson). Aler 30 min in the dark. the cells were washed, re-
suspended and analysed in a FACSean flowcytometer (Beeton Dick-
inson).

4, Binding experiments

Cells were washed and incubated with lnbeled and unlabeled ligands
in 124 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl,. 1.2 mM MgSQ,, 2.5
mM NuH,PO,, 25 mM HEPES. 1% bovine scrum albumin, § gg/mi
Trasylol, pH 7.4, The incubations were terminated by the addition of
250 a1 suspension to microfuge tubes containing 200 ul silicone oil, D
1,025, followed by centrifugation [9]. The tube was cut and the peliet
assayed for radioactivity. Triton X-1 14 detergent phase extracts used
for blotting of ['**1)DFP-uPA (cf. legend to Fig. 3. inset) were prepared
as described by Behrendt et al. [15]. In brief, 2 x 10" colls were lysed
in 4 ml 0.1 M Tris, 1% Triton X-114, 10 mM EDTA, | mM PMSF.,
10 gi/md Trasylol, pH 8.4, at 0°C. The lysate was clarified by cen-
trifugation, incubated for 10 tiin ut 37°C 1o induce the phase separa-
tion, resuspended at 0°C, re-incubated at 37°C and finally suspended
in 2ml 0.1 M Tris with 0.5% CHAPS to avoid tempersture-induced
phase separation.

3. RESULTS

The B-cell enviched fraction bound specifically 3.7
0.3% (S.D.. n = 3) of 5 pM ["*[IDFP-uPA (10" cells/ml,
16 h at 4°C), as compared with 11.4 + 0.8% for mo-
nocytes and 3.2 + 0.3% for polymorphonuclear leu-
cocytes. Fig. 1A shows by FACS analysis that about
half of the NK (CD16+) cells present in the B-cell en-
riched fraction were receptor-bearing. None of the B-
cells (CD20+) were receptor-positive (not shown).
Analogous experiments also revealed receptor hetero-
geneity among monocytes as previously shown by auto-
radiography [9]. Fig. 1B shows that the receptor-posi-
tive NK cells on average were more grailated than the
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Fig. 1. Binding of biotin-uPA to NK cells, Dlood mononuclear cells
were incubated for 16 h at 4°C with cither 200 pM biotin.uPA alone
ot plus 200 nM uninbeled uPA, followed by the addition of strepta-
vidin-phycoerythrin and FITC<conjungated antihodies against the
CD16 antigen. The pate was set to select CDI6+ (NK) cells, (A) The
abscissn shows cell-bound biotin-uPA expressed as the fluorescence
signal (FL) and the ordinate shows the cell counts (CC): salidd line, 200
pM biotin-ulA alone; dotted tine, biotin-uPA plus 200 nM unlabeled
uPA., (B) The abscissa shows granulation expressed as side scatter
(SSC): the receptor-positive CD16+ population is shown with the solid
line and the receptor-negative population by the hroken line,

receptor-negative cclls. Similar analysis using forward
scatter (2 measure of cell size) showed a larger average
size of the receptor-positive cells. Thus, the NK cells
able to bind uPA may be classified morphologically as
large granular lymphocytes (LGL). and they appear to
account for thc uPA binding of the B-cell fraction.

The T-cell fraction exhibited <1% binding of
[“DFP-uPA: the cultured celt line Jurkat was re-
ceptor-negative (not shown), FACT analysts (Fig. 2A)
revealed a small subset of receptor-positive blood-
derived T-cells. Fig. 7B snows that cuiiuring of the T-
cell fraction with 1L-2 resulted in a population of largely
(70-80%) receptor-beaving C23+  ~lls. The some result
(not shown) was obtained when aon-miterent blood
mononuclear cells were cultured with [L-2. Culturing
peripheral blood mononuclear cells for 5 days with
purificd protein derivative (PPD), which gencrated
>95% CD3+ T-cells, increased binding to 4.7 + 0.1%
(10°® celts/ml) as compared to 5.9 + 0.3% with IL-2. The
PPD effect was maximal by 9 to 10 days after a lag time
of at least 3 days. Long-term incubation with PPD is
known to induce 1L-2 secrction by T-helper cells, and
the effect is therefore most likzly caused by this cy-
tokine.

IL-2-activated T-cclls, like those illustrated in Fig.
2B, caused lysis of Daudi cells and could therefore be
classified as lymphokine-activated killer (LAK) cells.
This lvsis seemed independent of uPAR occupancy
since incubation with 10-1000 pM caualytically active
uPA for up to 24 h had no effect (data not shown).
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Fig. 2. Binding of biotin-uPA to T-cclls and Tgelldetived LAK colla
Cells were incubated as described in the legend to Fig. | ewept that
FITCconjugated anti-CD antibodien were used. Abscissa and or-
dinate are as in Fig. 1A, {A) Nonadherent hlood mononuclear cells
with the gate set to select Tecelhs (CD3+): solid line. 200 pM biotin.
uPA alone: dotted line. 200 pM biotin uPA plus 200 aM unlabeled
uPA. (B) LAK cellv. No difference was observed whether or not the
<clls were gated for CDY: line types are as in A,

Initial binding ev==riments with LAK ¢ells showed
no cffect of acid wash (pH 3.0). ».ggesting negligible
endogenous occupancy of uPAR. Culture medium and
cell extracts did not contain detectable levels of uPA. as
determined by ELISA and zymography. suggesting lack
of uPA synthesis. Fig. 3 shows an apparcat K, of about
60 pM at 4°C, and the same binding curve was obtained
when using labeled uPA:PAL-1 complex. Analogous ex-
periments (not demonstrated) at 37°C showed an ap-
parent K, of about 150 pM. Ligand blotting revealed an
approximatcly 50 kDa uPAR in LAK cells as in mo-
nocytes {Fig. 3. insct) in agreement with uPAR purified
from U937 cclls [I5]). Binding to the receptor protcin
was blocked by excess unlabeled uPA and inhibited by
the monoclonal antibody directed against the receptor-
binding demain of uPA. but not by antiboly directed
against PAI-1.

Pretreatment with 1 U/ml phosphatidylinositol-phos-
phelipase C (1 h, 37°C) reduced binding more than 90%
(not shown), suggesting almost complete glycolipid
anchoring of uPAR. whereas binding was reduced only
50-60% in monocytes as reported previously for U937
cells [2]. The following results were as reported for mo-
nocytes [9]: binding of DFP-uPA. pro-uPA. catalyti-
cally active uPA and uPA:PAI-1 complexes were of the
same magnitude; tissue type plasminogen activator.
alone or in complex with PAL-1. did not inhibit binding
of [*IIDFP-uPA.

Fig. 4A shows that uPAR-bound-["*IJDFP-uPA as
well as ['"*IJuPA:PAI-1 dissociated almost entirely as
the intact tracers at 37°C in LAK cells, In contrast, us
shown in Fig. 4B, appreciable receptor-mediated degra-
dation was observed in blood-derived monocytes: 20%
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Fig. ). Concentration dependence of DFP-uPA binding 10 LAK cella,
The cells (1.0 = 1(F/mD) were incubated a1 4°C for 16 b, ie. at hinding
platew. Ligands were T pM ['PIIDFPGPA (8) of [P IuPARALL (o)
plus unlabeled DFPUPA to give the indicated total concentrations.
The ordinate is the concentration ratio boundifree ligand. The BF
value obainad with tracer plus 100 aM ualabeled DFPPA (0.2 =
10°%) was subteacted from all experimental values. The curve is com-
puted according to the equation: B'F = BAK, « F), where K, is the
apparent dissociation comtant and R, the receptor concentration. K,
wiars cakiulated as 60 pM, &, as 3.7 pM, correxponding to about 2,00
receprors per cell. The points are mean vatues of triplicates ¢+ 1 8D
(tnsety [UIDFP-GPA Blotiad onto uPAR. Trion X-114 der-~ -m
phase (20 1) was subjected to SDS-PAGE ¢12% polyacrylan...
transferred to Ymmobilon membrane by electroblotting. After bask-
ing (2 h at 22°C in 50 mM Tris, 150 mM NaClL 2 mM CaCl, 3%
defatred milk powder, 0.05% Tween 20, pH 8. 1) and washing. mouhe-
tion was performed with [C1IJDFPaPA for $ h followed by auto-
radiography: lanes a-d, LAN ceils: lane . monocytes. Lanes s and ¢,
50 pM P IDFP-uPA alonc: lanc b, 50 pM ['“TIDFP-uPA plus 100
nM unlabeted uPA: lane ¢. 50 pM (‘IIDFP-uPA plus 100 gpml
monoclonal antibody directed against the receprior Yinding domain of
aPA: lane &, 50 pM ['IPA plus monockonal antibody against
PAI-L.

ihe P DFP-uPA and 60% of the [ IjuPA:PAI-i. that
had dissociated to the medium by 4 h. were low molec-
ular weigii: Jogradation products.

4. DISCUSSION

This communication demonstrates uPAR in subscts
of NK cells (CD16+) and T-cells (CD3+). Both cell
classes secrete HuTSP-1. an effective activator of pro-
uPA [3.4]. We find that uPA binding to the B-cell en-
riched blood cell fraction is largely accounted for by the
subset of NK cells characterized as LGL. whercas B-
cells (CD20+) are u-PAR negative. LGL account for thz
NK activity in blood [16}. secrete pro-ul’A [17] and are
able to migrate in contrast to B-cells {18]. Future studies
shouid show whether the secretion oi HuTSP-1 in NK
ceily i3 zise accounted for by LGL.

Binding of uPA to blood-derived T-cells has previ-
ously cscaped notice [10], presumably because only a
small fraction is receptor-bearing. The markedly in-
creascd expression following culture with 1L-2 may qua-
lify uPAR as an activation antigen. Interestingly. the
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Fig. 4. Dissociation and degradation of prebound DFP-uPA and
uPA:PALY in LAK cells (A) and monocytes (B). The cells were in-
cubated for 16 h at 4°C with 10 pM [**1]DFP-uPA (filled symbols)
or ['*“1JuPA:PAL-1 {open symbols), washed and transferred to 37°C
{time zero, cell-associated radioactivity sct at 100%). Radioactivity
remaining uPAR-bound (®, Ok rudiosactivity appearing in the
medium as trichloroacetic acid-soluble (&, ) or -precipitable (4. A)
material. Degradation of the tracers was negligile in both LAK-cell
and monocyte-conditioned medivw, and dissociated acid-precipitable
material was intact DFP-uPA or uPA:PAI-1 as judged by re-binding
to fresh cells and SDS-PAGE. The results are means of triplicares +
t 8.D.

Mo3 activation antigen cxpressed on the plasma mem-
brane of human mononuclear phagocytes has recently
been identified as uPAR [19).

uPAR of IL-2-activated T-cells did not mediate deg-
radation of uPA:PAI-1, even though LAK cells inter-
nalize and degrade receptor-bound TNF-c [20]. This is
in contrast to the results on monocytes with uPA:PAI-1
and previous results [21] with uPA:plasminogen acti-
vator inhibitor type-2 complexes. Since treatment with
phosphatidylinositol-phospholipase C removed nearly
all uPA binding from LAK cells, but only 50-60% from
monocytes, we thought that glycolipid-anchored uPAR
might be unable to undergo endocytosis. Howe . or, this
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explanation is unlikely since the same fraction of mo-
nocyte-bound uPA was degraded whether or not the
cells were pretreated with phospholipase C (unpub-
lished observation). In any cvent. surface-expressed
uPAR in LAK ceclls appears non-susceptible to the
down-regutation induced by uPA:inhibitor complexes
in monocytes. L

We were unable to detcct synthesis of pro-uPA in
LAK cells, cven though they. can- extravasate and
migrate [11], and they may therefore rely on binding of
cxogenous pro-uPA., The blood concentration of pro-
uPA/uPA is about 15-25 pM [22] implying a receptor
occupancy of about 20% (app. K, ca. 150 pM at 37°C),
and higher occupancies of pro-uPA are expected in the
neighbourhood of macrophages. Future studics should
show whether the population of activated T-cells rich in
uPAR is also the population secrcting HuTSP-1. If so,
this may provide an efficient autocrine mechanism for
activation of cell-associated pro-uPA and activation of
plasminogen as one of the events facilitating extravasas
tion and migration.
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