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8701-BC cells, derived from a primary carcinoma of the breast, constitutively express mRNA for
urokinase-type plasminogen activator (uPA). In this paper, we demonstrated the presence of uPA in
the conditioned medium, and of uPA-receptor (u’AR) on the cell surface of 8701-BC cells, which
therefore have the potential for an autocrine mechanism of uPA-mediated stimulation. We examined
whether exogenous addition of either intact uPA, or its amino-terminal fragment (uPA-ATF), which
lacks catalytic activity but retains the uPAR binding site and a growth factor-like domain, or immu-
noneutralisation of endogenous uPA-uPAR interactions could exert any effect on the proliferative and
invasive behaviour of 8701-BC cells. The data demonstrate that, while uPA promotes growth and
invasion of 8701-BC cells, its effect reversed by blocking uPA-uPAR interactions, uPA-ATF not only
fails to impart growth factor-like signals, but also restrains cell invasion in vitro. In the light of these
and other data, an active participation of ATF in the complex cell-ECM network of interactions
underlying cancer progression can be postulated. In addition, it appears worth considering the
possibility of testing the effect of this uPA fragment in vivo for the therapy of breast (and possibly

other) human invasive carcinomas. Copyright © 1996 Elsevier Science Ltd
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INTRODUCTION
THE TwWO-CHAIN serine protease urokinase-type plasminogen
activator (uPA) is one of the major mediators of pericellular
proteolysis in development, tissue repair, and malignant infil-
tration [1-7]. In breast cancer, in particular, the increased
level of of uPA has been statistically correlated with poor
prognosis [8-10]. Though recent evidence indicates that
tumour-associated stromal and inflammatory cells are the
main source of uPA production in human tumours [11],
activated uPA, once bound to the specific receptor (uPAR) on
the surface of cancer cells [12, 13], catalyses the formation of
the broad-specificity protease, plasmin, from plasminogen and
the initiation of the subsequent cascade proteolytic reaction.
Increasing evidence has also shown that uPA can directly act
on (and activate when latent) various extracellular matrix
(ECM) substrates [5, 14]. Moreover, some investigators have
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demonstrated that both enzymatically-inactivated uPA and
the (1-135) fragment of the non-catalytic “A” chain (WPA-
ATF), which contains the “EGF-like” domain (encompassing
the uPAR-binding site) and the “kringle” domain, are able to
exert growth factor-like effects on different cell lines, both
normal and neoplastic [15-22].

Recent studies [23] on the mRNA array for a number of
soluble factors and enzymes, have indicated that, among
others, the gene for uPA is constitutively switched-on in 8701-
BC breast carcinoma cells. This finding prompted us to search
for both the accumulation of the related protein product in
the conditioned medium (CM) of 8701-BM cells and the
presence of uPAR on the cell surface. Secondly, in consider-
ation of the enzymatic and growth factor-like roles respectively
described for uPA and its ATF, we have used 8701-BC cells
as a model system to examine the role, if any, elicited by these
molecules on those biological activities i# vizro more closely
related to the modulation of malignant phenotype, i.e. pro-
liferation and invasion.
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MATERIALS AND METHODS

Cell cultures

The tumour cell line 8701-BC, derived from a biopsy
fragment of a primary ductal infiltrating carcinoma (D.I.C.)
of the human breast [24, 25] was cultured in RPMI 1640
medium (Gibco, Paisley, U.K.), with 10% fetal calf serum
(FCS; Gibco) and antibiotics (100 U penicillin and 100 pg
streptomycin/ml), at 37°C in a 3% CO, atmosphere. The
mouse LB6 clone 19 cell line (a kind gift from Dr N. Pedersen,
Univ. Institute of Microbiology, Copenhagen, Denmark) was
derived from parental LB6 cells after transfection with pRSV-
neo (conferring resistance to G-418) and p-uPAR-DNA con-
taining the cDNA for the human uPAR expressed under the
control of the SV40 promoter [26]. This cell line was cultured
in Dulbecco’s modified Eagle’s medium (DMEM), with 10%
FCS, glutamine, antibiotics and 0.4 mg/ml G-418.

Radioiodination of uPA-ATF and crosslinking assay

uPA-ATF (a kind gift from Dr J. Henkin, Abbott Labs,
Abbot Park, Illinois, U.S.A.) was subjected to radioiodination
with !?°I-Na using Iodogen (Pierce Eurochemie B.V.,
Holland) according to manufacturer’s instructions. The spec-
ific activity obtained in the preparation used in this study was
60 nCi/ug. Cross-linking assays for the identification of uPAR
were carried out as described by Del Rosso and associaties [17,
18]. Acidification was performed with 0.1 M NaCl/50 mM
glycin, pH 3 and, after neutralisation, confluent cells in
25 cm? flasks (approximately 2 X 109 were lysed by adding
500 ul of lysis buffer (0.1 M Tris—-HCIl, pH 8, plus 10 mM
EDTA, 1% aprotinin, 1% Triton X-114 and 1 mM phenyl-
methylsulphonyl fluoride (PMSF)). The cell extract was incu-
bated with iodinated uPA-ATF, with or without unlabelled
competitor, the crosslinking performed in the presence of
1 mM N-N’'-disuccinimidyl-suberate (DSS, Pierce) for 15
min, and stopped by addition of ammonium acetate to
10 mM. The samples were analysed by 12.5% sodium dodecyl
sulphate—polyacrylamide gel electrophoresis (SDS-PAGE)
under non-reducing conditions and autoradiography.

uPA assays

Dor-blor. CM from 8701-BC cells was prepared as already
described [27], concentrated 100X and 100 ul were spotted
onto nitrocellulose paper (Hybond C, Amersham, U.K.). The
monoclonal antibody (MAb) used was anti-human uPA 5B4
(1:200; a kind gift from Dr M.L. Nolli, Dow Lepetit, Varese,
Italy), specific for the “kringle” domain, previously used in
other studies [28]. The immunoreaction was visualised with
the protein A-gold solution, followed by silver enhancement
according to the manufacturer’s instructions (BioRad, Rich-
mond, U.S.A).

Colorimetric determination. The assay system utilises the uPA
present in CM to convert the exogenously-added plasminogen
to active plasmin, which subsequently digest the substrate and
liberate the free chromophore 4-nitranilide. For this purpose,
aliquots of CM were diluted in 60 mM Tris—saline, pH 7.5,
and incubated in microtitre plates in the presence of
0.65 pg/ml plasminogen (Boehringer, Mannheim, Germany)
and 0.5 umol/ml of Chromozym-PL (Tosyl-glycyl-prolyl-
lysine-4-nitranilide acetate; Boehringer) at 37°C in the dark
for 30 min. The samples were read at 405 nm in an automated
microplate reader. Human kidney cell uPA, purchased from
Sigma (St. Louis, Missouri, U.S.A), was used as control to
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construct a standard absorbance versus units curve, which
was linear between 45 and 217 mU uPA/ml (not shown).
According to manufacturer’s definition, one unit of uPA is
able to activate that amount of porcine plasminogen which
will produce a AA4,,5 of 1.0 per ml per min at pH 7.5 at 37°C,
when measuring perchloric acid soluble products from a-
casein (1 cm light path).

Proliferation assay

Cells were plated at a concentration of 2.5 X 10%well in
four-well plastic dishes (Nunc, Roskilde, Denmark) with 10%
FCS-RPMI. After overnight incubation to allow adhesion,
cells were cultured with serum-free RPMI medium, with or
without supplementation with either uPA (Sigma), uPA-ATF
or MADbs. The latter were anti-human uPA MAb 5B4 and
anti-human uPAR MAb R3 (kindly provided by Prof. F.
Blasi), which were used at a 1:200 dilution. MAb 5B4
impeded sterically uPA—uPAR interaction as did MAb R3,
developed against the uPA-binding site of uPAR [29]. After
culture for 1 day, the medium was refreshed and after 24 h,
the cells were trypsinised and counted using a haemocyto-
meter. Each assay was conducted at least in triplicate.

Chemotaxis assay

Cell chemotactic behaviour was evaluated by a modified
Boyden chamber test [30], employing polyvinylpyrrolidone-
free polycarbonate filters (13 mm filter diameter, 8 um pore
diameter; Nucleopore, Pleasanton, California, U.S.A.) and
“bind well” chambers with an upper compartment of 800 ul
and a lower compartment of 200 ul (Neuro Probe, Cabin
John, Maryland, U.S.A.) [31, 32]. For chemotaxis assay, cells
were trypsinised, washed once with RPMI plus 10% FCS to
inactivate trypsin and then twice with 0.1% bovine serum
albumin (BSA)-RPMI, and seeded on to the filter at a concen-
tration of 3 X 10° cells/chamber. The chemoattractants tested
were uPA and uPA-ATF, individually dissolved at various
concentrations either in 0.1% BSA-RPMI medium or in
8701-BC CM. We also tested the chemoattractive influence
of 8701-BC cell CM treated with anti-uPA 5B4 MAD, used at
1:100 dilution. The assay was carried out for 6 h at 37°C in a
3% CO, atmosphere. At the end of the incubation, the cells
attached to the upper surface of the filter were removed
mechanically, whilst those which had migrated to the lower
surface were fixed, stained with toluidine blue and counted
by selecting 10-15 random fields of the filter at a 200X
magnification. Each determination was conducted at least in
triplicate. Negative controls were run using 0.1% BSA-RPMI
or untreated CM as chemoattractants.

Chemoinvasion assay

For the chemoinvasion assay, the test filters were coated
with 25 pug of Matrigel (Collaborative Res., Bedford, Massa-
chusetts, U.S.A.), dried within the sterile cabinet and rehy-
drated with 0.1% BSA-RPMI just before utilisation. The
experimental design and procedure followed those described
for the chemotaxis assay. In a parallel set of experiments,
tissue inhibitor of metalloproteinase (TIMP)-1 (10 pg/ml;
kindly provided by Dr H Nagase, University of Kansas Med.
Ctr., U.S.A.) was added to cell suspension approximately 30
min before plating on to Matrigel-coated filters [32, 33].
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Evaluarion of in vitro proliferation and invasion parameters
Cell proliferation. The % cell number variation was calcu-
alted as

[(CI—CO)/CO] x 100,

where C, and C, are the cell numbers in response to treatment
and in the parallel control assay, respectively.

Cell invasion. The % cell number variation was calculated as

[(Cy, — Cy)ICy] X 100,

where C, and G, are the numbers of cells penetrating Matrigel
in response to a chemoattractant and in the parallel control
assay, respectively; the invasion index (I1.1.) and relative
invasion index (R.I.1.) were calculated by the following formu-
lae:

LL = Cpg+/Cmc. X 100

where Cyg: and Cyg_ are the numbers of migrated cells in
parallel chemoinvasion and chemotaxis tests, respectively;

R.LL =LL,/LL,

where I.1.,/1.1., are the invasion indexes versus a chemoattract-
ant and in the parallel control assay, respectively. R.LI. values
<1, = 1 and >1 were indicative of invasion-restraining,
-ineffective and -promoting action of the chemoattractant
tested [31, 32].

RESULTS

Identification of uPA in cell CM

Samples of cell CM were submitted to dot-blot and immu-
noassayed with 5B4 MAD in order to assess whether uPA was
secreted in the extracellular milieu. As shown in Figure 1, the
reaction was clearly positive indicating that uPA transcript,
whose constitutive expression by 8701-BC cells had been
previously demonstrated by reverse-transcriptase-linked poly-
merase chain reaction (RT-PCR) technique [23], is actually
translated and the product released. We therefore quantified
the uPA content in cell CM by “indirect” (i.e. plasminogen-
mediated) determination of uPA activity. We used a relatively
long incubation period of the chromogenic mixture (30 min)
to allow for activation of pro-uPA, if present, by the plasmin
formed, thus estimating the total uPA activity. Results from
triplicate assay gave an estimation of 26 = 3 mU uPA/ml of
CM (mean = SEM.).

Identification of uPAR in cell extracts
In order to determine whether 8701-BC cells could poten-
tialy recognise uPA and its N-terminal fragment, we searched

Figure 1. Dot blot assay of 8701-BC CM (a), control uPA pur-

chased from Sigma (b) and irrelevant antigen (c) with anti~

human uPA MAb 5B4. The positivity of the reaction indicates
that uPA is released by 8701-BC cells in their CM.

C. Luparello and M. Del Rosso

for uPAR in cell extracts. Acidification and subsequent neu-
tralisation was performed on an 8701-BC cell monolayer to
uncouple uPAR from potentially-bound endogenous ligand.
Figure 2 shows the cross-linking of 8701-BC cell preparation
with 2T uPA-ATF indicating that the receptor is present
(lane 4) and that the binding is specific since it can be
displaced by excess unlabelled uPA-ATF (lane 5). It is note-
worthy that the M, of the positive control (from LLB6 clone 19
cells, lane 2) is lower than that of 8701-BC cell uPAR (approx.
65 kDa), possibly due to the minor degree of glycosylation of
the former as previously reported for other cell lines [34].

Growth behaviour of 8701-BC cells

Figure 3 shows that native uPA had a dose-dependent
growth-promoting effect (up to +86 = 14% versus control) at
the concentration tested, but equimolar amounts of its N-
terminal peptide reduced cell proliferation by —23 = 7%
versus control. The promoting effect of uPA was reversed by
pre-absorption with anti-uPA 5B4 MAD at a 1:100 dilution
(data not shown). When cells were grown in a medium sup-
plemented with either 5B4 or R3 blocking MAbs at a 1:100
dilution, both MAbs restrained cell proliferation by 22 = 5%
and 12 = 6% (average of triplicate assay * S.E.M.; not
shown), respectively.

Invasive behaviour of 8701-BC cells

The results obtained indicate that 100 ng/ml (i.e. approxi-
mately 1.8 nM) was the optimal uPA concentration in both
BSA-RPMI medium and CM to achieve chemoinvasive
stimulation of cells, with 200 ng/ml or lower concentrations
being respectively weaker and inefficient in eliciting cell
invasion n vizre (Figure 4). Conversely, incubation with uPA-
ATF both in BSA-RPMI medium and in CM resulted in a
marked and dose-dependent inhibition of cell invasion, which
reached the plateau at a concentration of 1.8 nM (Figure 5).
We also evaluated cell R.L1., a parameter which, taking into
account the changes in both cell chemotactic and chemoinvas-
ive behaviour, can be used to extrapolate the real modulation
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Figure 2. Crosslinking of human uPA-ATF to 8701-BC cells.
Lane 1: negative control, '*I-uPA-ATF only; lane 2, positive
control, '>*I-uPA-ATF and a pool of media from mouse LB6
clone 19 cells; lane 3: molecular weight standards (**C Rainbow
markers, Amersham), the bands correspond to 200, 97.4, 69,
46, 30, 21.5 and 14.3 kDa; lane 4, '**I-uPA-ATF and lysate of
8701-BC cells; lane 5, same as lane 4 in the presence of 100 nM
unlabelled uPA-ATF. The results show that 8701-BC cells
express on their surface a receptor which is recognised by
iodinated uPA-ATF, and that the crosslinking is specific. SDS-
PAGE 12.5%.
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Figure 3. Growth response of 8701-BC cells to the exogenous
addition of uPA (O) and uPA-ATF (@®). The results indicate
that, whilst uPA exerts a dose-dependent growth-promoting
effect, equimolar amounts of its N-terminal fragment do not
induce proliferation and even slightly restrain it. Five different
sets of experiments were performed; vertical bars indicate the
standard error of the mean (S.E.M.). *P < 0.05, **P < 0.01.

of invasiveness within the general phenomenon of cell mobilis-
ation [31, 32]. The R.LI pattern obtained confirmed, as
reported in Table 1, that 100 ng uPA/ml exerted a peak
chemoinvasive effect with R.I.LLs of 1.93 and 1.63 in the
different media, whilst cell R.LL. in the presence of uPA-ATF
was consistently <1. Pre-absorption of uPA with 5B4 MAb
before addition to the medium reversed the biological effect
described. In contrast, pre-incubation of 8701-BC cells with
TIMP-1 before chemoinvasion assays in the presence of
1.8 nM uPA did not reverse the effect, restraining cell invasion
by only 7 = 2% (average of three different experiments =
S.E.M.; not shown). Moreover, we found that uPA secreted
in the CM by 8701-BC cells was able to exert an autocrine
promotional effect, since its depletion by treating CM with
excess 5B4 MAD resulted in a decrease of cell R.II. to
0.88 * 0.02 (see Table 1).

DISCUSSION

In this paper, we examined whether uPA and its ATF
could modulate the phenotype of D.I.C. cells by assaying the
proliferation rate and the stimulation of invasion by 8701-BC
cell line. This cell line represents an interesting system for the
study of the biology of D.I.C., being directly derived from a
primary site, and therefore “metastatic selection-exempt”, and
also retaining most of the characteristics observed in the
original neoplasm ex vivo (e.g. a marked pleomorphism in cell
ultrastructural microanatomy [25]).

The results indicate that 8701-BC cells can be included in
the list of those cell lines which concurrently produce uPA
and uPAR, thereby having the potential for an autocrine
mechanism of uPA- and uPA-ATF-mediated stimulation {35-
37]. The results also demonstrated that uPA exerts a specific
promotional effect on growth and chemoinvasion of 8701-
BC cells, reversible by blocking uPA-uPAR interactions with
MAbs, and, more intriguingly, that uPA-ATF, while failing in
imparting growth factor-like signals, as demonstrated with
other cell types [15, 22], prominently reduces the invasion of

705

(a) BSA-RPMI medium
100~

601

TR

401

0 R
(b) Conditioned medium
100

80

% Cell number variation (x S.E.M.)

60}~

401~

A

T 50 100 200

uPA concentration (nM/ml)

Figure 4. Chemoinvasion response of 8701-BC cells to uPA

dissolved in (a) BSA-RPMI medium or (b) CM at a concen-~

tration of 10, 50, 100 and 200 ng/iml (corresponding approxi-

mately to 0.18, 0.9, 1.8 and 3.7 nM). Peak response was achi-

eved with 100 ng/ml uPA in both media. Experiments made at

least in triplicate; vertical bars indicate the standard error of
the mean (S.E.M.). *P < 0.01.

the D.L.C. cell line under study through reconstituted base-
ment membranes and slightly restrains cell growth. It is known
that the interaction of both native uPA and uPA-ATF is
transduced into biochemical events (formation of diacylgly-
cerol [DAG], activation of protein kinase C [PKC]) coupled
with chemotactic cell movement [19, 38]. It is also known
that only native uPA stimulates cell multiplication [28, 37, 39,
40], although there is evidence to the contrary, at least in one
cell line [20]. In terms of a second messenger, native uPA and
uPA-ATF do not seem to undergo different transduction
pathways [19, 28, 39]. Therefore, it was previously hypoth-
esised that uPA is mitogenic by indirect activation of growth-
promoting substrates containing the suitable consensus
sequence for the enzyme [28, 39, 40]. It seems reasonable to
deduce that the simple interaction between uPA or uPA-ATF
and uPAR stimulates cell movement in vitro. It seems equally
reasonable to infer that iz vivo and in the chemoinvasion assay
the integrity of the catalytic site is required to allow migration
of chemotactically-stimulated cells between the biological bar-
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Figure 5. Chemoinvasion response of 8701-BC cells to uPA-
ATF dissolved in (a) BSA-RPMI medium or (b) CM. Differ-
ently from the intact uPA molecule (see Figure 4), the N-
terminal peptide plays a dose-dependent chemoinvasion-
inhibiting role which reaches the plateau at 1.8 nM concen-
tration. Experiment made in quadruplicate; vertical bars indi-
cate the standard error of the mean (S.E.M.). *P <0.05,
**P < 0,01.

Table 1. Relative invasion index (R.1.1.) of 8701-BC cells in the
presence of uPA, uPA-ATF and anti-uPA MAb

RILIL
(absolute value =+ S.E.M.)

No. of assays BSA-RPMI CM

uPA (18 pM) 3 0.92 = 0.02 1.00 = 0.01
(90 pM) 3 0.91 = 0.02 1.00 = 0.01

(1.8 nM) 7 1.93 = 0.06 1.63 £ 0.03

(1.8 nM-p)* 3 0.90 = 0.01 0.95 = 0.01

(3.7 nM) 7 1.19 1.20 £ 0.03

uPA-ATF (18 pM) 4 0.85 0.93 = 0.02
(90 pM) 4 0.48 * 0.01 0.85 £ 0.03

(1.8 nM) 4 0.31 = 0.01 0.38 =0.01

(3.7 nM) 4 0.31 £ 0.01 0.34 = 0.01

5B4 MAb (1:100) 3 — 0.88 = 0.02

*Pre-absorbed with 5B4 MAb.
S.E.M. <0.01 are not indicated.
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riers. Overall, these considerations and the data suggest that
in our system: (i) the inhibition of uPA-dependent growth and
invasion by uPA-ATF receptor occupancy is not dependent
on different signals, but on the competitive impairment of the
autocrine loop that provides the receptor with enzymatic
activity, able to induce cell multiplication and chemoinvasion
of reconstituted basement membrane, and, (ii) uPA may both
activate latent extracellular factors which could subsequently
exert a mitogenic stimulus, and break the Matrigel barrier,
possibly releasing biologically-active substances bound within
the gel network [41]. Currently, we have no evidence on
endogenous production of plasminogen by 8701-BC cells.
Some investigators [5] have described the plasmin-inde-
pendent action of uPA on various ECM proteins and enzymes,
such as the activation of metalloproteinase 2 [14], which is
both present in Matrigel preparations [42] and produced by
8701-BC cells (together with metalloproteinases-1, -9 and
-10 [27]), but from our inhibition studies with TIMP-1,
the contribution of enhanced gelatinase activation to uPA-
mediated cell invasion promotion appears unlikely. Further
investigation will be needed to clarify the molecular mechan-
isms underlying this uPA activity.

The biological significance of our result is related to the
control of breast carcinoma cell invasion in vivo by uPA and
its fragments. A number of experiments with animal models
have shown that uPA-neutralisation with Abs is able to reduce
the frequency and extent of metastasis of human carcinoma
cells [e.g [43].]. In addition, Kobayashi and associates [44]
have recently reported that human plasmin and leucocyte
elastase are able to generate ATF from pro-uPA in virro, and
that saturation of ovarian cancer cell uPARs with elastase-
derived uPA-ATF inhibits invasion dose-dependently. Our
results provide further evidence of the “antimitogenic” and
“anti-invasive” role of this uPA domain, by analysing its effect
on another neoplastic cell line i vitro. Although care must be
taken in extrapolating these observations to the in vivo situ-
ation, it can be hypothesised that a high content of plasmin
and elastase around neoplastic cell foci in the affected breast
stroma could result in cleavage of endogenously-produced
uPA before it binds to the receptor. The ATF generated may
thus actively intervene in cell-ECM network of interactions
which parallel and underlie cancer progression, and invasion
may be alternatively promoted or inhibited, depending on the
final balance of enzyme secretion by the tumour, stromal and
inflammatory cells and its proteolytic processing. Moreover,
taking into consideration our results obtained in witro and
those reported by Kobayashi and colleagues [44] with two
carcinoma lines of different origin, it appears worth consider-
ing the possibility of testing the effect of pharmacologically-
active variants [45] of this uPA fragment ir vivo for the therapy
of these (and possibly other) human invasive solid tumours.
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