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Abstract-BrenI r,,st,j?uid, obtained by needle aspi~~ation,from 20 patients were anaCysed,fil- the 
preserve oj’urokinase-like (u-Pil) and tissue-ppe (f-P/l) fd asminogen atlil’aton. Plasminogen, the 
natural tubttrate for these P.IJ, x*aJ also measured. u-PA actiz)iQ zy’as detected in 18 .ramnples 
I mean I .S’.D. = 1.11 f 1.08 IU m-‘) and t-PA actG:i!y in 16 .samples (0.30 + 
0.28 IV mm’). Plasminogen was detected in 10 samples (mean = 37 pg ml-‘). ~NII- 
ge 28-G kg ml ’ / and wa.\ belou: the assay detection limit in the other samples. ll’hile both u- 
P.1 and t-P.1 ~/IK~/K actir,ities were greater in the 10 cyst,@ids categorized as GI-oup ‘1 (.\ia ’ to 
K ’ contentratiorr r-atio < 4) than in thr 10 samp/plr., catgoGred in Group B (Sa’ lo K’ 
toncentrafion ratio > 1). the dlf/ ‘Urence~ we1.e not statirtic.aliy si,gn$cant. ,\:ewrthelec.,, thic iI the 
Jwvt widence that u-P.1 and t-P,1 arepresent in actizle,forms in breast cyst,puids. The signiJicance o/ 
.,uch actii,ilie., mu.ct be /Iypothetical, but it is possible that a study offactors ir$uencing the le1,el.c oj- 
cPA1 and t-P.1 within the breast mg_yield information about ~atho/&iolog~ of cystic and other 
di.\ea.\e\ oJ the b,ea.\t. 
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INTRODUCTION 
~~WEKSION of the zymogen plasminogen to the 
acti\,? scrinc protcasc plasmin is catalysed by plas- 
minogcn activators (PAS) which arc thcmsclvcs 
srrinc proteascs. Two structurally different types 
have been purifed and charactcrizcd. These arc 
urokinasc (U-PA) and tissue-type PA (t-PA). While 
both types clcavc the same single pcptide bond in 
plasminogrn thcrcby converting it to plasmin, t-PA 
is distinguishrd by its high affinity for fibrin which 
greatly rnhancrs its activity. Plasmin’s main sub- 
strate in blood plasma is fibrin but thcrc is evidence 
that this broadly sprcific protcasc can also degrade 
cxtraccllular matrix components such as fibro- 
nrctin, laminin and protcoglycans. It can also acti- 
\ atr collagcnascs and lead to further plasmin gcner- 
ation by activating a zymogenic form of u-PA [ 11. 
Such plasmin-mediated extraccllular protcolysis 
may have a role in the degradation of normal tissue 
and PAS rclrascd from cancer cells could thcrcb) 
promotr invasivt growth and mctastascs (for 
rcvicws see [ I, 21). 

l+centl~~ PAS have been charactcrizcd in human 
breast tumours (3, 41. Howcvcr, thcrc arc no pub- 
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lishcd data on the prcscncc of PAS in breast cysts 
which rcprcscnt the most common benign lesion of 
the breast [5] and which may bc associated with an 
increased risk ofsubsequcnt breast cancrr [6]. Hcrc, 
we have investigated the prescncc of u-PA and t- 
PA in fluids from breast cysts which have been 
classified according to clcctrolytc composition [ 71. 

MATERIALS AND METHODS 

Clinical mulerial 
Twenty breast cyst fluids wet-c obtained from 20 

patients by needle aspiration and centrifuged at 
5000 g for 5 min to scdimcnt cellular debris. The 
supcrnatants were rctaincd and part of each was 
acidified by addition of an equal \,olumc of 1 hl 
sodium acetate buffer, pH 3.9. Acidified and un- 
treated supernatants wcrc then stored at -40°C 
until assay. 

The fluids were classified on the basis of Nat to 
K’~ concentration ratio as dctermincd by flame 
photometry with an EEL model 150 flame 
photometer [7]. Fluids with a concentration ratio of 
less than 4 wcrc classified as group A while thosr 
with a ratio of grcatcr than 4 \vcrc dcsignatrd as 
group B. 

Plasminogrn was purified from freshly frozen 
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titrated human plasma by chromatography on 
lysine-agarose (Pharmacia, U.K.) [8] and depleted 
of plasmin by treatment with aprotinin-agarose 
(Trasylol, Bayer Pharmaceuticals, F.R.G.). Fibrin 
monomer I was prepared by treatment of human 
fibrinogen (Grade L, Kabi Vitrum, Sweden) with 
Reptilase venom (Pentapharm via Payne and 
Byrne, U.K.) as described by Ranby el al. [9]. 
Chromogenic substrate for plasmin, S-2251, was 
obtained from Kabi Vitrum via Flow Laboratories, 
U.K. An immunoglobulin fraction of monospecific 
goat antiserum raised against the 55,000 Dalton 
form ofhuman u-PA was a gift from Dr. G. Murano, 
National Institute of Health, Maryland, U.S.A. 
A protein A-purified mouse monoclonal antibody 
againt human melanoma t-PA, ESP2, which com- 
pletely quenches biological activity of t-PA by bind- 
ing to its active site was produced as described 
previously [lo]. International Standard Prcp- 
arations of u-PA and t-PA were obtained from Dr. 
P. Gaffney at the National Institute of Biological 
Standards and Control, London, U.K. 

PA assays 
PA activity was measured by a spectrophoto- 

metric assay [ 1 l] in which the generation ofplasmin 
from plasminogen, catalysed by PA, was detected 
with a tripeptide chromogenic substrate for plasmin, 
S-225 1. The assay was run in multiwell plates and 
generated colour was measured at 405 nm in an 
eight channel photometer (Titcrtck Multiskan, 
Flow Laboratories, U.K.). Absorbance due to sam- 
ple was accounted for by subtracting A,,,, from 
A 405 value for each determination and by running 
appropriate control wells without chromogenic 
substrate. 

Before assay, acidified breast cyst fluid samples 
were thawed and held at 37°C for 15 min to inacti- 
vate any plasmin inhibitors [ 1 l] prior to dilution 
1:24 v:v with 0.05 M Tris buffer at pH 8.8 contain- 
ing 0.1 M NaCl and 0.1% w/v Twecn 80. Plasmin- 
ogen-independent hydrolysis of the chromogenic 
peptide substrate was determined by omission of 
plasminogen from the assay reactants. t-PA-like 
activity was assayed in the presence of fibrin mono- 
mer I, a stimulator of t-PA but not u-PA activity, 
against a standard curve based on activity of known 
concentrations of the International Standard Prcp- 
aration of t-PA. The difference bctwccn activity 
in the absence and presence of excess quenching 
monoclonal antibody ESP2 (final concentration of 
20 kg/ml) against t-PA was used to quantify the 
total t-PA activity. Likewise u-PA activity was 
assayed against the International Standard Prep- 
aration of u-PA, in the absence of fibrin monomer I 
and the difference in activity in the presence and 
absence of excess quenching anti u-PA immuno- 
globulin (final concentration 20 pg/ml) was used to 

quantify the total u-PA activity. Mouse and goat 
non-immune immunoglobulin was used as a control 
for non-specific quenching of activity in the rcspcct- 
ive assays. 

t-PA antigen was dctcrmincd in untreated breast 
cyst fluid supcrnatants using a competition radio- 
immunoassay as described by MacGregor and 
Prowse [ 121. The assay buffer was 0.05 M 
sodium phosphate, 0.3 M NaCl, 0.01 M 
cthylcnediametetraacctic acid, disodium salt, 3% v/ 
v bovine serum albumin, 0.05% w/v Twccn 80, 
0.05% w/v sodium azidc, pH 7.6. A monospccific 
antiserum against human melanoma t-PA was 
kindly provided by Dr. D. Cohen, University of 
Lcuvcn, Belgium. Purified human melanoma t-PA 
(>90% single chain form) was generously given by 
Dr. M. Einarsson, Kabi Vitrum, Swcdcn. It was 
used to contruct standard curves having been stan- 
dardized against the International Standard prep- 
aration of t-PA. 

Other melhods 
Plasminogcn content of the breast cyst fluids 

was assayed by radial immunodiffusion using a 
monospccific antiserum (Sigma, U.K.). Total pro- 
tein was measured by the method of Bradford [ 131. 

The Mann-Whitney test was used to determine 
diffcrcnccs between the Group A and Group B 
breast cyst fluids. 

RESULTS 
Plasminogcn antigen was dctectablc in 10 of the 

20 breast cyst fluids with a mean value of 37 pg 
ml-’ and a range of 25-85 pg ml-‘. Levels wcrc 
below the detection limit of 25 pg ml-’ in the other 
samples. These values can be compared with the 
normal range in blood plasma of 60-250 pg ml-‘, 
mean = 120 pg ml-‘. Following the l/50 dilution 
of the breast cyst fluids prior to assay for PA, the 
concentrations of cndogcnous plasminogcn did not 
influence the sensitivity of the assay towards t-PA 
or u-PA, since the final concentration of purified 
plasminogcn in the reaction well was 1 pM or 
= 100 pg ml-’ with a contribution of only = 1% by 
breast cyst fluid plasminogrn. 

The breast cyst fluids caused little hydrolysis of 
chromogenic substrate in the PA rate assay in the 
abscncc of added plasminogen and in all samples 
the prcdominant portion of measured activity was 
plasminogcn dependent (92 + 4%). PA activity 
was detectable in 18 of the 20 samples and was 
quantified by comparison with activity of standard 
samples containing known concentrations of Inter- 
national Standard preparations of t-PA and u-PA 
and the USC of monospecific quenching antibodies, 
as described earlier. A combination of both anti-t- 
PA and anti-u-PA antibodies cffcctively inhibited 
total PA activity in all the breast cyst fluids. 
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Table 1. Plasminogen activators in breast cystjuids 

Activity / IU ml-‘) 

U-P.I\ t-PA 

Specific activity* 

(IU mg-‘) x 102 

u-P.4 t-P.4 

Group ‘4 

51can (n = IO) 1.27 0.41 6.5 2.1 0.48 

S.D. 1.24 0.36 7.6 1.8 0.14 

Groul, B 

Mran (n = 10) 0.95 0.29 4.4 1.3 0.76 

s.11. 0.93 0.17 4.2 0.8 0.61 

.4ll tnln@eJ 

51enn (n = 20) 1.11 0.35 5.4 1.7 0.62 

s.11. 1.08 0.28 6.1 1.4 0.45 
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The mean values for t-PA and u-PA activity, 
specific activity and t-PA antigen are shown in 
Table 1. The data are prcsentcd for the two groups of 
breast cyst fluids classified on the basis ofelcctrolyte 
composition as well as for all the samples togcthcr. 
Specific activity values for individual samples arc 
shown in Fig. 1. Both u-PA and t-PA activity was 
detectable in most of the breast cyst fluids (u-PA in 
18 and t-PA in 16 of the 20 samples). As t-PA 
antigen was prcscnt in all 20 samples and the 
activity assay had a lower detection limit than the 
t-PA antigen assay it is concluded that inactive t- 
P,4 antigen was prcscnt in at least some samples. 
The mean u-PA and t-P/I activities were higher in 
Group ,4 than Group B but the diffcrcncc was not 
statistically significant. 

The spccilic activities of u-PA and t-PA were 
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ITis. 2. Scattergram sholu’ing relationships between specijic nctiGties qfu- 
PA and t-PA in 20 bnmt g.rtJluids. Group d qtt puids are denoted lp 
closed rircleJ and group 13 rvtt &ids 4s open (ircles. d rorrelation 
coejjcient of r = 0.621 (r = 0.632 J& I’ = 0.05) and r = 0.886 
(P < 0.001) u’ns obtained fbr Group.r 9 and B rupectioe!v. The 
correlation coej+jicient,fbr all mm~les ZMS r = 0.684 rejith I’ < 0.001. 

calculated by dividing the PA activity by protein 
concentration for each sample (Table 1 and Fig. 1). 
Although the mean specific activities for u-PA and 
t-PA were higher in Group A compared with Group 
B breast cyst fluids at 1.7 and 1.9 times respectively, 
the diffcrcnces wcrc not statistically significant. The 
specific activities for u-PA and t-PA covered a 
wide range (Fig. 1) and correlation cocfficicnts wcrc 
dctcrmined to ascertain if u-PA and t-PA specific 
activities were inter-related (Fig. 2). The correlation 
coefficient for all pairs of data was r = 0.684, 
u = 18 with a probability value of P < 0.001. The 
correlation coefficient for Group A samples was 
r = 0.621 (r = 0.632 for P = 0.05) and for Group 
B samples it was r = 0.886 (P < 0.001). 

When t-PA activity was expressed as a ratio of 
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activity:t-PA antigen a mean value of 27,400 IU 
mg-’ was obtained compared with the fully active 
International Standard t-PA which is assigned a 
potency of 500,000 IU mg-‘. 

DISCUSSION 
The development of sensitive functional assays 

for PA coupled with the production of specific 
quenching antibodies against u-PA and t-PA has 
permitted the quantitation and characterization of 
PAS in various cancer cells including those from the 
breast [ 1, 21. Here we provide the first evidence 
that both u-PA and t-PA are present in breast cyst 
fluids and have shown that plasminogen is present 
in at least some of the samples examined. Failure to 
detect plasminogen in the other samples may be a 
reflection of the relatively insensitive assay used. 
Equivalent units of the International Standard 
preparations of u-PA and t-PA are not equiactive 
in a standard fibrin clot assay system and so it is 
not possible to deduce whether one or other of the 
two types of PA confers the major portion of PA 
activity. Moreover, the relative activities will differ 
in the presence and absence of fibrin since while t- 
PA activity is stimulated several hundred-fold by 
fibrin, it is a relatively poor activator ofplasminogen 
in the absence of fibrin [9]. In contrast the activity 
of u-PA is not influenced by fibrin or fibrin(ogcn) 
degradation products. 

The presence of t-PA in the breast cyst fluids was 
confirmed in two ways. Quenching of activity was 
achieved with a murine monoclonal antibody shown 
by ourselves and others to be directed against an 
epitope at the active site of t-PA and which can 
completely block the ability of t-PA to convert 
plasminogen to plasmin [ 10, 141. The monoclonal 
antibody shows no cross-reactivity with 35,000 or 
55,000 Dalton forms of u-PA [lo]. In addition we 
were also able to detect t-PA antigen in all samples 
tested. Expressing t-PA activity per mg of t-PA 
antigen produced a mean value of 27,400 IU mg-‘; 
since the International Standard for t-PA has an 
assigned value of 500,000 IU mg-‘, a major portion 
of the t-PA appears to be present in an inactive form. 
Whether this is the result of degradation of active t- 
PA or formation of t-PA inhibitor complexes is 
unknown. Attempts to clarify this point by means 
ofsodium dodecyl sulphate polyacrylamide gel elec- 
trophoresis followed by fibrin zymography using 
the technique of Booth et al. [ 151 was unsuccessful 
due to the low amounts of t-PA activity present in 
the samples. 

t-PA and plasminogen are found in blood plasma. 
t-PA antigen is present at 7 ng ml-’ [ 121 but active 
t-PA is only found after a fibrinolytic stimulus such 

as venous occlusion. u-PA antigen has also been 
detected in blood plasma at about 2-3 ng ml-‘, 
although it is in an inactive form and is not increased 
by fibrinolytic stimuli [ 161. Thus, while it is possible 
that plasma is the source of these proteins it seems 
unlikely for the following reasons. Plasma constitu- 
ents may appear in breast cyst fluid but they occur 
at lower concentrations than in plasma and appear 
to bc particularly associated with Group B cysts 
[17, 181. In contrast t-PA antigen concentrations 
in the breast cyst fluids were greater than those 
found in plasma while plasminogen concentrations 
were considerably lower. Also, active u-PA was 
present in the breast cyst fluids but is not detectable 
in plasma [16]. 

The question therefore arises as to the source of 
the PAS and plasminogcn and their significance in 
breast cyst fluids. Plasminogcn is synthesized in the 
liver and no other sites of synthesis have been 
demonstrated [ 191. However, about 40% is located 
in cxtravascular compartments and it has been 
detected in numerous locations including human 
saliva and basal layers ofthe epidermis [ 11. Vascular 
cndothclium is the major source of t-PA in the blood 
but it has also been detected in apocrinc secretions 
such as saliva and tears [20]. In this respect, it may 
be pertinent that levels oft-PA were not significantly 
higher in Group A cyst fluid compared with Group 
B, in view of Group A cyst fluids having a more 
apocrinc-like composition (high concentrations of 
intracellular cation as K+ and androgen conju- 
gates). However, although the mean level of t-PA 
was higher in Group A cysts the difference from 
Group B was not significant. 

t-PA has been shown to be the major active PA 
in human milk [21] and with regard to other breast 
fluids and tissue, u-PA has been detected immuno- 
chemically in involuting mouse mammary glands 
[22]. The significance of t-PA and u-PA activity in 
breast cyst fluids can only be hypothetical at this 
stage. Overexpression in cancer has been suggested 
to be associated with dissemination of the disease. 
However, breast cysts are benign lesions and 
although they may bc associated with increased risk 
of developing breast cancer, there is little evidence 
to suggest that cysts are prc-malignantperse. Levels 
of other enzymes have also been reported to be 
elevated in breast cysts [23] and again the signifi- 
cance of this is unknown. It is possible that the 
spectrum of activity reflects the cellular activity 
within the breast and if so factors which influence 
levels may yet yield useful information concerning 
the pathophysiology of cystic and other diseases of 
the breast. 
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