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Activator Inhibitors in Blood and Tumour Fluids 
of Patients with Ovarian Cancer 

B. Casslh, T. Bossmar, I. Lecander and B. htedt 

We quantitated urokinase and tissue plasminogen activator (u-PA, t-PA), plasminogen activator inhibitor 1 and 2 
(PAI-1, PAI-2), and fibrinolytic activity in peripheral blood (PB), tumour blood (TB), peritoneal/ascitic fluid (PAF) 
and cystic fluid (CF) from 104 patients with benign and 36 patients with malignant ovarian tumours, and in 
peripheral blood from 62 healthy controls. PB levels of u-PA were higher in patients with benign and malignant 
tumours than in controls. High concentrations of u-PA were found in CF, but not in TB, suggesting that u-PA is 
released by the tumour tissue, but not by the tumour vasculature. PB levels of t-PA were higher in both turnout 
groups than in controls. Increased levels of t-PA were found in TB, but not in CF, indicating that t-PA is released 
by the tumour vasculature, but not by the tumour tissue. PB levels of PAL1 were higher in patients with both 
benign and malignant turnouts than in controls. High levels of PA&l were present in both TB and CF from 
malignant tumours, suggesting that PAL1 is released from the tumour vasculature as well as the tumour tissue. 
Elevated concentrations of PAI- were found in CF, but not in TB, indicating release from the tumour tissue, but 
not from the vasculature. High levels of t-PA, PAI-1 and PA13 were found in PAF of malignant tumours, and 
resorption from this compartment may explain elevated PB levels in patients with ascites. None of the PAs/PAIs 
proved useful as a PB marker for detection of early stage ovarian cancer. However, an index based on PAF levels 
of t-PA and PAI- discriminated between malignant and benign ovarian cysts in the absence of ascites. In addition, 
our study stresses the importance of including patients with benign tumours as well as healthy controls when 
markers for malignant tumours are evaluated. 

Key words: ovarian cancer, ovarian cyst, ascites, plaminogen activator, plasminogen activator inhibitor, tumour 
marker 
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INTRODUCTION extracellular space. Activation is catalysed by two specific serine 
TUMOUR GROWTH and spread involves proteolytic degradation proteases, tissue plasminogen activator (t-PA) and urokinase 
of surrounding intercellular matrix by tumour cells. Several plasminogen activator (u-PA). t-PA is synthesised in a number 
enzymes, e.g. collageneses, elastase, cathepsins and plasmin, are of cell types, like vascular endothelial cells, macrophages and 
involved in this process [ 11. Plasmin has a central function, since some tumour cells [4]. It binds with high aflinity to fibrin, and 
it acts both directly on certain matrix proteins i.e. fibronectin, is mainly involved in fibrinolysis and thrombolysis. u-PA, in 
laminin, entactin and fibrin, and indirectly as an activator of contrast, is synthesised by many cell types, such as tumour cells 
latent collagenases [2, 31. Plasmin is formed after activation of and macrophages, during proliferation and migration [4]. It 
the zymogen plasminogen, which is abundant throughout the binds to specific receptors on the cell membrane, and activation 
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of plasminogen takes place on the cell surface. Tumour tissues 
have a higher content of extractable u-PA (S-8) and a higher 
number of u-PA receptors [9-l l] than normal tissues. Receptor 
binding of u-PA is crucial for the invasive growth potential of 
tumour cells, and inhibition of receptor-bound u-PA reduces 
such growth [ 12-141. 

The activity of u-PA and t-PA is balanced by specific plasmin- 
ogen activator inhibitors (PAIs). PAI- is the main inhibitor of 
t-PA, and thereby the main regulator of vascular thrombolysis 
and fibrinolysis. It is also the main regulator of u-PA-induced 
degradation of extracellular matrix during processes like tissue 
growth and remodelling [ 151. PAI- is produced by a number 
of cell types, including various tumour cells and endothelial 
cells, and it is stored as an integrated part of the extracellular 
matrix. PAI-2, the other inhibitor of both t-PA and u-PA, has a 
slightly different inhibitory profile to PAI- [15, 161. PAI- is 
found in the trophoblastic tissue of the placenta, in pregnancy 
plasma [ 17, 181, and in monocyte macrophages, partly accumu- 
lated intracellularly and partly released [ 19, 201. It is also found 
in ovarian tumours and ascitic fluid [21, 221. The PAI- content 
of tumour tissue may indicate presence of tumour macrophages, 
since high levels are reportedly associated with good prognosis 
in breast cancer [23]. 

The identity of tumour plasminogen activator with u-PA was 
first described in cultures of ovarian cancer tissue, and these 
tumours were shown to have more membrane receptors for u-PA 
than benign ovarian tumours [ 10, 241. PA activity is localised to 
the blood vessels in ovarian tumours, and it correlates with 
vascularity of the tumours [25]. Ovarian tumours release throm- 
boplastic activity, and fibrin deposits are frequently associated 
with the tumour [26, 271. Degradation of such fibrin is initiated 
by t-PA and results in fibrin degradation products, which are 
present in high concentrations in ascitic fluid and in detectable 
levels in peripheral blood of these patients [28]. 

Ovarian cancer has a good prognosis in early stages, but a poor 
prognosis in late stages. It is responsible for the majority of 
deaths in gynaecological malignancies in western countries. This 
is primarily due to the fact that most tumours are diagnosed in 
advanced stages, but also to the fact that long-term survival has 
not increased much despite extensive use of chemotherapy [29]. 
Improved detection of the early stages of ovarian cancer would 
be a significant step towards reducing mortality and morbidity 
rate in this disease. So far, however, no method has proved both 
specific and sensitive enough, and there is an ongoing search for 
better screening methods [30, 311. 

This study explored the plasminogen activating system in 
malignant and benign ovarian tumours. The concentration of 
each component was assayed in peripheral and tumour blood, 
and in cystic and peritoneal/ascitic fluid. The objective of the 
study was primarily to understand the function and significance 
of the plasminogen activating system in ovarian tumours, but 
also to analyse whether any component can possibly be used as a 
marker for early stages of ovarian cancer, or to discriminate 
between benign and early malignant turnours. 

MATERIALSANDMETHODS 
The clinical material consisted of patients admitted for surgery 

for ovarian tumours. Altogether 140 patients with primary 

Carrespondence fo B. Casslh 
The authors are at the Department of Obstetrics and Gynecology, 
University Hospital, S-221 85 Lund, Sweden. 
Revised 19 Nov. 1993; accepted 25 Nov. 1993. 

Table 1. Histopathological classi$cation (FZGO) of ovarian 
tumuurs in 75 pnenopausal C.preMP) and 65 pomenopausal 

(PostMP) patients 

Histology PreMP PostMP Total 

Benign ovarian turnours 
Neoplastic Serous 8 8 16 

Mutinous 17 5 22 
Adenofibroma 6 8 14 
Brenner 0 1 1 
Simple cyst 5 8 13 
Granulosacell 0 1 1 
Fibroma 0 3 3 
Dermoid 5 4 9 
Total 41 38 79 

Functional Follicular 12 0 12 
Corpus luteurn 13 0 13 
Total 25 0 2s 
Sum total 66 38 104 

Mal@ant ovarian fumours 
Neoplastic Serous S 14 19 

Endometroid 1 7 8 
Mutinous 1 4 5 
Clear cell 1 0 1 
Mixed Miillerian 0 1 1 
Teratoma 1 1 2 
Total 9 27 36 

ovarian tumours were included in the study. Classification of the 
patients according to the histopathological diagnosis (FIGO) and 
distribution in the pre- and postmenopausal groups is given in 
Table 1. Borderline tumours were included as benign tumours, 
unless otherwise stated. Peripheral blood samples from 62 
healthy women served as a control group. This control group 
included blood donors and postmenopausal women, who had 
passed a gynaecological screening programme, including trans- 
vaginal ultrasonographic examination. 

Hormonal status was classified on the basis of menstrual data, 
age, peripheral blood levels of oestradiol and progesterone, and 
endometrial histology, whenever hysterectomy was perfor- 
med [32]. Postmenopausal patients had 1 year or more of 
amenorrhoea. Premenopausal patients were subgrouped as being 
in the perimenopausal period (irregular bleedings, age 654 
years), in the menstrual phase (ongoing menstruation), in the 
follicular phase (serum progesterone < 8 nmol/l and proliferat- 
ive endometrial histology), in the luteal phase (progesterone 
2 8 nmol/l and secretory endometrial histology), or being oral 
contraceptive users. The study was approved by the review 
board for studies on human subjects at the University Hospital 
of Lund. 

Blood and&id sampling 
Peripheral blood samples were obtained the day before sur- 

gery. PeritoneaVascitic fluid was aspirated immediately as the 
abdominal cavity was opened. Careful haemostasis prevented 
contamination of the samples with blood. The total volume 
of fluid was measured. Ascites was defined as fluid volumes 
2 100 ml. Tumour blood samples were aspirated from veins on 
the surface of the tumours. Cystic fluid was aspirated after 
removal of the tumour from the abdominal cavity. All blood and 
fluid samples were immediately centrifuged at 2000 g for 20 
min, and frozen at -20°C until assayed. 
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Assay methods 
u-PA was measured with a commercial kit, ChromolixeTM u- 

PA (Biopool, UmeB, Sweden), in the blood samples. This 
activity assay measures single chain u-PA and two chain u-PA, 
but not u-PA in complex with PAI. Some of the blood samples 
were also assayed with TintElixeTM u-PA (Biopool), which 
measures free as well as complexed u-PA. All peritoneahascitic 
fluid and cystic fluid samples, having higher concentrations of 
u-PA, were assayed in a radioimmunoassay, which measures 
both free and complexed u-PA [ 331. 

t-PA was assayed in a commercial ELISA-kit, ImulyseTM t- 
PA (Biopool) which, according to the manufacturer, measures 
free t-PA as well as t-PA in complex with PAI- 1. 

PAI- was assayed in a commercial ELISA-kit, ImulyseTM 
PAI- (Biopool), which detects the active and latent forms of 
PAI-1, as well as PAI- in complex with PAS. 

PAI- was assayed in an ELISA, which detects free PAI-2, 
and about 60% of PAI- in complex with PAS [34]. The 
detection level was 5 pg/l. Blood concentrations are given as the 
percentage of patients with detectable levels of PAI- in each 
group. For the calculation of PAI- levels in cystic fluid and 
peritoneaVascitic fluid, each sample without detectable PAI-2, 
i.e. PAI- < 5 pg/l, was given the value 2 pg/l. 

The fibrinolytic activity of blood and fluid samples was 
measured on plasminogen-containing fibrin plates using a stan- 
dardised procedure [35]. Results were expressed as the product 
of two perpendicular diameters of the lytic area. 

Oestradiol and progesterone were assayed in routine radioim- 
munoassays. 

Statistical methods 
The distribution within groups was often skewed, and all 

results are given as median and 25th-75th percentiles. Whenever 
Student’s t-test was used to compare groups, we employed the 
logarithm of individual values to induce normality. Comparison 
between groups was also performed with analysis of variance. 
Correlation between variables was estimated with correlation 
coefficients. In comparing groups with high frequency of obser- 
vations below detection limit, Fisher’s exact test was used. When 
comparing levels in different compartments, we employed the 
Student’s t-test for paired observations. A significance level of 
5% was used, and all tests were two-sided. 

Peripheral blood 
RESULTS 

Peripheral blood levels of u-PA did not correlate with age of 
the patients or histology of the tumours. Patients with benign as 
well as malignant tumours had higher levels than controls 
(Figure la). Postmenopausal patients with malignant tumours 
and ascites had lower levels than patients with benign tumours 
(P = 0.005). Premenopausal patients with benign tumours had 
higher (P = 0.003) u-PA levels than controls. In addition, 
postmenopausal patients in all tumour groups had higher 
(P = 0.003, P = 0.006, P < 0.0001, respectively) u-PA levels 
than controls. 

The concentration of t-PA in peripheral blood correlated to 
age in the tumour groups as well as in the control group (Figure 
lb). The correlation was present within both the premenopausal 
(r = 0.24; P = 0.02) and the postmenopausal group (r = 0.28; 
P = O.OOZ), indicating a gradual increase with age, rather than 
a menopause related increase. In the postmenopausal group, 
peripheral blood levels of t-PA were higher in patients with 
malignant tumours and ascites than in those without ascites 
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Figure 1. Peripheral blood levels of (a) u-PA, (b) t-PA and (c) PAL 
1 in premenopausaf and postmenopausal patients with malignant 
(dark grey bars) and benign (tight grey bars) ovarian tumours, and 
in controls (white bars) are presented as median and 25~75th 
percentiles. The group of postmenopausal patients with malignant 
tumours was further divided in those with (n = 16) and those without 
(II = 11) ascites. The level of u-PA did not correlate with age. There 
was a correlation to age for t-PA (r = 0.49; P < 0.001) and for PAT-1 
(r = 0.35; P < O.OOl), when all groups were included and data had 
been adjusted for malignancy. Age was subsequently adjusted for 
when groups were compared. 

(E’ = O.Ol), in those with benign tumours (P = 0.01) and in 
controls (P < 0.001). The number of advanced malignancies in 
the premenopausal group was too low for such evaluation. 
Premenopausal patients with benign tumours had higher periph- 
eral levels of t-PA @ < 0.001) than controls. Patients with large 
benign tumours tended to have high levels of t-PA. 

The concentration of PAI- increased with age, even when 
the confounding effect of increasing numbers of malignant 
tumours with age was adjusted for (Figure lc). This increase was 
mainly due to a difference between the pre- and postmenopausal 
groups, since no significant correlation to age was found within 
each group. There was no signiticant difference between patients 
with malignant and benign tumours in the premenopausal 
group, but both tumour groups had higher PAI- levels than 
controls (P < 0.001). Postmenopausal patients with malignant 
tumours and ascites had higher levels of PAI- than those 
without ascites (P = 0.02), those with benign tumours 
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(P = 0.001) and controls (Z’ < 0.001). As for t-PA, patients 
with large benign tumours tended to have high levels of PAI- 1. 

PAI- was not detectable in the peripheral blood of most 
patients. However, the percentage of patients with detectable 
levels of PAI- was higher in the group of patients with malignant 
tumours and ascitic fluid than in the benign and control groups 
(Figure 2). Age and histological groups did not correlate with 
detection of PAI-2. 

No or very little fibrinolytic activity was found in peripheral 
blood, and there was no difference between the groups. 

Tumour blood 
Tumour blood was obtained from 83 patients; 8 malignant 

and 38 benign tumours in the premenopausal group; 16 malig- 
nant and 21 benign tumours in the postmenopausal group. 
Tumour blood levels were compared to the corresponding 
peripheral blood levels. 

There was no significant difference between the levels of u- 
PA in tumour blood and peripheral blood for any of the groups. 
The median of tumour blood/peripheral blood ratios was 0.93 in 
the malignant group and 0.98 in the benign group. In order to 
exclude the possibility that u-PA was undetected due to complex 
formation with any of the PAIs, the level of u-PA in tumour blood 
and peripheral blood was assayed further with the TintElizerM 
assay. The concentrations obtained with the TintElizeTM assay 
did not differ significantly from those obtained with ChromolizeTM. 

The concentration of t-PA was not significantly different 
between blood obtained from malignant and benign tumours. 
The level in tumour blood was, however, higher than that in 
corresponding peripheral blood in all patient groups 
(premenopausal patients: malignant, P = 0.02; benign, 
P < 0.001; postmenopausal patients, benign, P = 0.004) 
except the postmenopausal malignant group, where the periph- 
eral blood levels were as high as the tumour blood levels (Figure 
3a). 

PAI- levels were significantly higher (P = 0.005) in blood 
from malignant than from benign tumours (Figure 3b), and 
tumour blood concentrations were also higher than peripheral 
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Fii 2. The percentage of detectable levels of PAI- (open bars: 
S-9 pfl, fdled bars: 2 10 pfl) was higher in patients with malignant 
tumours and ascites than in patients with benign tmnows (P = 0.03), 
and in controls (P = 0.004). 
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Figure 3. Concentrations of (a) t-PA and (b) PAM in tumour blood 
(iilled bars) and peripheral blood (open bars). 

blood concentrations in patients with malignant tumours 
(P = 0.002 for premenopausal; P = 0.002 for pre- and post- 
menopausal together). High concentrations in tumour blood 
were not related to the presence of ascitic fluid. No sign&ant 
difference was found between tumour and peripheral blood 
levels for patients with benign tumours. 

The percentage of detectable PAI- was not signScantly 
higher in tumour blood samples than in peripheral blood samples 
for any of the groups. 

The fibrinolytic activity of tumour blood was not signikantly 
higher than that of peripheral blood. 

PeritmaNasciti fluid 
This was obtained from 34 patients with malignant tumours, 

and 78 patients with benign tumours. Apart from fibrinolytic 
activity (see below), there was no significant correlation to age 
or stage of the menstrual cycle for any of the parameters, and 
none correlated to histology of the tumour. 

The concentration of u-PA in peritonealjascitic fluid was not 
significantly different between patients with malignant and 
benign tumours (Figure 4a). The level was, however, higher 
than that of peripheral blood in both groups (P < 0.001). 

The t-PA concentration was much higher in the peritoneal/ 
ascitic fluid of malignant than benign tumours (Figure 4b). 
However, high levels of t-PA did not correlate with high levels 
of PAI- or PAI-2, nor did they correlate with poor tumour 
differentiation, but tended to be higher in more advanced stages 
of the disease (Figure 5). The peritoneal/ascitic fluid levels were 
higher than the peripheral blood levels both in patients with 
benign (P < 0.001) and malignant (P < 0.001) tumours. 

The level of PAI- 1 was higher in peritoneal/ascitic fluid from 
malignant than benign ovarian tumours (Figure 4c). Within the 
group of malignant tumours, the level correlated to histological 
differentiation of the tumour (Figure 6a) with poor differen- 
tiation correlating to high levels of PAI- (P = O.OOS), but not 
to the clinical stage of the disease. However, the concentration 
was higher (P = 0.04) in the presence (55 p,g/l range 37-146) 
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Figure 7. Ovarian malignancy index was based on the levels of t-PA 
aad PAI- ia peritoneal fluid (log t-PA + log PAM). Aa arbitrary cut- 
off level at 2.5 disccimiaated between benign tumours aad malignant 
tumours without ascites: sensitivity lOO%, speciticity 81%, positive 
predictive value 57%, and negative predictive value 100%. Each 
iadividual value is given, and horizontal bars indicate medians. 

The variation of fibrinolytic activity within the groups was 
substantial, and no significant differences were found. 

DISCUSSION 
Ovarian cancer tissue is known to release considerable 

amounts of u-PA in Tim, and to contain a higher density of u- 
PA receptors than benign tumours [lo, 241. This study found 
u-PA in higher concentrations in cystic fluids than in the other 
body fluids, suggesting that u-PA is preferentially released from 
the epithelial surface of the tumour. Correspondingly, higher 
levels of u-PA have been found in the uterine cavity of patients 
with endometrial carcinomas than in those with benign endome- 
tria [36]. However, there was no indication that the tumours 
released u-PA into the blood stream. This was not the result of 
undetected complexes of u-PA and PAIs, because similar results 
were obtained with an assay, that measured u-PA complexed 
with PAI-I or PAI-2. We were thus not able to confirm our own 
early finding of elevated tumour blood levels of u-PA in a small 
series of patients [37]. This is most likely due to superiority of 
the presently used ELBA techniques, and a much larger patient 
number. The cellular localisation of u-PA within the tumour 
remains to be established, since apparently in some tumours the 
stromal component is the main source of u-PA [38]. 

However, patients with benign as well as malignant tumours 

Peripheral blood levels of t-PA increased with age. The 
increase occurred both in pre- and postmenopausal patients, and 
was thus not related to the menopause per se, a finding in 
accordance with an earlier report [48]. Ovarian tumour blood 
concentrations were higher than peripheral blood concentrations 
in patients with benign or malignant turnours, indicating that 
the release of t-PA from tumour vessels is not limited to 
malignant turnours. The finding of higher peripheral blood 
levels of t-PA in patients with either benign or malignant 
tumours compared with controls might indicate such release. 
The concentration of t-PA in cystic fluid was not significantly 
different from that in peripheral blood, suggesting that t-PA is 
released by the tumour vasculature but not by the tumour tissue. 
This distribution agrees with an earlier report on the localisation 
of PA activity in vessel walls of malignant ovarian tumours [25]. 
The concentration of t-PA in peritoneal/ascitic fluid was gener- 
ally higher in the group with malignant tumours, even when the 
fluid volume was low. Although the primary tumours did not 
produce t-PA, the metastatic implants may do so, and thus 
contribute to the high t-PA in peritoneahascitic fluid. Altema- 
tively, other intraperitoneal cells, e.g. macrophages, may release 
t-PA in response to fibrin, which is generated by thromboplastic 
activity from the tumour [26-28, 491. Higher peripheral blood 
levels of t-PA in patients with ascites than in those without 
ascites suggests resorption of t-PA from the intraperitoneal 
compartment. Increased peripheral blood levels of t-PA were 
thus not indicative for early stage malignant tumours, but for 
the presence of asitic fluid and late stage tumours. In accordance 
with our findings, increased peripheral t-PA levels have pre- 
viously been reported in patients with advanced gynaecological 
malignancies [45,46]. The amount of t-PA in malignant mam- 
mary tumour tissue is, in contrast to that of u-PA, not correlated 
with a poor prognosis, but with a good prognosis [50, 511. 

had slightly, but significantly, higher peripheral levels of u-PA The concentration of PAI- was increased in blood from 
than controls, suggesting that u-PA can reach the blood stream malignant turnours, when compared to blood from benign 
by routes other than the tumour vasculature, e.g. being release turnours, and peripheral blood, suggesting that PAI- is released 
from activated macrophages [39]. The lower peripheral blood from the vasculature in mahgnant tumours. Neovascularisation 
levels seen in patients with advanced malignancies, as compared within the malignant ttmtours, which involves endothelial cell 
to patients with benign tumours, presumably result from elimin- proliferation, may be associated with release of PAI- 1, and PAI- 1 
ation of u-PA in complex with PAI- or PAI-2, since these mRNA has, in fact, been located in endothelial cells in the 
inhibitors were increased in the peripheral blood of these stroma of malignant tumours [52]. Peripheral blood levels of 

patients. Such complexes may be eliminated via U-PA 
receptors [40, 411, which are present in macrophages [ 141, 
ovarian tumour tissue [IO], and possibly endothelial cells [421. 

Peripheral blood levels of u-PA have been reported to be 
increased in patients with carcinomas of the breast, uterine 
cervix, and endometrium [43,44]. However, these studies com- 
pared the malignant tumour groups only with healthy control 
groups, and not with benign tumour groups. Shimada and 
colleagues in contrast, found no significant difference in periph- 
eral blood levels of u-PA between patients with malignant and 
benign ovarian and uterine cervical turnours [45]. These results 
are thus altogether compatible with our own results, and stress 
the importance of comparing data from patients with malignant 
tumours not only with controls, but also with data obtained in 
patients with benign tumours. Saito and colleagues found no 
significant difference between patients with benign uterine 
tumours and controls, whereas patients with cervical cancer had 
lower levels of u-PA than controls [46]. Hienert and colleagues 
found higher levels of u-PA in prostatic cancer patients with 
distant metastasis than in those without metastasis [47]. The 
corresponding levels of PAI-I were, however, not studied by 
these authors. 
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PAI- were, however, increased not only in patients with 
malignant tumours, but also in patients with benign tumours as 
compared to controls. Possible mechanisms may include release 
of PAI- from vascular endothelial cells stimulated by the 
increased concentrations of t-PA in these patients [53]. Pro- 
duction and/or clearance of PAI- may be oestrogen dependent, 
since peripheral blood levels are lower in women than in men 
under 50 years of age, whereas above that age, levels are 
equal [54]. The lack of correlation to age within the pre- and 
postmenopausal groups suggests that the menopause and the 
loss of oestrogen per se is critical. The level of PAI- was only 
slightly higher in cystic fluid than in peripheral blood of patients 
with benign tumours, but was markedly increased in cystic fluid 
of patients with malignant tumours. This observation suggests 
that PAI- is produced by malignant tumour tissue, which also 
reflects the function of PAI- as an inhibitor of u-PA. This is in 
accordance with the localisation of PAI- to tumour cells in 
mammary cancer tissues [55], but contrary to the localisation 
in colon cancer tissue [52]. These data strongly support the 
involvement of PAI- in malignant tumour growth. High levels 
of PAI- in the peritoneal/ascitic fluid of malignant tumours may 
originate either in the tumour cells or in other intraperitoneal 
cells, and may serve to balance the high levels of t-PA in this 
fluid. High peripheral blood levels of PAI- in patients with 
malignant tumours and ascites are likely to result from resorption 
from the ascitic fluid. Thus, the peripheral blood level of PAI- 
is not recommended as a marker of early ovarian cancer. 

We found that patients with advanced malignant tumours had 
detectable levels of PAI- in the peripheral blood more often 
than patients with early stage malignant or benign turnours, and 
healthy controls. Since PAI- was not released into the tumour 
blood, and was present in higher concentrations in the ascitic 
fluid than in the cystic fluid, it is likely that PAI- originates in 
cells other than the tumour cells, e.g. activated 
macrophages [ 19, 201. Higher peripheral blood levels may thus 
result from a generalised macrophage activation and/or resorp- 
tion from the ascitic fluid. The significance of bigh levels of PAI- 
in some patients with malignant tumours is not known, but may 
have prognostic implications, since there are indications that 
PAI- has tumour restricting properties. Thus, PAI- inhibits 
tumour cell surface bound u-PA, and thereby restricts extracellu- 
lar matrix degradation by these cells [56]. Furthermore, absence 
of lymphatic node involvement is reportedly associated with 
high levels of PAI- in mammary tumour tissue [51]. Such 
implications, however, need further evaluation. 

Screening programmes for the detection of early stage ovarian 
cancer produce a number of patients with ovarian abnormalities. 
A few of these are malignant, but the majority are benign 
lesions [30]. A parameter which clearly discriminates between 
benign and malignant lesions would be helpful to avoid surgery 
in the majority of these patients. Although peripheral blood is 
the most accessible body fluid, it was obvious from our results 
that these parameters could be used neither as a marker in 
screening for early cancer, nor as a discriminator between 
malignant and benign lesions. Ovarian cystic fluid as well as 
peritoneal fluid is, however, accessible for aspiration via the 
vaginal route under ultrasonographic guidance. We tested cystic 
and peritoneal fluid parameters for their discriminating ability. 
Patients with ascites were not included in these tests, since the 

presence of ascites itself indicates advanced malignancy. The 
best discrimination was obtained with an index, which was based 
on the peritoneal fluid levels of t-PA and PAI-1. We suggest 
that this index, which would require peritoneal fluid sampling 

through culdocenthesis at ultrasonographic examination, may be 
helpful to discrimina te between benign and possibly malignant 
cysts in women detected with ovarian pathology. 
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