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Abstract-We have investigated here the coordinate expression of both procoagulant (PU) and 
,jbrino!ytir (FA) activi9 of cells from 16 human ovarian carcinoma cases. To avoid interference of 
rontaminating host cells, we used cells isolated in primary culture from asciticjuid or from solid 
tumor. The FA was determined in cellular extracts by an amidolytic assay in the presence ofjbrin 
monomers. FA, which was plasminogen dependent in almost al1 of the cases, showed a wide range of 
activity Ifrom < 0.001 to 2.30 UK units/mg protein). The molecular analysis of plasminogen 
activator (by SDS-PAGE and jbrin autography) showed a single molecular farm of 52,000 
daltons, inhibited by an antibody against human urokinase. PCA, studied with a one stage clotting 
assay in disrupted cells, was of tissue thromboplastin ppe in al1 instances and variedfrom 12.0 to 
1300 thromboplastin units/1 0’ cells. NO simple correlation was found between FA and PCA in the 
cellular samples studied; moreover, for neitherparameter was it possible tojnd any changes with the 
staging of the disease. 

INTRODUCTION 
FIBRIN has been rcpeatedly obscrvcd within thc 
tumor cel1 microcnvironment [ 1, 21; its involvc- 
ment in local invasion and metastasis formation is 
stil1 a matter of controvcrsy. Whatcver its rolc, thc 
formation and dissolution of fibrin around tumor 
cclls is closcly rclatcd to ccllular activitics such as 
procoagulant (PCA) 13, 4] and fibrinolytic activity 
(FA) (51. 

Knowlcdgc about thcsc activities has been main- 
ly dcrivcd so far from animal models [6], whcrcas 
information regarding humans is stil1 very scanty 
[7, 81. Most studies have been made on cc11 lincs 
[9, 101. Some human tumors of different origin 
have been studicd in extract form for cithcr PCA 
[l 1, 121 or FA activity [13-151. 

Obviously thc cxtracts rcflcctcd activitics deriv- 
ing not only from canccr cclls but also from host 
cclls such as vascular cclls or tumor-associated 
macrophages. Morcover, only fcw data arc avail- 
ablc so far on thc coordinatc cxpression of both 
activitics in thc same tumor sample [9, 161. 

We have herc invcstigatcd PCA and FA in a 
series of human ovarian carcinoma cases. To avoid 
intcrfcrcncc from contaminating host cclls, we uscd 
tumor cclls isolatcd in primary culture. 
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MATERIALS AND METHODS 
Palients 

This study was performed on 16 patients (agcd 
40-69 yr) with histologically confirmed advanccd 
ovarian carcinoma (F.I.G.O., type 111-IV). Histo- 
logica1 grading of tumors was evaluated in tcrms of 
wcll diffcrcntiated (gradc 1) modcratcly differcnti- 
ated (gradc 2) and poorly differentiatcd (grade 3) 
[ 171 and according to Breders’ criteria [ 18, 191. 
Biopsy matcrial was obtained from primary 
surgcry, from second-look laparotomy or from asci- 
tic fluid after paraccntesis undcr stcrilc conditions. 

Al1 but threc paticnts wcrc undergoing polychc- 
miotherapy treatmcnt (Tablc 1). 

Cel1 cultures 

Tumor biopsy specimens were collectcd in PBS 
containing 100 U/ml pcnicillin and 100 pg/ml 
streptomycin (GIBCO Europe, Glasgow, U.K.). 
Tumour tissue fragments were disaggregated 
by trcatment with a 0.3% collagcnasc solution 
(collagcnasc typc 1, Sigma Chcmical Company, St. 
Louis, MO) for 40 min at 37’C undcr continuous 
stirring. Cc11 prcparations wcrc then washed and 
rcsuspcndcd in growth medium. Tumor cc11 sus- 
pensions contaminated by RBC andlor lcucocytes 
wcrc further processcd as for ascitic fluid [20, 211. 
Bricfly, thc ascitic fluid was collcctcd in hepari- 
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Tnble 1. Clinical data of patients with ovarian carcinoma 

1’1 ‘l‘unwr typr 
F.I.G.O. Graditl,q 
Staging Gradr Brodrrs 

1 50 SE 111 3 lil 
2 49 >I ,I I, 0 

*3 39 I, II ,I II 
4 61 ,> IC I, ,, 

*5 53 ,I 111 2 3/4 
6 60 >, ,I 3 414 

*7 52 9, ,I I, ,, 

8 50 I, Ir 2 214 
9 40 I, ,, I> 414 

10 69 UN I, ,c I, 
11 60 SE >I ,, ,I 
12 68 r, ,> I> I, 

13 47 I, 9, X.11. X.1). 
14 54 U-r’ ,, 3 414 
15 60 SE I> 2 314 
16 62 MU ,, X.1). _;.l). 

*Patients with no prrvious therapy. 
UK = undilkentiated. 
SE = xT”“S. 
MU = mucinous. 
X.D. not dctermincd. 

nized bottles and the cclls were separated by 
centrifugation. A fitst gradient with 100% of Ficoll 
Hypaque (d = 1.077; MSL, Eurobios, Paris) was 
performcd (600 g for 20 min) to rcmove RBC 
contamination and debris. In a fcw cases, whcn 
gross lymphocyte and granulocyte contamination 
was present, a second discontinuous gradient (75% 
Ficoll-Hypaque, layered on 100% Ficoll-Hypa- 
quc) was performed. After these steps, in al1 cases, 
tumor cclls were frecd of macrophages by adhesion 
on plastic culture dishes [22]. 

A cytospin preparation was made to check for 
the prcsence of different types of normal and 
neoplastic cclls. 

Final cc11 suspcnsions, containing more than 
70% viablc cclls (erythrosinc-dyc test) were secdcd 
at 70,000 cclls/cm’ in 25 cm2 tissue culture dishcs 
(Corning, NY, U.S.A.). 

Culture Medium was 199 supplcmcntcd with 
15% fctal calf serum, 2 mM glutaminc, 6% of 50 X 
MEM csscntial ‘amino acid, 3% of 100 X MEM 
vitamins (Flow Lab., Irvine, U.K.) and 20 mM 
Hcpcs (Mcrck, Darmstadt, F.R.G.). 

Thc pH was 7.2 in air, with osmotic prcssurc 
maintained at 285 $I 10 milliosmoles. 

Cclls wcrc culturcd for 5-6 days whcn thc nests 
of canccr cells bccamc wel1 sprcad out. Only 
cultures that containcd typical ncsts of cancer cclls 
without fibroblast-likc cclls and with lcss than 5% 
macrophagcs, (as dctcrmincd by non spccific cstcr- 
ase staining) were used (Fig 1). 

Beforc testing, thc growth medium was dis- 
cardcd, thc cclls were washcd thrcc timcs with PBS 

and maintained ovcrnight in serum-frcc culture 
medium. Thc serum-free medium was rcmovcd 
from the cultures and stored at -20°C until used. 
After addition of 2 ml of fresh serum-free medium, 
the cells were frozen and thawed three times and 
tcsted for PCA. 

To measure FA the cultures were washcd three 
times with cold PBS and the cells, extracted with 
0.5 ml of Triton X-100 (0.25% v/v in water; Bio- 
Rad, Richmond, CA, U.S.A.), were removed with 
a rubber policeman and storcd at -20°C until 
used. 

Assay of procoagulant actiuily 
PCA was mcasured by a one-stage plasma rccal- 

cification assay. Clotting time was determincd in 
prewarmed plastic tubes using the following test 
system: 0.1 ml test material, 0.1 ml normal human 
plasma and 0.1 ml 0.025 M CaC12. In order to 
charactcrize the type of PCA, human plasma sclcc- 
tively deficicnt in factor VII, 1X or X was uscd as 
substratc. Duplicate timcs differed by lcss than 
5%. Blank clotting times were always ~300 sec. 

PCA was cxprcssed in arbitrary units by com- 
parison of clotting times of cc11 samples with a 
standard curve obtained with dilutions of a human 
brain thromboplastin suspension. 

Onc thousand units of thromboplastin causcd 
normal plasma to clot in 39 sec. 

Assay of Jìbrinolytic activig 
FA was detcrmincd in cc11 cxtracts by an ami- 

dolytic assay in thc prcscncc of fibrin monomcrs 
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Fig. 1. Representative ncsts of cancer cells in primary culture from an asciticjuid sample of a patient with ouarian carcinoma (160 X ). 
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[ 231. ‘I‘hr standard assay mixturc (1 ml) includcd 

0.33 p,hl human plasminogrn (AB Kabi, Stock- 
holm, Swcdcn), 0.33 mhl of a plasmin-sprcifìc 
chromogcnic substratc (S-2251, Kabi Diagnostica, 
Stockholm, Swcdcn), 7 mg/I of fibrin monomcrs in 
PBS 0.13 M, pH 7.4 containing 0.25% ‘I‘ritcJrl 

X-100 (Bio-Rad) and thc cc11 rxtract or thr scrum- 
ficc. medium. ‘l‘hc solution \vas incubatrd at 25°C 
fi)r 4 hr, thc rc%action stoppcd with 4 hl sodium 
acctatc bufTcr, pH 3.8, and absorbancc rcad at 40.5 

nm. 
;2 cur\‘c of standard urokinasc (1st International 

Rcfcrcncc Prrparation ofhuman UK, codcd 66/64, 
a gift from Dr. Gaffncy, National Institutc of 
Biological Standards and Controls, London, U.K.) 
was plottrd with cach set of cxperiments and 
tumor-cc11 FA activit). was cxpresscd as urokinast 
cquivalcnts units/mg of protein by lincar rcgrcs- 
sion analvsis. 

l’rotc+n content \vas dctcrmincd by thc mcthod 

of Bradford [ 241. 
Plasminogcn-indcpcndcnt FA was dctcrmined in 

parallel samples, omitting thc plasminogcn in thc 
standard mixturr. 

‘I‘hr molccular typc of plasminogen-dependcnt 
fìbrinolytic activity (PA) gencratcd by thc various 
cc11 cxtracts was cvaluatcd by fìbrin agarosc-platc 
mcthod [ 951 aftcr sodium dodccyl-sulfatc polyacry- 
lamidc slab gel clcctrophorcsis (SDS-PAGE). 
Bricfly, samples wcrc applicd to thc gels and 
subjcctcd to clcctrophorcsis at 50 V at room 
tcmpçraturc with resolving gels of 10% and stack- 

ing gels of’ 4% acrylamide. Thc PA activity was 
locatcd bj. plating thc SDS gel on a fibrin indicator 
gel. Thc apparent molccular wcight (M.\t’.) of PA 
activit!, was cstimatcd by comparing thr lysis area 
\vith markcr protcins of known M.W. [26]. 

For inhibitory studirs anti-urokinasc goat anti- 
serum (kindly providcd by Prof. B. Astedt, Lund, 
Swcdcn) was incorporatcd into thc íìbrin indicator 
grl. 

RESULTS 
Tablc 2 shows thc rrsults of PCA and FA assays 

on cc11 prcparations from 16 paticnts. From somc 

paticnts tumor spccimcns could bc obtaincd morc 
than oncc. 

PCA was dctcctablr in al1 samples and rangcd 
from 12.0 to 1300 thromboplastin equivalent units. 
In samples obtaincd from thc samc paticnts on 
diffcrcnt occasions thc rangc of PCA was narrowcr 
than on thr whole population. NO dctcctablc activ- 
ity was prrscnt in thr culture medium cvcn whcn 
thc sample was conccntratcd up to 10 times. 

FA was below thc dctcction limit (0.001 u UK/ 
mg) in 8 out of 18 samples testcd. In thc rcmaining 
samples, including thosc from the samc paticnts, a 
widc range of activity was obscrvcd. NO activity 

Table 2. Procoagulant (PU) and,bbrino&ic (Kl) actir#itr of 
human ovarian carcinoma celk in primara culture 

_ . 

F.4 NL4 
I’t Crll soUwx ( LI u IC 1 mg 1 (;\C/lO’ c-clIs) 

I .\scitic Iluid T.1). ( k. I 
21 Ascitic Iluid 0.21 l’il.0 

2t> 
,> 

0.23 x7.ti 

3 ovar> 0. 16 r,7.l) 

t o\xry 1 .<IO L’Iiti.0 
.ï .Aacitic lluid X.1). 12.8 

fi o\.ar\ <0.001 3 .ra. .5 
74 Awitic fluid 1 .o’L (i 111. k 
il> ,I I :i 3 3jI.i 
7< ,> 2.113 1317.t 

Ha Ascitic Iluid 2.30 fil)H.I) 

8t> 
I, 

O.Xl io +. L 

Hc 
I, 137 zo-i. I 

9 hscitic fluid S.1). ~;N.~; 

10 Ascitic fluid <0.001 131.7 

II Ascitic fiuid <O.OOl I 168.1) 
1 La omcntum a.001 Y?Ai..j 

IUh Ascitic Huid <0.001 l.i8..ï 

I 3 Ascitic fluid N.1). U’~O.0 

11 Ascitic fluid X.1) x1.1 

I.i>a .\scitic fluid <O.Oll I k1.i 

1511 Ascitic fluid 1 .x:3 i8.9 

16 Ascitic Huid <O.OOl 70.6 

u, b. c rcprcscnt diffïrent occasiow on whi(,h samples from 

the samc putirnt could hc studird. 

S.D. nat dctwmincd. 

was dctcctable in thc ovcrnight culture medium. 
Therc was no simplc correlation betwccn PCA and 

FA valucs. PCA was idcntificd in al1 instanccs as 
tissue factor since it requircd coagulation F VII, 
not factor 1X, for its exprcssion (Tablc 3); morc- 
over, no activity was present in factor X dcficicnt 
plasma (cl%). 

As shown in Tablc 4, in al1 hut onc of thc 
samples FA was mainly accountcd for by a plasmi- 
nogen-depcndcnt activity, idcntificd as urokinasc- 
tikc activity (u-PA) on thc basis of thc M.W. in thc 
SDS-fibrin ovcrlay mcthod and of thcir inhibition 

by anti-human UK antiserum. 
Plasminogcn-independent activity, dctcctablc in 

al1 samples in variablc amounts, was ,gcnrrally low. 

DISCUSSION 
Scvcral studies in cxperimcntal tumor modcls 

have shown that, dcpcnding on the typc of tumor, 
canccr cells may cxprcss two differrnt types of 
activity capablc of triggering blood clotting, namc- 
ly tissuc factor activity (thc initiating cofactor of 
the extrinsic pathway) or PCA, callcd cancer pro- 
coagulant, that dircctly activatcs coagulation fac- 
tor X [3, 4, 271. It has been suggcstcd that 
quantitativc variations of thcsc activitics may in- 
flucncc thc mctastatic bchaviour of somc cx- 
pcrimcntal tumors [ 281. 
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Table 3. Characterization of PCA of human ovarian carcinoma 
in culture 

Pt. 
Normal 
plasma 

PCA (U/lO cills) 
F 1x 
drf. 

F Vl1 
dcf. 

1 34.4 32.3 X.1). 
2a 134.6 129.4 0.50 
21) 267.6 248.0 0.50 
3 67.0 68.0 0.50 
4 206.6 288.0 0.50 
5 12.8 11.5 0.50 
6 358.8 315.4 2.15 
7a 643.4 715.3 2.99 
7h 351.5 310.3 1.52 
7c 1317.4 1200.1 6.97 
8a 608.0 700.0 2.15 
8h 564.4 503.7 4.79 
8c 204.1 172.7 1.38 
9 659.6 520.3 2.83 

10 134.7 140.1 4.01 
11 1168.0 1428.0 31.53 
12a 308.5 320.1 7.74 
12h 138.5 150.1 4.70 
13 230.0 170.3 6.28 
14 81.1 77.5 0.50 
15a 41.5 37.8 0.50 
15h 58.9 51.0 1.36 
16 70.6 65.3 0.50 

Much less information is availablc on thc con- 
tent and nature of PCA in human malignant 
tumors. Kadish et al. [lO] reported significant 
amounts of tissue factor in homogenates and intact 
wholc cclls from a varicty of human neoplastic cel1 
lincs but no differcnces were found between neo- 
plastic and normal cells. Studies of clinical mate- 

rial have been conducted mainly on tissue cxtracts. 
Sakuragawa et al. [29] found that PCA of gastric 
canccrs was greatcr than in normal samples. Gor- 
don et al. [ 121 rcportcd PCA similar to that dc- 
scribed in animal models (i.c. factor X activating 
activity) in a number of tumor cxtracts. Extracts, 
howcver, may also contain activitics dcrived from 
host cells, such as vascular cclls, fibroblasts and 
macrophagcs. 

Fibrinolytic activity has been studied in a large 
variety of tumor cel1 lines of animal and human 
origin. Human clinical material has been mainly 
studied in the form oftissue extract or organ cultures 
[5, 15, 301. In many instances a urokinase-like PA 
was found, although tissue-type PA was reported in 
melanoma and in prostatic carcinoma [5]. Attempts 
to correlate PA with the metastatic potential of 
cancer cells gave conflicting rcsults [ 141. It must be 
emphasized that in genera1 FA and PCA have been 
studied independently. 

It has been rcpeatcdly suggestcd that PCA and 
FA of cancer cells play a role in fibrin dcposition 
and dissolution at the tumor-host interface. Con- 
ceivably the net amount of fibrin in the tumor 
microcnvironment dcpends, bcsidcs othcr less wel1 
defined factors, on the balance between clot prom- 
oting and fibrinolytic activites of cancer cells. It is 
therefore regrettablc that so far these activitics 
have been studied separately. 

The present cxperiments were designed to in- 
vestigate the simultaneous expression of both PCA 
and FA on the samc clinical material. In order to 
minimize any interference of contaminating host 
cells we used here primary cultures from ovarian 
carcinoma. 

Table 4. Characterization of plasminogen activator activig associated with human ovarian 
carcinoma cells in culture 

Pt 
Total 

(uUK/mg) 

Fihrinolytic activity 
Pmg dep. Pmg indep. Inhihition 

(%) W) MW. hy anti-UK 

2a 0.21 90 10 N.11. x.11. 
2h 0.23 90 10 X.1). N.1). 
3 0.16 10 90 52,000 YCS 

4 1.9 91 9 52,000 YeS 

6 <O.OOl _ 

7a 1.02 66 33 52,000 YCS 

7h 1.33 93 7 52,000 YCS 

7c 2.05 61 39 52,000 Yes 
8a 2.3 67 33 52,000 Yes 
8h 0.5 97 3 52,000 ïCS 

8c 1.57 99 1 52,000 Y?S 

10 <O.OOl _ _ 
11 <O.OOl _ _ _ _ 

12a <O.OOl _ _ 

12h <O.OOl _ _ 

15a <O.OOl _ _ 

15h 1.33 90 10 52,000 Yes 
16 <O.OOl _ _ _ _ 
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PCA was prcscnt in cclls from al1 tumor spcci- 

mrns tcstcd but varicd widcly from onc sample to 

anothcr. In al1 cases it was of thc tissue-factor typr. 
Thc lack of activity in thc culture supcrnatant 
suggcsts that thc matcrial is not sccrctcd from thc 
~11s. In somc transformrd or malignant cclls from 
cxpcrimcntal tumors and in cxtracts from human 
tumors a pcculiar typc of procoagulant (PG4) has 
been dcscribcd [6, 12. 271, which has ncvcr been 
found in normal adult tissuc. On thc basis of thcsc 
obscrvations it has been suggcstcd that PCA ma) 
reprcscnt a markcr of malignancy. 

Thc findings of thc prcscnt study do not support 
this concept, at Irast in human culturcd cclls. 
Furthrr challcngc to thc concept of PCA as markcr 
of malignancy comcs from rccrnt evidcncc in our 
laboratory that transformcd cclls. likc their normal 

countcrparts, do exprcss thc samc typc of PCA 
(tissuc thromboplastin) [31]. 

Similarly to PC.4, FA too varied widcly among 
paticnts and within thr samc paticnts’ repeatcd 
samples. In al1 casrs hut onc FA was mostly 
dcpcndcnt on plasminogcn and charactcrized as 
urokinasc-typc plasminogcn activator as dcscribcd 
somc ycars ago on organ cultures [ 151. 

‘T’hc possihilit). cannot bc cxcluded that thc 

amplc intcrindividual variability found in both 

PCA and FA bc ascribcd to random sclcction of 

cloncs with diffcrcnt biological activitics. 
NO simplc corrclation was found bctwccn PCA 

and FA of cach sample. It must bc undcrlincd that 
most of thc patients wcrc, at thc time of study, 
under polychemothcrapy and thc possibility that 

such trratmcnt influcnccd thc paramctcrs studicd 
hcrc cannot bc cxcludcd. 

In conclusion, both PCA and FA can bc casil!. 
dcmonstrated and characterizcd in culturcd crlls 
from a human tumor; howcvcr, thcir actual rclc- 
vancc to clinical malignancy appcarcd much morc 
diflicult to rstablish. Although on thc basis of‘ 
animal cxperimcnts, many corrrlations have been 
proposcd so far bctwcen PCA or FA and thc dcgrcc 
of canccr cc11 invasivencss; our findings clcarly 
warn against ready cxtrapolation from animal data 
to human malignancy. 
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