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Fibrinolytic Activity of Earthworms Extract (G-90)
on Lysis of Fibrin Clots Originated from the Venous Blood
of Patients with Malignant Tumors

Terezija M HRZENTAK,' Maja POPOVIC,' Ljerka TISKA-RUDMAN?

'Department of Biology, Faculty of Veterinary Medicine, *Clinic for Tumors and Allied Diseases, Zagreb, Croatia

u-PA is secreted by the most malignant tumors. As a
response to u-PA synthesis surrounding cells syn-
thetize inhibitors of plasminogen activators for tis-
sue protection. Plasminogen activators were found
also in earthworm tissue. From the tissue homoge-
nate of earthworm Eisenia foetida the glycolipopro-
tein mixture named G-90 was isolated. It contains
two serine proteases (P I, P IT) with fibrinolytic and
anticoagulative activities. The fibrinolytic activity
of G-90, P I and P 1I was tested in an in vitro euglo-
bulinic test applied to fibrin clot from blood plasma

of patients suffered from malignant tumors. G-90
and above-mentioned proteases applied in this
study showed euglobulinic time proportionally
with the concentrations of added substances. The
influence of G-90 on the fibrinolysis rate does not
depend only on its concentration, but depends too
on histological type of tissue (organ) where the
malignant tumots are located. Enzyme P I and P II
do not show this activity. (Pathology Oncology Rese-
arch Vol 4, No 3, 206-211, 1998)

Key words: fibrinolytic activity, earthworms extract, fibrin clot, malignant tumors

Introduction

In homeostasis maintaining a balance between factors —
coagulation activators and their inhibitors on one side and
fibrinolysis activators and their inhibitors on the other — is
important. Malignant cells and their products disturb both
activities. With their changed receptors, they activate
thrombocytes, which express integrin receptors [1b/IlIa to
fibrinogen. Fibrinogen, linked adhesively to thrombo-
cytes, stimulates linking to blood vessel wall, which is the
site of thrombus formation. The thrombocyte activation
releases tissue factor (TF) thromboplastin stipulating for-
mation of TK-F VII-Ca complex. In addition to this exter-
nal pathway effect TF has also effects on activation of the
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internal pathway, started by prekallikrein/kininogen. Both
pathways lead to activation of X-Xa factor, which, by the
action of thrombin, changes fibrinogen to fibrin dimers,
and, further, to insoluble reticulated fibrin. The response
to the high activity of thrombocytes is secretion of inhi-
bitor factor of Xa named TFPI (Tissue Factor Pathway In-
hibitor). With disturbance of homeostatic balance in the
circulation, thrombin-antithrombin T1T complexes can also
be found, and thrombin surplus forms fibrin aggregates,
which participate in thrombus formation.*

Fibrinolytic activity begins with the activation of epi-
thelial cells, which are stimulated to secrete plasminogen
activators (PA), with autocrine effects on receptors of the
same cell (PAR)."**® In mammalian systems, two plas-
minogen activators synthesise tissue t-PA and urokinase u-
PA, which are coded from different genes. The simple-
chain t-PA is active; 1t lyses fibrin and other proteins of the
extracellular matrix and is important in intravascular fibri-
nolysis.? Pre u-PA is activated to form u-PA by splitting
two chains linked by disulphide bridge. The activation also
occurs with plasmin, kallikrein, coagulation factors XlIla
and cathepsin B. u-PA is serine protease of 55 kDa. B-
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Figure 1. Effect of G-90 on euglobulinic test. Clot lysis time lines: A- healthy + G-90; B- malignant + G-90; C- imaginary line:
malignant + G-90 lower tumor share (10.3%). Interval B-C is the activity of tumor plasminogen activator. On abscissa G-90 con-

centrations are plotted, and on ordinate time of lysis (min).

chain has binding determinants for plasminogen and A-
chain for growth factors.® The plasminogen activators
include many other factors such as streptokinase 3, vitamin
B1, erythrokinascs, prekallikrein, Hageman factor, etc. The
u-PA activity is 7-10 times stronger il it 1s linked to the
receptors of cells that secrete it. Plasminogen linked to its
receptor is converteds to the serine protease plasmin by the
action of PA/PAR. Plasmin is active when it is linked to
receptors. When free, it links immediately to inhibitors, so
that cannot be found free in plasma. Plasmin proteolytical-
ly dissolves reticulated fibrin. Increase of fibrinolytic activ-
ity accompanies inflammation in the process of wound
healing and in patients with malignant tumors.”'***** The
basic substrate — plasminogen — is present in plasma, but
also in other interstitial liquids at 1-2 pM."” u-PA is linked
to ubiquitin dependent pericellular fibrinolysis.* Plasma in
patients with malignant tumors, beside physiologically pre-
sent u-PA, also contains u-PA secreted by most malignant
turnors. Thus the increase in plasmin also lyses proteins of
extracellular matrix: laminin, collagen IV and other pro-
teins of basal membrane and enables spread of tumor cells.
Tumors also secrete insulinases which degrade insulin; cys-
tein proteinases which dircctly activate X factor causing
coagulation; and metalloproteases which also enable dis-
persion of tumor cells.’

In response to higher PA synthesis, surrounding cells
synthesise inhibitors of plasminogen activators as a tis-
sue protection. Three inhibitors have been found: PAI-I,
PAI-2 and protease neksin which is characteristic of
prokaryotes. PAI-I inhibits both u-PA and t-PA, while
PAI-2 inhibits only u-PA. The tissue capacity for PAI
synthesis is a factor for protection from tissue destruction
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and metastasis formation.’ Beside such control of
inhibitors of plasminogen activators, there is also plas-
min control by ¢2 antiplasmin and o2 macroglobulin.
The consequence is that malignancy threatens both coag-
ulant and fibrinolytic systems. Even if tumors secrete PA
who quickens fibrinolysis, this activity is not sufficient
for controlling hypercoagulation &0/

Plasmogen activators are found in invertebrates and so
also in earthworm tissues. These serine proteases show
fibrinolytic and anticoagulative activities. Because of their
origin we call them lumbrokinases.'*'®"*** From the tis-
sue homogenate of earthworms Eisenia foetida and
Lumbricus rubellus, the glycolipoprotein mixture named
(G-90 was isolated. The preparation was neither mutagenic
nor carcinogenic'® and beside growth factors and
adhesins,''?' it contained two serine proteases with fibri-
nelytic and anticoagulative activities.'>?

Our study shows the effects of new fibrinolytic G-90
and from it isolated enzymes PI and PII on in vitro lysis of
fibrin clots originated from venous blood taken from the
patients suffering from primary malignant tumors of dif-
ferent organs (tissucs).

Materials and Methods

Glycolipoprotein compound (G-90) from the tissue ho-
mogenate of earthworms Eisenia foetida and Lumbricus ru-
bellus (Annelida, Oligocheta, Lumbricidae) and serine pep-
tidases P 1 (32 kDa) and P IT (23 kDa) isolated from G-90.

Control: fibrin clots of venous blood from clinically he-
althy persons (20) of both sexes, aged from 25-70 years.
Clots of venous blood from the patients suffering from pri-
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Figure 2. (a—d) Effects of G-90, P, PII, PI+PII on fibrin clots lysis from plasia of patients with malignant tumors performed in
euglobulinic test. On abscissa concentrations of fibrinolytics are plotted, and on ordinate time of lysis in minutes. Lines are formed
by plotting on medium values of time of fibrin clot lysis obtained from 20 patients grouped according to the location (organ, tissue)

of tumor. Legends show sites of the primary malignant tumor.

Figure 2a. Effects of Pl enzyme on results of euglobulinic test of fibrin clots from plasma of patients with malignant tumors.

mary malignant tumors of different organs: 20 samples we-
re collected from each location: breast, ovary, tongue, thy-
roid, mandibular glands, stomach, large intestine, uterus,
skin, larynx, rectum, lungs.

All of the sera were taken from venous blood of the
patients submitted to usual routine tests at the Clinic for
Tumors and Allied Diseases (Zagreb, Croatia), according
to ethical committee rules. The sera were kept at —20°C
until used.

Euglobulinic test on fibrinolytic activity: 1 ml of fibri-
nolytics in concentrations from 1| pg/ml to 100 pg/ml in
saline was added to fibrin clot obtained from 1 ml of plas-
ma. Time of fibrin clot lysis was noted.
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Homeostasis tests as routine parameters: prothrombin
time; fibrinogen (mg/dl); APTV-test; thrombosis time.

Statistic evaluation was performed by Kruskal-Wallis
test; p<0.001.

Results

Euglobulinic test results for physiological time of fibrin
clot lysis from the venous blood of the control group was
245 minutes (mediwm values), which is similar (o data
quoted in the literature. The time of fibrin clot lysis from
venous blood of patients with maligna.nt tumours, regard-
less of location, was shortened to 220 minutes (medium
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Figure 2b. Effects of PI+PIl enzymes on results euglobulinic test of fibrin clots from plasma of patients with malignant tumors.
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Figure 2c. Effect of PII enzyme on results euglobulinic test of fibrin clots from plasma of patients with malignant tumors.

values). Fibrinolysis was quicker by 10.3%. Euglobulinic
test performed on clots of the same sources, but with G-90
added in increasing concentrations (1 pg/ml — 100 ug/ml)
additionally shortened lysis time, depending on the con-
centration of G-90 added (from 36 to 44% more). Lysis
time reduction after the highest concentration of 100
pglml G-90 was in total 55% (Figure ). Enzyme Pl in
clots from healthy blood origin increases lysis propottion-
ally with concentration: from [45 minutes in concentration
1 pg/ml to 100 minutes in concentration 100 pg/ml. The
same concentrations of PIL in clots from patients” blood
reduced lysis time from 98 to 60 minutes or for 54 to 76%
(Figure 2a). Enzymes PI+PII reduce lysis time of venous
blood clots in healthy individuals to 105 min at the lowest
concentration (1 pg/ml) and to 60 min at the highest con-
centration (100 pg/ml). The effect on the clots [rom the

patients’ blood reduced from 70 to 30 minutes or 77 to
86% (Figure 2b). Enzyme PII elfects fibrin clot lysis, in
healthy individuals, in two ways. Concentrations from |
pg/ml to 100 ng/ml slow down lysis by 8% in average,
while concentrations from 100 ng to 100 pg increase by
7% (245 min) on average. PII added to fibrin clots of
patients with malignant tumors does not slow down, but
quickens Lysis by |1 to 13% (Figure 2¢). Figure 2d shows
the G-90 effect on clot lysis considering the malignant
tumor location. Legend marks fines all starting from the
value of 220 minutes in the case when G-90 was not
added. With G-90, fibrinolysis lines show significant dif-
ferences. The values depend not only on G-90 concentra-
tions, but also on the organ involved in malignant process.
Even with the lowest concentration (1 pg/ml) the lysis
lines are spread around the mean value.
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Figure 2d. Effect of G-90 on results euglobulinic test of fibrin clot from plasma of patients with malignant tumors.
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Discussion

Each plasma sample in the /n vitro cuglobulinic test
contains physiologically present u-PA, which lyses fibrin
clot in a time that is constant for a particular species. As
inhibitors of u-PA, stimulated by tissue factors from patho-
logically changed cells are synthesised, we do not expect
the additional influence of plasminogen inhibitors; so fib-
rinolysis occurs within physiological time of lysis. Howe-
ver, u-PA synthesised and secreted in circulation by malig-
nant tumors shortens significantly euglobulinic time.”” %
Fibrinolytic activity tactors applied in this study (G-90, PI,
PII, and PI+P1I), additionally quicken lysis and euglobu-
linic time is reduced proportionally with the concentration
of added substances."™™ Quantity, and therclore respec-
tively concentration, of the tumor u-PA depends on the
type of cells that synthesise it. With this additional activa-
tor fibrinolysis is equally quicker for tumors of different
organs and tissues. We suppose that this effect occurs duc
to the presence of inhibitors (PAI 1, PAT 2) which, in order
to preserve homeostasis, link partly to u-PA in dissolvable
complex u-PA/PAL. Law u-PA concentration search laws
PAJ and indicates good prognosis.” The additional lysis
quickening followed the addition of fibrinolytics. The
addition of PI, PIL, (PI+PII) to fibrin clots from patients
with carcinoma shortened clot lysis times, but they didn’t
differ according to location ol pathologic process. Howe-
ver, by using G-90 as fibrinolytic we found significant dif-
ferences in lysis times, depending on the location of pri-
mary tumor process. Lysis time differences in euglobulin-
ic test are the same as those quoted in the literature which
shows, for instance, that a breast tumor secretes less u-PA
than a large intestine tumor; and that the latter tumor sec-
retes 10 times more u-PA than a healthy mucosa, but its
activity is only [ive times higher. The u-PA concentration
is not the same as its activity."® That means that the great
part of tumor u-PA remained free and active, with lysis
time shortening and bad prognosis as results.> In in vitro
trials it was found that cach of three types of cell lines of
stomach carcinoma synthesised different quantities of u-
PA.* Skin melanoma synthesises less u-PA than other tu-
mors, and also in the euglobulinic test within this study it
shows the longest lysis time.”™® Another interesting fact is
that low PII concentrations inhibit fibrinolysis, while high
concentrations quicken it.

Among the usual homeostasis tests on the material studi-
ed the prominent one is the fibrinogen (mg/dl) which is 15%
higher. It was interesting that the increase of fibrinogen
occurred in spite of in vitro, performed quicker lysis of clots
from venous blood of patients with malignant tumors. It is
obvious that the influence of G-90 on fibrinolysis rate does
not depend only on its concentration, but the degree of fib-
rinolysis depends on histological type of tissue with the
malignant tumor. We have every reason to suppose that the

original G-90 contains also the structure with high alfinity
for PAl inhibitor. By linking it and scparating from the com-
plex uPAIPAIL u-PA is being released depending on G-90
concentration as same as on the degree of u-PA/PAI avail-
able. This activity seems to be specific for each tumor type,
respectively each tissue involved in pathological process.
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