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Summary

Three of 13 patients with intracranial meningiomas showed the
pre- and postoperative elevation of tissue-type plasminogen
activator (t-PA) related fibrinolytic activity in euglobulin fractions
(EEA). During operation, two of these three patients showed a
significant elevation of the level of fibrin(ogen) degradation
products and oozing in the operating field. However, oozing was
not observed in the third patient who had been given tranexamic
acid preoperatively. Fibrin autography revealed that a broad lytic
band of mol wt 50-60 kDa, probably free t-PA, appeared in the
plasma obtained from two of the three patients after operation
when EEA elevated significantly. In all pitients studied, ihe t-PA
antigen levels were normal preoperatively but increased both
during and after operation, and correlated mainly with the
intensities of a lytic band of mol wt 110 kDa, probably t-pA
complexed with its major inhibitor (PAI-l). These results suggest
that the excessive fibrinolysis can induce the local hemorrhagic
diathesis during operation and may be related to t-PA function in
plasma.

lntroduction

Fibrinolytic processes depend on the conversion of the inactive'
proenzyme plasminogen into plasmin by plasminogen activators
(PAs) which are widely distributed in body fluids and tissues. The
best known mammalian PAs are urokinase-type PA (u-PA),
purified from urine (1), and tissue-type PA (t-PA), purified from
tissue extracts (2). Both types of PA have been identified in
human blood (3, 4). Physical exercise and veneus occlusion have
been known to increase plasma fibrinolytic activity (5), mainly
due to the enhancement of t-PA release from vascular endotherial
cells (4). But the mechanism of excessive plasma fibrinolysis in
pathological conditions remains uncertain.

Meningiomas constitute about l5"h of all intracranial tumors
and most of them are histopathologically and biologically benign.
They are rich in vasculature and thought to arise from the
meningothelial cells lining the leptomeningial spaces. The
removal of the tumors is often accompanied with unexpected
bleeding from scalp, tumor tissue and leptomeninges (6). His-
tochemical studies of the normal human brain have shown that
fibrinolytic activity is localized to meninges, choroid plexus and
vascular endothelium (7).Koos et al. have reported that several
mesenchymal brain tumors including meningiomas showed PA
activity and suggested that the therapeutical administration of
protease inhibitors could prevent the bleeding during operation
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(8). Cultured meningioma cells have been reported to produce
PA activity, which was not inhibited by anti-u-PA IgG (9). No
report is, however, available on the fibrinolytic activity of the
plasma of patients with meningiomas.

Recently, we have reported on three patients with intracranial
meningiomas who showed preoperative elevation of fibrinolytic
activity in euglobulin fractions and oozing from the operating field
(10). In this paper, we studied the fibrinolytic activity assessed by
the determination of euglobulin fibrinolytic activity (EEA) and
t-PA antigen (eg) pre-, per- and postoperatively in patients with
intracranial meningiomas including the reported patients. The
molecular species of the PAs appearing in the plasma were
studied by using fibrin autography (11), in terms of their mol wt
and immunological reactivity.

Patients, Materials and Methods

Patients and Normal Subjects

Thirteen patients with intracranial meningiomas (7 males and 6
females , age range 3012 years) were studied. The routine examinations
of coagulation mechanism and platelet function were within normal
ranges. None of them were under medication with any drugs known to
influence fibrinolysis. Blood samples were taken on admission along with
follow-up samples collected during and after tumor resection. The control
group consisted of 43 apparently healthy volunteers (22 males and 21
females , lEa range 22-58 years)

Methods

After a L0-min period of recumbent rest, plasma samples were
obtained by venipuncture into %o volumes of 3.8% sodium citrate. Serum
samples for FDP determination were obtained in a vacutainer glass tube
containing thrombin (5 U), bathroxobin (0.4 BU) and aprotinin (250 U).
From some normal subjects, blood samples were drawn both before and
after L0 min of venous occlusion of the arm with a manometer cuff at
90 mmHg. Samples were immediately assayed, or devided into aliquots
and stored at -80" C until use.

A specific IgG to t-PA was coupled to cyanogen bromide activated
Sepharose 4 B (4 .t g IgG per ml wet gel). Pooled plasma taken from
normal subjects was depleted of t-PA by incubation with anti t-PA IgG
Sepharose 4 B for 2 hrs at 4" C.

Euglobulin fractions were prepared with plasma dilution of L :20 at pH
5.8. Euglobulin fibrinolytic activity (EFA) was measured on bovine fibrin
plates according to the method of von Kaulla and Schultz (LZ), results
being expressed as the mean of two perpendicular diameters of lytic area.
Euglobulin lysis time (EUf) was measured by using an automated clot
lysis time recorder (Riko Shoji, Japan).

t-PA Ag was measured on acidified plasma using an enzyme linked
immunosorbent assay method (13) (American Diagnostica Inc., USA) in
the presence of 5 mM EDTA.

Fibrinogen was determined by the Clauss method (14). Plasminogen
and cr2-plasmin inhibitor (or-PI) were assayed by single radial
immunodiffusion technique using antisera from Behring Institute, West
Germany and Mochida Pharmaceutical Co., Japan, respectively. Fi-
brin(ogen) degradation products (FDP) were measured by latex aggluti-
nation test (Teikokuzoki, Japan).
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Table I Age, sex and preoperative data of fibrinolytic parameters of patients with meningioma

Patient Age Sex EFA ELT t-PA
(ng/ml)

Fbg a2-PI
(mg/dl) (mg/dl) (mg/dl)

Plg FDP
(pdml)(min)(-'n)

90
130

L40
570
420
240
240
200
L70
500
4L0
200
560

M
F
F
M
F
F
M
F
M
F
M
M
M

68

72
6L

51

57

4L

37

54
59

37

44
58

30

1

2

3

4
5

6

7

8

9

10

11

12

13

4.4
3.8
3.2

<3.1
<3.1
<3.1
<3.1
<3.1
<3.1
<3.1
<3.1
<3.1
<3.1

11.8
L7.4
t4.t
t2.t
15.0
8.4

15.9
8.2

19.4
t7.L
20.L
7.9

t4.0

5.3
6.9
6.2
6.4
6.5
6.4
6.6
6.6
7.L
8.4
7.L
5.9
8.6

229
247
314
248
200
260
ztt
3L9
150

250
t69
188

24r

11.8
12.8
tL.2
12.0
L2.0
10.6
10.6
t3.4
t4.8
15.0
L3.2
11.0
L2.6

<2.5
2.5
2.5

<2.5
<2.5

2.5
2.5

<2.5
2.5
2.5
2.5

<2.5
<2.5

normal range <3.1 150-
600

2.6-
20.2

150- 7.6-
u.a

5.2-
8.8

<L0
360

Normal ranges were represented as means + 2SD (n : 43), except EFA, ELT and FDP values.

Fibrin autography was performed by modifications of the method of
Granelli-Piperno and Reich (11). Plasma samples (8 pl) were incubated
with 30 pl of 0.L25 M Tiis (pH 6.8) containing 10% sodium dodecyl
sulphate (SDS) and 33"/" glycerol for 30 min at 37" C. They were applied
to the SDS-polyacrylamide gel, separating gel of. 9"/" acrylamide and
stacking gel of 4"/" acrylamide (15). After electrophoresis, the gel was
soaked in2.5"h Triton X-100 to remove free SDS and placed on the fibrin
agar indicator gel which was composed of l"/" agarose (Agarose LGL,
Nakarai Kagaku, Japan), human plasminogen (25 pglml), bovine throm-
bin (0.22 Ulml) and bovine fibrinogen (2 mglml, Miles, USA) in phos-
phate-buffered saline, pH 7.4 (PBS). The indicator gel was allowed to
develop at 37" C in a moist chamber and then was photographed.
Molecular weight calibration was performed using the molecular weight
marker proteins, run under the same conditions. Immunological identifi-
cation of the PA species was achieved by incorporating anti-t-PA or anti-
u-PA IgG in the indicator gels.

Statistical analysis was performed by Student's t-test.

Molecular weight marker proteins were obtained from BioRad
Laboratories, USA, comprising myosin (200 kDa), p-galactosidase
(11,6.25 kDa), phosphorylase b (97.4 kDa), albumin (66.2 kDa), ovalbu-
min (42.7 kDa), carbonic anhydrase (31 kDa).

Results

The age, sex and preoperative fibrinolytic parameters of L3
patients are listed in Thble 1. Patients t,2 and 3 showed elevation
of EIIA. and shortening of EII[, whereas the other 10 patients
(patients 4-I3) showed normal levels of EEA and El-T, The
levels of the other fibrinolytic parameters including t-PA Ag,
fibrinogetr, plasminogen, CI,2-PI and FDP were all within normal
ranges, except for a slight increase of plasminogen which was
observed in patients 9 and 10. None of the patients showed any
signs of hemorrhagic diathesis.

The euglobulin fraction prepared from the plasma of patient 1

who showed the highest value of EFA was incubated with specific
IgG to either type of PAs and then the tibrinolytic activity was
examined (Thble 2). The EEA was significantly inhibited by
adding anti-t-PA IgG at the tinal concentration of 1.1 pglml
(p <0.01) but not by anti-u-PA IgG at lI.0 pelml, indicating that
EFA was mainly ascribed to t-PA.

Fig. 1 shows zymograms of fibrin autography and fibrinolytic
parameters of plasma samples taken from three patients (patients
l, 2 and 3) with the preoperative elevation of EFA and four
patients (patients 4, 5,6 and 7) without it, both before, during and
after operation. In all patients, fibrin autography of the plasma
samples obtained before operation showed mainly two lytic bands
of mol wt L10 kDa and 75 kDa, as well as a weak band of 90 kDa
which appeared after a longer incubation of indicator gel (Fig. 1,
lane 1). These lytic bands were plasminogen dependent (data not
shown) and were also observed on plasma from resting normal
subject (Fig.2, gel A, lane 1). Anti-t-PA IgG in the indicator gel
abolished the 110 kDa band, whereas the 75 kDa band and the
faint 90 kDa band were not completely abolished by anti-IgG to
either t-PA or u-PA (Fig.2, gel B and C, lane 1).

During the resection of the tumor, patients 1 and 2 showed a.

significant elevation of FDP level, a reduction of levels of
fibrinogetr, plasminogen and a2-PI (Fig. 1), and oozing in the
operating field. They were infused with 2 

^g. kg-' . hr-r of gabe-
xate mesilate and the oozing apparently ceased. The administra-
tion of gabexate was continued until the 5th postoperative day
when the FDP level returned to a normal range. Patient 3,

Reagents

Human t-PA was puritied from cultured human melanoma cells as

described (16). Human high molecular weight urokinase (u-PA) was
obtained from Mochida Pharmaceutical Co., Japan. Antisera against t-PA
and u-PA were raised in rabbits and IgGs were isolated by Protein A-
Sepharose chromatography. The anti-t-PA IgG inhibited t-PA activity
(ID, of 100 mU/ml t-PA: 0.1 pglml) but did not inhibit u-PA, on the
contrary the anti-u-PA IgG inhibited u-PA activity (IDro of 100 mU/ml
u-PA: 0.6 pglml) but did not inhibit t-PA. Human plasminogen was
prepared from plasma by affinity chromatography on lysine-Sepharose
(17). Bovine thrombin was purified from the commercially available
thrombin sample (Mochida Pharmaceutical Co., Japan) as described (18).

Table 2 Effects of anti-t-PA IgG and anti-u-PA IgG on the EFA of the
plasma of patient L

EEA (n rn)

Normal IgG
Anti-t-PA IgG
Anti-u-PA IgG

(11.0 pdml)
( 1.1 pelml)
(11.0 pdml)

5.8 + 0.1
4.0 + 0.0*
5.7 + 0.t

Euglobulin fraction was precipitated from the plasma of patient L and
resuspended in a volume of barbital buffer (0.03 M barbital, 0.12 M
NaCl, pH 7.4) corresponding to half the initial plasma volume. The
fraction was incubated for 15 min at25" C with rabbit normal IgG, anti-t-
PA IgG or anti-u-PA IgG at the concentration indicated in parenthesis.
Subsequently EFA was measured as described under Materials and
Methods. The diameters of sample wells are3.1 mm. Data are expressed
as means t SD (n - 3).

* p <0.0L compared to control (Student's t-test)
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showing the preoperative elevation of EFA, had an injection of L

gram of tranexamic acid just prior to operation. She did not show
the elevation of FDP level nor oozing during operation as seen in
the 10 patients whose EFAs were not elevated preoperatively
(patients 4-13, data of patients 8-13 were not shown).

The EEA was not detectable after the operation and elevated
again several days later in patients L, 2 and 3 . In patient 3, a

marked elevation of levels of EFA and t-PA Ag was observed on
the 7th post operative day when the analysis of plasma using fibrin
autography revealed an additional broad band of mol wt 50-60
kDa. The broad band appeared after a longer incubation of
indicator gels in the plasma from patient 3 on the 14th postopera-
tive day and from patient L one year after operation when EI1A
significantly elevated (Fig. 1, gel B). But the extents of EFA
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elevation were less than that observed in patient 3 and the t-PA
Ag did not increase. The intensity of the 110 kDa band increased
in all patients during operation or on the 1st postoperative day
and the elevation continued for several days, although the extent
and duration of elevation varied widely among individuals (Fig. 1,
gel A). The level of t-PA Ag also increased in the same period
and correlated well with the intensity of the 110 kDa band.
Several new bands between 60 kDa and 110 kDa appeared in
patient 2 postoperatively when the intensities of the 1L0 kDa band
and the t-PA Ag levels increased significantly. After a prolonged
incubation of gels, similar new bands also appeared in the other
patients, except patient 6, during or after operation when the

intensities of 110 kDa band and the t-PA Ag levels were high
(Fig. 1, gel B).

The PA activities in the plasma from a normal subject after
venous occlusion and those from patients 2 and 3 after operation
were characteized using anti-t-PA or anti-u-PA IgG (Fig.2). The
post-venous occlusion plasma produced two additional bands, a
broad band of 50-60 kDa and a faint one of 42 kDa. The 110 kDa
band was intensified in comparison with that of resting plasma.
The broad 50-60 kDa band in the plasma from patient 3

comigrated with that in post-venous occlusion plasma, and both
bands were inhibited by anti-t-PA IgG but not by anti-u-PA IgG.
Whereas, the 42kDa band, which was located slightly cathodal in
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Fig.3 Zymographic study of complex formation of free PA with its
major inhibitor in plasma. Free t-PA (final 6 ng/ml) o. u-PA (final 3 nel
ml) was added to t-PA depleted plasma. Immediately after addition or
after incubation for L5 min at 37" C, the mixture was subjected to SDS-
PAGE and analysed by fibrin autography. Lane L: plasma from patient 3

on the 7th postoperative day; lane 2: pooled plasma not depleted of t-PA;
lane 3: t-PA depleted plasma; lanes 4 and 5: t-PA depleted plasma
incubated with t-PA for 0 and L5 min, respectively; lanes 6 and 7: t-PA
depleted plasma incubated with u-PA for 0 and 15 min, respectively

the plasma of patient 3 probably due to the decreased level of
albumin (3.5 mg/dl) (19), was inhibited by anti u-PA-IgG and not
by anti t-PA-IgG. Thus, the 50-60 kDa band and the 42 kDa
band may ascribe to t-PA and u-PA, respectively. Almost all the
new bands of PA activity appearing in the plasma from patrent 2
were inhibited by anti-t-PA IgG.

The bands of PA activity in plasma samples were further
identified using free PA and t-PA depleted plasma (Fig.3). When
the t-PA was depleted from plasma by incubation with anti-t-PA
IgG coupled Sepharose 48, the 110 kDa band disappeared (lane
3). Free t-PA added to the t-PA depleted plasma produced a

60 kDa band (lane 4) which seems likely to be identical to the
tailing edge of the t-PA related broad 50-60 kDa band in the
plasma from patient 3 (lane 1). The 110 kDa band reappeared and
the 60 kDa band disappeared after incubation for 15 min at 37" C
(lane 5). The 42 kDa band appeared immediately after the

Fig.2 Analysis of plasma sam-
ples by fibrin autography with
rabbit normal IgG (A), with anti-
t-PA IgG (B) and with anti-u-PA
IgG (C) in the indicator gel.
Final concentrations of IgGs
were 10 pglml. Plasma obtained
from a normal subject at rest
(lane 1), after venous occlusion
(lane 2), from patient 3 on the
7th postoperative day (lane 3)
and from patient 2 on the 1st
postoperative day (lan e 4) were
studied

addition of free u-PA to t-PA depleted plasma (lane 6). The 95
kDa band was produced and the intensity of the 42 kDa band
reduced afterincubation for 15 min at37" C (lane 7). Thus, free
t-PA or u-PA added to t-PA depleted plasma rapidly formed a
L10 kDa complex of t-PA or 95 kDa complex of u-PA with its
major circulating inhibitor, PAI-L, in line with a previous report
(20).

Discussion

We have demonstrated that three (patients l, 2 and 3) of 13
patients with intracranial meningiomas showed the elevation of
t-PA related EEA before operation. Significant changes of fi-
brinolytic parameters and oozing in the operating field were
observed in patients L and 2 during the resection of tumors but not
in patient 3 who had been injected with tranexamic acid before
the operation. In these three patients, the elevation of EFA
disappeared within a few days after the operation and reappeared
afterwards. Fibrin autography revealed that a broad lytic band of
mol wt 50-60 kDa appeared in the plasma showing a significant
rise of EFA. The plasma from normal subjects after venous
occlusion produced a similar broad lytic band of mol wt
50-60 kDa. By the immunological technique using specific IgGs
to PAs and the reconstitution experiments using free t-PA and
t-PA depleted plasma, it was suggested that the broad lytic band
of mol wt 50-60 kDa was primarily produced by free t-PA. A
similar broad 50-60 kDa band has been observed in the euglobu-
lin fraction after venous occlusi on (21) or exercise (22) and in the
plasma after exercis e (22) as well as in the plasma from patients
with alcoholic cirrhosis showing shortened ELT (23). It has been
supposed that the appearance of free t-PA in plasma was due to
the enhancement of t-PA release from vascular endothelial cells
in the cases of venous occlusion and exercise (4) or to the
impairment of hepatic clearance of t-PA in the case of cirrhosis
(23). Meninges, choroid plexus and vascular endothelium in
normal brain (7), meningioma tissue (8) and meningioma cell line
(9) have been shown to produce PA. The free t-PA observed ih
plasma from meningioma patients may be derived from menin-
gioma tissues including endothelial cells in tumor stroma or
meningioma cells themselves. However, the finding that the
broad 50-60 kDa band is observed even after the major part of
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tumor has been removed suggests that free t-PA may originate
from tissue other than that of the tumor, e. g. from meninges,
choroid plexus or systemic vascular endothelial cells.

The oozing which occurred during the operation was well
controlled by the fibrinolytic inhibitor, tranexamic acid, or the
synthetic serine protease inhibitor, gabexate mesilate (24), and
the participation of excessive fibrinolysis can be postulated. The
release of PA from the surgical site into the circulation may cause

the oozing as suggested regarding the bleeding complications
following the surgery of the urinary tract or prostate (25). It is at
present unknown whether the pre- or postoperative elevation of
EFA and appearance of a broad lytic band of 50-60 kDa in
plasma and the excessive fibrinolysis during operation are due to
the PA originating from the same tissue. Although these findings
were obtained from only three patients, it seems likely that
preoperative EFA levels may have a predictive value for identifi-
cation of patients requiring prophylaxis of hemorrhagic diathesis
during operation.

In all patients, the levels of t-PA Ag were normal preopera-
tively but increased both during and after operation, and corre-
lated mainly to the intensities of a lytic band of mol wt of
110 kDa. The 110 kDa band was related to t-PA and appeared in
t-PA depleted plasma by incubating with free t-PA, suggesting
that it is due to a complex of t-PA with its major circulating
inhibitor of mol wt 50 kDa, PAI-I, in agreement with previous
reports (20,22,26). When the intensities of 110 kDa band and the
t-PA Ag levels increased significantly, several new bands between
60 kDa and 110 kDa appeared, and those activities were inhibited
by anti-t-PA IgG. The t-PA Ag assay using polyclonal antibodies
does not distinguish between free t-PA and t-PA-inhibitor com-
plexes (27). Therefore, the rise of t-PA Ag after operation seems

likely to result mainly from that of t-PA-PAI-L complex. A
significant increase of t-PA Ag and t-PA inhibition has been
observed after major abdominal surgery (28, 29), or total hip
replacement (30), and it is suggested that PAI-1 behaves like an
acute phase plasma protein (28).
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