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The aim of this study was to assess the cause of 
enhanced fibrinolysis in cirrhosis by studying the 
balance between profibrinolytic and antifibrinolytic 
proteins in 24 patients with mild or severe cirrhosis. 
Antigen levels of both tissue-type plasminogen acti- 
vator and plasminogen-activator inhibitor 1 were 
increased in mild and severe cirrhosis. Activity 
levels showed a very wide variability, but median 
activity levels of both proteins were normal. In most 
patients, the increase in tissue-type plasminogen 
activator was counterbalanced by the increased 
levels of plasminogen-activator inhibitor 1, but in a 
subgroup of patients the change in balance resulted 
in extremely high tissue-type plasminogen-activator 
levels. The specific activity of both proteins (activity/ 
antigen quotient) was reduced in either mild or 
severe cirrhosis. This finding indicates either that 
more enzyme-inhibitor complexes circulate in the 
blood of patients with cirrhosis than in normal 
individuals or that dysfunctional molecules circu- 
late. Plasminogen and %-antiplasmin antigen and 
activity levels were decreased in both mild and 
severe cirrhosis. The binding of q-antiplasmin to 
fibrin was decreased in severe cirrhosis, making 
fibrin clots more susceptible to lysis. Clot lysis 
experiments were performed to see if equal de- 
creases in plasminogen and %-antiplasmin levels, as 
found in cirrhosis, result in a change in the rate of 
fibrinolysis. It was found that the proportionate 
decreases led to enhancement of fibrinolysis, indicat- 
ing that the inhibitor depletion is more important 
than the proenzyme depletion. The authors con- 
clude that enhanced fibrinolysis frequently found in 
cirrhosis may be attributed to an increased tissue- 
type plasminogen-activator activity relative to plas- 
minogen-activator-inhibitor activity and decreased 

levels of q-antiplasmin, resulting in a reduced bind- 
ing of q-antiplasmin to fibrin. 

B leeding is a common complication in patients 
with cirrhosis, and some bleeding complications 

can be attributed to changes in hemostasis (1,2). 
Because the liver plays a critical role in the synthesis 
of coagulation factors and the clearance of activated 
coagulation factors, it is clear that a deterioration of 
liver function results in changes in coagulation. The 
liver is also involved in the synthesis and clearance of 
most fibrinolysis proteins, and the impairment of liver 
function will therefore result in several changes in 
fibrinolysis (S-10). Changes in fibrinolysis can have a 
serious impact on the hemostatic balance, as exampli- 
fied by congenital disorders of fibrinolysis, such as in 
patients with a homozygous deficiency of the fibrinol- 
ysis inhibitor a,-antiplasmin, who experience a life- 
long hemophilialike bleeding disorder (ll,l2). The 
hemophilialike clinical significance of enhanced fi- 
brinolysis in liver disease was indicated by Francis 
and Feinstein, who found that enhanced fibrinolysis 
predisposed to soft tissue hemorrhage after trauma 
and found a trend toward increased intracranial 
bleeding in patients with severe liver disease (13). 

Goodpasture was the first to show that enhanced 
fibrinolysis was common in cirrhosis (3). Several 
investigators have since reported enhanced fibrinol- 
ysis in liver disease and proposed different mecha- 
nisms for their findings (4,s). Some suggest a reduced 

Abbreviations used in this paper: a.&lP, q-antiplasmin; ECLT, 
euglobulin clot-lysis time; FDP, fibrin degradation product; PAI, 
plasminogen-activator inhibitor; PP, pooled normal plasma; t-PA, 
tissue-type plasminogen activator. 
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inhibition of fibrinolysis, due to decreased levels of 
plasminogen-activator inhibitors (PAIs) as well as 
plasmin inhibitors (6-8). Others suggest increased 
levels of plasminogen activators caused by reduced 
clearance as a cause for enhanced fibrinolysis (5,9,10). 
However, there is still no agreement on the role of the 
different fibrinolysis factors in the enhancement of 
fibrinolysis. One reason is the recent identification 
and characterization of several fibrinolytic proteins, 
another is that most studies focus on only one of the 
components of the fibrinolytic system. Because multi- 
ple changes occur in fibrinolysis in patients with 
cirrhosis, it may not be sufficient to study individual 
components; in contrast, these components must be 
studied in coherence. 

We therefore investigated the balance between profi- 
brinolytic and antifibrinolytic factors of the fibrin- 
olytic cascade. First, the balance between tissue-type 
plasminogen activator (t-PA) and PAI- was studied 
(14). Both t-PA and PAI- are synthesized and re- 
leased mainly by endothelial cells and are cleared by 
the liver (15-17). Second, we studied the balance 
between plasminogen and cY,-antiplasmin (a,-AP). 
Plasminogen is the proenzyme of plasmin, the key 
enzyme of fibrinolysis (Figure 1). The most important 
inhibitor of plasmin, a,-AP is synthesized by the liver 
in a very active plasminogen-binding form that is 
converted in circulation to a less active non-plasmino- 
gen-binding form (18). Besides its plasmin-inactivat- 
ing and plasminogen-binding properties, the plasmi- 

t-PA 

nogen-binding form of a,-AP has the ability to crosslink 
to fibrin, mediated by coagulation factor XIIIA (19). 
The binding of CY,-AP to fibrin is important because 
plasmin generated on the fibrin surface is inhibited in 
situ by the a,-AP cross-linked to fibrin. This inhibi- 
tion is more effective than inhibition by circulating 
a,-AP (20). ol,-Macroglobulin is a less important inhib- 
itor of plasmin. 

The approach of studying fibrinolytic proteins to- 
gether may reveal the relevance of the changes in the 
fibrinolytic balance in patients with liver disease and 
might therefore result in a better understanding of the 
mechanism of enhanced fibrinolysis in these patients. 

Materials and Methods 

Patients 

After informed consent was obtained in conform- 
ance with the Declaration of Helsinki. 24 outpatients in 
stable condition with biopsy-proven cirrhosis of different 
etiologies-alcohol abuse (n = lo), viral hepatitis (n = 5), 
autoimmune hepatitis [n = 6), and unknown (n = 3)- 
participated in the study. At the time of blood sampling, 
none of the patients had bleeding problems. The patients 
were classified according to Pugh’s modification of the 
Child classification (21). Clinical information was obtained 
from hospital records. Twelve patients with mild cirrhosis 
(Child’s class A) and 12 patients with severe cirrhosis 
[Child’s class C) were studied. Twelve healthy volunteers 
served as control group. 
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Figure 1. Schematic representation of the fibrinolytic system. During the last step in the coagulation cascade, fibrinogen is converted 
into fibrin by thrombin. Fibrin has only a temporary function and is degraded to FDPs by plasmin. Plasmin is formed upon activation of 
plasminogen by plasminogen activators, such as t-PA and urokinase plasminogen activator (u-PA). Plasminogen activator inhibitor 1 
controls fibrinolysis by inhibition of t-PA and, to a lesser extent, u-PA. Histidine-rich glycoprotein (HRG) regulates the amount of “free” 
plasminogen in the circulation by binding to plasminogen and is shown to be in a reversible equilibrium with plasminogen. 
o&rtiplasmin is the most important inhibitor of plasmin in the circulation, by forming plasmin-+P complexes. As shown here, it also 
has the ability to bind to plasminogen and to be cross-linked to fibrin, the latter being mediated by coagulation factor XIIIA. 
4-Macroglobulin is also a plasmin inhibitor but is less efficient than 4-AP. 
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Plasma 

Venous blood, obtained by venapuncture between 
10:00 AM and 12:00 noon, was collected in 0.11 mol/L 
trisodiumcitrate (9:l) and placed immediately on melting 
ice. Plasma was prepared by centrifugation at 2000g for 30 
minutes at 4’C and stored at -70°C until use. A laboratory 
reference value of 100% was obtained from pooled plasma 
(PP) of 20 healthy volunteers (male-female ratio, 1.0). 

Methods 

Plasminogen was measured using streptokinase for 
activation of plasminogen and HD-Nva-CHA-Lys-pNA as a 
substrate, both obtained from Behringwerke (Marburg, Ger- 
many) (22). Tissue-type plasminogen activator activity and 
PAI- of plasma were measured by spectrophotometric 
assays according to Verheijen et al. (23,24). The coefficients 
of variation of these assays are 9% and lo%, respectively. 
Antigen levels of t-PA were determined using an enzyme- 
linked immunosorbent assay (Biopool, Umea, Sweden) 
(coefficient of variation, 8%) (25). Levels of PAI- antigen 
were measured using a TintElize TM PAI- assay (cat no. 
210220) from Biopool with a coefficient of variation of 5%. 
Specific activity of t-PA and PAI- of the individual patients 
was calculated as the ratio of activity to antigen of t-PA and 
PAI-1, respectively. To determine the euglobulin clot-lysis 
time (ECLT), standard euglobulin fractions of plasma were 
prepared at pH 5.9 with a plasma dilution of 1:lO (26). 
Precipitates were redissolved in Tris/Tween buffer (0.1 
mol/L Tris/HCl; 0.1% Tween 80 (vol/vol], pH 7.5), and 0.2 
mL of the euglobulin fractions were clotted by addition of 
0.1 mL of calcium-thrombin solution (25 mmol/L CaCl, and 
10 NIH/L thrombin). The lysis time of the clot was recorded. 
The disappearance of air bubbles was regarded as the 
endpoint. Activity of a,-AP was measured using Behri- 
chrom a,-AP, using HD-Nva-CHA-Lys-pNA as a substrate 
(Behringwerke) (27). Levels of a,-AP antigen were measured 
by Rocket immunoelectrophoresis according to Laurell, 
using a 1.5% anti-a,-AP antiserum (Nordic Immunology, 
Tilburg, The Netherlands) (28). The ratio of plasminogen- 
binding to non-plasminogen-binding a,-AP was deter- 
mined by modified crossed immunoelectrophoresis (29). In 
this method we added monoclonal antibodies directed 
against the COOH-terminal part, the plasminogen-binding 
site, of (Y,-AP (30) in the first-dimension gel and polyclonal 
antiserum (Nordic Immunology) against a,-AP in the sec- 
ond dimension. The two obtained immunoprecipitation 
peaks represent the plasminogen-binding and the non- 
plasminogen-binding forms of (w,-AP, respectively, and the 
ratio was calculated as the ratio of the surfaces of the 
immunoprecipitation peaks determined with a computer- 
ized program using a Hipad digitalizer (Geveke Electronics, 
Amsterdam, The Netherlands]. The coefficient of variation 
of this assay is 2.5%. Binding of a,-AP to fibrin was studied 
by clotting 180 ~.LL plasma with 120 ~.LL of a mixture of 
thrombin (4.17 NIH/mL) and CaCl, (10.4 pmol/L) in 0.11 
mol/L NaCl, which was left standing at 37°C for 1 hour. In 
the serum supernatant and in a plasma sample incubated 
with 120 p,L of 0.15 mol/L NaCl, a,-AP activity was assayed 
as described above. The difference represented the amount 

of a,-AP bound to fibrin and was expressed relative to the 
patient’s own plasma level (relative value) and in absolute 
amounts (absolute value]. Factor XIIIA was determined 
according to the method of Laurel1 using an anti-factor 
XIIIA antiserum from Behringwerke (28). cx,-Macroglobulin 
was assayed according to Laurel1 using a 2% rabbit anti- 
human a,-macroglobulin antiserum (Nordic Immunology] 
(28). 

Fibrin-degradation products (FDPs) were measured in 
plasma using an enzyme immunoassay (obtained from 
Organon Teknika, Boxtel, The Netherlands) using a mono- 
clonal antibody against fragment E as catching antibody and 
a monoclonal antibody against the D-dimer as tagging 
antibody (31). Albumin levels were determined using the 
Bromocrysolgreen principle on a chemical analyzer (SMAC; 
Technicon Instruments Corp., Tarrytown, NY). 

In Vitro Studies 

Clot lysis experiments were performed to determine 
the effect of decreasing levels of plasminogen and a,-AP on 
the rate of fibrinolysis. Pooled normal plasma was depleted 
in plasminogen and plasminogen-binding a,-AP by affinity 
chromatography on Lysine Sepharose (32), followed by 
affinity chromatography on Kringle I-III Sepharose (pre- 
pared at Gaubius Institute). To this plasma, different 
amounts of both purified Glu-plasminogen and plasminogen- 
binding a,-AP were added to concentrations of 12.5%, 25%, 
50%, lOO%, and 150%. The concentrations of plasminogen 
and plasminogen-binding a,-AP in the PP (100% value) 
were 1.5 kmol/L and 0.7 kmol/L, respectively. Plasminogen 
was prepared from human Cohn III fraction (32), and 
purified plasminogen-binding a,-AP was obtained from 
Biopool. Ninety microliters of these plasma samples was 
clotted by addition of a mixture of 0.3 NIH thrombin and 4.5 
IU single-chain melanoma t-PA (33) in 7.5 ~J,L of a 0.2 mol/L 
CaCl, solution and 37.5 PL phosphate-buffered saline. 
These plasma samples were incubated at 37”C, and FDPs 
were measured after 10 minutes and every 5 minutes 
thereafter. 

Statistical Analysis 

Statistical analysis was performed using the Wil- 
coxon rank-sum test and the Spearman rank-correlation 
test. A P value of < 0.05 was considered significant. Unless 
otherwise stated, the values are expressed as median and 
range. 

Results 

Balance Between Tissue-Type Plasminogen 
Activator and Plasminogen-Activator Inhibitor 
1 in Cirrhosis 

We measured the total amount of t-PA and 
PAZ-1 in the circulation, using suitable antigen as- 
says. As shown in Table 1, both t-PA and PAI- anti- 
gen levels are strongly increased in both mild and 
severe cirrhosis. In Figure ZA, a relationship between 
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Table 1. Tissue-Type Plasminogen Activator and Its Inhibitor in Cirrhosis 

Control Child’s class A Child’s class C 
(n = 12) (n = 12) (n = 12) 

t-PA antigen (ng/mL) 
Median (range) 3.8 (X0-8.0) 11.7 (3.1-38.1)” 27.1 (13.5-129)” 
Mean 4 SD 4.2 % 1.9 13.6 2 9.6 36.8 k 30.6 

t-PA activity (mW/mL) 
Median (range) 127 (l-590) 28 (o-1770)’ 29 (l-6220)’ 
Mean k SD 196 k 211 222 2 499 899 ” 1728 

t-PA specific activity (mlU/ng) 
Median (range) 41 (O-295) 2 (O-183)” 12 (O-84)’ 
Mean +- SD 74 * 99 29 2 55 23 2 28 

PA1 antigen (ng/mL) 
Median (range) 7.0 (2.3-18.5) 18.5 (5.0-48.8)’ 21.6 (13.3-108)” 
Mean 2 SD 8.2 2 4.8 18.6 c 13.7 35.8 2 33.6 

PA1 activity (IU/mL) 
Median (range) 2.5 (0.9-7.8) 4.6 (o-22.0)’ 4.2 (O-67.8)’ 
Mean 2 SD 2.8 k 2.1 5.5 2 6.2 9.8 + 18.9 

PA1 specific activity (IU/ng) 
Median (range] 0.31 (0.16-0.96) 0.24 (o-0.45)’ 0.18 (o-0.65)” 
Mean + SD 0.35 2 0.21 0.21 k 0.15 0.20 2 0.18 

NOTE. Results of t-PA antigen levels and activity and PAI- activity and antigen levels of plasma in patients with Child’s class A and Child’s 
class C cirrhosis compared with a reference group. The specific activities of both t-PA and PAl-1 were calculated as the activity-to-antigen 
ratio of the individual patients. 
“P < 0.002, *P < 0.0001, ‘NS, ‘P < 0.05, ‘P < 0.01, aII vs. control. 

individual levels of t-PA antigen and PAI- antigen in 
blood, which is well-known in normal individuals 
and maintained in patients with cirrhosis, can be 
seen. The t-PA and PAI- antigen levels of the total 
group of patients correlated significantly (r = 0.71; 
P < 0.001). In the total amounts, reflected in the 
antigen concentrations, the balance of t-PA/PAI-1 
seemed to change in patients with cirrhosis. This 

Figure 2. Antigen levels of 
t-PA and PAL1 in cirrhosis. 

A. Antigen levels of t-PA and 
PAl-1 in healthy individuals 
and patients with mild (Child’s 
class A) and severe (Child’s 
class C) cirrhosis. The correla- 
tion coefficients of the normal 
individuals and those with 
mild and severe cirrhosis are 
0.48 (P < 0.05), 0.83 (P < 
0.001). and 0.83 (P < O.OOl), 
respectively. 

B. The ratios between t-PA 
and PAl-1 antigen levels of all 
healthy individuals (N) and 
patients with mild (Child’s 
class A) and severe (Child’s 
class C) cirrhosis. The harizon- 
tai iines indicate the median. 
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finding is illustrated in Figure 2B using the ratio of 
t-PA antigen to PAI- antigen (in mol/mol), showing a 
trend toward increased levels of t-PA compared with 
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A main question is how increases in the counteract- 
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There is a normal median t-PA activity in both patient 
groups, suggesting that the increased t-PA concentra- 
tion is controlled by the increased PAI- level. These 
findings are supported by the fact that the specific 
activity of t-PA, calculated as the quotient (t-PA 
activity:t-PA antigen) of the individual patients, is 
reduced in mild cirrhosis (P < O.O5), whereas the 
same trend is seen in severe cirrhosis (P = 0.06). 
Specific activity of PAI- is also reduced in severe 
cirrhosis, as shown in Table 1. However, the evalua- 
tion of median values does not appropriately reflect 
the situation and does not account for the very wide 
variability of t-PA activity levels found in both mild 
and severe cirrhosis. In Figure 2, the individual levels 
of t-PA activity are plotted against the individual PA1 
activity levels of both healthy volunteers and patients 
with severe cirrhosis. As can be seen, t-PA activity 
levels correlated negatively with PA1 activity levels in 
both controls (r = -0.75; P < 0.01) and patients 
(r = -0.68; P < 0.02). When a curve is plotted through 
the individual levels of t-PA activity and PA1 activity 
of the controls and the group of patients with severe 
cirrhosis, a shift in the balance of these parameters 
can be seen (Figure 3). This shift accounts for a much 
wider variation in t-PA activity values and especially 
for extremely high t-PA activity in a subgroup of 
patients. In patients with severe cirrhosis, low levels 
of PA1 activity (< 2 IU/mL) are associated with ex- 
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Figure 3. Tissue-type plasminogen activator and its inhibitor in 
cirrhosis. Levels of t-PA activity and PAI-1 activity of individual 
patients with severe cirrhosis and normal subjects. A shift in 
balance between these two fibrinolysis parameters is shown in 
severe cirrhosis. 

tremely high levels of t-PA activity. In the other 
patients (PA1 activity levels > 2 IU/mL), t-PA activity 
is not increased. The net result of these changes in 
t-PA and PAI- on overall fibrinolytic activity was 
also measured by the ECLT. The ECLT was > 180 
minutes in all healthy individuals. In mild cirrhosis, 
the ECLT was > 180 minutes in 7 patients and 
between 107 and 172 minutes in the other 5 patients. 
In severe cirrhosis, the ECLT was > 180 minutes in 6 
patients and between 18 and 130 minutes in the other 
6 patients. The 4 patients with the highest t-PA 
activity all had shortened ECLTs (18,27,51, and 73 
minutes). 

Balance Between Plasminogen and 
cx,-Antiplasmin 

The amount of plasminogen was decreased in 
both mild (66; 42%-95%; P < 0.005) and severe (41; 
13%67%; P < 0.0001) cirrhosis compared with the 
control group (88; 71%-126%). In mild and severe 
cirrhosis, both a,-AP activity and antigen levels were 
decreased (Figure 4). The ratio between the two 
molecular forms (plasminogen-binding and non- 
plasminogen-binding forms) was measured using mod- 
ified crossed immunoelectrophoresis (Figure 5). The 
ratio was increased in mild cirrhosis (2.8; 2.1-3.7; 
P < 0.001) and in severe cirrhosis (4.0; 1.7-15.4; 
P < 0.005) (control, 2.2; 1.8-2.7). 

The relative amount of a,-AP bound to fibrin is 
normal in mild but increased in severe cirrhosis 
(Figure 4). Levels of coagulation factor XIIIA, which 
mediates the binding of (Y,-AP to fibrin, are decreased 
in mild (76; 52%119%; P < 0.025) and severe (76; 
41%116%; P < 0.005) cirrhosis compared with the 
control group (94; 81%122%). Although the relative 
amount of a,-AP bound to fibrin is increased in severe 
cirrhosis, the absolute amount is decreased because of 
the strong reduction of total a,-AP level. Levels of 
ol,-macroglobulin, also capable of inhibiting plasmin, 
were increased in mild cirrhosis (132%; 98%-257%; 
P < 0.005) and normal in severe cirrhosis (105%; 
82%~178%) (control, 89%; 59%-127%) (data not 
shown). 

In Vitro Clot-Lysis Studies 

As stated above, we found that plasminogen 
and a,-AP levels are decreased about equally in 
cirrhosis. Because plasminogen is the proenzyme of 
plasmin and a,-AP its inhibitor, these changes would 
theoretically counteract each other. By performing 
clot-lysis studies we tried to assess the influence of 
this equal decrease on the rate of fibrinolysis. After 
depleting PP of plasminogen and a,-AP, we added 
back proportionate measured amounts of both pro- 
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we considered various components together, notably 
the profibrinolytic and antifibrinolytic factors at two 
levels of the fibrinolytic cascade. 

The increase of both t-PA antigen and PAI- antigen 
levels in our patients is in accordance with the 
findings of most other studies (34-40). However, 
Hersh et al. report decreased t-PA inhibition in pa- 
tients with liver disease and suggest that the enhance- 
ment of fibrinolysis was related to a decreased t-PA- 
inhibitor antigen level (39). We could not support 
these data by our study, nor could others (37-39). 
Tran-Thang et al. suggest that the increased PAI- 

olAP ag a2AP act Relative Absolute 
amount of 

Figure 4. q-Antiplasmin in cirrhosis. q-Antiplasmin activity and 
antigen levels and the relative and absolute amount of qAP 
bound to fibrin in normal subjects (control; n = 12) and those 
with Child’s class A (n = 12) and Child’s class C (n = 12) cirrho- 
sis. Bars indicate mean values; lines indicate SD. *P < 0.005, ‘P 
< 0.001, "P < 0.01, 'NS, all vs. the control group. 

teins. These plasma samples were clotted by adding 
thrombin and lysed by addition of t-PA. Lysis was 
recorded by measuring FDPs in the fluid phase of the 
clot. Figure 6 shows that equal decreases of plasmino- 
gen and o,-AP levels result in a shortening of the lysis 
time. For instance, it takes 100 minutes to achieve 
complete lysis of the clot if both concentrations are 
lOO%, but it only takes 35 minutes if both concentra- 
tions are 25% compared with PP. The clot-lysis 
experiments suggest that the equal decreases in plas- 
minogen and ax-AP levels found in cirrhosis result in 
enhancement of fibrinolysis. 

Discussion 

Earlier studies on fibrinolysis in cirrhosis sug- 
gested that reduced inhibition of fibrinolysis or in- 
creased levels of plasminogen activators could be 
responsible for enhanced fibrinolysis (3-10). How- 
ever, all these studies focused mainly on one of the 
components of the fibrinolytic system only. In our 
study of patients with different degrees of cirrhosis, 

PB NPB 
Figure 5. The two molecular forms of %-AP. Modified crossed 
immunoelectrophoresis to assay the plasminogen-binding (PB) 
and the non-plasminogen-binding (NPB) forms of q-AP in plasma 
of a healthy volunteer, with a PB-NPB ratio of 2.3 (A) and of a 
patient with severe cirrhosis, with a PB-NPB ratio of 4.0 (B). 
Monoclonal antibodies (MCA) were added to the first-dimension 
gel. In the second-dimension gel, polyclonal antibodies against 
o.+W were added. The ratio of PB-NPB forms of qAP was 
calculated as the ratio of the surfaces of the immunoprecipitation 
peaks. 
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Figure 6. In vitro plasma clot-lysis experiments. Plasma samples 
containing various but equal concentrations of plasminogen- 
binding 4-AP and plasminogen were clotted and incubated at 
37°C. The lysis of the clots was recorded by measuring FDPs in the 
fluid phase of the clot. The FDP levels, expressed as percentages of 
the maximum FDP level [obtained after complete lysis of the clot), 
are given on the vertical axis. Levels of FDPs were measured 
every 5 minutes up to 140 minutes of incubation. Plasminogen 
and U&P concentrations are given as a percentage of PP (100% 
represents 1.5 Fmol/L and 0.7 pmol/L, respectively): ??,12.5%; A, 
25%; 0,50%; A, 100%; W, 150%. 

antigen level was related to its acute-phase reactant 
property and that the PAI- increase may serve as an 
early indicator of liver defects (39). However, we 
found that both t-PA and PAI- antigen levels in- 
creased concomitantly with the severity of the dis- 
ease. This increase can be caused by decreased clear- 
ance by the liver. Normally, t-PA and PAI- are 
cleared rapidly by the liver, with half-lives of 4 and 10 
minutes, respectively (17). Our results support the 
conclusions of earlier studies that a detoriation of 
liver function will lead to a decreased clearance and 
increase of both proteins in the circulation (35,38). 
However, this does not explain the findings of our 
study that the balance between t-PA and PAI- anti- 
gen changes slightly in favor of t-PA, as shown in 
Figure 2B. The fact that PAI- is synthesized partly by 
the liver and partly by endothelial cells, whereas t-PA 
is synthesized only by endothelial cells, may account 
for this change in t-PA and PAI- balance. Metabolism 
studies have not yet been performed to study the 
clearance of t-PA and PAI- and their complexes in 
cirrhosis and remain necessary to confirm the conclu- 
sions of our study and earlier ones. By calculating the 
specific activity of t-PA and PAI-1, we provided 
evidence for a shift in the composition of the circulat- 
ing amounts of t-PA and PAI-1. The specific activities 
of both t-PA and PAI- were decreased, indicating 
larger amounts of enzyme-inhibitor complexes in the 
patients than in the healthy individuals. Although we 
did not directly show t-PA bound to inhibitors by 

measuring the complexes, our results are supported 
by recent findings of Leiper et al., who showed an 
increase of t-PA-PAI- complexes in cirrhosis (41). 
The possibility cannot be excluded that the decreased 
specific activity of t-PA or PAI- is caused by the 
circulation of dysfunctional molecules. It is known 
that in most patients with cirrhosis, abnormal coagu- 
lation factors (i.e., dysfunctional fibrinogen mole- 
cules) are synthesized by the diseased liver (42). The 
antigen assays used in this study for t-PA and PAI- 
are recording free and complexed molecules equally 
effective (43). Therefore, changes in the balance be- 
tween t-PA and PAI- antigen levels in cirrhosis 
cannot be attributed to the circulation of t-PA-PAI- 
complexes. 

For the first time, both t-PA and PAI- activities in a 
well-defined population of patients with cirrhosis 
were studied. Although a wide range of activity levels 
of both t-PA and PAI- was found, the median values 
of both are not significantly different in mild and 
severe cirrhosis compared with controls. The results 
of the few earlier studies on t-PA activity levels are 
contradictory in this respect. Boks et al. (34) did not 
find an increase of t-PA activity, whereas Hersh et al. 
(40) found increased t-PA activity in a subgroup of 
patients with cirrhosis. In the only study that reported 
PA1 activity levels in liver disease, Kruithof et al. (37) 
found increased PA1 activity in seven unclassified 
patients with hepatic insufficiency, which might have 
been due to two patients with extremely high levels of 
PA1 activity. We classified the patients according to 
severity of disease and found no relationship between 
the severity of disease and t-PA or PAI- activity 
levels. Therefore, we suggest that patients should be 
evaluated as individuals rather than as groups. In 
individual patients, this increased t-PA activity rela- 
tive to PAI- activity can result in extremely high t-PA 
activity, as is shown in Figure 3. This finding is in 
accordance with the shortening of the ECLT. Only 
these patients may be at risk for a bleeding tendency 
due to increased fibrinolysis. 

The balance between profibrinolytic and antifibrin- 
olytic factors was also studied at the plasminogen and 
a,-AP level. Antigen and activity levels of CY,-AP were 
decreased in mild and severe cirrhosis. This finding 
confirms those of earlier studies by Arnman et al. (44) 
and Aoki et al. (45), who suggested that the decrease 
in a,-AP resulted in enhanced fibrinolysis. They did 
not study this decrease in relation to plasminogen, 
which is also decreased in cirrhosis (46-48). The 
decrease in plasminogen theoretically counteracts the 
decrease in a?-AP. To evaluate the importance of 
equally decreased plasminogen and IX,-AP levels for 
clot lysis, we performed in vitro clot-lysis studies. We 
depleted PP from plasminogen and a,-AP and added 
back proportionate amounts of both proteins. The 
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samples were clotted, then clot lysis was recorded. 
Equal decreases in plasminogen and a,-AP resulted in 
an increased rate of fibrinolysis. Therefore, we sug- 
gest that the net effect of decreased levels of both 
plasminogen and ct,-AP is an enhancement of fibrinol- 
ysis due to a dominating role of a,-AP. As shown in 
Figure 6, the pattern of the lysis of the various fibrin 
clots is similar and the difference in lysis time is 
dependent on the lag time. This is in accordance with 
other clot-lysis tests, such as the ECLT, in which the 
lag time also determines the length of the lysis time. 

We also studied the binding of a,-AP to plasmino- 
gen and fibrin. The proportion of (u,-AP in the circula- 
tion that is bound to plasminogen is increased as 
determined by an increase in the ratio of the active 
plasminogen-binding form and the less active non- 
plasminogen-binding form of a,-AI’. This might be 
caused by a decrease in the normally occurring 
conversion of the plasminogen-binding form into the 
non-plasminogen-binding form. The mechanism of 
the conversion is still unknown, but our findings may 
indicate that the liver, or a factor derived from the 
liver, is involved in this process. 

Because of the low levels of total CY,-AP, the (abso- 
lute) amount of a,-AP binding to fibrin is decreased in 
severe cirrhosis. The relative amount of a,-AP binding 
to fibrin, however, is increased in severe cirrhosis. 
This finding might be attributed to the relative in- 
crease in plasminogen-binding cxU,-AP compared with 
non-plasminogen-binding ol,-AP, as mentioned above, 
because only the plasminogen-binding form of a,-AP 
binds to fibrin (19). The reduced inhibition of plas- 
min, both in circulation due to a decrease in total 
a,-AP and at the fibrin surface due to a reduced 
cross-linking of (w,-AP to fibrin, may make fibrin more 
susceptible to lysis and lead to enhanced fibrinolysis 
in cirrhosis. ol,-Macroglobulin does not seem to play a 
role in enhancing fibrinolysis in patients with cirrho- 
sis. 

at the 

Conclusions 

Our study showed that several changes occur 
two levels of the fibrinolytic mechanism stud- 

ied. The changes include increased t-PA and PAI- 
antigen levels, abnormal correlation between t-PA 
and PAI- blood levels, reduced plasminogen and 
(Y,-AP levels, a changed balance between plasminogen- 
binding a,-AP and non-plasminogen-binding a,-AP, 
and a reduced binding of a,-AP to fibrin. We suggest 
that enhanced fibrinolysis frequently seen in patients 
with cirrhosis is caused by increased t-PA activity 
relative to PAI- activity and decreased levels of 
cx,-AP, resulting in a reduced binding of ct2-AP to 
fibrin. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Il. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

References 

Bloom AL. Intravascular coagulation and the liver. Br J Haema- 
to1 1975;30:1-7. 
Kelly DA, Tuddenham EGD. Haemostatic problems in liver 
disease. Gut 1986;27:339-349, 
Goodpasture EW. Fibrinolysis in chronic hepatic insufficiency. 
Bull Johns Hopkins Hosp 1914;25:330-336. 
Ratnoff OD. Studies on a proteolytic enzyme in human plasma 
IV. The rate of lysis of plasma clots in normal and diseased 
individuals, with particular reference to hepatic disease. Bull 
Johns Hopkins Hosp 1949;84:29-42. 
Fletcher AP. Biederman 0, Moore D. Alkjaersig N, Sherry S. 
Abnormal plasminogen-plasmin system activity (fibrinolysis) 
in patients with hepatic cirrhosis: Its cause and consequences. 
J Clin Invest 1964;43:681-695. 
Kwaan HC, McFadzean AJS, Cook J. Plasma fibrinolytic activ- 
ity in cirrhosis of the liver. Lancet 1956:1:132-136. 
von Kaulla KN. Liver in regulation of fibrinolytic activity. 
Lancet 1964;1:1046-1047. 
O’Connell RA, Grossi CE, Rousselot LM. Role of inhibitors of 
hbrinolysis in hepatic cirrhosis. Lancet 1964:2:990-991. 
Ogston D, Bennett NB, Ogston CM. The fibrinolytic enzyme 
system in hepatic cirrhosis and malignant metastases. 1 Clin 
Path01 1971;24:822-826. 
Mowat NAG, Brunt PW, Ogston D. The fibrinolytic enzyme 
system in acute and chronic liver injury. Acta Haematol 
1974;52:289-293. 
Aoki N. Saito H. Kamiya T, Koie K, Sakata Y. Kobakura M. 
Congenital deficiency of cY,-plasmin inhibitor associated with 
severe hemorrhagic tendency. J Clin Invest 1979;63:877-884. 
Leebeek FWG, Stibbe J, Knot EAR, Kluft C. Comes MJ, Beude- 
ker M. Mild haemostatic problems associated with congenital 
heterozygous u,-antiplasmin deficiency. Thromb Haemost 1988: 
59:96-100. 
Francis RB, Feinstein DI. Clinical significance of accelerated 
fibrinolysis in liver disease. Haemostasis 1984;14:460-465. 
Sprengers ED, Kluft C. Plasminogen activator inhibitors. Blood 
1987;69:381-387. 
Rijken DC, van Hinsbergh VWM, Sens EHC. Quantitation of 
tissue type plasminogen activator in human endothelial cell 
cultures by use of an enzyme immunoassay. Thromb Res 
1984;33:145-153. 
Sprengers ED, Verheijen JH. van Hinsbergh VWM. Emeis JJ. 
Evidence for the presence of two different fibrinolytic inhibi- 
tors in human endothelial cell conditioned medium. Biochim 
Biophys Acta 1984;801:163-170. 
Brommer EJP, Derkx FHM, Schalekamp MADH. Dooijewaard 
G. van der Klaauw MM. Renal and hepatic handling of 
endogenous tissue-type plasminogen activator (t-PA) and its 
inhibitor in man. Thromb Haemost 1988:59:404-411. 
Kluft C, Los P, Jie AFH. van Hinsberg VWM, Vellenga E, 
Jespersen J. Henny ChP. The mutual relation of the two 
molecular forms of the major fibrinolysis inhibitor, (Ye- 
antiplasmin in blood. Blood 1986:67:616-622. 
Kluft C, Los P. Jie AFH. The molecular form of a,-antiplasmin 
with affinity for plasminogen is selectively bound to fibrin by 
factor XIII. Thromb Res 1984:33:419-425. 
Aoki N. Harpel PC. Inhibitors of the fibrinolytic system. Sem 
Thromb Hemostas 1984;10:24-41. 
Pugh RNH, Murray-Lyon IM, Dawson JL. Pietroni MC, Williams 
R. Transection of the oesophagus for bleeding oesophageal 
varices. Br J Surg 1973;60:646-649. 
Jacobi E. Karges HE. Heimburger N. Plasminogen bestimmung 
als routinetest. Dtsch Med Wochenzeitschr 1976;101:1020- 
1022. 
Verheijen JH, Mullaart E. Chang GTG, Kluft C, Wijngaards G. A 



1390 LEEBEEK ET AL. GASTKOENTEROLOGY Vol. 101. No. 5 

simple sensitive spectrophotometric assay for extrinsic (tissue- 
type) plasminogen activator applicable to measurement in 
plasma. Thromb Haemost 1982;48:266-269. 

24. Verheijen JH, Chang GTG, Kluft C. Evidence for the occurrence 
of a fast acting inhibitor of tissue type plasminogen activator in 
human plasma. Thromb Haemost 1984;51:392-395. 

25. Bergsdorf N, Nilsson T, Wallen P. An enzyme linked immu- 
nosorbent assay for the determination of tissue plasminogen 
activator applied to patients with thrombotic disease. Thromb 
Haemost 1983;50:740-744. 

26. Kluft C, Brakman P, Veldhuyzen-Stolk EC. Screening of fibrin- 
olytic activity in plasma euglobulin fractions on the fibrin 
plate. In: Davidson JF, Samama MM, Desnoyers PC, eds. 
Progress in chemical fibrinolysis and thrombolysis. Volume 2. 
New York: Raven, 1976:57-65. 

27. Dick W, Cullman W. Automatisierung eines neues amydolitis- 
then verfahren zur a,-antiplasmin-bestimmung im plasma. 
Lab Med 1983;7:51-54. 

28. Laurel1 CB. Quantitative estimation of proteins by electrophore- 
sis in agarose gel containing antibodies. Anal Biochem 1966:15: 
57-65. 

29. Kluft C, Los P. Demonstration of two forms of a,-antiplasmin in 
plasma by modified crossed immunoelectrophoresis. Thromb 
Res 1981;21:65-71. 

30. Hattey E, Wojta J. Binder BR. Monoclonal antibodies against 
plasminogen and alpha,-antiplasmin: binding to native and 
modified antigens. Thromb Res 1987;45:485-495. 

31. Koppert PW, Hoegee-de Nobel E. Nieuwenhuizen W. A mono- 
clonal antibody-based enzyme immunoassay for fibrin degrada- 
tion products in plasma. Thromb Haemost 1988;59:310-315. 

32. Deutz DG, Mertz ET. Plasminogen purification from human 
plasma by affinity chromatography. Science 1970;170:1095- 
1096. 

33. Kluft C, van Wezel AL, van der Velden CAM, Emeis JJ, 
Verheijen JH, Wijngaards G. Large-scale production of extrin- 
sic [tissue-type) plasminogen activator from human melanoma 
cells. Adv Biotechn Proc 1983;2:97-110. 

34. Boks AL, Brommer EJP, Schalm SW, vanVliet HHDM. Hemosta- 
sis and fibrinolysis in severe liver failure and their relation to 
hemorrhage. Hepatology 1986;6:79-86. 

35. Booth NA, Anderson JA, Bennett B. Plasminogen activator in 
alcoholic liver cirrhosis: demonstration of increased tissue 
type and urokinase type activator. J Clin Path01 1984;37:772- 
777. 

36. Juhan-Vague I, Rijken DC, de Cock F, Mandez C, Collen D. 
Extrinsic plasminogen activator levels in clinical plasma sam- 
ples. Prog Fibrinolysis 1983;6:65-69. 

37. Kruithof EKO, Gudinchet A, Bachmann F. Plasminogen activa- 
tor inhibitor 1 and plasminogen activator inhibitor 2 in various 
disease states. Thromb Haemost 1988;59:7-12. 

38. Takahashi H, Tatewaki W, Wada K. Yoshikawa A, Shibata A. 
Thrombin and plasmin generation in patients with liver dis- 
ease. Am J Hematol 1989;32:30-35. 

39. Tran-Thang C, Fasel-Felley J, Pralong G, Hofstetter JR, Bach- 
mann F, Kruithof EKO. Thromb Haemost 1989;62:651-653. 

40. Hersh SL, Kunelis T, Francis RB. The pathogenesis of acceler- 
ated fibrinolysis in liver cirrhosis: a critical role for tissue 
plasminogen activator inhibitor. Blood 1987;69:1315-1319. 

41. Leiper K, Booth NA, Reith A, Moore NR, Bennett 8. Plasmino- 
gen activator inhibitors (PAI-1, PAI-2) and t-PA-PAI- com- 
plex in liver disease (abstr). Fibrinolysis 1990;4(Suppl 3):150. 

42. Samama M, Soria J, Soria C. Congenital and acquired dysfibrin- 
ogenemia. In: Poller L, ed. Recent advances in blood coagula- 
tion Edinburgh: Churchill Livingstone, 1977:313-335. 

43. Kluft C, Jie AFH. Comparison of specificities of antigen assays 
for plasminogen activator inhibitor-l (PAI-1). Fibrinolysis 1990; 
4(Supp12):136-137. 

44. Amman R, Gyzander E, Hedner U, Olsson R, Teger-Nilsson AC. 
Natural protease inhibitors to fibrinolysis in liver diseases. 
Hepatogastroenterology 1980;27:254-258. 

45. Aoki N, Yamanaka T. The cY,-plasmin inhibitor levels in liver 
diseases. Clin Chim Acta 1978;84:99-105. 

46. Collen D, Rouvier J, Chamone DAF, Verstraete M. Turnover of 
radiolabelled plasminogen and prothrombin in cirrhosis of the 
liver. Eur J Clin Invest 1978;8:185-188. 

47. Stein SF, Harker LA. Kinetic and functional studies of platelets, 
fibrinogen, and plasminogen in patients with hepatic cirrhosis. 
J Lab Clin Med 1982;99:217-230. 

48. Leebeek FWG. Kluft C, Knot EAR, de Maat MPM. Histidine-rich 
glycoprotein is elevated in mild liver cirrhosis and decreased in 
severe liver cirrhosis. J Lab Clin Med 1989;113:493-497. 

Received April 19,199O. Accepted May 22,1991. 
Address requests for reprints to: Frank W. G. Leebeek. M.D., 

Ph.D., Department of Pathology, Division of Thrombosis and 
Hemostasis, Brinkhous Bullit Building Room 601, University of 
North Carolina at Chapel Hill, Chapel Hill, North Carolina 27599- 
7525. 

The authors thank Dr. H. R. van Buuren, Dr. P. J. A. Willemse, 
and Dr. R. J. Swart for allowing them to study their patients and P. 
Los, A. C. W. de Bart, F. J. Kasper, and A. F. H. Jie for technical 
assistance. 


