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Summary. Plasminogen activator inhibitor-1 plays a ma- 
jor role in the fibrinolytic system as the main physiologi- 
cal inhibitor of both tissue-type and urinary-type plasmi- 
nogen activators. The inhibitor is present in plasma in 
small amounts and derives mainly from endothelial cells. 
Positive correlations have been reported between plasma 
levels and different parameters, such as serum triglyce- 
rides, insulin plasma levels and body mass index. More- 
over, high plasma inhibitor concentrations have been ob- 
served in different disease states, but it must be stressed 
that plasminogen activator inhibitor-1 behaves as an 
acute-phase reactant and measurement of plasma levels is 
not significant in the acute phase of  the disease. A possi- 
ble predictive value of inhibitor levels for thrombotic 
events such as deep vein thrombosis and ischemic heart 
disease has been studied. On the basis of available stud- 
ies, the predictive value is not clear for venous thrombo- 
sis, whereas plasminogen activator inhibitor-1 levels can 
predict some coronary events, at least in subgroups of  
young patients with a first myocardial infarction. It re- 
mains to be established if treatments able to reduce plas- 
ma inhibitor levels lead to a decrease in the risk of throm- 
boembolic events. 
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Introduction 

Plasminogen activators play a central role in the function 
of  the fibrinolytic system. These activators, i.e., tissue- 
type (tPA) and urinary-type (uPA) are inhibited by at 
least four specific inhibitors [plasminogen activator in- 
hibitors (PAI)] which have been the subject of intensive 
studies in the last decade. PAI-1 and PAI-2 have been 
widely investigated, while little information is available 
about PAI-3 and PAI-4 [44]. 
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Among the specific inhibitors, a pivotal role is played 
by PAI-1, the main physiological inhibitor of  tPA and of 
uPA [22], which has been extensively studied in the last 
few years. In fact, some familial thrombophilic states 
associated with impaired fibrinolysis, previously attribut- 
ed to a defective release of  tPA, have been demonstrated 
to be due to high PAI activity [21]. 

Sites of PAI-1 formation 

PAl-1 (endothelial cell-type PAI) is present in plasma in 
small amounts [8] and is stored in large amounts in alpha- 
granules of blood platelets [13], which account for more 
than 90% of  PAI-1 present in the blood [4, 46]; however 
they are not the main source of  plasma PAI-1. Plasma 
PAI-1 mostly derives from endothelium [5, 43]. The con- 
centration of  PAI-! in platelet-rich plasma, after platelet 
lysis by sonication, is proport ional  to the platelet count 
[5]. In addition to endothelial cells [11], PAI-1 is synthe- 
sized by fibroblasts, smooth muscle cells [30], human hep- 
atocytes [45] and by different neoplastic cell lines. In a 
recent study [42] carried out on extracts of  human tissues 
obtained at necroscopy, in which the PAI-1 concentra- 
tion was immunologically measured in many different 
tissues and organs, liver and spleen were found to be the 
organs in which PAI-1 was detectable at the highest con- 
centration. In contrast, other tissues, such as myocardi- 
um or brain, contain hardly any PAI-1. 

Physiological aspects 

PAI-1 is a single-chain glycoprotein with a molecular 
weight of  about 52 kDa composed of  379 amino acids. It 
is a serine protease inhibitor with a reactive-site peptide 
bond of Arg 346-Met 347. PAI-1 may be found in two 
different functional forms: active and latent. PAI-1 con- 
tained in endothelial cells is mostly in the active form, but 
when released it becomes inactive with a half-life of  about 
30 rain [33]. The loss of plasminogen activator inhibitory 
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properties of active PAI-1 is probably due to a conforma- 
tional change in the molecule. In contrast, in platelets 
96%-97% of PAI-1 is in the inactive or latent form. In 
vitro activation of latent PAI-1 can be reversibly achieved 
with protein denaturants, such as sodium dodecyl sulfate 
and urea, and their removal with nonionic detergents 
induces renaturation [19]. 

Active PAI-1 forms complexes in a 1:1 stoichiometric 
ratio with tPA and inactivates it, in the same way as 
another inhibitor antithrombin III inactivates thrombin. 
PAI-1 reacts with single-chain and two-chain tPA and 
with two-chain uPA, but not with single-chain uPA or 
with the streptokinase-plasmin complex [29]. PAI-1 is sta- 
bilized in plasma by binding to protein S or vitronectin [9] 
but can be enzymatically inactivated by thrombin and 
activated protein C. The PAI-1 concentration can be 
measured by immunological assays (antigen, PAI-1 Ag) 
or by functional assays (activity, PAI activity). It should 
be stressed that assay of PAI activity is influenced by tPA 
levels. 

A good correlation between plasma PAI-1 Ag and 
PAI-1 activity has been reported in normal subjects [50]; 
however in some clinical conditions the correlation may 
be poor [41]. Different assays are able to detect total 
PAI-1, free PAI-1 [40] and tPA-PAI-1 complexes [48]. 

In addition to inhibiting and modulating tPA and uPA 
activities, PAI-1 also exerts other physiological functions 
in the stabilization of the primary hemostatic plug. PAI-1 
is released by aggregating platelets [38], and is able to 
bind to a fibrin clot [51] directly or via vitronectin, which 
is also secreted by aggregating platelets [38]. Fibrin- 
bound PAI-1 can still inhibit tPA and uPA activities and 
tPA-PAI-1 complexes compete with free tPA for fibrin 
binding, so decreasing the amount  of free tPA adsorbed 
on fibrin [10]. Thus, spontaneous lysis of thrombi is 
strictly dependent on PAI-1 content, while in pharmaco- 
logical thrombolysis the plasminogen content is a major 
factor [37]. In normal subjects plasma PAI activity fluctu- 
ates during the day, with the lowest values in the after- 
noon [28]. Total PAI-1 Ag plasma levels are higher in 
males than in females [49]. A similar pattern has been 
found for tPA-PAI-1 complex and free PAI-1 concentra- 
tions [27, 49]. A correlation between PAI levels and age 
was observed both in control subjects and in patients with 
ischemic heart disease (IHD) [1, 35]. This finding may 
account for the decrease in fibrinolytic activity reported 
with aging [34]. Finally, PAI-1 levels are higher in smok- 
ers than in nonsmokers [16]. 

PAI-1 in disease 

A positive correlation has been reported in many studies 
between plasma PAI and triglyceride levels in patients 
with IHD and venous thrombosis [18, 24]. This is of 
particular interest, since, in the last few years, hyper- 
triglyceridemia has been re-evaluated as a risk factor for 
thrombotic diseases [6, 7]. Moreover, positive correla- 
tions between PAI and insulin levels and between PAI 
and body mass index have also been reported [25, 36, 31]. 
The classical afternoon decrease of PAI-1 levels was re- 
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ported to be more marked in obese than in normal people 
[27]. Plasma and platelet PAI-1 levels above normal val- 
ues were reported in different diseases, such as myocar- 
dial infarction (MI) angina pectoris, arterial hyperten- 
sion and type I and II diabetes [41]. Great variability in 
PAI-1 levels was observed in patients with acute inflam- 
matory diseases or infection (hospitalized in emergency 
care units) [27]. In these patients, in whom classical 
biorhythms are suppressed, the absence of diurnal 
changes in PAI-1 suggests that different sources or regu- 
latory mechanisms of PAI-1 production are involved [27]. 
In summary, high levels of PAI are not a specific index of 
disease, since plasma PAI-1 behaves as an acute-phase 
reactant [23], and so PAI-1 measurement is not meaning- 
ful in the acute phase of disease. 

Conflicting results have been reported for deep venous 
thrombosis (DVT). Recently, in 123 young consecutive 
patients with a first episode of clinically diagnosed DVT, 
plasma PAI-1 Ag measured after the acute phase of dis- 
ease (on average 14 weeks after phlebography and at least 
2 weeks after the end of therapy) was not significantly 
different in patients with or without phlebographically 
confirmed DVT [32]. In particular, a similar percentage 
of patients in the two groups had PAI Ag levels higher 
than the control upper limit. In contrast, in other studies 
PAI-1 levels had been suggested to be a predictive index 
for DVT. Juhan-Vague et al. [24] investigated 120 patients 
with spontaneous or recurrent idiopathic DVT. Forty- 
four patients (36%) were poor-responders (euglobulin 
fibrinolytic activity increase less than twofold after 
venous stasis), and this was due to high PAI activity in 32 
(72%). Finally, in a recent study performed on 77 pa- 
tients with a history of idiopathic DVT and/or pulmonary 
embolism (1-144 months after the last acute episode), 
22% of patients had elevated PAI-1 levels [15]. PAI-1 Ag 
determination before venous occlusion was found to be a 
sensitive (83%) and specific (89%) assay for the detection 
of patients with an impaired fibrinolytic response to 
venous occlusion; almost all patients (97%) with normal 
PAI-1 had a normal fibrinolytic response. 

Conflicting results have also been obtained in familial 
recurrent venous thrombosis. Jorgensen and Bonnevie- 
Nielsen [21] reported elevated plasma levels of PAI activ- 
ity in the members of a family with a tendency for recur- 
rent DVT. However, in a large number of patients with 
venous thrombophilia, Engesser et al. [12] could not find 
a difference in PAI activity between patients with famil- 
ial and patients with nonfamilial venous thrombotic dis- 
ease. 

�9 Predictive value o f  PAI 

Postoperative D V T  

Many studies have been performed in patients undergo- 
ing selective surgery to assess the predictive value of pre- 
operative fibrinolytic activity for postoperative DVT, but 
these studies can not be compared due to different pre- 
ventive treatments, surgical techniques and diagnostic 
methods for DVT [39]. Overall, the available data suggest 
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an association between impaired preoperative fibrinolyt- 
ic activity and postoperative thrombosis. PAI activity 
was determined in nine studies (6 in orthopedic surgery 
and 3 in general surgery) [39], and the results suggest that 
the impairment of  fibrinolytic activity could be mainly 
caused by increased levels of PAI; however conclusive 
results are still lacking. 

Ischemic heart disease 

The first observations on a possible predictive value of  
high PAI levels for recurrences in patients with IHD were 
reported by Hamsten et al. [17] who studied 71 patients 
who had been affected by acute MI (AMI) before the age 
of 45 years, 3 years before the study. None of these pa- 
tients suffered from any disease causing an increase in 
acute-phase proteins. The average basal PAI activity was 
much higher in patients than in controls. The value of  
high PAI levels as a "risk factor" persisted even if the 
analysis was corrected for other risk factors, such as body 
mass index, smoking and alcohol consumption, and in 
38% of patients PAI activity was higher than the 90th 
percentile of  control subjects. Moreover, tPA capacity 
(i.e., the difference in tPA activity levels under basal con- 
ditions and after venous occlusion) was lower in patients 
than in control subjects; in 37% of patients, tPA capacity 
was below the 10th percentile of the controls. 

The same authors [18] studied 109 consecutive male 
patients, under the age of  45 years, who survived a first 
MI 3 - 6  months after the event; patients were followed 
for 3 years for evidence of  reinfarction. Elevated PAI 
activity levels were found to represent an independent 
risk factor for reinfarction, not related to the severity of 
coronary artery lesions. The association between high 
PAI activity and the reinfarction rate was of little signifi- 
cance after an additional follow-up of 2 - 4  years [52]. 

Recently PAl activity levels were reported to be higher 
in unstable angina patients than in healthy controls [36]. 
Furthermore, high values of  PAI activity, but not of  PAI- 
l Ag, were found in patients with unstable angina com- 
pared with either patients with stable-effort angina (de- 
spite a similar extent of coronary artery disease assessed 
by angiography) or controls [53]. 

In the last few years the role played by PAI in throm- 
bolysis has been investigated. PAI-1 is a factor of crucial 
importance for the lysis of  hemostatic clots (which con- 
tain variable amounts of  PAI-1) mainly released by 
platelets. PAI-1 physiologically modulates lysis of  blood 
clots, but this activity adversely affects the dissolution of  
thrombi in pathological states. 

Recently, in subjects affected by AMI, PAI activity 
measured before thrombolytic therapy was found to be 
predictive of infarct artery reocclusion in the first 72 h (as 
assessed by coronary angiography performed 72 h after 
beginning of recombinant t-PA -r-tPA-infusion) [3]. In 
42% of patients with occluded arteries, PAI activity was 
above the upper limit of controls. Two months later PAI 
activity plasma levels were similar in the two groups and 
not different from levels in healthy control subjects. 

In another study patients with early recanalization 
(assessed 90 rain after thrombolysis) had lower PAI activ- 
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ity on day 2 and day 3 after treatment than patients with 
persistent occlusion [2]. Early coronary recanalization 
could curtail the increase of PAI activity after AMI, most 
likely by reducing the extent ofischemia and necrosis and 
the consequent acute-phase reaction. The constantly ele- 
vated PAI-1 levels after coronary angioplasty may be 
closely related to an active evolving atheroma due to 
stimulation of PAI-1 release by immune and inflammato- 
ry mediators leading to restenosis [20]. Moreover, these 
elevated PAI-1 levels might also contribute to restenosis 
by impairing fibrinolytic capacity [20]. 

Conclusions 

On the basis of all these data, the predictive power of PAI 
levels for venous thrombosis remains unclear but there is 
sufficient evidence that PAI levels can predict coronary 
thrombosis. This evidence has prompted investigation of 
the possibility of lowering PAI levels. Plasma PAI levels 
are positively correlated with triglycerides, insulin and 
body mass index, so suggesting that diet can influence 
PAI levels. Moreover, recent data indicate that physical 
exercise may also lead to a decrease in PAI levels. The 
effect of  physical exercise has been studied in healthy old 
male subjects (60-82 years) following a program of in- 
tensive endurance exercise training, consisting in jogging, 
cycling and walking for about  45 min per session, 4 or 5 
days per week for 6 months. After this period, PAI activity 
decreased by 58%, fibrinogen levels decreased by 13% 
and tPA activity increased by 39% [47]. A similar effect 
of  physical exercise on PAI activity had previously been 
reported in patients undergoing a 6-month rehabilitation 
program of physical exercise after AMI [14]. However, 
the clinical relevance of a normalization of  PAI-1 levels to 
reduce the incidence of thrombosis still needs to be fully 
investigated in prospective studies. 
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