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Summary

The plasma fibrinolytic/proteolytic balance was assessed in 60 stable
angina patients who underwent control coronary catheterization and the
results were correlated with angiographic findings and control samples
(n = 20). The concentrations of t-PA, PAI-1, collagenase (MMP-1),
tissue inhibitor of MMP (TIMP-1), plasmin-antiplasmin (PAP) com-
plexes and �2-macroglobulin (�2-M) were measured in plasma
samples. The results showed a significant increase of PAP (p <0.001)
and a reduction of �2-M (p <0.001) in the group of patients when
compared to controls, indicating a degree of fibrinolysis/proteolysis
activation. There was no correlation between the different parameters
analyzed and the extent of angiographically proven atherosclerosis
(one or more stenotic vessels), while the t-PA levels were significantly
elevated (p <0.03) in  patients with coronary stenosis �75% or occlusion.
We conclude that there is a disturbance of the plasma fibrinolysis/
proteolysis in patients with stable angina not related to the extent of
atherosclerosis. The t-PA levels may be a good marker for coronary
occlusion in these patients.

Introduction

The plasminogen (or fibrinolytic) and the metalloproteinase (MMPs)
systems have been implicated in the remodeling of extracellular matrix
(ECM) during endothelial cell injury (1-3). The plasminogen system is
composed of an inactive proenzyme plasminogen that can be converted
to plasmin by the plasminogen activators (PA), tissue-type (t-PA), or
urokinase-type (u-PA). This system is controlled at the level of PA by
specific inhibitors, of which PAI-1 is believed to be physiologically the
most important, and at the level of plasmin, mainly by �2-antiplasmin
(�2-AP) and other non-specific inhibitors such as �2-macroglobulin
(�2-M) (4). Due to its fibrin-specificity, t-PA is primarily involved in
clot dissolution, whereas u-PA binds a cellular receptor and has been
implicated in pericellular proteolysis during cell migration and tissue
remodeling during atherosclerosis (1). The MMPs or matrixins also
play a pathogenic role in the development of aterosclerosis and plaque
rupture (5). This system is controlled by specific tissue inhibitors of
MMPs (TIMPs) or by non-specific inhibitors such as �2-M (6-9).

Several interactions between the plasminogen/plasmin and MMPs
systems suggest that both systems may cooperate in achieving ECM

degradation (10-12). While serial changes in the proteinase systems
have been documented in patients with acute coronary syndromes
(13, 14), no studies have been performed in stable patients in relation to
angiographic findings. The aim of this study was to assess the changes
in the fibrinolytic/proteolytic balance in a series of stable angina
patients and to investigate their relationship to atherosclerosis modifi-
cations assessed by coronary catheterization.

Patients and Methods

Patients

Sixty consecutive  patients (M/F: 49/11, mean age 59 years old) with stable
angina pectoris and referred to the cardiology department for control coronary
angiography were investigated. None of the patients had a recent (less than
a month) myocardial infarction or angioplasty. The presence of the following
atherosclerotic risk factors was considered in each patient: hypercholesterol-
emia (>210 mg/dl), hypertension (>140/90 mmHg), smoking (>10 cigarettes/
day) and  non insulin-dependent diabetes mellitus. A coronary angiography was
performed using the Judkins tecnique and the severity of coronary athero-
sclerosis was assessed as no changes or �75% stenosis or occlusion in one or
more vessels. Intravenous heparin (75 U/kg) was administered prior to the
onset of angiography.

In addition, 20 age-matched normocholesterolemic and normotensive sub-
jects (mean age 52 years old, 13 men) without evidence of any systemic disease
or infection in the previous month were included as controls. None of the sub-
jects were taking any medication or had any evidence of metabolic disease.

Blood Sampling

After informed consent, blood samples from patients were drawn at the time
of cardiac catheterization. The first 5 ml were discarded and the subsequent
4.5 ml were mixed (9/1, v/v) with trisodium citrate (0.13 M) and centrifuged at
2,500 � g during 15 min at 4° C. Samples of platelet-poor plasma were snap
frozen and stored at -70° C until assayed. Venous blood samples were obtained
in the group of healthy subjects and served as control samples.

Haemostatic Tests

– The level of tissue-type plasminogen activator (t-PA) antigen was deter-
mined with an ELISA assay (tintElize t-PA from Biopool, Sweden) (15).

– The plasminogen activator inhibitor (PAI-1) activity was measured with an
amidolytic method as previously described (16).

– Plasmin-antiplasmin (PAP) complexes were determined by an ELISA
method as described by Montes et al (17). 

– The plasma concentrations of collagenase (MMP-1) and tissue inhibitor of
metalloproteinases (TIMP-1) were determined with commercially available
ELISAs (Amersham Pharmacia Biotech, UK).

– �2-Macroglobulin (�2-M) was determined by a nephelometric assay in a
Beckman coulter using the array ™alpha2-macroglobulin kit (Beckman,
Ireland).
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Biochemical Assays

The total serum cholesterol, glucose and triglycerides were measured by
standard enzymatic methods.

Statistical Analysis

The results are expressed as mean ± SEM. Statistical analysis was done
using the Wilcoxon and Mann-Whitney tests for mean comparisons of paired
and unpaired data respectively. Evaluation of parameters with respect to locus
and severity of vascular lesion was performed by repeated measures analysis
of variance (ANOVA). Correlation coefficients were calculated with the
Spearman rank test. A probability of p  <0.05 was considered significant.

Results

We obtained blood samples from 60 stable angina pectoris patients
who underwent coronary angiography, of whom 47 (78.3%) presented
severe coronary stenosis stenosis or occlusion in one or more vessels

and 13 (21.7%) showed coronary patency. Table 1 shows the baseline
characteristics of patients and the differences in the number of coronary
risk factors in those with and without stenosis (p <0.01). The mean
levels of the different fibrinolysis and proteolysis parameters analyzed
in patients and controls are shown in Table 2. A significant increase of
PAP (p <0.001) and a decrease of �2-M (p <0.001) were observed in
the group of patients, without differences in t-PA and PAI-1 levels
between groups. In every case, the MMP-1 concentrations were below
the detection limit, whereas TIMP-1 levels did not differ significantly
between patients and controls.

Results of the different parameters analyzed between patients with
and without coronary stenosis or occlusion are shown in Table 3. No
differences for the different parameters analyzed could be demon-
strated between both groups except for t-PA antigen, which was signi-
ficantly elevated in patients with occlusion as compared to those with
angiographically verified coronary patency (p <0.03). The PAP levels
showed a tendency to be higher in patients without coronary occlusion,
although no significant differences were observed.

Table 1 Baseline clinical characteristics of patients

Table 2 Fibrinolysis and proteolysis# parameters in
patients and controls (mean ± SEM is reported)

Table 3 Fibrinolysis and proteolysis parameters in
stable angina patients with and without coronary occlu-
sion according angiography (mean ± SEM is reported)
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The analysis of the different fibrinolysis and proteolysis parameters
analyzed in relation to the extent of atherosclerosis (one or more vessels
affected) showed no significant differences in relation to the number of
vessels damaged (data not shown). Finally, no significant correlations
between the parameters analyzed and the metabolic profile could be
demonstrated in the patients group.

Discussion

This study demonstrates that in patients with stable angina and no
antecedents of myocardial infarction, there is a disturbance in the
plasma fibrinolysis/proteolysis state not related to the extent of athero-
sclerosis as assessed by coronary catheterization. 

Whereas a significant increase of PAP and a decrease of �2-M was
observed in patients when  compared to controls, suggesting a degree of
fibrinolysis/proteolysis activation, no differences were observed in the
levels of TIMP-1 and no circulating MMP-1 could be detected. In-
creased plasma PAP has been found in different clinical conditions
related to thrombosis including myocardial infarction (18). Whether
PAP may also be a marker for local degradation of ECM in atheroma
leading to plaque destabilization and rupture needs to be properly
assessed. With regard to �2-M, some reports have indicated that
atherosclerotic patients exhibit changes in the levels of this serine
protease inhibitor, which might act as a sensor for local increases in
proteolytic activity (19, 20). It has been suggested that the regulation of
ECM degradation may not only be promoted by activated proteinases
but also accelerated by decreased levels of serpins, such as �2-M (21). 

Interestingly, the observed changes in the parameters analyzed were
not related to the extent of angiographically proven atherosclerotic
lesions (one or more vessels affected), suggesting that early anomalies
in the fibrinoytic/proteolytic balance can be detected in plasma before
the development of stablished coronary atherosclerosis. This was also
true in patients with proven coronary stenosis or occlusion, except for
the t-PA antigen levels being significantly increased in these patients
when compared to those without occlusion, indicating that t-PA may be
a good marker for arterial thrombosis (22-24). The observed tendency
to high PAP in the small subgroup of patients without occlusion would
also suggest that a higher fibrinolytic activity may favor the absence of
occlusion.

We conclude that there is an impairment of the fibrinolysis/prote-
olysis balance in the plasma of patients with stable angina pectoris not
related to the extent of coronary atherosclerosis. The lack of differences
in the systemic levels of MMP/TIMP-1 does not rule out the possibility
that local changes in vascular proteolysis might contribute to the
atherosclerotic process in the more severe patients (25-28). Finally,
our results underscore the importance of t-PA antigen as a marker for
severity in stable angina pectoris, most likely reflecting endothelial
dysfunction.
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