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Abstract

Fluctuations in tissue plasminogen activator (t-PA) activity, t-PA antigen, and plasminogen activator
inhibitor-I (PAI-I) antigen levels were evaluated in blood samples obtained from 84 patients with initial
uneventful acute myocardial infarction (AMI) and 35 patients with reinfarction and fatal infarction (pa-
tients with bad prognoses). Patients with initial AMI had significantly higher levels of t-PA activity than
those of 14 patients with angina pectoris. Tissue plasminogen activator activity peaked between day 7 and
19 after the initial attack of AMI. Plasminogen activator inhibitor-I antigen level decreased significantly
between day 2 and 19, then returned to the baseline levels of patients with angina pectoris nearly 4 weeks
later. The t-PA activity levels of patients with reinfarction were significantly lower than those in patients
without events between day 0 and 3 and between day 7 and 19. The percentage stenosis in the coronary
arteries measured by coronary angiography was negatively correlated with t-PA activity. This information
may help in selecting aggressive treatments such as thrombolysis by recombinant t-PA and predicting the

prognosis for patients with AML
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INTRODUCTION

Tissue plasminogen activator (t-PA) is a fibri-
nolytic enzyme released from vascular endothelial
cells, in response to exertion or psychological
stress, as well as in coagulation and fibrinolysis ab-
normalities associated with thrombosis and hemor-
rhage. Fluctuations in t-PA activity occur in patients
with diseases such as liver cirrhosis”, deep venous

immunologic technique,
plasminogen activator inhibitors

angiography (coronary), plas-

thrombosis?, myocardial infarction® and cerebral
infarction®. Colucci et al.® showed a relationship
between plasminogen activator inhibitor-I (PAIL-I)
activity and bilirubin. Activated t-PA is inactivated
in blood by the specific fast-acting inhibitor (PAI-I),
and by nonspecific inhibitors such as ce-plasmin in-
hibitor, triglycerides® and desmopressin acetate”,
and promoted by high-density lipoprotein choles-
terol®. We previously described a sensitive and spe-
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cific method for measuring t-PA activity in a diluted
sample of whole blood, using a dipstick coated with
monoclonal antibody (SP-322)%19, combined with
an epitope without cross-reaction on a catalytically
active residue of t-PA.

Myocardial infarction is now known to be caused
mainly by coronary thrombi'". Increased thrombo-
genicity is enhanced by impairment of fibrinolysis.
Fast-acting PAI-I may be important in the patho-
genesis of myocardial infarction in patients with
stable coronary arterial disease'?. We evaluated the
fluctuations of t-PA and PAI-I in blood from pa-
tients with initial acute myocardial infarction (AMI)
and patients with reinfarction to investigate the
equilibrium between coagulative and fibrinolytic
enzymes following myocardial infarction, and to
clarify whether fibrinolytic disorders are a cause of
differences in prognosis between patients with un-
eventful AMI and those with myocardial infarction
resulting in poor outcome (reinfarction or death).

MATERIALS AND METHODS

Patients

We evaluated 84 Japanese patierits, 54 males and
30 females (mean age =+ standard deviation : 62.0
*+13.4 years old), who were recovering from initial
AMI (patients with uneventful course) and 35 pa-
tients, 18 males and 17 females (age : 65.3+13.6
years old), with reinfarction and death (patients with
bad outcomes). We compared t-PA activity, t-PA
antigen, and PAI-I antigen levels in blood samples
obtained from these patients with those from 14 pa-
tients with angina pectoris (seven males and seven
females, age: 60.7£10.0 years old).

The average period from initial AMI to
reinfarction in patients with reinfarction was 950.3
+510.8 days, and from the present attack to death
was 51.5+25.6 days. Severity of myocardial
infarction varied in both groups. No patients under-
went percutaneous transluminal coronary angio-
plasty.

Twenty blood samples obtained from patients
with initial AMI were collected on the day of attack
and day 1, 20 samples on days 2 to 3, 13 samples on
days 4 to 6, 15 samples on days 7 to 19, 12 samples
on days 25 to 33, and 10 samples on days 33 and
beyond. Different patients were sampled on each
day, excluding six who were sampled twice.

Twelve blood samples obtained from patients
with reinfarction and death were collected on the

day of attack and day 1, 9 samples on days 2 to 3, 7
samples on days 4 to 6, 6 samples on days 7 to 19,
and 4 samples on days 33 and beyond. Different pa-
tients were sampled on each day, excluding three
sampled twice.

Assay for t-PA activity

Blood samples were collected between 9:00 and
11:00 by venipuncture using a vacutainer contain-
ing 1.5m/ and a dipstick coated with the mono-
clonal antibody, SP-322. After incubation for 1
hour at room temperature, the dipstick was washed
with Tris-hydrochloride buffer (pH 7.4) containing
0.05% of polyoxyethylene sorbitan laurate. A frag-
ment of the dipstick was placed into a microtiter
plate well and incubated with 20 mM of Tris-hydro-
chloride buffer containing 0.45 mM S-2251 (Kabi
Vitrum, Stockholm, Sweden), 120 ug/ml of Brom-
cyanoid fibrinogen and 0.042 uM Lys-plasminogen
as a substrate solution. After incubation for 4 hours,
the development of color in the wells was measured
using the optical density at 405 nm. Tissue plasmi-
nogen activator activity was determined from a
standard curve.

Assay for tissue plasminogen activator antigen

Blood samples used for the assay of t-PA activity
were centrifuged at 3,000 rpm at 4°C for 30 min-
utes. Supernatants were stored at —80°C until the t-
PA antigen and PAI-I antigen were measured. The
t-PA antigen level was determined by an enzyme-
linked immunosorbent assay (ELISA) using SP-322
as the primary antibody, and goat-antihuman mela-
noma t-PA polyclonal antibody conjugated with bi-
otin as the second antibody. After incubation, a
streptavidin-biotin peroxidase complex was added
to each well with 3,3°,5,5’-tetramethylbenzidine.

Assay for PAI-I antigen
Plasminogen activator inhibitor-I antigen level
was determined by ELISA using the reagents
(IMMULYSE PAI-I) obtained from Biopool AB
(Umea, Sweden). The t-PA index%'>% and T/P 100
were calculated as follows :
t-PA index = (t-PA activity level, ng/ml)/
(t-PA antigen, ng/m/) X 100
T/P 100=(t-PA antigen level, ng/ml)/(PAI-I
antigen, ng/m/) X 100
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Percentage stenoses of the coronary arteries

Coronary angiography was performed in 33 pa-
tients with initial AMI. Percentage stenosis of the
coronary arteries was measured using callipers, and
the value of the most stenosed artery was used for
the analysis.

Statistical analysis

Conventional methods were used for calculating
the trimmed mean (5% ) and the 5% trimmed range.
Mean values for measured variables were compared
using one-way analysis of variance and Scheffe’s
test. Coefficients of skew and kurtosis were calcu-
lated to test the deviation from a normal distribu-
tion. Correlations between percentage stenoses of
the coronary arteries and t-PA, PAI-I, t-PA index
and T/P 100 were estimated.

Transformation calculations (logarithmic, recip-
rocal, square, square root or exponential) were car-
ried out on the individual values of skewed vari-
ables before statistical computations and signifi-
cance testing. The maximum correlation funcitons
were determined from 11 bivariate regression mod-
els. The analysis was based on 33 patients who un-
derwent coronary angiography, for whom there was
data. p<0.05 was accepted as statistically signifi-
cant level.

RESULTS

Mean values of t-PA activity, t-PA antigen,

PAI-I antigen, t-PA index and T/P 100

Table 1 shows the mean values of t-PA activity,
t-PA antigen, t-PA index, PAI-I antigen and T/P 100
in blood obtained from 84 patients who had initial
AMI with uneventful courses, 35 patients with
reinfarction and infarction followed by death (a
group with bad prognoses), and 14 patients with an-
gina pectoris. The 84 patients with initial AMI had
significantly higher values of t-PA activity (p<<
0.034) and T/P 100 (p<0.025) than the 14 patients
with angina pectoris. The t-PA activity (p<0.001),
t-PA antigen (p<0.001) and t-PA index (p<0.004)
levels of the 35 patients with bad outcomes were
significantly lower than those of patients with un-
eventful courses. The t-PA antigen (p<<0.019) and
PAI-I antigen (p<0.016) levels of patients with bad
outcomes significantly exceeded those of patients
with angina pectoris (Table 1, Fig. 1).
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Fluctuations of t-PA activity, t-PA antigen,

PAI-I antigen, t-PA index and T/P 100 levels in

blood from patients with initial AMI and un-

eventful courses

Concentrations of t-PA activity peaked between
days 7 and 19, then decreased after day 33 to the
baseline levels occurring in patients with angina
pectoris. Between days 7 and 33, such levels signifi-
cantly exceeded those of patients with angina
pectoris. Concentrations of t-PA antigen were sig-
nificantly higher on the day of the attack and day 1
than those of patients with angina pectoris. Levels
of the t-PA index peaked between days 7 and 19,
then decreased gradually. Concentrations of PAI-I
antigen were significantly lower on days 2 to 19
than those of patients with angina pectoris. The val-
ues of T/P 100 of patients with AMI were higher on
the day of attack to day 19 than those of patients
with angina pectoris (Table 2, Fig. 1).

Fluctuations of t-PA activity, t-PA antigen,

PAI-I antigen, t-PA index and T/P 100 in

blood from patients with reinfarction and

death

The mean t-PA activity in blood obtained from
patients with reinfarction was significantly lower (p
<0.048), and t-PA antigen (p<0.032) or PAI-I an-
tigen (p<0.004) was significantly higher on the day
of attack and day 1 than in patients with uneventful
initial AMI. Mean values of the t-PA antigen (p<
0.004) and PAI-I antigen (p<0.062) in patients
with bad prognoses were significantly higher on
days 2 to 3 than those of patients with uneventful
initial AMI. The mean values of the t-PA activity
(p<0.009) and the t-PA index (p<<0.007) were sig-
nificantly lower, and those of the t-PA antigen (p<
0.038) and PAI-I antigen (p<<0.001) of patients
with reinfarction were significantly higher on days 7
to 19 than those of patients with uneventful initial
AMI (Table 2, Fig. 2).

Coronary stenoses and fibrinolytic system

Results of coronary angiography using the percu-
taneous transfemoral technique revealed significant
negative correlations between percentage stenoses
of the coronary arteries and t-PA activity (p<
0.005) or t-PA index (p<0.001; Fig. 3)

DISCUSSION

Juhan-Vague et al.>'» found that an impaired re-
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Table1 Levels of tissue plasminogen activator (t-PA) activity, t-PA antigen, t-PA index, plasminogen activator inhibitor-I
(PAI-I) antigen and T/P 100 in blood from patients with uneventful initial myocardial infarction and patients with

reinfarction and death

t-PA activity

t-PA antigen

PAI-I antigen

t-PA index T/P 100
(ng/ml) (ng/ml) (ng/ml)
Ui tful
rfven ul course 0.78 (0.10) 8.4 (0.5) 114 (1.3) 14.3 (1.0) 76.4 (5.0
(n=84)
?ef‘;g“m“ 0.15 (0.09) 142 (1.9) 2.69 (0.64) 47.1 (1.4) 54.1(9.5)
n=
a‘f'l“:)pec“’“s 0.28 (0.07) 6.2 (0.6) 6.69 (2.54) 232 (3.0) 352(5.8)
Values are standard error of the mean (SEM).
T/P 100=(t-PA antigen level, ng/ml)/(PAI-I antigen, ng/m/) X 100.
t-PA  activity (ng/ml) PAI-1  antigen (ng/ml) T/P 100
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Fig.1 Fluctuations of fibrinolytic enzyme levels in blood obtained from patients with acute myocardial infarction and

uneventful courses

Differences in fibrinolytic parameters were compared between patients with initial AMI and patients with angina

pectoris.

Values are mean ==SEM. Abbreviations as in Table 1.

lease of t-PA was responsible for the defect in
fibrinolysis observed in about 10% of patients with
recurrent deep vein thrombosis. Paramo et al.'®
showed that PAI-I levels are increased in patients
with angiographically documented coronary athero-

sclerosis and suggested that elevated levels of this
inhibitor might be a risk factor for the development
of coronary artery disease. Hamsten'” reported that
patients who had survived a myocardial infarction
showed low t-PA activity after venous occlusion

J Cardiol 1996; 27: 171-178
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Table 2 Day-to-day fluctuations in fibrinolytic enzyme level

A. Uneventful course

aflt?:r\);lsle Sample t-PA activity t-PA antigen t-PA index PAI-I antigen T/P 100
number (ng/ml) (ng/ml) (ng/ml)
attack
0-1 20 0.67 (0.18) 10.5 (1.4) 9.9 (2.7) 19.8 (2.8) 75.1(11.2)
2-3 20 0.53 (0.12) 7.8 (1.8) 104 (2.3) 12.8 (2.9) 74.6 (16.7)
4-6 13 0.79 (0.30) 7.4 (1.6) 15.7(5.9) 12.7 (2.9) 87.6 (18.9)
7-19 15 1.18 (0.30) 7.6 (1.5) 18.1 (4.1) 13.9 (3.9) 71.2 (11.5)
25-33 12 0.63 (0.14) 10.9 (0.6) 9.0(3.9) 21.2(2.8) 56.7 (12.4)
>33 10 0.60 (0.24) 7.3 (1.1) 11.8(3.3) 14.1 (2.5) 519@3.5)
B. Reinfarction
Days Sample t-PA activity t-PA antigen . PAI-I antigen
after the t-PA index T/P 100
attack number (ng/ml) (ng/ml) (ng/ml)
0-1 12 0.07 (0.01) 17.0 (3.6) 0.78 (0.29) 55.1(9.3) 39.7(11.2)
2-3 9 0.18 (0.08) 17.9 (5.3) 391 (1.41) 37.4 (16.5) 86.0 (28.9)
4-6 7 0.34 (0.06) 8.2(4.1) 8.06 (1.72) 11.3(54) 68.6 (15.3)
7-19 6 0.17 (0.10) 16.1 (3.4) 1.89 (1.43) 55.1(8.9) 35.7(9.9)
>33 4 0.32 (0.24) 8.9 (1.5) 3.23(2.30) 94.6 (50.7) 26.8 (11.3)

Values are mean+SEM. Abbreviations as in Table 1.

and high levels of release of t-PA antigen 3 years
after the infarction. Gram et al.¥ reported that a sub-
group of patients who survived AMI were charac-
terized by abnormally low fibrinolytic activity and
normal euglobulin activity in the presence of excess
Cl-inhibitor.

We investigated t-PA and PAI-I levels in blood
obtained from patients with or without previous
myocardial infarctions, and analyzed the correla-
tions between levels of t-PA activity or the t-PA in-
dex in blood obtained from patients with AMI and
the severity of coronary arterial stenoses. Patients
with uneventful initial AMI had significantly higher
values of t-PA activity and T/P 100, and lower val-
ues of PAI-I antigen, than patients with angina
pectoris. The values of t-PA activity, t-PA index and
T/P 100 of patients with reinfarction were all sig-
nificantly lower than those of patients with unevent-
ful AMI. The levels of t-PA antigen and PAI-I anti-
gen of patients with bad prognoses significantly ex-
ceeded those of patients with uneventful initial
AMI. These results suggest that fibrinolytic agents
as a supplement to other therapies may be effective,
especially for patients with reinfarction. We tried to
clarify the fluctuations of t-PA and PAI-I in blood
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after AMI with an uneventful course. We found that
t-PA activity levels peaked between days 7 and 19,
then decreased to the baseline level seen in patients
with angina pectoris. Concentrations of PAI-I anti-
gen decreased significantly between days 2 and 19,
compared with those of patients with angina
pectoris, suggesting that days 7 to 19 may be a pe-
riod requiring supplementary t-PA for patients with
bad prognoses. T/P 100 levels of patients with un-
eventful courses were significantly higher from the
day of attack to day 19, in parallel with the t-PA
index, and returned to the baseline after more than a
month, which may show that t-PA and its specific
inhibitor are more activated and effective for about
a month than under usual conditions. The mean
value of t-PA activity in blood obtained from pa-
tients with bad outcomes showed significantly
lower levels from the day of attack and day 1, as
well as days 7 to 19 than in patients with uneventful
courses. Mean values of t-PA index in blood ob-
tained from patients with bad outcomes were lower
on days 7 to 19 than those with initial AMI. Concen-
trations of t-PA antigen and PAI-I antigen in blood
obtained from patients with bad outcomes were
higher on the day of attack to day 3, and days 7 to 19
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Fig. 2 Fluctuations in t-PA and PAI-I levels in blood obtained from patients with reinfarction and bad outcomes

Mean differences in fibrinolytic parameters were compared between patients with reinfarction and those with un-

eventful initial myocardial infarction, or those with angina pectoris on each day.
AMI=acute myocardial infarction. Other abbreviations as in Table 1.

than those from patients with uneventful courses.
These results suggest that fibrinolytic enzymes may
be activated immediately after the attack to help re-
covery from the initial event as an early phase ef-
fect, then may be reinforced for some reason such as
secondary wound healing after 1 or 3 weeks as a late
phase effect in the clinical course.

Percentage stenosis of the coronary arteries
showed significant and negative correlations with t-
PA activity and t-PA index levels. This may explain
why the incidence of increased thrombogenicity in
patients with AMI is increased by the presence of
sclerotic changes in the coronary arteries.

Recent conflicting findings on the association be-
tween coronary artery disease and decrease in

fibrinolysis suggest that the methods used to assay t-
PA activity and methods of blood sampling may be
critical. We attempted to take blood samples with-
out venous occlusion and to measure the t-PA activ-
ity of whole blood immediately after venipuncture
using an antibody (SP-322 method). This antibody
combines with an epitope without cross-reaction on
a catalytically active residue of t-PA which helps to
minimize the inhibitory effect of PAI-I'*!?). Most
myocardial infarctions are caused by coronary
thrombi, and only rarely by vasospasm. Increased
thrombogenicity can be linked to impaired
fibrinolysis'". Our present study describes the day-
to-day fluctuations of t-PA and PAI-I in blood ob-
tained from patients with AMI and uneventful

J Cardiol 1996; 27: 171-178
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Fig. 3 Correlations between t-PA activity, t-PA index levels and percentage stenosis of coronary arteries

Abbreviations as in Table 1.

courses as compared with those who had re-
infarction and bad outcomes. We examined the dif-
ference in the levels of t-PA and PAI-I in blood
from the two groups. We found that t-PA activity
and t-PA index levels were significantly lower, and
t-PA antigen and PAI-I antigen levels significantly
higher in blood obtained from patients with
reinfarction and death than from those with initial
AMILI. The percentage stenoses of the coronary arter-
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ies were negatively correlated with t-PA activity
and t-PA index levels. These results suggest that the
measurements of fibrinolytic parameters (t-PA ac-
tivity and antigen, PAI-I) may be invaluable for the
diagnosis of atherosclerotic changes of vessels and
evaluation of the prognosis perhaps for AMI®.
Such information may be useful in decisions about
aggressive treatment such as thrombolysis using re-
combinant t-PA, as well as predicting the prognosis.
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