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Abstract Endogenous fibrinolysis is a protective mech-
anism against arterial thrombotic occlusion, which would
otherwise lead to permanent tissue damage as acute myo-
cardial infarction (AMI). We aimed to investigate the
association of plasminogen activator inhibitor-1 (PAI-1)
and tissue plasminogen activator (TPA) genes polymor-
phisms with myocardial infarction and its outcomes in
Egyptian patients. 184 patients with AMI and 184 controls
were included in the study. PAI-1 and TPA genes poly-
morphisms were analyzed by polymerase chain reaction.
All patients were followed for AMI complications during
their hospitalization. We found a significant association
among TPA ID, II genotypes, and I allele and increased
risk of AMI by 2.1, 3.2, and 1.9 fold, respectively. Also,
the frequencies of PAI-1 4G/4G genotype and 4G allele
were significantly increased in patients with AMI as
compared to the control group. Furthermore, AMI patients
with PAI-1 4G/4G genotype were significantly more likely
to have morbidity and mortality complications as compared
to AMI patients without complications (P = 0.00 and
0.048, respectively). We concluded that 4G/4G genotype
and 4G allele of the PAI-1 gene are associated with risk of
AMI and its morbidity. The PAI-1 4G/4G genotype is
associated with mortality of AMI. There is also an asso-
ciation between TPA ID, II genotypes, and I allele with
increased risk of AML
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Introduction

Acute myocardial infarction (AMI) is one of the most
important health problems in many nations around the
world. It may be found in many age groups, but is pre-
dominant among elderly people [1]. It is a startling fact that
upon a person has throughout his or her lifetime a 47 %
chance of having a cardiac event [2]. The mortality from
myocardial infarction has been reduced by more than 50 %
over the past 30 years; nevertheless, a plateau has been
reached [3]. AMI has devastating consequences include
ischemic, mechanical, arrhythmic, embolic and inflamma-
tory (pericarditis) disturbances. The ischemic and
mechanical complications have the most prevalence and
mortality rates among people with AMI [4]. Ischemic
complications include infarct extension, recurrent infarc-
tion, and recurrent angina. Reocclusion of an infarct-rela-
ted artery occurs in 5-30 % of patients following
fibrinolytic therapy. These patients tend to have a poorer
outcome [5].

Since AMI results as a direct consequence of the
development of blockage in the coronary arteries due to
clot formation (thrombosis), it has a direct relationship with
the thrombosis—fibrinolysis system [6]. Tissue plasminogen
activator (TPA) and plasminogen activator inhibitor-1
(PAI-1) are two important regulators of this pathway. TPA
is a serine protease found in the endothelial cells and plays
a role in the breakdown of the fibrin clot by converting
plasminogen into plasmin, leading to fibrinolysis, and TPA
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action is inhibited by PAI-1 that acts by forming TPA-
PAI-1 complex, resulting in impaired fibrinolytic function
and thrombosis [7].

TPA is encoded by the PLAT (plasminogen activator
tissue type) gene on chromosome 8pl11.21 spanning 8
coding exons. Recently, one polymorphism, an Alu-repeat
I/D polymorphism, was found in intron H of this gene. It
was found that the heterozygous Insertion/Deletion (Ins/
Del) is associated with an increased TPA activity [6].

Plasma PAI-1 levels are affected by many environ-
mental and constitutive factors, including body mass, lipid
metabolism, glucose concentration, renin-angiotensin-
aldosterone system, and many others including genetic
variability [8, 9].

One of the PAI-1 genetic polymorphisms, guanine
insertion/deletion polymorphism known as (675 4G/5G)
located within the promoter region of chromosome 7, is
reported in many studies to be associated with the plasma
concentration of PAI-1 [10].

Risk assessment and evaluation of predictors of AMI
outcomes are an important part of the initial and ongoing
evaluation of the patient. It can determine the patient’s
prognosis, likely response to various treatments and guide
decisions as to which therapeutic approach is most appro-
priate [11].

On the basis of these considerations, we designed this
study to investigate the association of PAI-1 and TPA
genes polymorphisms with myocardial infarction and its
outcomes in Egyptian patients.

Subjects and Methods
Subjects

Unrelated 184  Egyptian  patients (mean  age
57.1 £ 10.8 years) with documented acute myocardial
infarction (AMI group) were recruited from the patients
admitted to the cardiology department of Zagazig Uni-
versity Hospital (Zagazig, Egypt). AMI was diagnosed
according to WHO criteria, which are based on the com-
plaint of chest pain for more than 20 min, higher than
normal levels of cardiac-specific markers and ST changes
on electrocardiography (ECG). Exclusion criteria included
patients with unstable angina, congenital, theumatic heart
disease, cardiomyopathy, malignant tumor, inflammatory
or connective tissue diseases.

Myocardial infarction group was divided into four sub-
groups: group I includes 82 patients who were not revas-
cularized, did not have complications or died; group II
(morbidity group) includes 45 patients who had compli-
cations in the form of heart failure, arrhythmia [AF, VT
and heart block], LV thrombus, myocardial aneurysm,
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cardiogenic shock, cardiac arrest, and reinfarction; group
IIT (mortality group) includes 28 patients who were died;
and group IV (revascularization group) includes 29 patients
who had undergone revascularization (percutaneous coro-
nary intervention PCI or coronary artery bypass graft
CABGQG) and did not have any complications. All the par-
ticipants were subjected to the following at the time of
admission: thorough history taking, clinical examination,
Standard 12-lead surface electrocardiogram, and Echocar-
diographic examination. All patients were followed for
complications during their hospitalization.

The control group comprised 184 healthy subjects with
no family history of CAD, MI or stroke. The ethical
committee of Zagazig University approved this study, and
a written informed consent was obtained from all subjects
prior to their inclusion in this work.

Biochemical Measurement

Blood samples were drawn from all subjects after an
overnight fast and divided into two portions. One portion of
blood (2 ml) was added to EDTA, second portion of 2 ml
blood was left for 10 min to clot and then was centrifuged
at 1,000xg for 5 min. The serum and plasma were then
separated and stored at —20 °C for the following
procedures:

A-Analyses of lipid Total cholesterol and triglycerides
were measured by routine enzymatic methods (Spinreact).
HDLc was determined after precipitation of the apoB-
containing lipoproteins. LDLc was calculated using
Friedewald formula [12].

B-Estimation of serum level of cardiac markers (CKMB
and troponin).

C-Genomic DNA Extraction Genomic DNA was extrac-
ted from EDTA whole blood sample using a spin column
method according to the protocol (QIAamp Blood Kit;
Qiagen GmbH, Hilden, Germany). DNA was stored at
—20 °C till the time of use.

Amplification of Plasminogen Activator Inhibitor-1 (675
4G/5G) Polymorphism PAI-1 genotypes were identified
by polymerase chain reaction-restriction fragment length
polymorphism (PCR—RFLP) method of the promoter region
containing 4G/5G polymorphism as described by Mansfield
et al. [13] using the following primers: PAI-1: 5 AAG CTT
TTA CCA TGG TAA CCCCTG GT 3/, PAI-2: 5 TGC
AGC CAG CCA CGT GAT TGTCTA 3, PAI-4G: 5 GTC
TGG ACA CGT GGG GA 3, and PAI-5G: 5 GTC TGG
ACA CGT GGG GG 3'. Both PAI-1 and PAI-2 amplify a
257-bp (base pair) product from either allele. The PAI-4G
specifically amplifies the 4G allele, and PAI-5G specifically
amplifies the 5G allele. PCR cycling conditions were: 95 °C
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for 2 min followed by 45 cycles at 94 °C for 35 s, at 65 °C
for 45 s, and 72 °C for 75 s. A final extension step was
carried out at 72 °C for 5 min. The PCR product was sep-
arated on 2 % agarose gel stained with ethidium bromide
and visualized under UV light. Both PAI-1 and PAI-2
amplify a 257-bp product from either allele. The PAI-4G
specifically amplifies the 4G allele, and PAI-5G specifically
amplifies the 5G allele (139 or 140 bp).

Amplification of tissue Plasminogen Activator (I/D) Poly-
morphism  The subjects were genotyped for TPA (I/D)
polymorphism by PCR-RFLP as previously described [14].
The region surrounding the polymorphism was amplified
with the forward primer 5 TCCGTAACAGGACAGCT
CA-3’ and reverse primer 5-ACCGTG GCTTCAGTCA
TGGA-3'. PCR cycling conditions were: 95 °C for 2 min
followed by 30 cycles at 94 °C for 35 s, at 58 °C for 1 min,
and 72 °C for 75 s. A final extension step was carried out at
72 °C for 1 min. The PCR product was separated on 2 %
agarose gel stained with ethidium bromide and visualized
under UV light. The PCR produced a band of 656 bp for D
allele and a band of 976 bp for I allele or both for I and D
alleles.

Statistical Analysis

Data were analyzed with SPSS version 15.0 (statistical
package for the Social Science, Chicago, IL). The results of
continuous variables were expressed as mean &+ SD. The
means of genotypes groups were compared by one-way
analysis of variance (ANOVA). The TPA and PAI-1 genes
variants under investigation were evaluated for deviation
from Hardy—Weinberg equilibrium analyses by comparing
observed and expected genotype frequencies by means of
chi? (%) test in cases and control groups. The statistical

difference in genotype distribution and allele frequencies in
both control and case subjects was assessed by using ;>
test. Odds ratios (ORs) and confidence intervals (CIs) were
calculated.

Results

Clinical Data and Biochemical Characteristics of Study
Subjects (Table 1)

The prevalence of atherogenic risk factors (including dia-
betes, hypertension, and smoking) was significantly higher
in the patient group as compared to that of the control
group. We observed significantly higher levels of TC, TG,
and LDLc and significantly lower levels of HDL in patients
group as compared to control and in group II, III and IV as
compared to group I. Also, CPK and troponin levels were
significantly increased in group III and IV as compared to
group 1.

Distribution of TPA and PAI-1 Genotypes and Alleles
in the Study Population (Table 2)

The frequencies of TPA and PAI-1 genotypes and alleles
were all in accordance with the Hardy—Weinberg equilib-
rium in all groups. In AMI patients, the frequencies of TPA
ID, II genotypes, and I allele were significantly increased
compared to control group. Also, the frequencies of PAI-1
4G/4G genotypes and 4G allele were significantly
increased in AMI patients compared to control group.
Carriers of TPA II genotype and PAI-1 4G/4G genotype
were significantly more likely to develop AMI (OR = 3.2
95 % CI 1.48-7.3 and P = 0.002 and OR = 3.33 95 % CI
1.5-7.5 and P = 0.003, respectively).

Table 1 Clinical data and biochemical characteristics of study subjects

Control Patients Group 1 Group 1II Group III Group IV

(N = 184) (N = 184) (n=82) (n = 45) (n = 28) (n=29)
Age 58.8 £ 8.3 57.1 £10.8 552 £ 11.6 55.5 + 10.6 61.7 & 11.5%* 57.1 £ 10.3
Male n (%) 134 (72.8) 147 (79.8) 66 (80.4) 41 91.1) 13 (46.4)** 27 (93.1)
HTN n (%) 10 (5.4) 75 (40.7)* 30 (36.5) 22 (48.8) 15 (53.6) 8 (27.6)
DM n (%) 11 (5.9) 63 (34.2)* 22 (26.8) 21 (46.6)b 12 (42.8) 8 (27.6)
Smokers n (%) 10 (5.4) 95 (51.6)* 51 (62.1) 23 (51.1) 2 (7.1)%* 19 (65.5)
Tc (mg/dl) 191.7 £ 59.2 234.3 £ 50.7* 177 £ 37.9 198 £ 52.6%* 249.4 £ 45.8%* 215.3 £ 49.3%*
TG (mg/dl) 175.5 + 54.5 199.8 £ 52.8* 136 £+ 47.3 158 £ 62.5%* 162.6 & 45%* 170 £ 55.3%%*
HDL (mg/dl) 38.8 £ 12.2 32.6 £ 8.2% 443 £ 6.8 39.7 £ 7.5%* 404 £ 5.8%* 39.8 £ 7.2%*
LDL (mg/dl) 113.7 £ 57.6 150.6 £ 52.7* 114 £ 299 124 £+ 35.8 146.8 £ 29.5%* 135.5 £ 37.5%%

Quantitative data were presented as mean =+ standard deviation; qualitative data were presented as numbers and percent

HTN hypertension, DM diabetes mellitus, Tc total cholesterol, TG triglycerides, HDL high density protein, LDL low density protein

* P < 0.05 when compared to control group

** P < 0.05 when compared to group I
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Table 2 Distribution of TPA Genotypes/Alleles Healthy Controls MI patients OR Confidence P
and PAI genotypes in MI cases (N = 184) (N = 184) interval
and control group n (%) n (%)
TPA DD 67 (36.4) 33 (18)
ID 78 (42.4) 87 (47.3) 2.1 (1.08-4.4) 0.038*
1I 39 (21.2) 64 (34.7) 32 (1.48-7.3) 0.002*
D allele 212 (57.6) 152 (41.6)
I allele 156 (42.4) 216 (58.4) 1.9 (1.08-3.3) 0.034*
PAI 5G/5G 66 (35.9) 37 (20)
4G/5G 81 (44) 79 (42.9) 1.75 (0.88-3.50) 0.12
4G/4AG 37 (20.1) 68 (37.1) 3.33 (1.5-7.5) 0.003*
5G allele 213 (57.8) 153 (41.6)
* P < 0.05 when compared to 4G allele 155 (42.2) 215 (58.4) 2.15 (1.22-3.79) 0.01%
control group
Table 3 Distribution of TPA Genotypes/Alleles MI without MI patients OR Confidence P
and PAIL-1 genotypes and alleles complication with morbidity interval
in MI patients with morbidity (N = 82) (N = 45)
versus those without n (%) n (%)
complications
TPA DD 16 (20) 7 (16)
ID 47 (57) 21 (53) 1.16 (0.5-2.4) 0.7
I 19 (23) 17 (38) 2.06 (0.89-4.7) 0.09
D allele 79 (48) 35 (39)
I Allele 85 (52) 55 (61) 14 (0.8-2.5) 0.25
PAI 5G/5G 18 (22) 51
4G/5G 43 (52) 13 (29) 1.15 (0.47-2.60) 0.83
4G/4G 21 (26) 27 (60) 4.6 (1.9-10.8) 0.000*
5G allele 79 (48) 23 (26)
¥ P <0.05 when compared to 4Gallele 85 (52) 67 (74) 26 (1.45-4.76) 0.002*

MI without complication group

Distribution of TPA and PAI-1 Genotypes and Alleles
in AMI Patients with Morbidity Versus Those
without Complications (Table 3)

The frequencies of PAI-1 4G/4G genotype and 4G allele were
significantly increased in AMI patients with morbidity com-
pared to AMI patients without complications. AMI patients with
PAI-1 4G/4G genotype and 4G allele were significantly more
likely to have morbidity (OR = 4.6, 95 % CI 1.9-10.8 and
P = 0.000 and OR = 2.6, 95 % CI 1.45-4.76 and P = 0.002,
respectively). On the contrary, the genotypes and I allele fre-
quencies of TPA were not significantly different between AMI
patients with morbidity and those without complications.

Distribution of TPA and PAI-1 Genotypes and Alleles
in AMI Patients with Mortality Versus Those Without
Complications (Table 4)

The frequency of PAI-1 4G/4G genotype was significantly

increased in AMI patients with mortality compared to AMI
patients without complications. The incidence of death was
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significantly more likely to occur after the incidence of
AMI in subjects carrying PAI-1 4G/4G genotype
(OR =225, 95 % CI 1.02-4.9 and P = 0.048). On the
contrary, the genotypes and allele I frequencies of TPA
were not significantly different between AMI patients with
mortality and those without complications.

Distribution of TPA and PAI-1 Genotypes and Alleles
in AMI Patients with Revascularization Versus Without
Revascularization (Table 5)

The frequencies of PAI-1 and TPA genotypes and alleles
were not significantly different between AMI patients with
revascularization and those without complications.

Comparison of the type of complication between group
II (morbidity) and group III (mortality) (Table 6)

There was no significant difference between the two groups
regarding the type of complication (arrhythmia, heart
failure, reinfarction, and shock).
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Table 4 Distribution of TPA Genotypes/Alleles MI without MI patients OR Confidence P
fmd PAI'I_ genotypes and a.lleles complication with mortality interval
in MI patients with mortality (N = 82) (N = 28)
versus those without n (%) n (%)
complications
TPA DD 16 (20) 4 (14.3)
ID 47 (57) 13 (46.4) 1.05 (0.48-2.2) 1.0
1T 19 (23) 11 (39.3) 2.3 (0.99-5.3) 0.06
D allele 79 (48) 21 (37.5)
I Allele 85 (52) 35 (62.5) 1.5 (0.87-2.6) 0.15
PAI 5G/5G 18 (22) 5(17.8)
4G/5G 43 (52) 10 (35.7) 0.8 (0.38-1.7) 0.69
4G/4G 21 (26) 13 (46.4) 2.25 (1.02- 4.9) 0.048%*
5G allele 79 (48) 20 (35.7)
¥ P <0.05 when compared to 4G allele 85 (52) 36 (64.3) 17 0.97-3.02)  0.08
MI without complication group
Table 5 Distribution of TPA Genotypes/Alleles MI without MI patients with OR Confidence P
?md PAL- 1_ genotypes and alleles complication revascularization interval
in MI patients with (N = 82) (N = 29)
revascularization versus those n (%) n (%)
without complications
TPA DD 16 (20) 6 (21)
D 47 (57) 10 (34) 0.56 (0.27-1.19) 0.182
11 19 (23) 13 (45) 1.8 (0.84-4.1) 0.15
D allele 79 (48) 38 (38)
I Allele 85 (52) 45 (62) 1.5 (0.85-2.64) 0.195
PAI 5G/5G 18 (22) 9 (17.5)
4G/5G 43 (52) 14 (35) 0.65 (0.33-1.3) 0.23
4G/4AG 21 (26) 6 (47.5) 0.57 (0.25-1.2) 0.23
5G allele 79 (48) 32 (55)
¥ P <0.05 when compared to 4G allele 85 (52) 26 (45) 0.75 (0.43-1.3) 0.39

MI without complication group

Table 6 Comparison of the type of complication between group 1I
(morbidity) and group III (mortality)

Group 11 Group III P

(N = 45) (N =28)

n (%) n (%)
Arrhythmia 7 (29.1) 3 (16.7) 0.32
Heart failure 10 (41.9) 9 (50.0) 0.67
Reinfarction 5 (20.8) 2 (11.1) 0.434
Shock 2 (8.2) 4 (22.2) 0.18
Discussion

To our knowledge, this is the first study conducted in
Egyptian AMI patients to investigate the relationship
between TPA and PAI-1 genes polymorphisms and sus-
ceptibility to AMI and its outcome. Over the last decade,
increasing evidence has emerged to support the assumption
that AMI is a failure of timely spontaneous thrombolysis
[15]. Previous studies examined the association of

polymorphisms in TPA and PA-I genes with AMI [14, 16—
18], however, their data are conflicting. Also, there is a lack
of studies investigating the genetic determinants of the
different outcomes in AMI patients. Therefore, further
studies in different populations are essential.

Our study showed a significant association between TPA
ID, II genotypes, and I allele and increased risk of AMI.
This finding is consistent with that of Van der Bom et al.
[14] who reported that TPA genotypes characterized by
either one or two insertion alleles (I/D and I/I) were
associated with an excessive number of cases of AMI
compared with the D/D genotype. Moreover, Voetsch and
Loscalzo [6] concluded that there was a two-fold increase
in the risk of MI for homozygous insertions, while the
heterozygous (Ins/Del) was associated with a 50 %
increased risk of MI. The contrast was found in a study of
Wagqas et al. [16] who found no significant association of
this polymorphism in the Pakistanian population. Also,
Ridker et al. [19] documented that in the cohort of middle-
aged US men, the presence of the insertion allele of TPA
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gene was not associated with future risks of myocardial
infarction. Furthermore, our data disagree with those of
Steeds et al. [20] who observed that TPA I/D polymor-
phism is not a major independent risk factor for myocardial
infarction in UK population.

In this study, we demonstrated that AMI patients
showed a significant increase in the frequencies of PAI-1
4G/4G genotype and 4G allele as compared to the control
group. These results are consistent with Onalan et al. [21]
who reported that the PAI-1 4G4G genotype was an
independent predictor of AMI (OR: 2.7, P = 0.002). Also,
Kholer and Grant [22] showed an association between this
polymorphism and ST elevation acute myocardial infarc-
tion (STEMI) in young patients. This agrees with several
other studies [16, 23, 24] that confirmed a significantly
increased risk of MI with the presence of PAI-1 4G/4G
genotype in different populations. On the contrary, our data
disagree with those [25, 26] who found no significant
association of this polymorphism with the risk of ML

Differences in the population genetic backgrounds,
lifestyle, diet as well as study design, and recruitment of
the cases in each study could explain the variation in the
results. Also, it is difficult to identify a single gene poly-
morphism as a risk factor for a polygenic and multifactorial
disease as AMIL

This is the first study that investigates the association of
TPA and PAI-1 genes with the different outcomes in AMI
patients and found that the frequencies of PAI-1 4G/4G
genotype were significantly increased in AMI patients with
morbidity or mortality complications as compared to AMI
patients without complications.

The association of PAI-1 gene polymorphism (675 4G/
5G) with circulating PAI-1 levels in healthy subjects,
young MI patients, and non-insulin-dependent diabetes,
with subjects homozygous for the 4G (deletion) allele
having the highest PAI-I levels [27-30], could explain the
association of this polymorphism with the risk of AMI and
its adverse outcomes. In vitro studies have identified the
differential binding of transcription-regulating proteins at
the site of this polymorphism, with increased gene tran-
scription associated with the 4G allele [27, 28].

In agreement with these findings, a prospective study of 249
angina patients found that those with higher PAI-1 activity had
a 4.2-fold increased risk of subsequent coronary events [31].
Moreover, Akkus et al. [32] reported that raised levels of PAI-1
in 180 AMI patients on admission were associated with greatly
increased risk of cardiogenic shock and in-hospital and 1-year
mortality (OR: 6.0). Also, in a study done on 520 patients with
acute coronary syndrome, increased PAI-1 was a significant
and independent risk factor for the occurrence of major adverse
cardiovascular events (OR: 5.3) [33].

Only one study done by Marcucci et al. [34] investigated
the association of 37 atherosclerosis-associated genetic
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polymorphisms and 17 blood marker variables with the risk
for only recurrent coronary outcomes in nonhyperlipidemic
postinfarction patients and found that only the PAI-1 4G/
5G polymorphism was associated with recurrent risk
(HR = 4.02, P = 0.00039, for 4G/4G versus 4G/5G plus
5G/5G patients).

On the contrary, the frequency of PAI-1 genotypes and
alleles were not significantly different between AMI
patients with and without revascularization. This finding
agrees with those of a study done by Fernandez-Cadenas
et al. [35] who reported no association between PAI-1 4
G/5 G polymorphism and recanalization rate.

Our study revealed that the frequencies of TPA geno-
types and allele I were not significantly different between
AMI patients with and without morbidity, mortality com-
plications or with revascularization.

Previous studies investigated the association between
TPA level and the coronary disease outcomes and reported
that high TPA levels predict future cardiovascular events
(especially recurrent events) in patients with established
CAD and AMI [36-38]. Paradoxically, increased plasma
TPA indicates inhibited endogenous fibrinolysis. This is
because free TPA released into blood from endothelial
cells immediately forms a complex with circulating PAI-1
[39, 40]. Because PAI-1 concentration in plasma is much
higher than TPA antigen concentration, the TPA antigen
assay measures both free and complexed TPA, and
increased concentration of TPA antigen is supposed to
indicate a reduced rather than enhanced fibrinolytic activity
[41].

The nature of I/D polymorphism, an insertion of an Alu
repeat in an intron, a nontranslated region, makes a direct
functional effect of I allele on the TPA protein unlikely
[42]. Different studies showed that the Alu polymorphism
in the TPA gene was not associated with TPA plasma
levels [14, 43]. Furthermore, the basal endothelial TPA
synthesis was reported not to be influenced by this poly-
morphism [44].

The association of TPA (I/D) polymorphism with the
risk of myocardial infarction could be explained by the
presence of linkage disequilibrium with other genes that
produce a functional effect (impaired fibrinolytic capac-
ity?) and may cause an increased risk for ML

Conclusion

The 4G/4G genotype and 4G allele of the PAI-1 gene are
associated with the risk of AMI and its morbidity. The PAI-
1 4G/AG genotype is associated with mortality of AMI.
There is also an association among TPA ID, II genotypes
and I allele with an increased risk of AMI. Finally, as MI is
a polygenic disease, it remains important to assess different
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single nucleotide polymorphisms (SNPs) by linkage studies
and haplotype analysis to identify genes that might have a
significant influence on the risk of MI and its outcomes.
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