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1. ABSTRACT 
 

Although the role of environmental factors in the 
development of acute myocardial infarction (AMI) has 
been clearly established, the role of genetic factors is still 
undefined. The aim of this study was to investigate the 
association between various gene polymorphisms in the 
haemostatic system and the risk of myocardial infarction in 
a very genetic restricted area population of Sardinian young 
adults with AMI. The study case-control involved 71 
patients who had survived a first MI at a mean age of 47,2 
years and 150 healthy subjects. No differences in the allele 
or genotype frequencies were seen between the  study 
groups for the fibrinogen, prothrombin, factor V, factor 
VII, vWF, TM, PAI-1, TPO gene, and PLA and HPA-2 
genes polymorphisms. Indeed differences statistically 
significant were detected for A5709G in the TPO gene (P= 
0,041), and I/D dimorphism in the eNOS gene (P= 0,016). 
We therefore conclude that among all the investigated 
polymorphisms only  the 5709G and eNOS4a alleles seem 
to confer protection against MI in the young age of 
Sardinian people. 

 
 
 
 
 
 
2. INTRODUCTION 
 

Myocardial infarction (AMI) is a complex 
multifactorial and polygenic disorder that is thought to 
result from an interaction between an individual genetic 
background and various environmental factors (1). In 
general, the incidence of myocardial infarction increases 
additively as a function of the number of conventional risk 
factors, including hypertension, diabetes mellitus, and 
hypercholesterolemia (2). Although the role of 
environmental influences in the development of acute 
myocardial infarction has been thoroughly investigated, the 
role of genetic markers (particularly those related to 
thrombogenesis) is poorly defined. Acute myocardial 
infarction (AMI) is thought to be caused by thrombosis on 
the surface of a ruptured atherosclerotic plaque of a 
coronary artery (3). A number of reports have investigated 
the association between various genetic polymorphisms and 
the phenotypic expression of myocardial infarction. 
Endothelium-derived nitric oxide (NO) is synthesised by 
endothelial nitric oxide synthase (eNOS). Several studies 
suggest that the basal release of NO by the endothelium 
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contributes to basal vascular tone (4) and regulates blood 
flow and blood pressure. NO also inhibits the proliferation 
of smooth muscle cells (5), protects against platelet 
aggregation in vitro and in vivo (6-7), inhibits platelet 
adhesion to vascular endothelium (8) and  leukocyte 
adhesion to endothelium (9). Because dysfunction of this 
important mechanism has been implicated in the 
development of coronary atherosclerosis and may increase 
the risk of thrombosis, leading to AMI, we hypothesised 
that polymorphisms of NOS3 might be associated with 
increased susceptibility to this disorder. At the sites of 
vascular injury, when subendothelium is exposed, thrombus 
formation is initiated by binding of glycoprotein Ib-IX-V to 
von Willebrand factor (vWF). Stable adhesion, activation 
and aggregation of platelet are then mediated via GpIa/IIa 
binding to exposed collagen and GpIIb/IIIa binding to vWF 
and fibrinogen. The HPA-2a/b polymorphism in the GpIb 
gene, is adjacent to the vWF-binding site and might 
therefore influence the receptor-vWF interaction (10). A 
polymorphism of the gene encoding the IIIa subunit, with 
the two forms PlA1 and PLA2 has been identified and 
associated with an increased risk of MI. VWF is recognized 
as playing an essential role in the tethering and activation 
of platelets at sites of vascular injury under shear 
conditions typical of the arterial circulation. Elevated 
plasma vWF levels are associated with coronary artery 
disease, although the precise mechanism for this is unclear, 
and recent reports have shown a strong association between 
polymorphisms in the gene promoter and plasma vWF 
level. The primary regulator of platelet production is 
thrombopoietin (TPO), a haematopoietic factor which  
stimulates platelet production through its trophic effects on 
bone marrow megakaryocytes (11). Mutation in the TPO 
gene may influence its levels or activity and have profound 
effects on platelet production which in turn leads to disease. 
Polymorphisms in the factor VII (FVII) gene have been 
associated with either coagulant FVII, activated FVII, or 
mass factor VII levels. Recent data have reported that the 
R353Q and G73A polymorphisms were related with the 
risk of MI, the frequency of the rare allele Q and A 
respectively was higher in controls than in cases (12-13). 
Recently, a novel inherited risk factor for venous 
thrombosis was identified. A G→A transition at nucleotide 
20210 in the 3’ untranslated region of the prothrombin gene 
was associated with a higher prothrombin clotting activity 
and a 2.7-fold increased risk for venous thrombosis (14). 
The G1691A factor V point mutation renders factor V 
relatively insensitive to proteolytic degradation by activated 
protein C (15), thus creating a procoagulant state, which 
increases the risk of venous thrombosis approximately 2- to 
4- fold compared with non-carriers. Fibrinogen is the last 
target of coagulation: its lysis by thrombin produces soluble 
fibrin fragments that are then stabilizes in a clot by FXIII. It 
is a mediator of platelet aggregation and a determinant of 
plasma viscosity. In vitro studies have suggested that β 
chain synthesis limits the rate of production of mature 
fibrinogen. As a consequence, polymorphisms affecting the 
production of this chain would more likely influence the 
levels of fibrinogen. Overall, the studies show a strong 
association between β chain fibrinogen genotypes and their 
plasma concentration: an HaeIII -455G/A polymorphism (β 
chain) located in the promoter region of the gene is 

associated with increased fibrinogen levels. 
Thrombomodulin (TM) is a thrombin receptor expressed on 
the luminal surface of endothelial cells. The TM-thrombin 
complex can activate protein C, which then acts as a potent 
anticoagulant. Dysfunction of TM plays an important role 
in the pathogenesis of MI. Recent findings suggest that 
mutations in the promoter region of the TM gene may 
constitute a risk for arterial thrombosis. During fibrinolysis, 
plasminogen is converted to plasmin, which in turn lyses 
fibrin clots; this conversion is controlled to a large extent 
by the serine protease inhibitor plasminogen activator 
inhibitor-1 (PAI-1). A promoter polymorphism in the PAI-
1 gene, at position -675 (4G/5G) influences PAI-1 levels. 
Acute myocardial infarction (AMI) at a young age (< 45 
years) has shown significantly different risk profiles in 
young patients when compared with older patients: 
smoking and a family history of ischemic heart disease are 
more frequent. It is not clear whether AMI at a young age 
can be considered an independent model of infarction or a 
more premature and accelerated aspect of the same 
atherosclerotic process observed in older patients. It is 
characterized by low mortality rates, less extensive 
coronary artery disease (CAD), good residual left 
ventricular function, and a favourable prognosis (16). It is 
therefore biologically plausible that changes in haemostasis 
factors leading to prothrombotic phenotypes of 
hypercoagulability, heightened platelet function, 
hypofibrinolysis, and hyperomocystinemia (as well as their 
genetic determinants) play a relevant role in younger 
patients with myocardial infarction (17). Because coronary 
artery thrombosis over a ruptured atherosclerotic plaque is  
likely to be the prevailing pathogenetic mechanism of 
MI, especially of those occurring in young age, we 
chose to investigate the association between those 
genetic factors known to be related with an increased 
thrombosis tendency and the occurrence of myocardial 
infarction in a selected group of young survivors. The 
aim of this study was to investigate the association 
between various gene polymorphisms in the haemostatic 
system and the risk of young myocardial infarction in a 
selected population of Sardinian, characterized by a 
genetic background quite different from mainland Italy 
and from other  European country. It is noteworthy that 
the epidemiological data available on CHD in Sardinia 
indicate the low mortality of this population, compared 
with mainland Italy.  
 
3. MATERIALS AND METHODS 
 
3.1. Subjects 

The study population (61 Male/10 Female), 
belonged to the district of  Nuoro, was recruited among 
patients ≤ 55 years of age (mean age 47,2; age range 31-
55), consecutively admitted between  June 2001 and 
April 2002 to the Coronary Care Unit of Hospital S. 
Francesco, ASL n3 Nuoro, who satisfied the World 
Health Organization criteria for the diagnosis of 
myocardial infarction (18). Healthy subjects (100 Male/ 
50 Female) with the same age distribution (mean age 50, 
age range 35-61) randomly recruited among the general 
Sardinian population were examined as controls. The 
study was approved by the Hospital Ethics Committee, 
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ASL N°3 Nuoro and all the individuals were aware of 
the experimental nature of this study and gave their 
informed consent to use their samples for these specific 
DNA analyses. 
 
3.2. DNA analysis 

DNA was extracted from whole blood using the 
salting out method (19). The following polymorphisms of 
genes encoding proteins involved in blood coagulation, 
platelet function, and fibrinolysis were analyzed: 
 
3.2.1. G-455A Polymorphism of the fibrinogen gene 

The G to A transition located in the β fibrinogen 
gene promoter was detected by means of polymerase chain 
reaction (PCR) and digestion with HaeIII (New England 
BioLabs)  restriction enzyme. The digestion products were 
visualized by electrophoretic separation on 2% agarose gel 
(20). 
 
3.2.2. G20210A Polymorphism of the prothrombin 
(factor II) gene 

The prothrombin 20210 G to A variation was 
detected by use of the 5’ primer in exon 14 and a mutagenic 
primer in the 3’ untranslated region to create a HindIII 
restriction site (14). 
 
3.2.3. G1691A Polymorphism of the factor V gene 

The mutation was determined by amplifying a 
region of exon 10 and the adjacent intron by PCR using 
forward primer as previously described (21) and reverse 
mismatch primer 
5’GGTTACTTCAAGGACAAAATACCTGTATTCTT 
designed in our laboratory. The PCR products were 
digested with MboII, electrophoresed through 2% agarose 
gel and stained with ethide bromure. 
 
3.2.4. G10976A and G73A Polymorphisms of the factor 
VII gene 

The G10976A polymorphism in the codon for 
aminoacid 353 of exon 8 in the factor VII gene, responsible 
for the replacement of Arg by Gln, was determined as 
previously described (22). In this method, the fragment of 
DNA is amplified by PCR followed by digestion with MspI 
restriction enzyme (New England BioLabs). The G to A 
substitution at position +73 was analysed using the method 
described by Peyandi (12). The digestion was performed 
with MspI enzyme and the fragments were separated on 
2,5% agarose gel. 
 
3.2.5. PLA1/PLA2 Polymorphism of the platelet 
glycoprotein IIIa gene 

To detect the substitution of cytosine for 
thymidine responsible for the PlA2 polymorphism at 
position 1565 in exon 2 of the glycoprotein IIIa gene, we 
used PCR to amplify the genomic DNA with primers 
flanking exon 2 (23). 
 
3.2.6. Platelet glycoprotein HPA-2 polymorphism 
The HPA-2 polymorphism, a substitution of Thr145Met in 
GpIα, was detected by PCR amplification of 587bp 
fragment using two oligonucleotide primers followed by 
BsaHI digestion, as previously described (24).  

 
3.2.7. 4G/5G Polymorphism of the Plasminogen 
Activator Inhibitor Type I Gene 

The single-allele insertion/deletion  located at 
nucleotide 675 in the promoter region was determined by 
PCR and digestion with BslI restriction enzyme (25) 
 
3.2.8. G33A mutation in the Thrombomodulin gene 

To identify the G33A mutation in the promoter 
region of the thrombomodulin gene, a 313bp fragment was 
amplified and digested using a PCR-RFLP method (26).  
 
3.2.9. TPO A5713G AND C4830A Polymorphisms 

The A to G transition in the 3’ untranslated 
region and the C to A change at position 4830 in the TPO 
gene were detected by PCR. The amplified fragments were 
digested with NlaIII and MvaI restriction enzymes 
respectively  (27). 
 
3.2.10. The -1185 G/A and – 1051 A/G dimorphisms in 
the vWF gene 

A 475bp fragment, spanning nucleotides -1380 
to -906 of the vWF gene, was amplified from genomic 
DNA by PCR using the oligonucleotides primers described 
by Di Bitondo et al. (28). The -11185 G/A and -1051 A/G 
dimorphisms were detected by digestion of aliquots of the 
PCR products with BstUI or NlaIII respectively. 
 
3.2.11. NOS 

We used the PCR to identify the different alleles 
of a 27bp tandem repeat polymorphism in intron 4 of the 
NOS3 gene. The PCR products were directly visualized on 
2,5% agarose gel (29). 
 
3.3. Statistical Analysis 

The characteristics of the sample were described 
by mean and standard deviation for continuous variables. 
Differences between non-fatal acute MI group and healthy 
controls were assessed by unpaired Student t test. The 
potential association between polymorphisms and 
myocardial infarction at young age was evaluated by 
calculating the odds ratios (OR) and 95% confidence 
intervals (CI). Throughout the study a two-side p< 0.05 was 
taken as level of statistical significance. All the analyses 
were performed using SPSS (Chicago, IL) version 11.5. 
 
4. RESULTS 
 

The fraction of female patients was low (14%) 
and in agreement with the prevalence of coronary disease 
in young women. The mean age was not different between 
patients and controls; nevertheless only the HDL 
concentration, as shown in Table 1, was significantly 
different. The distribution of the genotype and allele 
frequencies between the two study groups are shown in 
Table 2. The results indicate that there was no difference 
between the young survivors of myocardial infarction and 
controls in terms of genotype or allele frequencies for the 
following polymorphisms: G455A of the fibrinogen gene, 
G20210A of the prothrombin gene, G1691A of the factor V 
gene, G10976A and G73A of the factor VII gene, A1051G 
and G1185A of the von Willebrand factor gene, G33A of
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Table 1. Lipid profile among young survivors of myocardial infarction and controls 
 AMI patients N=71 Controls N=150 P value 
Total cholesterol (mg/dL) 194,6 ± 43,6 202,3 ±  42,2 n.s. 
HDL cholesterol (mg/dL) 46,6 ± 9,16 55, 9 ±  18,3 P <0.01 
LDL cholesterol (mg/dL) 121,3 ± 32,17 124,9 ± 39,0 n.s. 
Triglycerides (mg/dL) 131,5 ± 86,01 142,24 ± 72,16 n.s. 

 
the thrombomodulin gene, 4G/5G of the PAI-1 gene, and 
C4826A of the thrombopoietin gene. The factor V 506Gln 
(G→A) allele occurred with very low frequency in MI 
patients (0,7%) and was not observed in the controls. Two 
polymorphisms showed statistically significant evidence of 
association with myocardial infarction: eNOS I/D and 
A5709G of the TPO gene. The A5709G transition was 
associated with a significant protective effect on 
myocardial infarction (OR 0,37, 95% CI 0,14 - 0,98) as that 
allele frequencies (OR 0,63, 95% CI 0,41- 0,96). Similar 
data were observed for eNOS I/D oxide nitric sinthase gene 
dimorphism: the allele D frequency was higher in the 
controls than cases (7% vs 16% respectively; OR 0,40,  
95% CI 0,19 – 0,82). 
 
5. DISCUSSION 
 

Coronary heart disease has a notable genetic 
background, and genes have been thought to play an 
important role in the aetiology of CHD, especially in the 
youngest cases. The importance of haemostasis in the 
pathogenesis of acute myocardial infarction has been 
established by pathological and angiographic findings of 
coronary thrombosis and by knowledge that plasma levels 
of proteins involved in the haemostatic mechanism (such as 
fibrinogen, factor VII, tissue plasminogen activator antigen, 
and its principal inhibitor) are associated with susceptibility 
or protection against myocardial infarction, especially in 
younger patients. Isolated populations have been long a 
subject of interest for both population and medical genetics 
studies (30). They are subpopulations resulting from the 
founder effect of a small number of individuals as a 
consequence of some types of bottleneck  (31). They lived 
in geographical and cultural isolation over many 
generations without genetic interchange with other 
subpopulations (32-33). The Sardinian population, such as 
those from the other  Mediterranean islands, may well suit 
to case-control designs because they are perceived as 
homogeneous. It is an ancient genetic isolated population 
with a unique distribution of alleles at multiple loci and 
with one of the highest frequency of many common genetic 
disorders, such as type 1 diabetes mellitus and multiple 
sclerosis, in the world. In particular, several authors 
observed a very low degree of genetic differentiation 
between the population of the different island regions 
submitted to repeated invasions in the past and  the 
population of the more isolated inland regions (34), others 
brought evidences of heterogeneity at microgeografic level, 
in which genetic features render the population of the 
centre of the island adapted for the genetic analysis for 
complex traits (35). With this background, our study was 
designed to assess the degree of association between 
genetic markers that previous studies linked to an increase 
thrombotic tendency and the occurrence of myocardial 
infarction in a selected group of young survivors of

 
myocardial infarction, mainly men. We have shown that the 
frequency of the D allele in the eNOS gene is higher in 
controls than in the IMA patients, thus suggesting that this 
allele protects against premature myocardial infarction, but 
a large sample and other variant alleles need to be studied. 
Nitric oxide is synthesized from the aminoacid L-arginine 
by a family of enzymes known as NO synthases, of which 
eNOS is  constitutively expressed in the endothelium. The 
biological effects of endothelial derived NO include 
vasodilatation, inhibition of vascular smooth muscle cell 
growth, anti-atherosclerotic properties, prevention of 
platelet aggregation and inhibition of adhesion of white 
cells to the blood vessel whole (5, 7). NO is also known to 
suppress the production of the potent vasoconstrictors 
endothelin and angiotensin II, which also induce vascular 
smooth muscle cell proliferation  (36). In the present study 
the A5709G polymorphism in the 3I UTR region of the 
thrombopoietin gene was associated with myocardial 
infarction. The high expressor genotype GG in the controls 
was linked to reduced risk of disease. This is in contrast to 
previous reports describing association of the G allele with 
increased risk of MI at a young age in the Italian sample 
(27). None of the remaining genetic markers evaluated in 
this study were associated with the occurrence of premature 
myocardial infarction. In particular, we did not succeed in  
observing the previously reported “protective” effect of the 
polymorphic alleles of the factor VII gene identified as 
Gln353 and 73A alleles. The results of studies correlating 
genetic variations with the risk of a disease are often too 
inconsistent to draw conclusions. This can be attributed to 
heterogeneity of the studies in terms of outcome definition, 
design, selection of cases and controls, study size, genetic 
makeup of the population study, and the interaction with 
acquired or environmental risk factors. A limitation of our 
study is that only patients who had survived a myocardial 
infarction were enrolled. It cannot be excluded that 
prothrombotic mutations may be associated with more 
severe myocardial infarctions and a large number of early 
deaths; thus, their effects on the myocardial infarction risk 
may be underestimated. However, our results should 
considered preliminary, based on a small number of 
patients and need confirmation by  replication in a larger 
sample or by a prospective studies on a large series of 
young healthy individuals followed up until they reach the 
end points of myocardial infarction and cardiac death could 
overcome the limitation of our study. Nevertheless, our 
data suggest a possible association between the studied 
prothrombotic gene variants and AMI in a group that is 
characterized by a strong genetic homogeneity. 
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Table 2. Distribution of genetic polymorphisms in survivors of myocardial infarction at a young age and controls 
Polymorphisms Cases Controls Odds Ratio 

 N= 71 N= 152 95% CI 
PLA    

A1/A1 41 (59,4) 95 (65,5) 1 (Reference) 
A1/A2 22 (31,9) 43 (29,7) 1,18 ( 0,63 – 2,23) 
A2/A2 6  ( 8,7) 7  ( 4,8) 1,98 ( 0,63 – 6,27) 

Allele Frequency    
A1 104 (75,4) 233 (80.3)  
A2 34 (24,6) 57 (19.7) 0,75 (0,46 – 1,21) 

FI-455GA    
GG 40 (58,0) 78 (60,0) 1 (Reference) 
GA 24 (34,8) 48 (36,6) 0,97 ( 0,52 – 1,81) 
AA 5  ( 7,2) 5  ( 3,8) 1,95 ( 0,53 – 7,13) 

Allele frequency    
G 104 (75,4) 204 (77,9)  
A 34 (24,6) 58 (22,1) 0,87 (0,54 – 1,41) 

FVIIG10976A    
GG 48 (30,0) 106 (73,0) 1 (Reference) 
GA 21 (29,6) 39 (26,7) 1,20 ( 0,63 – 2,23) 
AA 52 ( 2,8) 1  ( 0,7) 4,42 ( 0,40 – 49,90) 

Allele frequency    
G 117 (84,4) 251 (86,0)  
A 25 (17,6) 41 (14,0) 0,76 (0,44 – 1,32) 

FVIIG73A    
GG 46 (64,8) 97 (64,0) 1 (Reference) 
GA 23 (32,4) 51 (33,5) 0,95 ( 0,52 – 1,74) 
AA 2 ( 2,8) 4  ( 2,6) 1,05 ( 0,19 – 5,97) 

Allele frequency    
G 115 (81,0) 245 (80,6)  
A 27 (19,0) 59 (19,4) 1,03 (0,62 – 1,70) 

WWF-1051AG    
AA 28 (39,4) 67 (45,0) 1 (Reference) 
AG 36 (50,7) 69 (46,3) 1,25 (0,69 – 2,27) 
GG 7 ( 9,9) 13  ( 8,7) 1,28 (0,46 – 3,57) 

Allele frequency    
A 92 (64,8) 203 (68,1) 0,86 (0,56 – 1,31) 
G 50 (35,2) 95 (31,8)  

WWF-1185GA    
GG 26 (36,6) 66 (45,0) 1 (Reference) 
GA 37 (52,1) 69 (46,9) 1,69 (0,62 – 4,61) 
AA 8 ( 11,3) 12  ( 8,1) 1,36 (0,74 – 2,49) 

Allele frequency    
G 89 (62,7) 201 (68,4)  
A 53 (37,3) 93 (31,6) 0,77 (0,51 – 1,18) 

Gplb    
AA 53 (74,6) 129 (86,0) 1 (Reference) 
AB 16 (22,5) 20 (13,3) 1,65 (0,81 – 3,39) 
BB 2 ( 2,8) 1  ( 0,7) 4,75 (0,42 – 53,57) 

Allele frequency    
A 122 (85,9) 278 (92,7)  
B 20 (14,1) 22 (7,3) 0,48 (0,25 – 0,92) 

PAI    
5G/5G 13 (18,3) 29 (19,2) 1 (Reference) 
5G/4G 35 (49,3) 89 (58,9) 0,88 (0,41 – 1,88) 
4G/4G 23 (32,4) 33 (21,8) 1,55 (0,67 – 3,61) 

Allele frequency    
5G 61 (43,0) 147 (48,7) 0,79 (0,53 – 1,19) 
4G 81 (57,0) 155 (51,3)  

NOS    
I/I 61 (85,9) 97 (72,0) 1 (Reference) 
I/D 10 (14,1) 33 (24,4) 0,48 (0,22 – 1,05) 
D/D 0  (0,0) 5 (3,6)  

Allele frequency    
I 132 (93,0) 227 (84,1) 0.40 (0.19 – 0.82) 
D 10 (7,0) 43 (15,9)  

TPO A5709G    
AA 35 (49,3) 56 (37,0) 1 (Reference) 
AG 30 (42,3) 70 (46,0) 0,69 (0,38 – 1,25) 
GG 6  (8,4) 26 (17,1) 0,37 (0,14 – 0,98) 

Allele frequency   0,63 (0,41 – 0,96) 
A 100 (70,4) 182 (59,9)  
G 42 (29,6) 122 (40,1)  

TPO C4826A    
CC 19 (26,8) 24 (16,0) 1 (Reference) 
CA 30 (42,3) 89 (59,3) 0,43 (0,21 – 0,88) 
AA 22  (31,0) 37 (24,7) 0,75 (0,34 – 1,67) 

Allele frequency    
C 68  (47,9) 137 (45,7) 1,09 (0,73 – 1,63) 
A 74  (52,1) 163 (54,3)  

The values denote number of case patients or controls followed by percentage of the total for that group in 
parenthesis.
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