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Part 2 Chapter 3 

Abstract 

Arterial thrombosis (clinically manifested as myocardial infarct ion, ischaemic 

stroke, and peripheral occlusive artery disease) represent major health problems 

that are associated wi th high rates o f morbidi ty and mortal i ty, part icularly in 

Western societies. Numerous condi t ions are known to predispose to arterial 

thrombosis, commonly referred t o as risk factors. General accepted risk factors for 

arterial thrombosis include cigarette smoking, physical inactivity, dysl ipidaemia, 

hypertension, diabetes, obesity, metabolic syndrome, menopause, hyperhomo-

cysteinemia, male gender, and a positive family history o f arterial disease. This 

l isting also serves to show that there is not a single cause o f arterial thrombosis, and 

that this is better understood as a complex or mult i factorial trait . In addi t ion to the 

ment ioned well-established risk factors for arterial thrombosis, several lines o f 

evidence point to a role o f novel genetic risk factors, related to the haemostatic 

system, in inf luencing thrombot ic risk. In fact, it is becoming increasingly clear that 

the analysis o f genetic risk factors and plasmatic factors, together wi th private life 

style and environmental factors may contr ibute significantly to our understanding 

o f the genetic predisposit ion to thrombosis. Plasmatic levels o f proteins o f the 

haemostatic system have also been alleged to determine the onset and outcome o f 

arterial thrombosis, and several studies examined the relationship between genetic 

markers o f the haemostatic system and arterial disease. The results f rom such 

studies are frequently conf l ict ing, and large prospective studies remain needed in 

order to evaluate the significance o f haemostatic gene variations in arterial 

th rombot ic diseases. Such investigations are particularly impor tan t in order to 

reach the ul t imate goal o f characterising phenotypic and genetic markers for 

arterial thrombosis, which would enable the establishment o f individual profiles o f 

arterial th rombot ic risk, and which might eventually result in new and individualised 

prognostic and therapeutic measures. 

Introduction 

Vascular thrombot ic diseases are major health problems associated wi th high rates o f 

morbidi ty and mortal i ty, especially in Western societies. Arterial thrombosis (clinically 

manifested as myocardial infarction, ischaemic stroke, or peripheral occlusive artery 

disease) is, in most cases, a consequence o f atherosclerosis, a degenerative 

inf lammatory disease o f the intima o f medium and large arterial vessels.1'2 Arterial 
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thrombi are primarily composed by platelets and are formed in areas o f rapid blood 

f low. Several factors are known to predispose to atherothrombosis and such factors 

are usually called "risk factors" or "risk indicators".3 The well-established risk factors 

for arterial thrombosis are cigarette smoking, physical inactivity, inherited or acquired 

dyslipidaemia, hypertension, diabetes, obesity, metabolic syndrome, menopause, 

hyperhomocysteinemia, male gender, and a positive family history o f arterial 

disease.4'5 These lists o f risk factors clearly illustrate that there is not a single cause o f 

arterial thrombosis. Indeed, atherothrombosis is better understood as multifactorial 

(or "complex") disease, in which not only acquired or environmental factors but also 

inherited factors play a significant role. 

The concept that genes contr ibute to the occurrence o f arterial thrombosis may 

also be inferred f rom the f ind ing that a familial component is often present in cases 

presenting wi th atherothrombosis.6"9 In the case o f arterial thrombosis, the risk 

linked to a positive family history cannot be exclusively at t r ibuted to familial 

aggregation o f "classical" risk factors8 . Addit ional ly, the effect o f a positive family 

history seems t o be o f part icular relevance in patients at (apparently) low risk o f 

arterial disease.8 

In addit ion to the above-mentioned risk factors and indicators, the blood coagulation 

system has also been claimed to determine the onset and outcome o f 

atherosclerosis.10,11 There are two important features that give support to this 

presumption. Firstly, cleavage products from the coagulation system (i.e., the activated 

form o f coagulation proteins such as th rombin , factor Xa, factor Vi la, and activated 

protein C), may modulate pro- and anti- inf lammatory properties o f endothelial cells 

and leukocytes.12 Indeed, the inf lammatory responses o f these cells to blood-borne 

factors are thought to play a key role in atherogenesis.13"13 Secondly, clot formation as 

occurs in for instance myocardial infarction and ischaemic stroke, is a leading 

complication o f atherosclerosis.16,17 Subtle inter-individual differences in the response 

o f the coagulation system may therefore modify the risk o f arterial thrombosis. 

The search for haemostatic candidate genes and polymorphisms involved in the 

predisposit ion to arterial thrombosis became an impor tan t step towards a more 

comprehensive understanding o f the pathogenesis o f cardiovascular disease.18" ] In 

fact, an enormous number o f polymorphisms in genes coding for proteins o f the 

haemostat ic system have been claimed to inf luence t h rombo t i c r isk.2 2"2 7 

Coagulat ion gene variations, however, are not consistently and unequivocally linked 

to arterial thrombosis and phenotypic or genotypic analyses o f the haemostatic 

system have no part to play in the current routine management o f subjects wi th 

arterial thrombot ic disease. 
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A review o f current data on candidate haemostatic risk factors is quite complicated 

in arterial thrombosis. There are several reasons for this. The first problem is 

inherent to the two putative roles o f the coagulat ion system, i.e. modulat ing the 

in f lammatory response and determining the rate o f clot fo rmat ion , and which are 

not always easily dist inguished in an invest igat ion o f pat ients w i th 

a thero thrombot ic disease. Secondly, sources o f data are heterogeneous, and both 

descriptive and analytic investigations have yielded f indings which are often 

contradictory. Diversity o f study design may contr ibute to the discrepancies, 

making direct comparisons between studies compl icated. Many studies also suffer 

f rom a sample size which is too small to conf i rm or rule out the presence o f a 

relevant epidemiological association between specific polymorphisms and arterial 

disease. Moreover, the lack of data showing a clear funct ional consequence on 

protein phenotype o f several gene variations hampers the interpretat ion o f data 

derived f rom many studies aimed at testing associations.20 In add i t ion , it is unlikely 

that specific haemostat ic gene variations are, in isolat ion, very strong risk factors 

for arterial disease. More probable is the scenario where haemostatic gene 

polymorphisms influence atherosclerosis or arterial th rombot ic risk by interacting 

wi th other established genetic or acquired risk factors. Such interactions may not 

be apparent in all investigations due to the influence o f factors such as sample size, 

ethnicity, selection and recall bias in case-control studies, and clinical end-points. 

Finally, several candidate polymorphisms may be in linkage disequil ibrium wi th 

actual disease causing polymorphisms (a variat ion located somewhere in the 

regulatory or cod ing region o f the same gene or even in another gene). The degree 

o f disequi l ibr ium may vary from popula t ion to popu la t ion , a fact that may also be 

responsible for some o f the discrepancies between studies analysing the same gene 

variat ion as a risk factor for arterial thrombosis. 

In spite o f these di f f icul t ies, which are inherent to genetic association studies, the 

objective o f def in ing which gene haemostatic abnormalit ies are actual risk factors 

for thrombosis remains important . Indeed, i f the ul t imate goal o f characterising 

phenotypic and genetic markers for arterial thrombosis was reached, it would 

enable one to establish individual profiles o f th rombot ic risk, which might 

eventually result in new and individualised prognostic and therapeutic measures. 

In this paper, we short ly review the published data that relate gene abnormalit ies o f 

the haemostatic system wi th arterial thrombosis. 
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Polymorphisms in genes coding fo r platelet surface proteins 

Glycoprotein la-lla 

Gp la- l la, also referred to as a 2 P 1 integrin, is the major constitutive collagen 

receptor on the platelet surface, which is involved in platelet adhesion to the 

subendothelial matr ix.2 8 A silent d imorphism at nucleotide posit ion 807 (C807T) 

o f the Gpla- l la gene was reported to affect a2f51 integrin density on platelets and 

collagen receptor act iv i ty .2 9 3 0 The C807T polymorphism is in t ight linkage 

disequi l ibr ium with a second Gp la-lla polymorphism (G873A) and wi th other 

variations in the same gene.29,3 

The 807T allele (l inked to high a2(31 density) was associated wi th a significant 

1.6-fold increased risk o f Ml in a large study investigating male patients undergoing 

coronary angiography.31 The odds ratios for M l linked to the 807T allele increased 

wi th decreasing age, point ing to a more relevant role o f this polymorphism in 

determining arterial th rombot ic risk in young patients.31 Subsequent reports also 

found the 807T allele to be a risk factor for M l and stroke, particularly in young 

pat ients3 2"3 4 , but others did not conf i rm these f indings.3 5"3 8 Thus, there are data 

suggesting that the C 8 0 7 T G p la-lla polymorphism may be a risk factor for arterial 

thrombosis, but the issue is controversial, po in t ing to the need o f addit ional studies 

dealing wi th larger patient populat ions to resolve this issue.39 

Glycoprotein Ib-V-IX 

Gp Ib-V-IX is a constitutively active platelet receptor for von Wi l lebrand factor 

(vWF), and mediates platelet b inding to vWF present in the perivascular matr ix.2 8 

Two polymorphisms in the gene coding Gp Iba were identif ied which affect the 

phenotype (HPA-2 and a VNTR).4 0"4 2 The HPA-2 alloantigen system is defined by 

the presence o f a C to T subst i tut ion at nucleotide posit ion 3550 (which results in 

a Thr145Met subst i tut ion). The VNTR is a repeat o f 39-bp in the macro-

glycopeptide region o f the Gp Iba, and the fo l lowing alleles are known: D ( four 

repeats), C (three repeats), B ( two repeats), and A (one repeat). Each repeat results 

in the addi t ion o f 13 amino acids to the protein, and it is thought that the addi t ion 

o f amino acids modif ies the distance between the vWF-binding domain and the 

platelet surface. The exact funct ional consequence o f this alteration on platelet 

funct ion is, however, poorly def ined. 4 0 ' 4 2 The HPA-2 and the VNTR polymorphisms 

are in t ight linkage disequil ibr ium: HPA-2a (Thr at posit ion 145) is linked to the C 

and D VNTRs, whereas HPA-2b (Met at posit ion 145) is associated wi th the A and 

B VNTR alleles. 
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The HPA-2 and the VNTR Gp Ibex polymorphisms were examined as risk factors for 

arterial th rombot ic diseases in several investigations. Both positive associations 

(between HPA-2b and VNTR B allele and increased risk o f Ml and stroke) and 

negative f indings were reported.4 3"5 0 The cont r ibut ion o f Gp lb( gene variations to 

arterial thrombosis is therefore unclear. 

Recently, a gene polymorphism in the Kozak sequence o f the Gp Iba receptor has 

been descr ibed.2 3 4 This variation is a T / C d imorphism at nucleotide -5, which is 

located in the translat ion init iation codon o f the Gp Iba gene. The -5C allele is 

associated wi th more efficient mRNA translat ion and increased levels o f the 

Ibareceptor on the platelet surface.51 In a recent study, Frank et al. investigated the 

-5C allele as a risk factor for Ml and stroke in a populat ion-based study involving 

relatively young women.-''2 The po lymorphism had a neutral effect on the risk o f 

stroke, and , paradoxically, a trend towards protect ion against Ml by the -5C allele 

(odds rat io 0.53) was observed.52 Further studies are certainly warranted to better 

delineate the role o f this polymorphism in arterial th rombot ic disease. 

Glycoprote in llb-llla 

Gp l lb- l l la (also referred to as integrin <x,.p3) mediates platelet aggregation by 

funct ion ing as the f ibr inogen receptor on the platelet surface. In platelets at rest, 

Gp l lb- l l la exhibits a low affinity fo r f ibr inogen, but upon activation this af f in i ty is 

markedly increased. Gp l lb-l l la may also serve as a receptor for vWF and other 

soluble l igands.3 8 '5 3 A number of Gp l lb- l l la gene variations have been described in 

the general popu la t ion . The polymorphism which received part icular at tent ion 

regarding its association wi th arterial disease is a common variation in the Gp Ilia 

gene: a T to C transi t ion at nucleotide 1565, which results in a Pro to Leu 

subst i tut ion at amino acid position 33 . 5 4 The Pro33 allele (also referred to as PIA2) 

is known to exhibit a heterogeneous ethnic distr ibut ion and was claimed to result 

in increased platelet aggregability55, but the exact funct ional consequences o f this 

po lymorphism are still unclear.56 

PIA2 was associated wi th a 2.8-fold increased risk o f Ml in an initial report .5 7 Since 

then numerous studies investigated the PIA2 allele as a risk factor for coronary 

th rombot ic disease, and most of these studies d id not conf i rm the hypothesis that 

this polymorphism modif ies thrombot ic risk.38"69 In most studies aimed at exploring 

the relationship between the PIA2 allele and stroke, a negative result was found 4 3 - 6 0 , 

but at least one investigation suggested that this polymorphism increases the risk o f 

cerebral vascular disease in relatively young subjects.45 In a recent study by Renner et 

al. the PIA2 allele was found with similar frequency in 815 patients wi th documented 
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peripheral artery disease and in two groups o f c o n t r o l s / 0 A recently published meta

analysis compar ing the frequency o f the PIA2 polymorphism in 4839 patients wi th 

myocardial infarction wi th the frequency in 5799 controls yielded no significant 

association.71 The conf l ict ing results regarding the relationship between the PIA2 

polymorphism and arterial disease are diff icult to judge, and only will be clarified 

when more data f rom larger samples become available. 

Another Gp l lb- l l la gene variat ion that has been investigated in its association wi th 

arterial th rombot ic disease is the Gp Mb lle843Ser po lymorphism, wi th most studies 

yielding negative results.72"74 One study suggested that the Ser843 allele is 

associated wi th increased risk o f M l in young women (aged less than 45 years), in 

the presence o f other major risk factors for atherosclerosis such as smoking, positive 

family history o f M l and high cholesterol levels.75 Further investigations are 

warranted to conf i rm these f indings. 

Polymorphisms in coagulation factors 

Fibrinogen 

Fibrinogen is the precursor o f f ibr in and its levels influence platelet aggregation, 

b lood viscosity, and endothelial cell injury, mechanisms which all play a role in 

atherosclerosis and arterial thrombosis. Thus, it is conceivable that , as a 

determinant o f hypercoagulabil ity, plasma fibrinogen level may influence the risk. 

Based on this hypothesis, several studies have addressed the risk o f cardiovascular 

disease for high in comparison wi th low fibrinogen levels in plasma.7 6"8 0 A meta

analysis o f 22 o f these studies (13 prospective, 5 cross-sectional and 4 case-control) 

showed that elevated plasma fibrinogen levels (wi thin the highest tertile) are 

associated wi th an overall two- fo ld increased risk o f cardiovascular disease both in 

healthy subjects and in high-risk subjects.81 The effect o f f ibr inogen as a 

determinant o f arterial th rombot ic risk seems to be independent f rom other 

classical risk factors for arterial disease. Fibrinogen exhibits interactive effects wi th 

other risk factors, mainly smoking and hypertension. Moreover, high f ibr inogen 

levels appear to improve prediction o f recurrence o f arterial th rombot ic events by 

8%, point ing to a possible relevant prognostic role o f measuring f ibr inogen levels in 

patients wi th arterial th rombot ic disease. It should be mentioned however that 

f ibrinogen is an acute phase reactant and therefore the observed effect o f elevated 

f ibrinogen levels may at least in part reflect the degree o f the in f lammat ion that 

accompanies atherosclerotic disease. 
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The f ibr inogen molecule is a glycoprotein conta in ing two copies o f three 

polypeptide chains ( a , (3 and 7) encoded by three distinct genes located on the long 

arm o f chromosome 4 (q23-32). Various polymorphisms have been identif ied in all 

three genes, mainly in the locus encoding the f5 chain o f f ibr inogen. Most at tent ion 

has been paid to two dimorphisms in the (3-chain gene: the Hae\\\ polymorphism 

(a G to A subst i tut ion at position -455 in the 5'- promoter region) and the 

Bcl\ po lymorphism in the 3'- untranslated region. These two polymorphisms are in 

linkage disequi l ibr ium wi th each other. The 5'- promoter polymorphism is o f 

par t icu lar interest because o f its locat ion nearby an inter leukin-6 and a 

hepatocyte nuclear factor I responsive element.82 Indeed, the -455G/A substi tut ion 

was found to be a determinant o f plasma f ibr inogen levels in d i f ferent 

investigations.83"87 These findings prompted several authors to look for an 

association between this f ibrinogen gene variation and risk o f arterial thrombosis, 

but conf l ic t ing results were reported.8 5 , 8 8"9 2 In fact, the results from studies 

addressing this issue have not been consistent and it could be argued that there is 

hardly any evidence tha t the predicted genotype-disease relationship indeed exists 

for arterial disease.93 

Another f ibr inogen gene variation that has drawn some at tent ion is the a-chain 

Thr312Ala po lymorphism in the coding region.9 4 It was claimed that the 321 Ala 

allele increases c lot stability,9-"1 and this polymorphism has been investigated as a 

risk factor for arterial disease in a few studies. In the ECTIM study, Thr312Ala did 

not influence the risk o f M l . 9 6 In another investigation, the 312Ala allele was 

associated w i th decreased survival after stroke and wi th increased risk o f pulmonary 

embol ism. 9 7 The exact role o fThr312Ala in thrombot ic disorders remains to be 

clarif ied. 

Factor II 

In 1996, a novel genetic factor involved in the aetiology o f VTE was described: 

a G^*A transi t ion at nucleotide position 20210 in the 3'- untranslated region o f the 

coagu la t ion fac tor II gene (FN, p ro th romb in ) causing increased mRNA 

accumulat ion and protein synthesis98. This mutat ion is found in 1 -3% o f subjects in 

the general popu la t ion , and in 6-18% o f patients wi th VTE9 8 "1 0 5 . These studies 

established that Fll G20210A is linked to a 2- to 5-fold increased risk o f VTE. 

Conf l ic t ing results were reported regarding the role o f FM G20210A as a risk factor 

for arterial t h rombot i c disease, and the issue remains undecided. 4 8 , 1 0 6 ' 1 1 1 It 

has been claimed that in particular subgroups o f patients ( for instance, young 

subjects, and smokers), Fll G20210A may amplify arterial th rombot ic risk by 
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interacting wi th established risk factors for a thero- thrombosis . 1 1 0 ' 1 1 2 Recently, 

Psaty et a l . reported an interactive effect between FN G20210A carriership and use 

o f hormone replacement therapy in determining the risk o f M l in postmenopausal 

women . 1 1 3 

Tissue fac tor 

The major ini t iator o f the blood coagulat ion cascade is tissue factor (TF). A recent 

study asked the question whether individual differences in TF gene expression wou ld 

predispose to thrombosis . 1 1 4 Sequencing o f the promoter region o f the TF gene 

yielded six novel polymorphisms that were distr ibuted over two haplotypes wi th 

equal frequencies (designated 1208 D and 1208 I). Al though the haplotype was 

claimed to determine plasma levels o fTF , the 1208 D/l genotype did not influence 

the risk o f coronary thrombot ic disease in a case-control study involving 2354 

individuals.1 1 5 

Factor V 

In 1993 Dahlback and colleagues described an abnormal i ty that was highly 

prevalent in patients wi th venous thrombosis . 1 1 6 In a modif ied APTT assay, the 

authors observed that addi t ion o f activated PC to the plasma o f patients wi th VTE 

did not result in the expected prolongat ion o f the c lot t ing t ime, a phenomenon that 

was referred to as "activated protein C resistance" (APCR). 

Inherited APCR is, in most cases, the result o f a gain-of-funct ion point mutat ion in 

coagulat ion factor V: a G- *A transit ion at nucleotide posit ion 1691, leading to the 

subst i tut ion o f arginine (R) by glutamine (Q) at amino acid posit ion 506 (a 

cleavage site for activated PC in the factor V molecule). This point mutat ion was 

f irst described in 1994 and is currently referred to as factor V Leiden (FVL).1 1 7 

In contrast w i th the clear propensity towards veno-occlusive disorders, the 

association o f FVL wi th arterial thrombosis is less clear. Most studies failed to 

demonstrate that APCR or FVL is a risk factor for arterial disease.48 '118"134 As is the 

case for the FM G20210A polymorphism, some investigations claimed that FVL may 

contr ibute to athero-thrombosis by act ing synergistically when other major risk 

factors are also present.1 3 3 '1 3 5 For instance, an increased risk for myocardial 

infarct ion was present in young women carrying FVL, who also reported cigarette 

smoking.1 3 3 These data suggest that FVL is not perse a major risk factor for arterial 

th rombot ic disease, but the mutat ion may increase the risk conferred by classical 

risk factors. 
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Factor VII 

Coagulat ion factor VII (FVII) is a v i tamin K-dependent glycosylated plasma protein 

that circulates as an inactive zymogen and is activated by proteolysis mediated by 

factor IXa, Xa and XIla. FVII was one o f the first coagulat ion genes for which 

relationships between common DNA polymorphisms and plasma levels have been 

reported. The interest in this coagulat ion protein was aroused by f indings in the 

Nor thwick Park Heart Study that elevated levels were prospectively associated wi th 

arterial occlusive disease.136 These f indings have been partly conf i rmed in another 

large prospective study, the PROCAM, although the results concerning the 

association between FVII levels and arterial disease were not clear-cut since it was 

not found to be an independent risk factor for Ml after adjustment for potent ial 

confounders. 1 3 7 Furthermore, addi t ional studies did not conf i rm elevated plasma 

FVII levels to be a risk factor for arterial th rombot ic disease.138"142 

Several polymorphisms in the FVII gene have been described and shown to influence 

plasma FVII levels. Most attent ion has been focused on the Arg353Gln muta t ion in 

exon 8, which is located in the catalytic domain o f FVII. The Gln353 allele is linked 

to lower FVII antigen and coagulant activity in plasma, and has been investigated as 

a risk factor for arterial thrombosis in several studies. In a case-control study 

involving 165 relatively young patients wi th familial M l , the Gln353 allele was 

reported to confer a strong protective effect against the occurrence o f M l . 1 4 3 Other 

larger case-control studies however failed to conf i rm these f indings, since the allelic 

d is t r ibut ion o f this polymorphism was the same in patients wi th arterial disease and 

contro ls .4 8 '1 3 8 -1 4 0 -1 4 4 '1 4 5 

Given the doubt fu l association between plasma FVII levels and athero-thrombosis, 

and the contradic tory findings concerning the association o f FVII polymorphisms 

wi th arterial disease, the role ofFVII is determining arterial th rombot ic risk is more 

than questionable at present. 

Factor VII I 

Plasma factor VIII concentrations reflect the combined influence o f inherited and 

acquired factors. For example, genes encoding ABO blood groups and von 

Wi l lebrand factor influence factor VIII levels. Addit ional ly, familial aggregation o f 

elevated factorVI I I (not linked to b lood group orvVVF) was also described, po in t ing 

to the existence o f unknown genetic components determin ing factor VIII 

concentrat ions.1 1 

Elevated plasma FVII I activity levels have been associated wi th increased risk o f 

arterial thrombosis.2 1 '1 4 6 "1 4 8Thecausat ive nature o f th is risk relationship, however, 
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may be questioned, since FVIII is known to be a phase-acute reactant. In add i t ion , 

no specific molecular abnormal i ty in FVIII gene has been identif ied that explains the 

higher levels or the increased risk o f arterial thrombosis. 

Von Willebrand factor 

Similarly to FVIII, elevated plasma vWF levels have been linked to increased risk o f 

arterial thrombot ic events in several studies assessing the issue, but independent 

associations have not been consistently reported.2 1 , 1 3 9 , 1 4 2 '1 4 6~1 5 0 Moreover, no 

gene polymorphisms in the vWF have been so far demonstrated to influence athero-

th rombot ic risk. 

Factor XIII 

FXIII Val34Leu1 5 1 was found to protect against the occurrence o f myocardial 

infarction and stroke in several studies.1 5 1"1 5 5 Such a protective effect was, however, 

not conf i rmed in other investigations.156 '157 As is the case for its relationship wi th 

VTE, prospective studies wil l be necessary to define the role o f FXIII Val34Leu in 

arterial thrombosis. 

Mutations and polymorphisms in the anticoagulant system 

Antithrombin, protein C and protein S deficiency 

During activation o f the coagulat ion system, serine proteases wi th procoagulant 

activity are sequentially generated, eventually resulting in the format ion o f a stable 

f ibr in clot. The activity o f these proteases is down-regulated by a group o f proteins 

usually referred to as natural anticoagulants or as physiological coagulat ion 

inhibi tors, o f which the main components are ant i thrombin (AT), protein C (PC) 

and protein S (PS). 

Genetic defects in these coagulat ion inhibitors are \jery rare in the general 

populat ion, but result in a pro thrombot ic state and increased risk o f venous 

thrombosis. However, the role o f AT, PC and PS inherited deficiencies in arterial 

disease is much unclear and it is unlikely that such defects impor tant ly contr ibute 

to arterial th rombot ic risk. A possible exception is that in children presenting wi th 

stroke o f apparently unident i f ied aetiology ant icoagulant deficiencies may 

contr ibute to the thrombot ic event1 5 8 '1 5 9 , but even in this clinical context some 

controversy exists.30 
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Thrombomodulin 

Th rombomodu l i n is an integral membrane protein o f endothelial cells and 

monocytes. When th romb in binds to t h rombomodu l i n , it loses its procoagulant 

activity but becomes capable of act ivat ing protein C. Given this crucial funct ion in 

the protein C pathway, a hereditary deficiency o f th rombomodu l in might very well 

play a role as a risk factor for thrombot ic disease. 

Several variat ions have been identified in the th rombomodu l i n gene. The Ala455Val 

po lymorphism was claimed to influence the risk o f arterial thrombosis because the 

A allele was found to be more frequent in survivors o f myocardial infarction ( M l ) in 

an init ial report , but this was not conf i rmed in a second s tudy . 1 6 0 1 6 1 Recently, W u 

and colleagues reported that the 455Val allele is linked to a 6 .T fo ld increased risk 

o f coronary heart disease in Blacks but does no t significantly influence risk among 

Whi tes . 1 6 2 

Another T M polymorphism that has been investigated in its relation wi th arterial 

disease is the G to A substitution at nucleotide posit ion 127 in the gene, which 

predicts an Ala25Thr substitution in the protein. The 25Thr allele was found to be 

more prevalent among 560 male patients wi th M l , than in 646 controls in the 

"Study o f Myocardial Infarctions Leiden" (SMILE), yielding an odds ratio for M l o f 

2.0. 3 A part icularly high risk (6.5-fold increase) was observed in relatively young 

patients (aged below 50) and in the presence o f addi t ional risk factors such as 

smoking and metabol ic risk factors (9-fo ld increased risk). In contrast, in two 

subsequent investigations the Ala25Thr polymorphism was not found to be a risk 

factor for coronary artery disease164 or stroke.1 6 5 

Recently, Li et al reported that a polymorphism in the th rombomodu l in gene 

promoter (-33 G/A) influences plasma soluble t h rombomodu l i n levels and is linked 

to a 1.8-fold increased risk for coronary heart disease in the Chinese popu la t ion . 1 6 6 

The same group also reported a signif icant association between carriership o f the -

33A allele and a 2.4-fold increased risk for the occurrence o f carot id atherosclerosis 

in subjects aged less than 60 years.167 

The potent ial role o f th rombomodu l in mutat ions in M l recently also received 

further support f rom the documentat ion o f a frameshift mutat ion in a family wi th 

arterial disease.168 Again, the data are not definit ive, but add further to the not ion 

that t h rombomodu l i n mutations may be more impor tan t in arterial than in venous 

th rombot i c disease. 

Tissue-factor pathway inhibitor 

TFPI is a so-called Kunitz-type inhibi tor that plays a major role in the inhibi t ion o f 
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the extrinsic coagulat ion pathway.1 6 9 Inhibi t ion takes place by the format ion of a 

quaternary complex between tissue factor, factor Vi la, factor Xa and TFPI. Because 

o f its inhibi tory funct ion, TFPI is a candidate risk factor for th rombot ic disease; 

however, w i th plasmatic assays, no clear qualitative or quanti tat ive deficiency states 

have been found. 

Recently, systematic sequencing o f the TFPI gene has yielded four different 

polymorphisms (P ro l51 Leu, Val264Met ,T384C exon 4 , and C-33T intron 7) 170,171, 

but their association wi th thrombot ic disease is doub t fu l . 1 7 2 " 1 7 4 The recently 

described -287 T / C polymorphism in the 5'-untranslated region did not alter TFPI 

levels in a contro l populat ion analysed, and does not appear to influence the risk o f 

coronary athero-thrombosis.1 7 1 Data on the role ofTFPI in arterial thrombosis are 

still scarce, and the role o fTFP I gene polymorphisms as potential risk factors 

remains poorly explored. 

Endothelial protein C receptor 

In a prel iminary report, the 23-base-pair insertion in exon 3 o f the EPCR gene was 

linked to an increased risk o f athero- thrombot ic disease.17;> However, a recent study 

did not conf i rm the EPCR insertion to be a risk factor for myocardial infarct ion.1 7 

Recent data demonstrated that the insertion is linked to impaired funct ion o f the 

receptor.177 It is possible that a significant relationship between carriership o f the 

mutat ion and arterial thrombosis has not been demonstrated heretofore on 

account o f the rarity o f the insertion in the general popu la t ion . If this is the case, 

only large studies will unravel a significant risk modi f icat ion associated wi th the 

EPCR insert ion. 

Polymorphisms in the fibrinolytic system 

Plasminogen activator inhibitor (PAI -1 ) 

PAI-1 is a member o f the serpin (serine protease inhibi tor) superfamily. PAI-1 

functions as an impor tan t inhibi tor o f plasminogen activation thereby regulating 

f ibr inolysis.178 Augmented PAI-1 mRNA expression in macrophages and vascular 

smooth muscle cells was found in human atheroma plaques.1 7 9"1 8 0 Increased 

plasma PAI-1 levels have been also related to increased risk o f arterial thrombosis 

in a number o f investigations, al though not uni formly.1 8 1"1 9 0 The putative 

relationship o f plasma PAI-1 levels wi th the risk o f arterial disease is thought to be 

influenced by other risk modifiers in the presence o f insulin resistance.191,192 
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Several gene variations are known for the PAI-1 gene, including a variat ion 

at a CA(n) dinucleot ide repeat in intron 3, a H'md\\\ VNTR polymorphism in the 

3 ' -unt rans la ted reg ion, and a 4 G / 5 G de le t ion / inser t ion p romo te r poly

morph ism. • 9 3 The latter d imorphism has been more widely investigated wi th 

respect to putative physiopathologic and clinical importance. The 4G allele was 

reported to exhibit increased mRNA transcript ion in comparison wi th the 5G allele, 

in in vitro experiments using HepG2 human hepatoma cell lines transiently 

transfected wi th the two alleles and stimulated wi th inter leukin-1.1 9 4 In add i t ion , 

the 4G/5G polymorphism is also known to determine PAI-1 levels, the 4G genotype 

being associated wi th higher plasma concentrat ions.1 9 5"1 9 8 The 4 G / 5 G promoter 

po lymorphism has been also investigated as a risk factor for arterial th rombot ic 

disease in numerous studies, and controversial results emerged from these analyses. 

Several investigations claim that the 4G genotype is a risk factor for coronary 

thrombosis in subgroups o f patients wi th cardiovascular disease1 9 6 1 " - 2 0 2 ^ ^ u t 

other studies did not conf i rm these f ind ings. 1 5 7 1 8 6 - 2 0 3 " 2 0 5 A recent meta-analysis 

found that the 4G allele is associated wi th a mi ld increase (1.2-fold) in the risk o f 

M l .206 

Tissue-plasminogen act ivator ( t -PA) 

t-PA, also referred t o as tissue-type PA, is a plasma serine protease which mediates 

p lasmin generat ion and clot lysis by specif ical ly cleaving c l o t -bound 

p lasminogen.1 7 8 Increased plasma t-PA levels have been (paradoxically) associated 

w i th increased risk o f coronary t h rombo t i c disease.2 0 7 -2 0 8 Numerous 

polymorphisms have been reported for the t-PA gene.209 It has been reported that 

an Alu insert ion/delet ion polymorphism in the t-PA gene influences release rates o f 

to ta l t -PA.2 1 0 Homozygosity for the Alu insertion po lymorphism has been 

associated w i th a two- fo ld increased risk o f Ml in the Rotterdam study2 1 1 , but this 

f ind ing could not be conf i rmed in other investigations.212"215 Thus, the role o f this 

variat ion in arterial disease is uncertain. 

Recently, eight novel t-PA gene polymorphisms have been described.2 1 5 Three o f the 

polymorphisms are in st rong linkage disequil ibrium with the Alu po lymorphism, 

and influence t-PA release rates. The other variations were silent and wi thout 

apparent effect on t-PA release.215 The relation o f these polymorphisms wi th 

arterial disease is as yet unknown. 
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Table 1 . Haemostat ic gene variations in arterial thrombot ic disease 

Haemostatic system 

component 

Platelets 

CP la Ha (a2 subunit) 

CPIb-V-IX(lbusubunit) 

GP llb-llla (Ilia subunit) 

GPIIb-llla (lib subunit) 

Procoagulant factors 

Fibrinogen (p-chain) 

Fibrinogen (a-chain) 

Factor II 

Tissue factor 

Factor V 

Factor VII 

Factor VIII 

on Willebrand factor 

Factor XIII (u-subunit) 

Gene 

symbol 

ITGA2 

GP1BA 

ITGB3 

ITGA2B 

FGB 

FGA 

F2 

F3 

F5 

F7 

FSC 

VWF 

F13A1 

Anticoagulant proteins 

Antithrombin 

Protein C 

Protein S 

Thrombomodulin 

Tissue factor 

pathway inhibitor 

Endothelial protein C 

receptor 

Fibrinolytic proteins 

Plasminogen activator 

inhibitor 1 

Tissue-type plasminogen 

AT3 

PC 

PR0S1 

THBD 

TFPI 

EPCR 

PLANH1 

PLAT 

Chromosome 

Localization 

Sq23-31 

17pter-p12 

17q21-32 

17q21-32 

4q31 

4q31 

11p11-q12 

1p22-21 

1q23 

13q34 

Xq28 

12p13 

6p24-25 

1q23-25 

2q13-14 

3p11.1-q11.2 

20p11.2 

2q31-32.1 

7q22.1-22.3 

8p12-q11.2 

"Candidate" gene variation 

for arterial disease 

02 C807T 

C3570T(Thr145Met) 

39-bp VNTR 

T-5C (Kosak polymorphism) 

T1S6SC(Pro33Leu) 

He843Ser 

G-455A (Hüelll polymorphism) 

Bell polymorphism (3'-UT region) 

Thr312Ala 

G20210A(3'-UT region) 

1208 D/l promoter haplotypes 

G1691A(ArgS06Gln) 

Arg3S3Gln 

None 

None 

Val34Leu 

> 250 loss-of-function mutations 

> 160 loss-of-function mutations 

> 130 loss-of-function mutations 

Ala455Val 

Ala25Thr 

G-33A 

Pro1S1Leu,Val264Met, 

T384C exon 4. and C-33T intron 1 

T-287C 

23-bp insertion in exon 3 

-675 4G/5G (D/l) polymorphism 

Alu insertion/deletion 

Functional consequence 

variation 

Determinant of integrin density 

and collagen receptor activity 

Unclear 

Unclear 

Unclear 

Unclear 

Unclear 

Determinant of plasma level 

Determinant of plasma level 

Increased clot stability 

Determinant of plasma level 

Determinant of plasma level 

Activated protein C resistance 

Determinant of plasma level 

Influences enzyme activity 

AT deficiency 

PC deficiency 

PS deficiency 

Unknown 

Unknown 

Determinant of plasma soluble 

T M level 

Val264Met is a determinant of 

plasma level 

No effect on plasma level 

Receptor with impaired function 

Determinant of plasma level 

Unclear 

Association 

of the gene 

with arterial 

disease 

Disputed 

Disputed 

Disputed 

Unconfirmed 

(single study) 

Disputed 

Disputed 

Disputed 

Disputed 

Disputed 

Disputed 

Unconfirmed 

(single study) 

Disputed 

Disputed 

Disputed 

Unknown 

Unknown 

Unknown 

Disputed 

Disputed 

Unconfirmed 

(single study) 

Unknown 

Unconfirmed 

(single study) 

Disputed 

Disputed 

Disputed 
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Concluding remarks 

A comparat ive analysis o f data on haemostatic gene polymorphisms in arterial 

thrombosis yields several important observations. 

It seems clear that levels o f some haemostatic factors predict disease risk. A notable 

example is plasma f ibr inogen level. However, the causal role o f haemostatic plasma 

markers as predictors o f arterial disease is still uncertain, because frequently 

inconsistent and conf l ic t ing results from the genetic studies. Uncertainty is further 

augmented by the fact that positive results were more often than not found in post-

hoc subgroup analyses (Table 1 ). Given that the relationship between genetic 

determinants o f the haemostatic system and arterial disease remains elusive, it is 

our op in ion that there is no need for c lot t ing factor analysis in the routine 

management o f pat ients with a the ro th rombo t i c cardiovascular disease. 

Consequently the main challenge presented to researchers is to conduct sufficiently 

large and well designed investigations that wil l not only identify haemostatic 

variat ions playing a significant role as risk modif iers but also wil l decipher relevant 

synergistic effects between such genetic markers and the well established 

cardiovascular risk factors. 

In conclusion, no convincing data exist for haemostatic gene variations playing a 

signif icant role in arterial thrombosis. Investigations in this area are particularly 

impor tan t because i f the ultimate goal o f characterising phenotypic and genetic 

markers for thrombosis was reached, it would enable one to establish individual 

profi les o f th rombot ic risk, and might eventually result in new and individualised 

prognostic and therapeutic measures. 
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