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INTRODUCTION

The term thrombophilia was coined by Jordan and 
Nangorff in 1956; it refers to increased tendency 
to develop clots in blood vessels. It is a multicausal 
disease in which both acquired and genetic risk 
factors may play important roles affecting the natural 
haemostatic balance between procoagulant and anti-
coagulant factors [1, 2]. The concept that thrombo-
philia could be associated with genetic defects was 
first proposed in 1965 after the discovery of familiar 
antihrombin III (ATIII) deficiency [3]. The ATIII 
deficiency is a very rare disorder with the incidence 
of 0.02% in general population and it is associated 
with a high risk of venous thromboembolism (VTE) 
[4]. It took almost 20 years before the deficiency of 
protein C (PC) and protein S (PS) was recognized as 
very strong, but rare thrombotic risk factors [5, 6]. 
Deficiencies of ATIII, PC, PS are found in less than 
1% of the population [4]. These first studies were 
based on the analysis of plasma levels of natural anti-
coagulans in family members with deficiency status, 
and were carried out in order to document inher-
itance patterns. In the coming years the advent in 
DNA technology, especially the invention of PCR 
reaction, opened up new possibilities in genetic 
research of thrombophilia. 

FACTOR V LEIDEN AND FACTOR II G20210A 
MUTATIONS

The breakthrough came with the discovery of activated 
protein C (APC) resistance and Factor V G1691A (FV 
Leiden) mutation. Dahlback et al [7] found that the 
plasma of patients with familiar thrombosis showed a 

reduced response to the addition of APC. APC resis-
tance is the consequence of impaired ability of APC 
to cleave Factor V (FV) due to amino-acid substitu-
tions within the FV at the cleavage sites. APC inacti-
vates FV by proteolysis at Arg306, Arg506 and Arg679. 
FV is first cleaved at Arg506, and this peptide bond 
cleavage is essential for the optimal exposure of the 
cleavage sites of Arg306 and Arg679 [8]. Shortly after 
Dahlbacks finding, Bertina and coworkers reported 
that single point mutation G1691A in the FV gene, 
which results in the substitution of arginine at position 
506 by glutamine, was responsible for the observed 
APC resistance phenotype [9]. FV Leiden mutation 
is common in the healthy population of Caucasian 
origin, but with significant regional differences in 
prevalence (2-16%) [10, 11, 12]. The frequency is 
increased up to 15-50% in patients with VTE [13, 14]. 
Heterozygous carriers have approximately a 5-fold 
increased risk for thrombosis and in homozygous 
carriers the risk is 50-fold increased [15]. Studies 
showed that the most common clinical manifesta-
tion of FV Leiden mutation was a deep vein throm-
bosis (DVT) with or without pulmonary embolism 
(PE) [16, 17, 18]. Although originally identified 
within the context of family study, FV Leiden muta-
tion was so prevalent in the general population that 
the focus shifted from family to population-based 
case-control studies. Shortly after FV Leiden muta-
tion, G to A substitution at position 20210 of the 
3’-untranslated region of the Factor II (FII) gene was 
described. The G20210A gene variant was associated 
with increased concentration of FII in plasma, and 
also found to be common in Caucasian populations 
(1-6%) [19, 20]. The risk of thrombosis is 2-to 3-fold 
increased in carriers. Large epidemiologic studies 
have conformed that these two common mutations 
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(FV Leiden and FII G20210A) represent moderate but 
significant risk factors for thrombophilia [13, 16, 21].

OTHER GENETIC RISK FACTORS

In the last decade, several prothrombotic genetic risk factors 
have been described; genes variants associated with levels 
of coagulation factors (factor XIII Val34Leu, fibrinogen g 
C10034T, fibrinogen b -455G/A), defects of natural coag-
ulation inhibitors (protein C -1641G/A, protein C -1654G/
A), defects of the fibrinolytic system (plasminogen acti-
vator inhibitor (PAI-1) -675 4G/5G) and hyperhomocyste-
inemia (MTHFR C677T) [22-26]. Homozygous carriers of 
FXIII gene variant have a reduced risk of venous thrombosis 
(approximately 30%) with the prevalence of 10% in general 
population [22]. Single nucleotide polymorphisms (SNPs) 
in fibrinogen genes have been associated with small throm-
botic risk increases (1.2-1.3-fold), except for fibrinogen g 
C10034T, which increases thrombotic risk approximately 
2-fold [23]. Variants in the promoter region of protein C 
gene are associated with 1.3-fold increased risk of throm-
bosis [24]. A common single guanine (4G/5G) polymor-
phism located 675 bp upstream from the transcription site 
of the PAI-1 gene was associated with elevated PAI-1 level, 
which appears to be a thrombotic risk factor [25]. The 
variant C677T of the MTHFR gene is also very common. 
This polymorphism renders the enzyme thermolabile and 
tends to a slightly elevated homocysteine level. Published 
studies have shown conflicting results regarding the effect 
of carriership on the risk of thrombosis [2, 4, 12, 26, 27].

Although numerous, due to their minor or unknown 
impact on the thrombotic risk, most of described gene 
variants are not of diagnostic value. The combinations of 
candidate genes variants have been and still are extensively 
studied in an attempt to elucidate their possible association 
with increased thrombotic tendency [20, 28, 29].

In the past years there has been increasing evidence that 
genetic factors may play important roles in the patient’s 

anticoagulant response. Polymorphisms for the CYP2C9 
gene, which encodes the main cytochrome P4590 enzyme 
that metabolizes warfarin, and VKORC1, the gene encoding 
the warfarin target vitamin K epoxide reductase, are asso-
ciated with variability in the dose requirement of warfarin 
[30, 31]. The current knowledge of genetic factors affecting 
other anticoagulants is more limited and this area requires 
futures studies [31].

A large-scale DNA analysis systems (sequencing, micro-
array) are now becoming available opening a new era in 
the genetic studies of thrombophilia. In the recent study, 
nearly 20,000 SNPs in over 11,000 genes were tested in 
3,000 patients with thrombosis and 5,000 control subjects. 
Several polymorphisms located in CYP4V2, SERPINC1, 
Factor IX, Glycoprotein 6 were found to be associated 
with thrombosis [32]. Among them, a sequence variant 
in CYP4V2 was located close to the Factor XI gene, and 
probably related to the Factor XI level, which was found 
to be associated with thrombosis in previous studies [32].

CONCLUSION

In order to determine new prothrombotic genetic risk 
factors several genome-wide associated studies are foreseen, 
as well as their potential clinical utility. The comprehen-
sive knowledge of all genetic risk factors will substantially 
improve our diagnostics and the prevention of thrombo-
philia. New technology will enable many genes to be studied 
in a single patient and the determination of “personalized” 
genetic risk factors for thrombophilia, and finally, thera-
peutic approach tailored for the individual patient.
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KRATAK SADRŽAJ
Trombofilija nastaje kao rezultat složene interakcije ne­
genetičkih i genetičkih faktora rizika koji hemostaznu rav­
notežu pomeraju u smeru hiperkoagulacije i dovode do poja­
ve tromboze. Da genetički faktori mogu imati značajnu ulo­
gu u nastanku trombofilije prvi put je ukazano 1965. godine, 
kada je nedostatak antitrombina III opisan u jednoj porodici. 
Daqa istraživawa u okviru „porodičnih” studija pokazala 
su da nedostatak proteina C i proteina S takođe dovodi do 
povećanog rizika za pojavu tromboze. Napredak na poqu DNK 
tehnologije, a posebno otkriće i primena PCR, otvorio je no­
ve mogućnosti u istraživawu genetičkih faktora rizika. Ve­
liki korak napred napravqen je otkrićem rezistencije na 
aktivirani protein C i mutacije faktora V Lajden (Leiden), 
koja do we dovodi. Ubrzo je otkrivena i mutacija u 3’-nekodi­
rajućem regionu gena za faktor II (FII G20210A), za koju je poka­

zano da izaziva povišenu koncentraciju protrombina u pla­
zmi. Daqe epidemiološke studije su potvrdile da su ove dve 
česte mutacije značajan faktor rizika za nastanak trombo­
filije. U posledwoj deceniji opisan je veliki broj genetič­
kih faktora rizika, ukqučujući i one koji dovode do pove­
ćanog nivoa koagulacionih faktora, nedostatka prirodnih 
inhibitora koagulacije, oštećewa sistema za fibrinolizu 
i hiperhomocisteinemije. Ove genetičke varijante i wiho­
ve kombinacije se intenzivno proučavaju, kako bi se utvrdi­
lo koliki je wihov značaj u nastanku trombofilije. Primena 
novih tehnologija koje omogućavaju analizu velikog broja ge­
na kod jednog bolesnika otvoriće mogućnost individualnog 
utvrđivawa genetičkih faktora rizika i, samim tim, odgova­
rajućeg pristupa u lečewu.
Kqučne reči: trombofilija; genetički faktori rizika; mu­
tacije
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