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Abstract
Antiphospholipid syndrome (APS) is defined as recurrent arterial and/or venous thrombosis and obstetric comp-

lications in the presence of antiphospholipid antibodies (aPL). The possibility of a genetic predisposition to develop 
antiphospholipid syndrome (APS) and to produce anticardiolipin antibodies and lupus anticoagulant has been exa-
mined by family studies and population studies. Similar to many other polygenic autoimmune diseases, human leu-
kocyte antigen associations have been reported. The genetics of β2- glycoprotein I, one of the most representative 
target antigens of aPL, has been extensively studied. Additional genetic risk factors for the development of thrombo-
sis in patients with aPL have also been discussed. Although the mechanisms and pathophysiology of thrombosis in 
APS are highly heterogeneous and multifactorial, different genes seem to be involved.

The term “antiphospholipid syndrome” has been proposed to 
describe the association of arterial and venous thrombosis, recurrent 
fetal loss, and immune thrombocytopenia with a spectrum of 
autoantibodies directed against cellular phospholipid components. 
Because of the antigen spesifity of antiphospholipid antibodies (aPL) 
and the pathophysiology of thrombosis in antiphospholipid syndrome 
(APS) are heterogeneous and multifactorial, a single scenario can not 
explain the mechanisms of thrombophilia or pregnancy morbidity 
in pateints. Investigation of the clinical epidemiology of APS is in its 
early stages. During the past 20 years, studies of aPL and APS have 
been made in many countries [1-11]. aPL appear to occur in all 
populations studied, with some variations noted in their frequency 
and in the clinical complications [1,9,10,12,13]. Environmental and 
genetic factors contribute to ethnic variation and susceptibility to 
APS and thus interethnic differences in disease patterns may be due to 
environmental or genetic factors, or both [1,14]. A genetic basis for aPL 
antibodies was suggested for the first time when a familial clustering 
of chronic false-positive syphilis test individuals were detected [15]. 
The first description about aPL showed two pairs of siblings with lupus 
anticoagulant (LA) [16]. Subsequently, primary APS was described 
[17] and Cevallos et al. [18] reported the development of primary APS 
in one woman whose identical twin sister was an asymptomatic carrier 
of aPL. Relatives of patients with sistemic lupus erythematosus (SLE) 
or primary APS had a higher incidence of anticardiolipin antibodies 
(aCL) [19,20]  suggesting that a genetic factor may relevant with aPL. 
Mackie et al. [21] reported three families having more than one member 
with LA and called familial lupus anticoagulants. The identification of 
several pedigrees with an increased frequency of aPL antibodies and 
the associated clinical manifestations further support the familial 
form of APS. In one of these studies, a large kindred in which nine 
individuals had aPL antibodies was described. Associated clinical 
manifestations included stroke, deep venous thrombosis and recurrent 
abortions [22]. In another study, clinical and laboratory abnormalities 
in seven families with more than one affected person with segragation 
analysis, Goel et al suggested that a susceptibility gene is inherited 
in an autosomal dominant patern [23]. Segregation studies rejected 
environment and autosomal recessive models, and the data were fitted 
best by a dominant or codominant model. However, linkage analysis 
showed independent segregation of APS and several candidate genes.

Genes associated with antiphospholipid syndrome

Human Leucocyte Antigen (HLA) Studies: HLA class II antigens 
(DR, DP, DQ) loci is located on chromosome 6 and these molecules are 

highly polymorphic. Therefore, HLA class II polymorphisms have been 
implicated in association with autoimmune responses, in particular 
antigen specific immune responses. In a study of 13 patients with the 
primary APS, HLA-DR4 and DRw53 were more frequently found, 
but no correction was made for multiple comparisons [24]. The data 
confirmed in a population from Spain [25] and Canada [7]. Studies 
of HLA alleles in patients with conventianal aCL showed increased 
frequencies of HLA DR4 [26] or DR7 [25,27] in SLE population. DR7 
was also increased in Mexican patients with aCL [28]. Hartung et al. 
[29] reported that HLA-DR4 and DR7 were increased in aCL positive 
patients in European SLE populations and aCL were significantly 
associated with DRw53. In a study of 20 patients with SLE and LA, 
an association with HLA-DQw7 (HLA DQB1*0301) linked to HLA-
DR4 and/or -DR5 haplotypes was found in 70 % of patients and was 
significantly increased compared with 139 matched  control individuals 
(p = 0.002) [30]. According to this study, several HLA-DQB1 alleles 
shared a common aminoacid sequence (positions 71–77) in the third 
hypervariable region of the outermost domain. This HLA-DQB1 
sequence, called TRAELDT, is distinct from those found in the HLA-
DQB1 alleles of HLADQw2, -DQw4 and -DQw5 and, as such, may 
represent an autoantibody.  However, LA may comprise heterogeneous 
autoantibodies, such as anti β2GPI, antiprothrombin and so forth, and 
in these studies investigators did not discriminate these heterogeneous 
antibodies. It is clear that HLA class II gene should not be considered 
to be a single genetic risk factor for APS because the antigen specificity 
of aPL and clinical manifestations are highly heterogeneous.

β2-Glycoprotein I: β2-glycoprotein I or apolipoprotein H is a 
single chain glycoprotein with a molecular weight of approximately 
50 kD and 326 amino acid residues. A member of the shortconsensus 
repeat protein family, beta2-GPI is characterized by five ‘sushi-
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domains’. The fifth sushi-domain contains the binding site to 
phospholipid, and it attaches to activated cellular surfaces [31]. β2-
GPI binds to various negatively charged phospholipids and inhibits 
intrinsic blood coagulation pathway [32], prothrombinase activity of 
human platelets [33] , and adenosine diphosphate (ADP) dependent 
platelet aggregation [34]. When β2-GPI binds to negatively charged 
phospholipids, it behaves as a cofactor for aCL binding and interacts 
with coagulation reactions. Several studies have shown the significance 
of anti–β2-GPI as an alternative enzyme linked immunosorbent assay 
(ELISA) with higher specificity than the conventional aCL ELISA. 
Moreover, many studies suggest that the presence of anti–β2-GPI is 
closely associated with clinical manifestations of APS and anti–β2-
GPI play important roles in pathogenesis of APS such as platelet and 
endothelial cell activation and induction of tissue factor. Human 
β2-GPI gene is located on chromosome 17 and so far four common 
single nucleotide polymorphisms in protein coding region have been 
identified [35,36]. Eightyeight Ser/Asn, 247 Val/Leu, 306 Cys/Gly, and 
316 Trp/Ser polymorphisms are located in exon 3, 7, 7, and 8 of β2-
GPI gene, respectively. Val/Leu polymorphism at codon 247 has been 
extensively studied among these polymorphisms. Two hundred forty-
seven Val/Leu polymorphism is located between the phospholipid 
binding site in fifth domain and fourth domain of  β2-GPI, one of the 
potential epitopes recognized anti–β2-GPI from patients with APS. 
306 Cys/Gly, and 316 Trp/Ser polymorphisms may affect the structure 
of phospholipid binding site of domain 5 of β2-GPI [37]. 247 Val/Leu 
polymorphism can affect the conformational change of β2-GPI and 
the exposure of the epitopes for  aCL. Hirose et al. [38] found that 
the 247 Val allele was more frequently detected in Asian patients with 
APS than in matched normal individuals. Furthermore, it reported 
an association between the Val247Val homozygous genotype and the 
presence of anti-β2 GPI antibodies only among Asian patients with 
APS. The authors found no evidence of an increased risk of thrombosis 
in this Asian population. Atsumi et al. [39] analyzed 247 Val/Leu 
polymorphism in a cohort of 88 British APS patients and found 247Val  
was correlated with anti–β2-GPI production in patients with primary 
APS, and 247 Val may be important for β2-GPI antigenicity. Prieto et al. 
[40] suggested that Val/Val genotype at codon 247 played a role in the 
generation of anti–β2-GPI and in the expression of arterial thrombosis 
in Mexican primary APS. On the other hand, Camilleri et al. [41] found 
no association 247 Val/Leu polymorphism and the presence of anti–
β2-GPI in the white population. There have been several reports of two 
common polymorphisms (306 Cys/Gly and 316 Trp/Ser) located in the 
fifth domain of  β2-GPI. These two polymorphisms in the fifth domain 
affect the binding of  β2-GPI to anionic phospholipids [42]. Kamboh 
et al. [43] found 316 Ser allele was protective against the production 
of aPL in SLE population. On the other hand, Gushiken FC et al. [44] 
found no significant correlation between these polymorphisms and 
the presence of aPL in 143 SLE and/or APS patients. Moreover, their 
results suggested that 316 Trp/Ser polymorphism might predispose to 
thrombosis as an independent risk factor in patients with SLE.

Additional genetic risk factors

All patients with aPL do not develop the clinical findings of APS. 
This suggests that additional genetic factors may be involved in the 
development of the clinical characteristics of APS. Polymorphisms in 
genes involved in thrombus formation have been examined. Factor 
V Leiden mutation that results 506Arg/Gln substitution is the most 
common factor for venous thrombosis. According to Fijnheer et al. 
[45]. Factor V Leiden was independent risk factor venous thrombosis, 
but not for arterial thrombosis in patients with SLE. Montaruli et 

al. [46] analyzed 60 patients with aPL and found the incidence of 
Factor V mutation was significantly elevated in patients with venous 
thrombosis. Pablos et al. [47] examined 75 patients with primary APS 
and 83 patients with SLE and aPL with or without thrombosis and 
found Factor V Leiden mutation was not significantly associated with 
vein thrombosis in patients with aPL.  Brouwer et al. (48) dtermined 
the contribution of thrombophilic disorders including Factor V 
Leiden and the prothrombin G20210A mutation, alone or in various 
combinations with aPL, to the risk of thrombosis in patients with 
SLE. aPL, Factor V Leiden, and prothrombin G20210A mutation were 
reported as risk factors for venous thrombosis and these mutations 
potentiated the risk for venous thrombosis when these mutations were 
combined with aPL. In contrast with aPL, thrombophilic disorders did 
not influence the risk for arterial thrombosis. In another study [49] 
ninetyfour APS patients with documented thrombosis, 40 patients 
with persistent antiphospholipid antibody (aPLA) positivity but 
without thrombosis, and healthy controls were screened. They found 
that inherited protein C, protein S, and antithrombin deficiencies 
were rare in APS patients. The presence of factor V Leiden mutation 
was significantly higher in APS patients with thrombosis compared to 
healthy controls (p = 0.0043). The prevalence of prothrombin G20210A 
mutation, however was not significantly increased in APS patients with 
thrombosis compared to patients without thrombosis (p = 0.67). The 
presence of factor V Leiden mutation may define a small but important 
subgroup of patients who had high risk of both venous and arterial 
thrombosis. Known thrombophilic risk factors however, may influence 
the development of thrombotic complications in approximately 10 % 
of APS patients. Protrombin G20210A mutation is a risk factor for 
arterial and venous thrombosis [50]. This mutation was found to be 
rare in APS and several studies have not shown association between 
thrombosis in APS and this mutation [51-53]. APS patients with 
MTHFR 677TT genotype had a lower mean age at first thrombotic 
events and an increased average number of thrombotic events per 
person than APS patients with 677 CC or CT [54,55]. Fijnhaer et al 
reported that raised levels of homocysteine in SLE patients with arterial 
thrombosis but no MTHFR 677 C/T association with raised levels of  
homocysteine [56]. Tassies et al. [57] reported a higher frequency of the 
4G allele in APS patients with arterial thrombosis than those without 
arterial thrombosis. On the other hand, Yasuda et al. [58] reported that 
polymorphism of PAI-1 gene did not significantly influence the risk 
for arterial thrombosis, venous thrombosis, or pregnancy morbidity 
in 77 Japanese and 82 British patients with aPL. A meta-analysis, 
Tsantes et al. [59] investigated the association between the PAI1 4G/5G 
polymorphism and the risk of venous thromboembolism (VTE) in 18 
papers. According to this study, the 4G allele appears to increase the 
risk of venous thrombosis, particularly in subjects with other genetic 
thrombophilic defects. Diz-Kucukkaya et al. [60] found that factor XIII 
Val34Leu polymorphism decreased the risk of both arterial and venous 
thrombosis. Nevertheless, the results showed that the Leu34 allele had 
no protective effect in the development of thrombosis in patients with 
APS. On the contrary, de la Red et al. [61] found that this polymorphism 
was associated with a higher risk of thrombosis in patients with the 
presence of both aPL antibodies and high fibrinogen levels. They found 
no significant differences in Leu34 allele frequencies between primary 
APS, APS/SLE, SLE-aPL and asymptomatic-aPL patients, or between 
patients with and without thrombosis. In this study, the Leu34 allele 
seemed to have a protective effect on the development of thrombosis 
in patients with aPL antibodies, but only in those patients with high 
plasma fibrinogen values.
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Conclusions
The elucidation of pathogenetic mechanism of APS may help to 

identify patients who are at high risk for thrombosis, and may improve 
management of the patients. Genetics of aPL and APS has been 
extensively examined in past 20 years. However, it has been difficult to 
determine genetic factors for aPL and APS because of the heterogeneity 
in the antigen specificity and in the pathogenesis of clinical 
manifestations related to APS. Several genetic factors may be involved 
in its pathophysiology, ethnic factors are also important. Genome-wide 
linkage analysis and larger cohort case-control association studies, as 
well as multicenter international collaborations would be useful for a 
beter understanding of the genetic predisposition to develop APS.
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