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Anti-phospholipid syndrome 

 A patient with:  

1. thrombosis 

 recurrent pregnancy loss 

  & 

2. lupus anticoagulant 

 anti-cardiolipin antibodies 

 anti-β2-glycoprotein I 

antibodies 

ANTI-

PHOSPHOLIPID 

SYNDROME 

diagnosis 

Sapporo: Wilson et al. Arthritis Rheum. 1999; 42: 1309–11  

Sydney:  Miyakis et al. J.Thromb. Haemostas. 2006; 4: 295-306 



Lupus anticoagulant: Assay of choice 

Lupus anticoagulant is one of the strongest acquired 

risk factors for venous and arterial thrombosis. 
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Urbanus et al. Lancet Neurology, 2009; 8: 998-1005 



Lupus anticoagulant: >8000 hits in PubMed 

Lupus anticoagulant:  

a prolongation of a clotting assay 

 

What do we know about the mode of 

action of lupus anticoagulant ? 



Lupus anticoagulant: what is known 

Purified patient IgG induces prolongation of clotting when 

added to normal plasma  antibody (IgG, IgM, IgA) 

Pengo et al. Blood 1987; 70: 69-76 



Lupus anticoagulant: what is known 

Inhibition by anionic phospholipids  PL dependent 

 

Exner T et al. Pathology 1975; 7: 319-328 



Lupus anticoagulant: the assay 

• Use of platelet poor plasma (< 107 /mL) 

 

• Prolongation of a phospholipid-dependent clotting test. 
Two assays:  dRVVT and  APTT.  

 

• Demonstration of the presence of an inhibitor.  

 patient plasma mixed 1:1 with normal plasma. 

 

• Demonstration that inhibitory activity is dependent on PL.  
Increasing the concentration of phospholipids. 

SSC guidelines: 

Green et al. Thromb.Haemostas.1983; 49: 144-6  

Exner et al. Thromb.Haemostas.1991; 65: 320-2 

Brandt et al. Thromb.Haemostas.1995; 74: 1185 

Pengo et al. J.Thromb.Haemostas.2009; 7: 1737-40 



Lupus anticoagulant: what do we know more 

F(ab)2 fragments but not Fab fragments  prolong 

clotting times  dimerisation 

Arnout et al. Thromb.Haemostas. 1998; 79: 79-88  

F(ab)2 

Fab’ 

Willems et al. Biochemistry 35, (1996) 13833-42  



• Phospholipid binding plasma proteins are necessary: 
 

• β2-glycoprotein I (3 µM) 

• Prothrombin (1.4 µM) 

• A combination of prothrombin and β2-glycoprotein I  

• Others? 

 

Bevers et al. TH 1991; 66:629-634 Oosting et al. TH 1992; 67:499-502 

Lupus anticoagulant: what do we know more 



Antibodies against domain I of β2GPI  

Anti-domain I antibodies: a high specificity but a low sensitivity 
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Domain I of β2Glycoprotein I & LAC 
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de Laat et al. Blood 2005; 105: 1540-5  



Dimerisation of β2-glycoprotein I increases its affinity for 

anionic phospholipids  competition with clotting factors 

cellular surface  

β2-glycoprotein I 

antibody 

Kd dimer β2GPI for PS/PC = 5 nM 

Cartoon to visualize mode of action 



Binding of β2GPI to phospholipids 

Arnout et al. Thromb Haemost. 79, (1998) 79-86  
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β2-glycoprotein I binds only in the presence of antibodies to 

anionic phospholipids 



Conformation of β2-glycoprotein I 

 

β2-glycoprotein I can exist in two conformation 

 

• A circular conformation in plasma 

• A stretched conformation after binding to PLs 

Agar et al. Blood 2010; 116: 1336-1343 



Open β2-glycoprotein I inhibits coagulation  

Open β2GPI  

Circular β2GPI  

Agar et al. Blood 2010; 116: 1336-1343 
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Model for lupus anticoagulant 

 

  

Lupus 

anticoagulant 

2GPI in plasma 2GPI in plasma 

antibody 

+ 



Mode of action Lupus anticoagulant 

• β2-Glycoprotein I 

• Binding to phospholipids  conformational change. 

• Antibody binding to domain I.  

• Dimerization by auto-antibodies  increased affinity. 

• Competition with clotting factors for available 

phospholipids . 

 

• Prothrombin 

• Lower levels of prothrombin in plasma. 

• Antibodies recognize F1+2 part (?). 

• Binding of antibodies increases affinity for phospholipids. 

• Competition with clotting factors for available 

phospholipids . 



Effect of cardiolipin on LAC activity 
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Simmelink et al. JTH 2003; 1: 740-747 



β2Glycoproteine I dependent LA 

 198 patients with SLE 

• 59 thrombotic complications 

 

 ‘Classic’ LA 

• OR 10.2 (22.0 - 5.3) 

 

 β2-GPI dependent LA 

• OR 42.3 (194.3 – 9.9) 

 

 β2GP independent LAC 

•  OR 1.6 (3.9 – 0.8) 

De Laat et al. Blood 2004; 104: 3598-3604 

De Laat et al. JTH 2011; 9:149-153 



What do we know  

• Lupus anticoagulant is the assay of choice to detect ‘anti-

phospholipid’ antibodies 

 

• Lupus anticoagulant depending on β2-glycoprotein I correlates 

better with the clinic than prothrombin dependent lupus 

anticoagulant 

 

• Auto-antibodies directed against domain I induce lupus 

anticoagulant activity and seem to be pathological relevant 

antibodies 

 

• Both a conformational change and dimerization of β2-

glycoprotein I are essential to express lupus anticoagulant 

activity 



Do we understand LA? 

 

Prolongation of clotting times is an indication for a 

bleeding tendency not for a thrombotic tendency. 

 

 

Is Lupus anticoagulant an in vitro artifact?  

 

 

 

 



 

Effect of purified anti–β2GPI auto-

antibodies on thrombus size.  

Patient-derived auto-antibodies 

specific for  β2-glycoprotein I 

enhanced dose-dependently a 

thrombotic response in a mouse 

model of APS 



 

Antibody specificity 

PL-binding 

site 



 

Domain I as anti-thrombotic agent 

Domain I of β2-glycoprotein I  

can inhibit the increased 

thrombotic response induced 

by patient IgG in a mouse 

model of APS. 



Conclusion  

Anti-β2-glycoprotein I auto-antibodies expressing lupus 

anticoagulant activity seem to be responsible for  the 

thrombotic complications in patients with APS. 

 

 

 

 

Why do these antibodies cause a prolongation of clotting 

assays? 

 



Does β2-glycoprotein I bind to phospholipids? 
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Na+ and Ca2+ inhibit the 

binding of  β2-glycoprotein I 

to anionic phospholipids. 



Lupus anticoagulant: 

artifact induced by citrate? 

Detection of the presence of lupus anticoagulant needs a 

pre-incubation step in the absence of Ca2+.  



Conclusions 

Lupus anticoagulant is an auto-antibody that prolonged clotting 

times in routinely used clotting assays by competing with the 

clotting factors for the available anionic phospholipids 

 

Its activity needs the presence of β2-Glycoprotein I or prothrombin 

but all the present evidence points to auto-antibodies against 

domain I of β2-Glycoprotein I as the culprits. 

 

Lupus anticoagulant depends on the set-up of our assay systems, 

there is no evidence that lupus anticoagulant prolonged clotting in 

vivo. 

 

Lupus anticoagulant is a surrogate biomarker for thrombosis.  

 


