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Lupus anticoagulant 
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• Use plasma with a platelet count <  1010 platelets/L 

 
• Prolongation of an APTT or a dRVVT 

 
• Evidence of inhibitory activity: no correction of the 

prolonged clotting time by mixing normal pooled plasma 
with patient plasma 
 

• Evidence that inhibitory activity is dependent on PL by 
adding extra phospholipids 
 

SSC guidelines.  Pengo et al. J Thromb. Haemost. 2009; 7: 1737-40 



• 2 patients with SLE 

• Peculiar hemorrhagic disorder 

• Prolongation of clotting times 

• No correction after mixing 

• No inhibition of thrombin time 

• Stable at 65 oC 

• Unstable at 80 oC 

• Not dialyzable  

• False positive syphilis test 

 Autoimmune disease 

 

 

 Lupus anticoagulant 

 

 

 Antibody 

 

 Anti-Cardiolipin Antibodies 

1952 
First publication describing two patients with APS 



1963 

J. Lab. Clin. Med 62 (1963) 416-430 

The first study in a larger populations showing the correlation 

between thrombosis and prolongation of clotting assays 

(8 patients with circulating anticoagulant, of these 4 had thrombosis) 



Classification criteria for APS 
 

Miyakis et al. J Thromb Haemost 2006; 4: 295 

 A patient with:  

1. thrombosis 

 recurrent pregnancy loss 

  & 

2. lupus anticoagulant 

 anti-cardiolipin antibodies 

 anti-β2-glycoprotein I 

antibodies 

ANTI-

PHOSPHOLIPID 

SYNDROME 
diagnosis 

The serological markers should be positive in two samples, collected at 

least 12 weeks apart 



Thrombosis in APS 

May occur in any vessel 

 

Most frequently afflicted vessels: 

 

• deep venous thrombosis, pulmonary emboli 

• cerebral vasculature (TIA, stroke) 

T2 Flair

epidermis
hemorhage

edema

DVT Cerebral infarct Skin Eye Nose Kidney 



Pregnancy complications in APS 

Thrombotic  Non-thrombotic 

 

Impairment of throphoblast migration and 

invasion? 

 

Sebire et al. Hum.Reprod 2002; 17: 1067-71 



Serology 

• Persistently present antibodies, one of three different 

subsets: 

 

– Anticardiolipin antibodies 

 

– Anti-β2-glycoprotein I antibodies 

 

– Phospholipid dependent coagulation inhibitor known 

as lupus anticoagulant 

10 



Relevance of antibodies 

LA, anti-cardiolipin antibodies 

and anti-b2glycoprotein I 

antibodies are antibodies with 

overlapping specificity but 

they are not identical 

antibodies. 

Anti- 

b2-gIycoprotein I 

Anti-

cardiolipin 

Lupus 

anticoagulant 



Clinical significant antibodies 

• Medline searches of retrospective studies have shown that lupus 

anticoagulant is the assay of choice 

 

• Additional studies have confirmed these publications 

 

• How about prospective studies? 



LA+ 

LA- 

Ruffati et al. Ann Rheum Dis 2011 

HR: 3.9 (1.1-14) 

Lupus anticoagulant Lupus anticoagulant 

Antiphospholipid antibody profile  

 thrombotic risk 

Anti-β2-

glycoprotein I 

antibodies 

Anticardiolipin 

antibodies 



Antiphospholipid antibody profile 

adverse pregnancy outcome 

Lockshin et al. Arthritis Rheum 2012 

Lupus anticoagulant 

Anti-β2-

glycoprotein I 

antibodies 

Anticardiolipin 

antibodies 



Lupus anticoagulant 

• Retrospective and prospective studies agreed that lupus anticoagulant 

correlates best with the clinical manifestations. 

 

• The highest correlation is found when all three assays are positive. 

 

• Single positivity for anti-cardiolipin antibodies (as measured with the 

current assays) does not correlate with the clinical manifestations. 

 

• Titer is important. 

 

• Higher risk in combination with other risk factors. 

• Erkan et al. Arthritis Rheum 2007; 56: 2382 



Conclusion 

Lupus anticoagulant is the assay of choice 
 

 

 

Why are the other assays inferior to detect patients at risk? 

 

• The lack of standardization of the assays → 

Large differences in sample exchange programs. 

 

• The ELISAs are designed to pick up irrelevant low affinity antibodies → 

Assays often positive in healthy individuals. 

 

• The ELISAs measure a heterogeneous population of antibodies → 

Not all auto-antibodies are risk factors. 



Irrelevant low affinity antibodies 

RATIO study: Ischemic stroke in young women (<50 years) 

0.1 1 10 100 1000

anti-FII IgG

GPI IgG2banti-

anticardiolipin IgG

LAC 43.1

0.8

1.3

2.3

Odds Ratio

Only lupus anticoagulant correlates strongly with stoke 

Urbanus et al.  Lancet Neurol. 2009; 8: 998 

Controls Cases 

LAC - 623 145 

+ 4 30 

Anti-β2GPI - 566 136 

+ 62 39 
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Antiphospholipid antibodies  thrombosis 

One of the many challenges: 

 

 

Lupus anticoagulant correlates strongly with thrombosis. 

 

Lupus anticoagulant is caused by antibodies directed against β2-glycoprotein I 

or prothrombin. 

 

Antibodies against β2-glycoprotein I or prothrombin hardly correlate with 

thrombotic complications. 

 

Are anti-β2-glycoprotein I antibodies a consequence of another disease 

process, such as tissue damage, and simply represent a ‘footprint’ that 

was left behind or are they directly responsible for the observed clinical 

complications? 
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Anti-β2Glycoprotein I antibodies and 

thrombosis 



Anti-β2Glycoprotein I antibodies and 

thrombosis 

Patient-derived auto-antibodies 

specific for  β2-glycoprotein I 

enhanced dose-dependently a 

thrombotic response in a mouse 

model of APS 



Domain I of β2-Glycoprotein I  

Anti-domain I antibodies: a high specificity but a low sensitivity 

R39-R43 



Pathological antibodies against first domain of 

β2Glycoprotein I 

23 
Ioannou et al. J Thromb Haemost. 2009 

R39 - 43 

D8 



Proof-of-concept 



Domain I antibodies  lupus anticoagulant 

Anti-domain I antibodies express LA activity 

R39-R43 

β2GPI-

dependent LAC 

+ - 

Domain I 

ELISA 

+ 23 7 

- 2 167 

SLE-patients 



Conclusion 
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Auto-antibodies directed against domain I of β2-

glycoprotein I can induce a pro-thrombotic phenotype in 

mice. 

 

Domain I auto-antibodies induce Lupus Anticoagulant 

activity when added to normal plasma. 

 

 



SSC  CSLI 
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ISTH (2009) CSLI (2014) 

Cut-off: 99% Cut-off: + 2SD 

dRVVT first, then aPTT Both dRVVT and APTT screen 

APTT activator: silica APTT activator: no restriction 

Only dRVVT and aPTT Does not restrict supplemental test 

Screen-mix-confirmatory Screen-confirmatory-mix 

Ratio: relative to mean normal pool Ratio: relative to mean reference 

interval 

Guidelines for the performance of lupus anticoagulant assay 



Order of assays 

Screen – Mix – Confirm  ↔  Screen – Confirm – (Mix) 
 

 

What is more important, exclusion of a factor deficiency or demonstration of a 

phospholipid dependent inhibitor? 

 

Prioritize the demonstration of phospholipid dependence of the antibody over 

showing  an possible deficiency of clotting factors. 

 

 

Screen –Confirm- (Mix) 
 



Is mixing necessary? 
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Effect of deficiency of vitamin K dependent factors on 

dRVVT and APTT 
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LA-ratio far below 

threshold for LA positivity 

LA−ratio =
𝑺𝒄𝒓𝒆𝒆𝒏𝒑𝒂𝒕𝒊𝒆𝒏𝒕 𝑺𝒄𝒓𝒆𝒆𝒏𝒎𝒆𝒂𝒏 𝒏𝒐𝒓𝒎𝒂𝒍 

𝑪𝒐𝒏𝒇𝒊𝒓𝒎𝒑𝒂𝒕𝒊𝒆𝒏𝒕 𝑪𝒐𝒏𝒇𝒊𝒓𝒎𝒎𝒆𝒂𝒏 𝒏𝒐𝒓𝒎𝒂𝒍 
 



Oral anticoagulants and LA 

assessment 
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Pengo et al. Update of the guidelines for lupus anticoagulant detection. 

J Thromb Haemost 2009; 7: 1737-40 

Unwanted situation 

Do VKA interfere with LA-detection? 



LA-assessment in LA-negative patients on high intensity 

VKA 
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VKA do not cause false positive LA 

False negative LA? 



Performance of mixing tests in LA-positive patients 
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Effects of mixing on LA classification are 

small. 

 

Two categories: 

• Cofactor effect: sample becomes (more) 

positive after mixing 

• Dilution effect: lower LA-ratio after 

mixing 

 

Can be a problem when LA is weak 

Pennings et al. Thromb Haemost 2014;112:736-42 



Effect of mixing on LA assessment in 11 LA-positive 

patients with INR > 2.5 
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• Mixing has no effect on dRVVT LA-

ratio 

• Mixing enhances strength of LA 

determined with SCT 

No misclassification of LA 

Pennings et al. Thromb Haemost 2014; 112:736-42 



Hemophilia A and FVIII inhibitors 
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LA frequently observed in Hemophilia A 
Blanco et al. Thromb Haemost. 1997, Tripodi et al. Clin Chem. 2005 

 

Mixing test does not discriminate between FVIII inhibitors and true LA 

– use dRVVT instead 



Mixing 
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VKA do not cause false 

positive LA test results 

VKA might lead to 

underestimation of LA, 

especially in weakly positive 

samples. 

No misclassification of LA 

positive samples with INR>2.5 

using either dRVVT or SCT 

Mixing does not influence 

dRVVT test results in patients 

with INR>2.5 

Mixing leads to stronger LA 

using SCT reagents 

Mixing might lead to 

misclassification of weakly 

positive samples 

 

 

Mixing might be useful in 

haemophilia A samples 

LA can be reliably assessed in plasma with INR>2.5. 

Mixing tests are only necessary in rare cases 



Antithrombotic treatment? 

• Platelet function inhibitors 

• No problem 

 

• Heparin 

• Heparin neutralizer?  No problem <0.8U.mL 

 

• LMWH 

• No problem. 

 

• Vitamin K antagonist 

• No problem, if doubts, mix 1:1 with normal plasma  

 

• Direct Xa inhibitors 

• Taipan clotting time / Ecarin clotting time 

 

• Direct thrombin inhibitors 

• No LA testing possible 

 



Lupus anticoagulant  
A pseudo biomarker 

Lupus anticoagulant might have the highest correlation with a risk of 

thrombosis or pregnancy morbidity, however, it teaches us nothing 

about the pathophysiology of the syndrome. 

 

Prolongation of clotting assays is normally correlated with a bleeding 

tendency 

 

 

 

How is that possible? 

 

 



Lupus anticoagulant 

Why does the presence of a lupus 

anticoagulant not induce a bleeding 

tendency? 
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Strange observations 
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• LA only expresses its 

anticoagulant effect when the 

incubation takes place in the 

absence of Ca2+ 

 

• In the presence of Ca2+, 

purified patient antibodies 

prolong the PT when added 

to normal plasma. 



Strange observations 
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Domain I antibodies  β2GPI-dependent LA  annexin V resistance  shortening PT 

 

The shortening of a PT identifies patients with domain I antibodies.  



Binding of β2GPI to anionic 

phospholipids 
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β2GPI hardly binds to anionic phospholipids under 

physiological Ca2+ concentrations 



Lupus anticoagulant 
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The activity of anti-phospholipid antibodies on in-vitro coagulation are 

two-fold: 

 

At low Ca2+ concentration the antibodies can compete with clotting 

factors for the available anionic phospholipids. 

 

At physiological Ca2+ concentrations there seems to be a phospholipid 

independent stimulation of fibrin formation. 

 

 

lupus anticoagulant is an in-vitro artefact 

 
If a patient with lupus anticoagulant bleeds, check prothrombin levels 



confirmation 
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The confirmation assay is the essential step for the 

detection of a lupus anticoagulant. 

 
 

• Role of β2-Glycoprotein I. 

 

• Effect of composition and amount of phospholipids. 

 

• Alternative assays 

• Thrombin generation 

• Purified clotting factors 

 



Lupus anticoagulant 
confirmation = competition 

Dimerisation of β2-glycoprotein I increases its affinity for anionic 

phospholipids  competition with clotting factors 

cellular surface  

b2-glycoprotein I 

antibody 



β2-Glycoprotein I 

• phospholipid binding protein 

 

• complement control protein family 

 

• 326 amino acids in 5 domains 

 

• strong evolutionary conservation 

 

• plasma levels increase with age (figure) 

 

• function largely unknown 

• in absence: no clinical phenotype in man 

 

• probable role in innate immunity 

• scavenges lipopolysaccharide 

• clears microparticles from the circulation 

 

• function is conformation-dependent 

De Groot J Thromb Haemostas 2011; 9: 1275De Groot J Thromb Haemostas 2011; 9: 1275De Groot J Thromb Haemostas 2011; 9: 1275De Groot J Thromb Haemostas 2011; 9: 1275



β2-Glycoprotein I: two conformations 

Agar et al. Blood 2010 

Monoclonal antibodies with specificity for different domains of 

β2-glycoprotein I can induce a major conformational change. 

3B7 
21B2 

Plasma β2GPI + antibodies 



Mode of action 
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Lupus 

anticoagulant 

b2GPI in plasma b2GPI in plasma 

antibody 

+ 



Dimerisation or conformational 

change? 
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Both opening of β2-glycoprotein I and dimerisation by antibodies is important 



confirmation 
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The phospholipids within the confirmation reagents are undefined. 

 

 

Could we improve the assay by using defined phospholipid preparations? 

cardiolipin 
Phosphatidyl 

choline 

Phosphatidyl 

serine 



Effect of different phospholipids 
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Effect of different phospholipids 
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Lupus anticoagulant 

Lupus anticoagulant can be caused by antibodies 

against β2-glycoprotein I or prothrombin. 

A cohort of 58 patients positive for Lupus anticoagulant. 

 

25 patients had a β2-glycoprotein I dependent LA of which 23 had 

a history of thrombosis. 

33 patients had a prothrombin dependent LA of which 13 had a 

history of thrombosis. 
De Laat et al.2004; 104: 3598-3602 



confirmation 
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Conclusion: 

 

• β2-Glycoprotein I dependent LA correlates better with APS-related 

clinical manifestations that a prothrombin-dependent LA  

 

 

 

• Phospholipid composition of the confirm reagent has a significant 

effect on the results of the assay 

 

• The phospholipid reagent is not robust enough to improve the LA 

assay 



Thrombin generation 
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Plasma clots when about 1% of the prothrombin is converted to thrombin 

 

The lag-time represent fibrin formation  Lag-time represents LA 



Thrombin generation 

 

 

 

 
Anti-β2GPI Anti-β2GPI 

 

 

 

 

Anti-β2GPI 



Provisional conclusion 

• A lupus anticoagulant measured with thrombin generation is not 

neutralized by purified anionic phospholipids. 

 

• When thrombin generation is measured with commercial dRVVT 

reagents, lupus anticoagulant is neutralized  

 

 

 

 

 

 

 

The effects of lupus anticoagulant could not be explained fully by 

assuming that the antibodies complete with clotting factors for anionic 

phospholipids. 

 

 What is the mechanism by which coagulation is inhibited by these 

antibodies? 



Enzyme kinetics 

Vmax: mainly infuenced by co-factor activity (FVa and FVIIIa) 

 

Km:  mainly effected by surface (e.g. phospholipids) 

Nesheim et al. 1979, Rosing et al. 1980 



Coagulation cascade 

Factor XII    Factor XI    Factor IX    Factor X    Factor II 

Factor VII 

APTT 

dPT / TG 

dRVVT 

Can we mimic the effects of anti-β2-glycoprotein I antibodies with assays 

using purified clotting factors? 

 
Tenase complex  Factors IXa, VIIIa & X +/- β2GPI + antibody 

  

Prothrombinse complex Factors Xa, Va & II +/- β2GPI + antibody 



 

 

Tenase complex + antibody 
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The effects of the auto-antibodies on prothrombinase complex can be explained only partly 

by competition between β2GPI-antibody complexes and clotting factors for anionic 

phospholipids  

“Phospholipids” “Cofactor” 



Our challenge 
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A direct effect of auto-antibodies / β2-Glycoprotein I has been 

described for: 

 

• Factor XII regulation of contact activation 

• Factor XI  regulation of activation by thrombin 

• Thrombin  inhibition by heparin cofactor II 

• Factor V interference with inactivation 

• TFPI  suppress TFPI activity 

• Protein S decreased activity 

• Protein Z inhibition of factor Xa 

 

• Protein C inhibition of activity 



A personal hypothesis 
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If we understand lupus anticoagulant, we 

understand the pathophysiology of the anti-

phospholipid syndrome 
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