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aPL

APS: impact on APS: impact on realreal lifelife

•• aPL are strong risk factors for recurrent aPL are strong risk factors for recurrent 
thrombotic events and/or fetal losses and thrombotic events and/or fetal losses and 
pregnancy pregnancy complicationscomplications..

•• aPL for 15aPL for 15--20% of all episodes of deep vein 20% of all episodes of deep vein 
thrombosis and one third of strokes thrombosis and one third of strokes 
occurring in pts <50 occurring in pts <50 ysys..

•• Primary Primary versusversus APS associated with other APS associated with other 
systemic autoimmune diseases (mainly SLE).systemic autoimmune diseases (mainly SLE).

•• Up to 40% of SLE Up to 40% of SLE ptspts test positive for aPL; test positive for aPL; 
LA LA predictspredicts a 50% chance of a thrombotic a 50% chance of a thrombotic 
events over 20 events over 20 ysys followfollow--upup
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Wilson W. et al, Arthr Rheum ’99; Myakis et al JTH ‘06

12 weeks

AntiAnti--beta2GPI Ab assay is beta2GPI Ab assay is nownow a new a new formalformal
lab classification criteriumlab classification criterium

aPL (aPL (antianti--ββ2GPI Abs2GPI Abs) can be ) can be 
pathogenic rather than a simple pathogenic rather than a simple 

serological marker for APS serological marker for APS 

APS as an autoantibodyAPS as an autoantibody--mediated diseasemediated disease
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•• A defined circulating Ab or cellA defined circulating Ab or cell--mediated immunity to mediated immunity to 
autoAgs autoAgs 

•• The ability to generate the The ability to generate the autoAbautoAb or selfor self--reacting reacting 
cells following the immunization with the selfcells following the immunization with the self--Ag (withAg (with

complete Freundcomplete Freund’’s adjuvant)s adjuvant)

•• The ability to produce the disease in an experimental The ability to produce the disease in an experimental 
animal by passive transfer of the Ab or the selfanimal by passive transfer of the Ab or the self--reacting reacting 
cellscells

•• The ability to produce the disease in an experimental The ability to produce the disease in an experimental 
animal by immunization with the selfanimal by immunization with the self-- Ag (with complete Ag (with complete 
FreundFreund’’s adjuvant)s adjuvant)

•• Definition of a specific Definition of a specific autoAgautoAg

•• A defined circulating Ab or cellA defined circulating Ab or cell--mediated immunity to mediated immunity to 
autoAgs autoAgs 

•• The ability to generate the The ability to generate the autoAbautoAb or selfor self--reacting reacting 
cells following the immunization with the selfcells following the immunization with the self--Ag (withAg (with

complete Freundcomplete Freund’’s adjuvant)s adjuvant)

•• The ability to produce the disease in an experimental The ability to produce the disease in an experimental 
animal by passive transfer of the Ab or the selfanimal by passive transfer of the Ab or the self--reacting reacting 
cellscells

•• The ability to produce the disease in an experimental The ability to produce the disease in an experimental 
animal by immunization with the selfanimal by immunization with the self-- Ag (with complete Ag (with complete 
FreundFreund’’s adjuvant)s adjuvant)

•• Definition of a specific Definition of a specific autoAgautoAg

Naive mice Naive mice immunizedimmunized with hu with hu ββ2GPI 2GPI loselose the the 
tolerancetolerance against the self molecule against the self molecule 

(Tincani et al Arthritis Rheum ‘02)
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•• A defined circulating Ab or cellA defined circulating Ab or cell--mediated immunity to mediated immunity to 
autoAgs autoAgs 

•• The ability to generate the The ability to generate the autoAbautoAb or selfor self--reacting reacting 
cells following the immunization with the selfcells following the immunization with the self--Ag (withAg (with

complete Freundcomplete Freund’’s adjuvant)s adjuvant)

•• The ability to produce the disease in an experimental The ability to produce the disease in an experimental 
animal by passive transfer of the Ab or the selfanimal by passive transfer of the Ab or the self--reacting reacting 
cellscells

•• The ability to produce the disease in an experimental The ability to produce the disease in an experimental 
animal by immunization with the selfanimal by immunization with the self-- Ag (with complete Ag (with complete 
FreundFreund’’s adjuvant)s adjuvant)

•• Definition of a specific Definition of a specific autoAgautoAg

aPL can be pathogenic rather than a simple aPL can be pathogenic rather than a simple 
serological marker for APS serological marker for APS 

Branch et al ’94; Blank et al ’94; Piona et al ’95; Girardi et al ‘02 Fischetti et al ’05; Pierangeli et al ’06; 
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XX

IntrinsicIntrinsic pathwaypathway

ExtrinsicExtrinsic pathwaypathway

XaXa

VV IIII

AnionicAnionic PL PL 

prothrombinaseprothrombinase
thrombinthrombin

FibrinogenFibrinogen

FibrinFibrin

The The paradoxparadox of the LUPUS ANTICOAGULANTof the LUPUS ANTICOAGULANT

XX

IntrinsicIntrinsic pathwaypathway

ExtrinsicExtrinsic pathwaypathway

XaXa

VV IIIIprothrombinaseprothrombinase
thrombinthrombin

FibrinogenoFibrinogeno

FibrinaFibrina

AnionicAnionic PLPL

LALA

LA activity is mediated by different 
autoaAbs

Exner T, Blood Coagul Fibrinolysis 5: 281-289, 1994.

95%
2/3 anti-prothrombin2/3 anti-prothrombin

1/3 anti-β2GPI

5%
autoAbs 
against other 
PL-binding
proteins

Protein C
Protein S
Factor V    (Kapur A 1993) 
……………….
……………….

(Oosting GD 1993)
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LALA

•• No single test is 100% sensitiveNo single test is 100% sensitive
•• At least 2 tests (At least 2 tests (aPTTaPTT, , dRVVTdRVVT, KCT), KCT)
•• Heparin/OAT may affect the resultsHeparin/OAT may affect the results
•• Good reproducibility for strong Good reproducibility for strong +ve+ve

(Jennings et al JTH ’04; Pengo et al Thromb Res ’06)

•• NormalizationNormalization ratio, cut off, control ratio, cut off, control 
+ve+ve samplesample

SOLID PHASE ASSAYS: SOLID PHASE ASSAYS: 
ANTIANTI--CARDIOLIPINCARDIOLIPIN

CardiolipinCardiolipin: anionic PL, 
VDRL component

PLPL--bindingbinding serum serum 
proteinsproteins

DomainDomain VV

DomainDomain I I 

DomainDomain IIII

DomainDomain IIIIII

DomainDomain IVIV

PLPL--binding sitebinding site

AntiAnti--ββ2GPI assay2GPI assay
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aCL aCL vsvs antianti--ββ2GPI 2GPI AbsAbs

CrypticCryptic (neo(neo--) epitope(s)) epitope(s)

Increased Ag densityIncreased Ag density

aCL & antiaCL & anti--ββ2GPI 2GPI standardizationstandardization
(Tincani et al Thromb Haemost ’01; Tincani et al Thromb Res ’04; Reber et al Thromb Haemost ’05)

Minimal Minimal requirementsrequirements

•• SamplesSamples in duplicatein duplicate
•• Cut off Cut off levelslevels for each lab.for each lab.
•• Cut off Cut off levellevel in in percentilepercentile
•• StableStable externalexternal controlscontrols
•• RangeRange of positivityof positivity

SOLID PHASE ASSAYS: SOLID PHASE ASSAYS: 

CardiolipinCardiolipin: anionic PL, 
VDRL component

PLPL--bindingbinding serum proteinsserum proteins
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PLPL--binding proteins bound by binding proteins bound by 
autoAbs in the solidautoAbs in the solid--phase assaysphase assays

aCL assayaCL assayAnionicAnionic PLPLBovine Bovine ββ2GPI2GPI

NeutralNeutral PLPL (PE)(PE)
AnionicAnionic PLPL

AnionicAnionic PLPL

AnionicAnionic PLPL

AnionicAnionic PL (PS)PL (PS)
γγ--irr.platesirr.plates

High molecular weight High molecular weight kininogenkininogen
Annexin VAnnexin V

ThrombomodulinThrombomodulin

Protein C, Protein SProtein C, Protein S
and C4band C4b--binding proteinbinding protein

Activated Protein CActivated Protein C

Human Human prothrombinprothrombin
Human Human ββ2GPI2GPI

antianti--PEPE assayassay
aCL assay +/aCL assay +/--

aCL assay +/aCL assay +/--

aCL assay +/aCL assay +/--

AntiAnti--PTPT assayassay
antianti--ββ2GPI assay2GPI assay

aCLaCL

AntiAnti--ββ2GPI2GPI

LALA

CorrelationCorrelation amongamong assaysassays

•• Persistent Persistent +ve+ve aCL: high chance for aCL: high chance for 
LA and/or antiLA and/or anti--ββ2GPI 2GPI AbsAbs (Nash et al JTH ’04; Neville 
et al J Rheum ’06)

•• 26% of APS 26% of APS ptspts positive for aCL only positive for aCL only 
(Nash et al JTH ’04)

•• Higher sensitivity for aCLHigher sensitivity for aCL
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aPL aPL assaysassays: predictive : predictive valuevalue
LALA
Strong risk factor for thrombosisStrong risk factor for thrombosis ((irrespectiveirrespective

of the site, the assay used, the presence of SLE) of the site, the assay used, the presence of SLE) (Galli et al 
Blood ’03)

Strong risk factor for recurrent fetal lossStrong risk factor for recurrent fetal loss
(Opatrny et al J Rheum ’06)

aCL:aCL:
Risk factor for thrombosis (IgG, >40 GPL) Risk factor for thrombosis (IgG, >40 GPL) 
(Galli et al Blood ’03) and recurrent fetal lossand recurrent fetal loss (Opatrny et al J 
Rheum ’06)

aPL aPL assaysassays: predictive : predictive valuevalue

AntiAnti--ββ2GPI assay2GPI assay
Risk factor for thrombosisRisk factor for thrombosis (Galli et al Blood ’03)

Risk factor for recurrent fetal lossRisk factor for recurrent fetal loss (Opatrny et al J 
Rheum ’06)

AntiAnti--PTPT assay:assay:
No No clearclear correlationcorrelation with thrombosis and with thrombosis and 
recurrent fetal lossrecurrent fetal loss (Galli et al Blood ’03) 

HeterogeneityHeterogeneity
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Single bars on X axis represent the single samples evaluated by Single bars on X axis represent the single samples evaluated by the 5 the 5 
different methods. Y axis shows the percentage of concordance fodifferent methods. Y axis shows the percentage of concordance for r 
negative (blue) or positive sera (red).negative (blue) or positive sera (red).

Tincani et al CER in press
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ββ2GPI2GPI--dependent LAdependent LA
(Simmalink et al JTH ’03, Pengo et al JTH ’04)

(Bas de Laat et al. Blood ’05)

Investigators are strongly advised to classify 
APS patients in studies into one of the 
following categories:

Ia: Anti-cardiolipin antibody present 
alone
Ib: Lupus Anticoagulant present alone
Ic: Anti-Beta-2 glycoprotein-I antibody 
present alone
II: More than one Laboratory criteria 
present (any combination).

••More positive tests more risk !!!More positive tests more risk !!!

International consensus statement on an International consensus statement on an 
updateupdate of the of the preliminarypreliminary classification classification 
criteria of the antiphospholipid syndromecriteria of the antiphospholipid syndrome

XI Int. Congress on Antiphospholipid Antibodies – Sidney 12-‘04
Myakis et al J Thromb Haemost 2006;4:295-306

••In vitroIn vitro prolongsprolongs the the PLPL--dependentdependent
coagulation coagulation assaysassays
•• In vivoIn vivo is a strong is a strong trombophilictrombophilic risk risk 
factorfactor
•• ItIt’’s only s only ““partiallypartially”” associated to associated to 
lupuslupus

LUPUS ANTICOAGULANT:the LUPUS ANTICOAGULANT:the paradoxparadox


