1

http://webbut.unitbv.ro/jmb/JMB%202010%20nr.1/02_05_studiu_Gavris_Riscul%20trombozei_SAf%20secundar%20LES.pdf

Studiu original

J.M.B.

RIsCUL trombozei recurente la pAcIenŢIi cu sindrom
antifosfolipidic secundar les
As.univ.dr. Claudia Gavriş C.1, prof.univ.dr. Mariana Rădoi1, dr. Emanoil Gheorghiţă E.2,
Anghel M.2, dr. Liliana Duca2, Pamfil.G.1, prof.univ.dr. G.I. Pandele 3
¹Universitatea “Transilvania” din Braşov, Facultatea de Medicină
²Spitalul Clinic Judeţean de Urgenţă Braşov
3
Universitatea de Medicină şi Farmacie Gr T Popa, Iaşi
Abstract:
Objectives: to evaluate the significance of Pselectin and sCD40L levels for the evolution with
venous and arterial recurrent thrombosis in patients (pts.) with antiphospholipid syndrome (APS) secondary
to systemic lupus erythematosus (LES).
Methods: 20 pts. with APS secondary to LES diagnosed according to revised Sapporo classification
for APS criteria, mean age 47.87 (18-74) years, 16 women and 4 men were followed 24 months for the
evolution with recurrent thrombosis. Serum IgG or IgM anticardiolipin antibodies (aCL), serum Pselectin
and sCD40L (R&D Minneapolis, SUA) levels were assessed using standardised ELISAs method at baseline
and after 12 months. Statistics: t test /ANOVA, logistic regression.
Results: APS pts. with a history of thrombosis had higher Pselectin levels then did APS pts. without
a history of thrombosis (256.63±145.79 versus 121.85±101.47ng/dl; p=0.04). Pts. with APS showed higher
sCD40L levels than did subjects without a history of thrombosis (15402.29±15290.62 versus
9508.99±6164.03ng/dl; p=0.34). No significant correlation were observed between aCL levels in patients
with recurrent thrombosis and APS patients without reccurent thrombosis (194.25±237.59 versus
52.57±10.64UPL; p=0.13).
Conclusions: Pselectin seems to be a serologic test most likely to be correlated with reccurent
thrombosis in pts. with APS associated with LES.
Key-words: thrombosis, antiphospholipid syndrome, Pselectin, sCD40L

plasmatice şi receptori celulari care sunt
implicaţi în activarea celulară mediată de
anticorpii antifosfolipidici. Câteva tipuri de
celule printre care plachetele [3, 5, 14, 16],
monocitele şi celulele endoteliale [11, 15, 17],
au fost investigate privind contribuţia lor la
patogenia sindromului mediat de prezenţa
anticorpilor antifosfolipidici. În prezenţa
anticorpilor antifosfolipidici au fost observate
activarea plachetară, expresia factorului tisular
pe celulele endoteliale şi leucocite şi activarea
sistemului complementului [11, 12, 18, 19],
oferind o posibilă explicaţie pentru manifestările
clinice ale sindromului. Probabil cea mai
acceptată ipoteză este aceea că anumiţi aFL
activează plachetele precum şi alte celule şi
declanşează tromboza. Este propus un scenariu
în două etape („two-hits)”: o activare iniţial
subclinică precum cea a plachetelor determină
expunerea unor suficiente fosfolipide anionice
care să favorizeze fixarea beta2-glicoproteineiI
(β2-GPI), a anticorpilor anti-β2-GPI sau a altor
aFL, urmată de o activare celulară completă,
posibil legată de receptorii Fc.
Studiile experimentale sugerează că
trombocitele au un rol important în patogenia

Introducere
Recurenţa trombozei la pacienţii cu sindrom antifosfolipidic este crescută, dar există
opinii divergente în ceea ce priveşte tipul anticorpilor sau al markerilor serologici care trebuie
determinaţi pentru detectarea pacienţilor cu risc
crescut de tromboză recurentă [4, 7, 8, 24].
Există numeroase studii în literatură [1,
2, 6, 9, 13] care evidenţiază rolul anticorpilor
antifosfolipidici (aFL) în determinarea evenimentelor trombotice, în special al trombozelor
recurente şi al morbidităţii legate de sarcină.
Riscul este mai mare pentru prezenţa LA decât
pentru prezenţa anticorpilor anticardiolipinici
(aCL), dar când titrul anticorpilor antifosfolipidici este mare şi riscul de tromboză este
mare [6, 26].
Cercetările privind patogenia sindromului antifosfolipidic au fost centrate mult timp pe
ipoteza că fosfolipidele încărcate negativ sunt
tema centrală în jurul căreia există toate manifestările clinice ale bolii [25]. Astăzi, cercetările
sunt focusate pe conceptul de activare celulară
[10, 25], care este considerat un mecanism cheie
pentru înţelegerea fiziopatologiei sindromului.
În ultimii 15 ani au fost identificate proteine
51
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riţi 24 de luni pentru evoluţia cu evenimente
trombotice recurente. Anticorpii aCL globali, tip
IgG, IgM, sau IgA şi valorile serice ale
markerilor de activare plachetară Pselectina şi
sCD40L (R&D Minneapolis SUA), au fost determinate folosind metoda ELISA la momentul
includerii (V1) şi după 12 luni (V2). Analiza
statistică a fost realizată cu programul SPSS 7.0
(SPSS Inc., Chicago, IL). Analiza varianţei (ttest/ANOVA) a fost utilizată pentru a compara
mediile variabilelor continue. O valoare a
p<0.05 a fost considerată semnificativă statistic.

sindromului antifosfolipidic, iar CD62P (Pselectina) şi sCD40L sunt markeri independenţi ai
activării plachetare [7, 8, 24].
Obiectiv
Evaluarea semnificaţiei nivelului seric al
Pselectinei şi sCD40L pentru evoluţia cu tromboze acute recurente arteriale sau venoase la
pacienţii cu sindrom antifosfolipidic secundar
LES, precum şi stabilirea corelaţiei între nivele
serice ale acestor markeri de activare şi tipul
evenimentelor trombotice recurente (unice sau
multiple, arteriale sau venoase) în antecedentele
acestor bolnavi.

Rezultate
Pacienţii cu SAF secundar LES şi istoric
de tromboză recurentă au avut nivele ale V1
Pselectinei mai mari decât ale pacienţilor fără
istoric de tromboză recurentă (256,63± 145,79
versus 121,85±101,47ng/dl; p=0,04) (fig 1).

Metodă
Douăzeci de pacienţi cu AFS secundar
LES diagnosticaţi conform criteriilor Sapporo
revizuite pentru AFS, cu vârsta medie 47,87
(18-74) ani, 16 femei şi 4 bărbaţi au fost urmă-

Fig 1.Valorile Pselectinei la pacienţii cu LES

secundar lupusului care au avut recurenţe
arteriale şi cei care nu au avut recurenţe
arteriale. Valorile V1 Pselectinei au fost semnificativ mai mari la pacienţii cu SAF secundar
LES care au prezentat recurenţă arterială
(256,63±145,79 versus 121,85±101,47ng/dl;
p=0,04). De asemenea, valorile V2sCD40L au
fost semnificativ mai mari la pacienţii care au
prezentat recurenţă trombotică venoasă în

Nu a existat o corelaţie semnificativă
statistic între pacienţii cu şi fără istoric de
tromboză recurentă în ceea ce priveşte nivelele
sCD40L (15402,29±15290,62 versus 9508,99±
6164,03pg/dl; p=0,34) şi respectiv aCL (194,25
±237,59 versus 52,57±10,64UPL; p=0,13). Nu
există diferenţe semnificative între valorile
V1sCD40L, V2 Pselectinei, şi nici între titrurile
aCL (global, tip IgG, IgM) la pacienţii cu SAF
52
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tică multiplă a fost definită prin cel puţin trei
episoade de tromboză arterială şi/sau venoasă la
un pacient cu sindrom antifosfolipidic. Patru
dintre cei cinci pacienţi cu LES care au asociat
prezenţa lupusului anticoagulant au prezentat
recurenţă de tromboză, în timp ce doar nouă
dintre cei 13 pacienţi fără LA au prezentat tromboză recurentă.(Fig 2).

antecedente. (13433,2 ± 8249,39 versus 5004,72
± 3769,62pg/dl; p = 0,015). Nici la V1, nici la
V2 nu există diferenţe semnificative statistic
între valorile Pselectinei, sCD40L şi respectiv
titrurile aCL globali, tip IgG,respectiv IgM între
pacienţii cu sindrom antifosfolipidic secundar
LES care au avut tromboză recurentă multiplă şi
cei fără tromboză multiplă. Recurenţa trombo-

Fig.2 Recurenţa trombozei la pacienţii cu LES care asociază LA

antecedente, au avut valori semnificativ crescute
ale V1 Pselectinei faţă de cei fără evenimente
trombotice recurente, reflectând o creştere a
activării plachetare. Determinarea acestor markeri de activare plachetară poate reprezenta o
modalitate de identificare a pacienţilor cu risc
tromboembolic crescut. De asemenea, Pselectina poate reprezenta o ţintă pentru demonstrarea
unor noi agenţi terapeutici antitrombotici.
E del Rio Garcia şi colaboratorii [7] au
studiat nivelele moleculelor de adeziune solubile la trei grupuri de pacienţi: 20 pacienţi cu
sindrom antifosfolipidic primar sau secundar
lupusului eritematos sistemic (toţi cu un episod
trombotic venos, arterial sau cu amândouă), 20
pacienţi cu aFL fără niciun semn clinic şi 20
martori sănătoşi. Prezenţa aFL cu sau fără manifestări clinice a fost legată de creşterea nivelului

Discuţii
Deşi există numeroase studii care au
raportat riscul trombozei arteriale sau venoase
determinat de prezenţa aFL, există importante
limite metodologice şi diferenţe între designul
studiilor care explică rezultatele contradictorii
raportate.
Anomalii ale hemostazei, fibrinolizei,
endoteliului şi trombocitelor, toate au fost
descrise în sindromul antifosfolipidic. Activarea
anormală din SAF poate reprezenta un status
„pre-embolic”. Continua activare plachetară şi
endotelială [15, 16, 18] prezentă în SAF
determinând un status procoagulant, poate fi
detectată prin creşterea nivelelor serice ale
moleculelor de adeziune.
În studiul nostru pacienţii cu SAF secundar LES cu episoade trombotice recurente în
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Thrombotic risk assessment in the antiphospholipid syndrome requires more than
the quantification of lupus anticoagulants
Katrien Devreese,1 Kathelijne Peerlinck,2 and Marc F. Hoylaerts2
1Coagulation Laboratory, Department of Clinical Chemistry, Microbiology, and Immunology, Ghent University Hospital, Ghent; and 2Center for Molecular and
Vascular Biology, University of Leuven, Leuven, Belgium

Lupus anticoagulants (LACs) are associated with thromboembolic complications
(TECs). LACs can be detected by their
anticoagulant properties in thrombin generation assays, by the peak height (PH)
and lag time (LT). To assess the thrombotic risk in LAC-positive patients, we
have expressed the LAC activity quantitatively by PH/LT calibration curves, constructed for mixtures of monoclonal antibodies against ␤2-glycoprotein I (␤2GPI)
and prothrombin, spiked in normal

plasma. PH/LT was determined in LAC
patients, with (n ⴝ 38) and without
(n ⴝ 21) TECs and converted into arbitrary LAC units. LAC titers ranged from 0
to 200 AU/mL, with 5 of 59 patients being
negative. In the positive LAC titer population (54 of 59), LAC and anti-␤2GPI immunoglobulin G (IgG) titers correlated with
TECs, with odds ratios of 3.54 (95% CI,
1.0-1.7) and 10.0 (95% CI, 1.98-50.6), respectively. In patients with single or combined low titers, useful predictions on

thrombosis could be made only after additional measurements of soluble Pselectin and factor VII. This layered strategy yielded positive and negative predictive values, sensitivity, and specificity
values approximately 90% in this subgroup. Hence, LAC and anti-␤2GPI IgG
titers, when combined with selected markers of the hypercoagulable state, allow a
relevant thrombotic risk assessment in
nearly all patients with LACs. (Blood.
2010;115:870-878)

Introduction
The antiphospholipid syndrome (APS) is an autoimmune disease
characterized by the persistent presence of antiphospholipid (aPL)
antibodies and recurrent occurrence of thrombosis or pregnancy
complications. Laboratory criteria include lupus anticoagulants
(LACs), measured in functional phospholipid-dependent coagulation assays, anticardiolipin antibodies (aCLs) and ␤2-glycoprotein
I (␤2GPI) antibodies, analyzed by enzyme-linked immunosorbent
assays (ELISAs).1 Detection of aPL antibodies in the blood of
patients with a history of thrombosis or pregnancy complications is
an essential step in the diagnosis and management of the APS.2
Because rates of morbidity and mortality are high in the APS,
awareness of the need for optimal prognostic markers in the
prediction of complications of the APS is growing.3
The laboratory diagnosis assigns patients with a common event
(thrombosis) to a group with a high risk of recurrence, a prerequisite for long-term oral anticoagulant therapy. Assays for the
detection of aPL antibodies, therefore, must be sufficiently sensitive to identify patients correctly as being APS positive. They also
need to be specific, because false-positive results have an effect on
clinical decisions; patients with thrombosis and aPL antibodies
possibly being given oral anticoagulant treatment indefinitely,4
potentially exposing them to a high risk of bleeding. Yet, a recent
epidemiologic study could not identify clinical or immunologic predictors of thrombotic events or pregnancy rate of morbidity or mortality,5
and the current set of diagnostic tests for the APS still awaits tools to
correctly identify patients at risk of clinical manifestations.
Despite this, an association between aPL antibodies and thrombosis has consistently been shown. Anti-␤2GPI antibodies correlate with thrombosis.6-11 In contrast, a clear association between

aCL antibodies and thrombosis is lacking, albeit that a role for aCL
antibodies in pregnancy morbidity seems possible.12 aPL antibody
positivity in multiple tests seems to reflect a more severe course of
the disease. As a consequence, the determination of antibody
profiles and subclassification of patients, according to the number
and the type of tests with a positive score, are encouraged.1,13,14
Because LACs show the strongest correlation with thrombosis
and pregnancy morbidity, LAC assays are preferred for the
detection of functional aPL antibodies.7,12,15 Yet, the laboratory
measurement of LACs is still a major challenge for the clinical
laboratory. One specific test for the detection of LACs would be
preferable, but such a test is not evident, in view of the multitude of
mechanisms implicated in APS-associated clinical events. Despite
refined procedures over the years,14 the diagnosis of APS still relies
on a combination of tests, because no single test has sufficient
specificity and sensitivity. Furthermore, LAC quantification in
clinical samples has not been achieved.
The revival of global coagulation tests such as thrombography
may help in the diagnosis and follow-up of the APS.16,17 We
recently studied thrombin generation (TG) by calibrated automated
thrombography in the diagnosis of LACs18 and have identified the
peak height (PH), the lag time (LT), and their ratio PH/LT to be
reliable parameters in the diagnosis of the APS. We have presently
further investigated whether TG is suited for the quantitative
expression of the LAC activity. By constructing monoclonal
antibody–based calibration curves, we have shown, in a small
series of patients with LACs with and without thromboembolic
complications (TECs), that the PH/LT ratio can readily be converted in arbitrary units (AUs), thus enabling quantification of LAC
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Lupus anticoagulants (LACs) are associated with thromboembolic complications
(TECs). LACs can be detected by their
anticoagulant properties in thrombin generation assays, by the peak height (PH)
and lag time (LT). To assess the thrombotic risk in LAC-positive patients, we
have expressed the LAC activity quantitatively by PH/LT calibration curves, constructed for mixtures of monoclonal antibodies against ␤2-glycoprotein I (␤2GPI)
and prothrombin, spiked in normal

plasma. PH/LT was determined in LAC
patients, with (n ⴝ 38) and without
(n ⴝ 21) TECs and converted into arbitrary LAC units. LAC titers ranged from 0
to 200 AU/mL, with 5 of 59 patients being
negative. In the positive LAC titer population (54 of 59), LAC and anti-␤2GPI immunoglobulin G (IgG) titers correlated with
TECs, with odds ratios of 3.54 (95% CI,
1.0-1.7) and 10.0 (95% CI, 1.98-50.6), respectively. In patients with single or combined low titers, useful predictions on

thrombosis could be made only after additional measurements of soluble Pselectin and factor VII. This layered strategy yielded positive and negative predictive values, sensitivity, and specificity
values approximately 90% in this subgroup. Hence, LAC and anti-␤2GPI IgG
titers, when combined with selected markers of the hypercoagulable state, allow a
relevant thrombotic risk assessment in
nearly all patients with LACs. (Blood.
2010;115:870-878)

Introduction
The antiphospholipid syndrome (APS) is an autoimmune disease
characterized by the persistent presence of antiphospholipid (aPL)
antibodies and recurrent occurrence of thrombosis or pregnancy
complications. Laboratory criteria include lupus anticoagulants
(LACs), measured in functional phospholipid-dependent coagulation assays, anticardiolipin antibodies (aCLs) and ␤2-glycoprotein
I (␤2GPI) antibodies, analyzed by enzyme-linked immunosorbent
assays (ELISAs).1 Detection of aPL antibodies in the blood of
patients with a history of thrombosis or pregnancy complications is
an essential step in the diagnosis and management of the APS.2
Because rates of morbidity and mortality are high in the APS,
awareness of the need for optimal prognostic markers in the
prediction of complications of the APS is growing.3
The laboratory diagnosis assigns patients with a common event
(thrombosis) to a group with a high risk of recurrence, a prerequisite for long-term oral anticoagulant therapy. Assays for the
detection of aPL antibodies, therefore, must be sufficiently sensitive to identify patients correctly as being APS positive. They also
need to be specific, because false-positive results have an effect on
clinical decisions; patients with thrombosis and aPL antibodies
possibly being given oral anticoagulant treatment indefinitely,4
potentially exposing them to a high risk of bleeding. Yet, a recent
epidemiologic study could not identify clinical or immunologic predictors of thrombotic events or pregnancy rate of morbidity or mortality,5
and the current set of diagnostic tests for the APS still awaits tools to
correctly identify patients at risk of clinical manifestations.
Despite this, an association between aPL antibodies and thrombosis has consistently been shown. Anti-␤2GPI antibodies correlate with thrombosis.6-11 In contrast, a clear association between

aCL antibodies and thrombosis is lacking, albeit that a role for aCL
antibodies in pregnancy morbidity seems possible.12 aPL antibody
positivity in multiple tests seems to reflect a more severe course of
the disease. As a consequence, the determination of antibody
profiles and subclassification of patients, according to the number
and the type of tests with a positive score, are encouraged.1,13,14
Because LACs show the strongest correlation with thrombosis
and pregnancy morbidity, LAC assays are preferred for the
detection of functional aPL antibodies.7,12,15 Yet, the laboratory
measurement of LACs is still a major challenge for the clinical
laboratory. One specific test for the detection of LACs would be
preferable, but such a test is not evident, in view of the multitude of
mechanisms implicated in APS-associated clinical events. Despite
refined procedures over the years,14 the diagnosis of APS still relies
on a combination of tests, because no single test has sufficient
specificity and sensitivity. Furthermore, LAC quantification in
clinical samples has not been achieved.
The revival of global coagulation tests such as thrombography
may help in the diagnosis and follow-up of the APS.16,17 We
recently studied thrombin generation (TG) by calibrated automated
thrombography in the diagnosis of LACs18 and have identified the
peak height (PH), the lag time (LT), and their ratio PH/LT to be
reliable parameters in the diagnosis of the APS. We have presently
further investigated whether TG is suited for the quantitative
expression of the LAC activity. By constructing monoclonal
antibody–based calibration curves, we have shown, in a small
series of patients with LACs with and without thromboembolic
complications (TECs), that the PH/LT ratio can readily be converted in arbitrary units (AUs), thus enabling quantification of LAC
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Lupus anticoagulants (LACs) are associated with thromboembolic complications
(TECs). LACs can be detected by their
anticoagulant properties in thrombin generation assays, by the peak height (PH)
and lag time (LT). To assess the thrombotic risk in LAC-positive patients, we
have expressed the LAC activity quantitatively by PH/LT calibration curves, constructed for mixtures of monoclonal antibodies against ␤2-glycoprotein I (␤2GPI)
and prothrombin, spiked in normal

plasma. PH/LT was determined in LAC
patients, with (n ⴝ 38) and without
(n ⴝ 21) TECs and converted into arbitrary LAC units. LAC titers ranged from 0
to 200 AU/mL, with 5 of 59 patients being
negative. In the positive LAC titer population (54 of 59), LAC and anti-␤2GPI immunoglobulin G (IgG) titers correlated with
TECs, with odds ratios of 3.54 (95% CI,
1.0-1.7) and 10.0 (95% CI, 1.98-50.6), respectively. In patients with single or combined low titers, useful predictions on

thrombosis could be made only after additional measurements of soluble Pselectin and factor VII. This layered strategy yielded positive and negative predictive values, sensitivity, and specificity
values approximately 90% in this subgroup. Hence, LAC and anti-␤2GPI IgG
titers, when combined with selected markers of the hypercoagulable state, allow a
relevant thrombotic risk assessment in
nearly all patients with LACs. (Blood.
2010;115:870-878)

Introduction
The antiphospholipid syndrome (APS) is an autoimmune disease
characterized by the persistent presence of antiphospholipid (aPL)
antibodies and recurrent occurrence of thrombosis or pregnancy
complications. Laboratory criteria include lupus anticoagulants
(LACs), measured in functional phospholipid-dependent coagulation assays, anticardiolipin antibodies (aCLs) and ␤2-glycoprotein
I (␤2GPI) antibodies, analyzed by enzyme-linked immunosorbent
assays (ELISAs).1 Detection of aPL antibodies in the blood of
patients with a history of thrombosis or pregnancy complications is
an essential step in the diagnosis and management of the APS.2
Because rates of morbidity and mortality are high in the APS,
awareness of the need for optimal prognostic markers in the
prediction of complications of the APS is growing.3
The laboratory diagnosis assigns patients with a common event
(thrombosis) to a group with a high risk of recurrence, a prerequisite for long-term oral anticoagulant therapy. Assays for the
detection of aPL antibodies, therefore, must be sufficiently sensitive to identify patients correctly as being APS positive. They also
need to be specific, because false-positive results have an effect on
clinical decisions; patients with thrombosis and aPL antibodies
possibly being given oral anticoagulant treatment indefinitely,4
potentially exposing them to a high risk of bleeding. Yet, a recent
epidemiologic study could not identify clinical or immunologic predictors of thrombotic events or pregnancy rate of morbidity or mortality,5
and the current set of diagnostic tests for the APS still awaits tools to
correctly identify patients at risk of clinical manifestations.
Despite this, an association between aPL antibodies and thrombosis has consistently been shown. Anti-␤2GPI antibodies correlate with thrombosis.6-11 In contrast, a clear association between

aCL antibodies and thrombosis is lacking, albeit that a role for aCL
antibodies in pregnancy morbidity seems possible.12 aPL antibody
positivity in multiple tests seems to reflect a more severe course of
the disease. As a consequence, the determination of antibody
profiles and subclassification of patients, according to the number
and the type of tests with a positive score, are encouraged.1,13,14
Because LACs show the strongest correlation with thrombosis
and pregnancy morbidity, LAC assays are preferred for the
detection of functional aPL antibodies.7,12,15 Yet, the laboratory
measurement of LACs is still a major challenge for the clinical
laboratory. One specific test for the detection of LACs would be
preferable, but such a test is not evident, in view of the multitude of
mechanisms implicated in APS-associated clinical events. Despite
refined procedures over the years,14 the diagnosis of APS still relies
on a combination of tests, because no single test has sufficient
specificity and sensitivity. Furthermore, LAC quantification in
clinical samples has not been achieved.
The revival of global coagulation tests such as thrombography
may help in the diagnosis and follow-up of the APS.16,17 We
recently studied thrombin generation (TG) by calibrated automated
thrombography in the diagnosis of LACs18 and have identified the
peak height (PH), the lag time (LT), and their ratio PH/LT to be
reliable parameters in the diagnosis of the APS. We have presently
further investigated whether TG is suited for the quantitative
expression of the LAC activity. By constructing monoclonal
antibody–based calibration curves, we have shown, in a small
series of patients with LACs with and without thromboembolic
complications (TECs), that the PH/LT ratio can readily be converted in arbitrary units (AUs), thus enabling quantification of LAC
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activity. The further study of these LAC titers and anti-␤2GPI
immunoglobulin G (IgG) titers has allowed us to equate the titer
relationship between clinical APS symptoms and aPL antibody
potency. With the measurement of additional prothrombotic markers, the present study represents the first analytical effort to
quantitatively assess the thrombotic risk in patients with LACs.

Methods
Subject selection and plasma collection
The control population in the pilot study comprised 25 healthy adult
volunteers. Patients were selected from persons referred to our thrombophilia centers or referred for autoimmune disease testing. Plasma samples
were collected according to the updated guidelines for LAC detection.1,14
After LAC analysis, all samples were kept at ⫺80°C, until further analysis.
Permission was given by the Ethical Committees of the Ghent and Leuven
University Hospitals to store patient plasma samples for further analysis. In
the pilot study, patients were divided in 3 groups, depending on presence or
absence of LACs in their plasma. Group 1 (n ⫽ 8) consisted of patients
persistently positive for LACs, without history of TECs. Group 2 (n ⫽ 8)
also consisted of patients persistently positive for LACs, with a history of
TECs. Group 3 (n ⫽ 21) consisted of patients manifesting thrombosis but
without evidence of plasma LACs.
For the main study, plasma samples were selected from patients with
confirmed LACs, diagnosed as described in the next subsection, that is,
following established criteria (n ⫽ 59). Thrombotic episodes or pregnancy
morbidity were retrospectively identified on consultation of medical
records. Our initial selection included 38 patients with and 21 patients
without thrombosis or pregnancy complications. Of these patients, 37 of
38 had evidence of thrombosis (mostly deep venous thromboembolism and
pulmonary embolism), 3 in association with pregnancy complications;
1 patient of 38 presented with pregnancy morbidity only. Patients on oral
anticoagulants (OACs; 11 of 59; International Normalized Ratio [INR]
ranging from 0.97 to 2.44) were equally included, because we showed
before that thrombography was possible in 1:1 mixtures of patient and
normal plasma samples.18 Of these, only 3 of 11 patients had an INR greater
than 1.5 at the moment of sample collection for aPL antibody testing.
Therefore, LAC titers were determined in all samples (n ⫽ 59), but plasma
volumes were sufficient to measure anti-␤2GPI IgG titers in only 57 samples.
Additional testing of a series of prothrombotic parameters (see “Additional
analyses”) could be done in only 56 of 59 samples, also because of
insufficient plasma for 3 patients. In this group of 56, 2 more patients (with
TECs) in the subgroup on OACs (n ⫽ 11) were excluded: these patients had
an INR of 1.9 and 2.44, respectively, in combination with reduced levels of
factor VII (FVII; 52% and 34%), that is, below the cutoff, determined by
receiver operating characteristic (ROC) analysis (see “Results”). Hence,
additional thrombophilic parameters were performed on 54 of 59 patients
(including 1 patient with INR ⬎ 1.5 but high FVII).
A normal plasma pool (NPP) was home-made by mixing equal volumes
of plasma from 40 healthy persons.14,19
LAC detection
Persistent LACs were defined, according to the revised criteria as LAC
positivity on at least 2 occasions and at least 12 weeks apart.1 LAC assays
were performed according to the recommendations of the International
Society on Thrombosis and Haemostasis with the use of screening, mixing
and confirmation tests.14,20 Samples with prolonged screening tests were
further analyzed by mixing and confirmation tests. As screening assays, a
sensitive activated partial thromboplastin time (aPTT; PTT-LA; Diagnostica Stago), in combination with the diluted Russell viper venom time
(dRVVT; LA-screen; Gradipore Ltd), or a dilute prothrombin time (dPT;
Dade Innovin; Dade Behring) in combination with a dRVVT (LAC-screen,
Instrumentation Laboratories) and silica clotting time (Instrumentation
Laboratories) were used. Mixing studies were done when screening tests
were prolonged. Reference values were calculated as described.14 Confirma-
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tory tests were done by aPTT (Staclot-LA; Diagnostica Stago), dRVVT
(LA-confirm; Gradipore Ltd), dPT, and silica clotting time, as described.19
Samples with a positive screening test, a mixing test result compatible with
the presence of an inhibitor, and a positive confirmation test in at least 1 test
system are reported as positive in this study.
Automated measurement of TG
The automated measurement of TG was performed in 1:1 mixtures of
patient plasma and NPP as recently described.18,21 TG was triggered in
platelet-poor plasma in the presence of an intermediate concentration of
tissue factor (5pM) and a low concentration of phospholipids (1M) to raise the
phospholipid dependency of the test. Results are expressed as PH/LT ratio, as
described before.18 TG parameters were normalized by division of the results for
the 1:1 plasma mixtures and those measured for the NPP.
Calibration plasmas in TG measurements were prepared by spiking
NPP with the well-characterized antiphospholipid monoclonal antibodies
(Mabs) 23H9 and 28F4, raised against human ␤2GPI and prothrombin,
respectively.22,23 These antibodies were added in a fixed ratio of 5:2 in NPP,
starting at a concentration of 100 g/mL for 23H9 and 40 g/mL for 28F4,
progressively diluted in NPP, to 2.5 g/mL and 1 g/mL, respectively. TG
was measured in native NPP and Mab-spiked NPP samples, and calibration
curves were constructed for the PH/LT ratio, as a function of the antibody
concentration. One arbitrary unit per milliliter for the quantification of
LACs was defined as the effect of the combined concentration of 23H9
(100 g/mL) and 28F4 (40 g/mL). Calibration curves were constructed
for each run. For the patients with LACs, the PH/LT ratio was determined
for multiple dilutions in NPP (1:2 to 1:20), and the PH/LT ratio was
quantitatively expressed in AU/mL, after transformation on the corresponding 23H9/28F4 calibration line.
Additional analyses
All further parameters were analyzed in platelet-free plasma samples
(9 volumes of venous blood into 1 volume of 0.109M sodium citrate)
according to the manufacturer’s instructions. Antibodies (IgG) against
␤2GPI and prothrombin were measured with ELISA Autoimmune EIA
(Bio-Rad). Results are expressed in IgG arbitrary units (GAU)/mL. Human
soluble P-selectin (sP-selectin; in ng/mL) and soluble E-selectin (in ng/mL)
were measured by ELISA (Bender Medsystems). The FVII concentration
(%) was measured in a 1-stage clotting assay with thromboplastin reagent
(Neoplastin CI plus; Diagnostica Stago) and FVII-deficient plasma (Diagnostica Stago). Thrombin–antithrombin complex (TAT; in g/L) was
measured with Enzygnost TAT micro (Dade Behring).
Statistical analysis
Data were analyzed with MedCalc Version 7.1.0.0 (MedCalc Software).
Comparison of results and correlation analysis was done with Pearson
correlation and linear regression analysis. Results were presented as
box-and-whisker plots or histograms. Results were compared with a
Mann-Whitney test. P values (2-sided) less than .05 were considered
statistically significant. ROC curve analysis was performed to discriminate
diseased cases from healthy cases and to find a particular cutoff point or
criterion for parameters used in this study. Fisher exact test was used to
calculate an exact 2-sided P value for 2 ⫻ 2 frequency tables with small
number of expected frequencies. Odds ratios (ORs) with 95% confidence
interval (CI) were calculated to compare the outcome in patient groups with
and without thrombosis.

Results
TG in patients and normal plasma samples

In our pilot study, patients with LACs were divided into 2 groups:
one without historical evidence of TECs (group 1; n ⫽ 8) and
one with evidence of TECs (group 2; n ⫽ 8). The LT and PH
were measured for these groups and for a reference group,
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Figure 5. sP-selectin titer and FVII levels in patients with LACs. (A) Box-andwhisker plots for sP-selectin (ng/mL) and FVII (%) in patients without or with TECs in
the (INR/FVII corrected) total patient population (n ⫽ 54),and in the subpopulation
with low LAC titer or anti-␤2GPI IgG titer (n ⫽ 37), as indicated. P value, calculated
with the Mann-Whitney test, represents the comparisons between the experimental
groups with and without TECs. (B) Dot plot of the sP-selectin titer (ng/mL) versus FVII
(%) for these patients (n ⫽ 54). (C) Dot plot of the sP-selectin titer (ng/mL) versus
FVII (%) for the subpopulation of patients positive for LACs with low LAC titer or low
anti-␤2GPI IgG titer (n ⫽ 37). In both cases, the thick lines represent the cutoff value
for high sP-selectin titers (ⱖ 79 ng/mL) and FVII titers (ⱖ 104%).

showed similar dilution curves. This nonlinear transformation also
showed a broad variation in patients positive for LACs, with titers
ranging from 0 to 200 U/mL. LAC titers (⬎ 0 AU/mL) calculated
from the PH/LT ratio discriminated well between patients with
LACs with and without TECs (OR, 3.5; PPV, 79%), although the
low NPV (48%) was clinically insufficient to discriminate between
patients with LACs at risk for thrombosis or not.
Analogously, anti-␤2GPI IgG titers were significantly higher
in patients positive for LACs with thrombosis (OR, 10) and had
a higher PPV (91%) but comparably low NPV (50%). Comparison of the LAC titer and the anti-␤2GPI IgG titer, at first,
suggested even that a quantitatively expressed LAC activity
would not be more informative in TEC predictions than the
measurement of anti-␤2GPI IgG titers in patients with aPL
antibody, as recommended.7
Yet our present findings confirmed that ␤2GPI is the main
antigen in APS9,28; of 22 patients with high anti-␤2GPI IgG
titers, 20 manifested TECs. Correspondingly, of the 27 patients
with a high LAC titer, 19 also had high anti-␤2GPI titers,
confirming that in 70% of the patients the potent anticoagulant
effect measured in TG is related to the presence of anti-␤2GPI

IgG antibodies. Moreover, the quantitative coupling of ␤2GPI
and LAC measurements showed that those patients with high
titers in each assay almost perfectly (18 of 19, 95%) matched the
patient category with TECs. Hence, high LAC titers, combined
with high ␤2GPI-titers, were strongly informative for almost
40% (19 of 52) of patients with APS with regard to their
thrombotic risk, substantiating the usefulness of LAC titer
determinations, in addition to the measurement of anti-␤2GPI
IgG titers.7 However, ␤2GPI is not the only antigen implicated
in the APS10,29; correspondingly, we found 8 patients with high
LAC titer and low anti-␤2GPI IgG titer, findings explained to
some degree by the occurrence of antiprothrombin antibodies.
Yet, in agreement with other studies, we found antiprothrombin
antibodies to be considerably less abundant and to be poorly
associated with thrombosis. Nonetheless, antibodies against
phosphatidylserine-prothrombin complex rather than antibodies
against prothrombin alone should be further explored as a
candidate of one of the laboratory criteria for the classification
of the APS.30 In addition, in a small subset of 3 patients, the
anti-␤2GPI antibodies were not functionally relevant: in this
group, LAC titers were low, despite high anti-␤2GPI titers.
Somewhat surprisingly, our analysis showed that in the population with either low LAC and/or low ␤2GPI-titers (more than 60%
of patients), anti-␤2GPI antibody detection and/or LAC titer
determinations were insufficient to make predictions on thrombosis. Furthermore, we have presently analyzed 5 patients (5 of 59),
who were positive for LACs, according to current guidelines,1,14
but without detectable LAC titer in TG and without measurable
anti-␤2GPI IgG antibodies, albeit that 2 of 5 presented with TECs.
We saw no alternative but to include these patients in our overall
analyses, be it in a 2-step approach. Indeed, thrombosis is a
common event in the general population, and very low antibody
titers may rather be an epiphenomenon than be causative: the
dRVVT is a sensitive test for LAC detection.18 Therefore, the
current serologic criteria may lead to overdiagnosis in patients with
only 1 positive laboratory criterion.
It is, therefore, clear from the present study that additional
procoagulant markers need to be analyzed for patients with weak
LACs, to reach clinically useful information. Our present study has
identified 2 such markers, that is, sP-selectin and FVII, be it that
these are of limited value in patients on OACs. We only analyzed a
limited number of potential activation markers and do not exclude
the utility of additional ones in the APS. Yet recent studies have
shown that P-selectin has procoagulant properties and reflects a
prothrombotic state in human subjects. Elevated sP-selectin has
been implicated as a risk factor for thromboembolism and as a
predictive biomarker for recurrence of TECs in patients with a first
episode of unprovoked thrombosis and in patients with LACs with
a previous event.31,32 In our hands, in the overall patient population
(corrected for anticoagulant effects), sP-selectin and FVII were
associated with thrombosis, albeit with different sensitivity and
specificity. OR analysis showed that their combined use was more
informative; the PPV and NPV for this approach were high. On the
basis of the determination of anti-␤2GPI IgG titers, LAC titers,
sP-selectin and FVII levels, we believe a layered strategy can be
adopted, to stratify the thrombotic risk in patients with suspected
APS. First, patients are analyzed quantitatively with respect to their
LAC and ␤2GPI titers, which reduces the need for further assays in
approximately 40% of patients. FVII measurements in the remainder of the samples can rule out thrombosis in patients not receiving
anticoagulatants, with high specificity and PPV; in our hands only
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Background and Purpose—Because thromboembolic events are frequently observed in primary antiphospholipid
syndrome (PAPS), we assessed the risk factors for new thrombotic episodes.
Methods—Fifty-six PAPS patients (mean age, 37⫾10 years) were prospectively studied for 5 years. The preliminary
Sapporo classification criteria for antiphospholipid syndrome (APS; a medium– high anticardiolipin antibody [aCL] titer
and/or a positive lupus anticoagulant [LA] test in the presence of vascular thrombosis and/or pregnancy morbidity) were
used to confirm the diagnosis. Thrombotic episodes or pregnancy losses before a diagnosis of PAPS were considered
events, and any new disease manifestation other than thrombocytopenia was considered a recurrent event. Only patients
with objectively verified thrombotic events were included in the study.
Results—Twenty-one new thrombotic events were observed in 15 subjects (26.8%), including 3 (5.4%) who died during
the follow-up. The patients with IgG aCL levels of ⬎40 IgG phospholipid unit (GPL-U) showed a higher incidence of
new thrombotic events (43.3%) than those with levels of ⱕ40 GPL-U (7.7%). Univariate analysis identified a history
of recurrent clinical events (P⫽0.004), a highly positive aCL titer (P⫽0.007), and the presence of cardiac abnormalities
(P⫽0.036) as significant risk factors for new thrombotic events. A multivariate regression model confirmed that an IgG
aCL titer of ⬎40 GPL-U was an independent risk factor for thrombosis (odds ratio, 9.17; 95% confidence interval, 1.83
to 46.05).
Conclusions—A high IgG aCL titer is the strongest predictor of new thrombotic events in PAPS patients. (Stroke. 2005;
36:1490-1494.)
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A

ntiphospholipid syndrome is a distinct clinical syndrome
with a wide spectrum of clinical manifestations that is
identified by the presence of antiphospholipid antibodies
(aPL), anticardiolipin antibodies (aCL), and lupus anticoagulant (LA), and related to recurrent venous and/or arterial
thrombosis and pregnancy morbidity.1,2 It is called primary
antiphospholipid syndrome (PAPS) in the absence of an
underlying connective tissue disorder, whereas secondary
syndrome is frequently observed in systemic lupus
erythematosus.3
In the absence of clinical complications, the presence of
aPL does not indicate antiphospholipid syndrome,4 and their
role in predicting new thrombotic events (particularly recurrent ischemic stroke) is controversial. Recent studies5,6 have
found that aPL positivity does not increase the risk of
recurrent thrombo-occlusive events or cause a differential
treatment response; however, the results of a large-scale

4-year prospective study by Finazzi et al7 indicated that
previous thrombosis and an IgG aCL titer of ⬎40 IgG
phospholipid unit (GPL-U) were independent predictors of
new thrombotic episodes in a cohort of unselected patients
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potential embolic sources and aCL titers of ⬎40 GPL-U in
PAPS patients.8
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(range, 20 to 68) first seen at the Department of Internal Medicine
and the Rheumatology Unit of L. Sacco University Hospital (Milan).
The diagnosis of PAPS was established on the basis of accepted
published criteria,9,10 and no other diagnosis was possible. The
patients were seen at our clinic every 6 to 12 months as outpatients:
each visit included clinical and laboratory examinations and, if
necessary, instrumental investigations. Any new disease manifestation other than thrombocytopenia was considered a recurrent clinical
event.
The study was approved by our Institute’s Human Research
Committee, and all of the subjects gave their informed consent.

Laboratory Tests
IgG and IgM aCL levels were measured by means of an enzymelinked immunosorbent assay and expressed in GPL or IgM phospholipid (MPL) units (GPL-U and MPL-U): IgG aCL positivity was
defined as levels of ⬎15 GPL-U and IgM aCL positivity as values
⬎5 MPL-U, which are our laboratory standards.8 In line with other
authors,7,11 we considered titer ranges as being highly (⬎40 GPL-U)
or not highly positive (between 15 and 40 GPL-U).
Anticoagulant therapy was monitored by means of prothrombin
time tests using various thromboplastins. The results were expressed
as international normalized ratios (INR).
The laboratory detection of LA is based on the initial use of
phospholipid-depleted or platelet-depleted coagulation tests, such as
kaolin clotting time, dilute Russell’s venom viper time, the tissue
thromboplastin inhibition test, and dilute activated partial thromboplastin time. The LA tests were not performed while the patients
were receiving anticoagulant therapy.
Thrombocytopenia was defined as platelet counts of ⬍150⫻109/L
on 2 different occasions.

Diagnosis of Thrombotic Events
Thrombotic episodes or pregnancy losses before the diagnosis of
PAPS were considered events. All new disease manifestations other
than thrombocytopenia during the study period were considered
recurrent (new) events. Only patients with objectively verified
thrombotic events were included in the study. Pregnancy losses from
women with histopathological lesions of decidua or placental tissue
typical of antiphospholipid syndrome (infarction, intravascular fibrin
deposition, syncytial knot formation, and fibrosis) were considered
aPL-related events, and the patients had PAPS diagnosed even in the
absence of previous venous or arterial thrombotic events.12,13
The diagnostic methods used to detect thrombosis during the
follow-up were ultrasonography for deep vein thrombosis, radionuclide lung scanning or angiography for pulmonary embolism, arteriography for peripheral arterial occlusions, and computed tomography (CT) or angiography for cerebral thrombosis.
The diagnosis of a cerebral transient ischemic attack required a
focal neurological deficit resolved within 24 hours and the CT
exclusion of a cerebral hemorrhage. The clinical events occurring
during the follow-up were classified as: (1) venous thrombosis
(lower limbs, pulmonary embolism, retinal, cerebral and mesenteric
thrombosis); (2) arterial thrombosis (retinal, renal, cerebral, mesenteric, coronary or peripheral arteries); (3) pregnancy events (spontaneous abortion before 20 weeks, miscarriage after 20 weeks, including abortion caused by an antiphospholipid syndrome-related
indication); or (4) catastrophic events (clinical evidence of multiple
organ involvement over a short period).5

Echocardiography
All of the patients underwent transesophageal echocardiography
(TEE) using a commercial ultrasound system (Philips, Sonos 5500)
equipped with a multiplane transducer in our day hospital, except for
4 who were examined during hospitalization because of a
thromboembolic event.
Mild sedation (diazepam 10 mg intravenous) was induced 5 to 10
minutes before the examination, followed by lidocaine spray local
oropharynx anesthesia. The results were reviewed by 2 blinded
expert echocardiographers. A mitral valve thickness of ⬎5 mm and
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an aortic valve thickness of ⬎3 mm were considered abnormal, as
previously reported.14 All of the measurements were calculated on 2
planes (horizontal and longitudinal). The following were considered
potential embolic sources: the presence of severe spontaneous
echocontrast in the left atrium or appendage, intracardiac thrombi,
and non-bacterial valvular masses (Libman-Sacks endocarditis).8
Forty-seven patients (83.9%) underwent repeat TEE, including 3
who died before the end of the study and 9 who were lost to
follow-up.

Treatment
The treatments used during the 5-year study period were: (1) venous
thrombosis: anticoagulant therapy was prolonged for at least 6
months (12 months in the case of pulmonary embolism); (2) arterial
thrombosis: long-term anticoagulant and/or antiplatelet therapy; and
(3) patients with pregnancy events alone were treated with life-long
antiplatelet therapy and life-long anticoagulant therapy in the case of
a new thrombotic event.5
The antithrombotic drug was acenocoumarin (INR ⬎3.0), and the
antiplatelet drug was acetylsalicylic acid (100 mg).

Endpoints
The primary aim of the study was to determine the rate of recurrent
thrombosis over 5 years. The secondary aim was to identify the
clinical and serological risk factors for new thrombotic events.

Statistical Analysis
Mean values and standard deviations were calculated for the continuous variables. The quantitative variables were compared using the
Student t test for grouped data, and the qualitative variables by
means of the 2 test with Yates correction when indicated. A 2-tailed
P⬍0.05 was considered statistically significant.
The follow-up of each patient was defined as the individual
person-time at risk measured in patient-years (pt-yrs). The sum of the
individual pt-yrs represented the total pt-yrs. The person-time incidence of thrombosis was calculated by dividing the number of new
thrombotic episodes (ie, incidence events) by total pt-yrs, and
expressed as episodes %pt-yrs, or episodes %pt-yrs.
The association of specific risk factors with the incidence of
thrombosis was estimated using the standard 2 test. The independent
effects of selected risk factors were assessed by means of multivariate logistic regression analysis, with the odds ratios and the
confidence intervals for each variable being adjusted for all of the
other variables in the model.

Results
Clinical Features
Table 1 shows the main characteristics of the studied patients.
At enrollment, 16 patients (28.6%) had experienced at least 1
TABLE 1.

Baseline Characteristics of PAPS Patients
No.
Mean age, y

56
37⫾10

Gender, no. (%)
Male
Female

8 (14)
48 (86)

Previous thrombosis, no. (%)
1 event, arterial or venous

16 (28.6)

More than 1 event

27 (48.2)

Only fetal loss

13 (23.2)

Mean aCL titer (GPL-U)
LA, no. (%)
LA indicates lupus anticoagulant.

94.9⫾39.0
48 (85.7)
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venous or arterial thrombosis, 27 (48.2%) ⬎1 thrombotic
event (often associated with fetal loss), and 13 (23.2%) fetal
losses.
During 5-year follow-up period, 15 patients (26.8%) experienced 21 new thrombotic events (Table 2).
Three patients (5.4%) with persistently high aCL titers
(⬎40 GPL-U) died during the follow-up: one caused by
hemorrhagic complications after valvuloplasty, one caused by
acute myocardial infarction, and one caused by multiple
organ involvement (catastrophic syndrome) with disseminated intravascular coagulation syndrome.
Of the 9 pregnancies observed in 6 women, 3 were
unsuccessful in 2 patients: 2 because of major bleeding
(including menometrorrhagia in one case), and 1 because of
macrohematuria. Both patients were treated with
acenocoumarin.
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TABLE 3. Risk Factors for Thrombosis in PAPS Patients
(5-year follow-up study)
Thrombosis

No.

No.

Rate
(%)

Incidence
(% pt-yr)

⬍40

36

7

19.4

3.88

ⱖ40

20

8

40.0

8.00

Variables

P Value

Age, y
0.177

Gender
Male

8

3

37.5

7.50

48

12

25.0

6.25

1

27

2

7.4

1.48

⬎1

29

13

44.8

8.96

No

23

4

17.4

3.50

Yes

25

8

32.0

6.40

No

38

12

31.6

6.32

Yes

18

3

16.7

3.34

No

45

10

22.2

4.44

Yes

11

5

45.4

9.08

ⱕ40

26

2

7.7

1.54

⬎40

30

13

43.3

8.66

Female

0.668

Previous events
0.004

Previous abortion

Echocardiographic Findings
Cardiac involvement was found in 34 patients (60.7%) at
baseline, with mitral valve thickening being the most frequent
abnormality (88.2%). Embolic sources were demonstrated in
14 patients (25%): 9 showing spontaneous echocontrast and 5
with Libman-Sacks endocarditis. Follow-up TEE revealed
unchanged cardiac involvement in 27/44 subjects (61.4%), a
worsening in previous valve lesions in 11 (25%), and new
lesions in the remaining 6 (13.5%) (Table 2).

0.404

Thrombocytopenia
0.338

Cigarette smoking
0.142

aCL titer (GPL-U)

Relationships Between Laboratory Test Results
and the Occurrence of Thrombosis
The mean baseline IgG aCL titer was 57⫾51 GPL-U (range,
2.4 to 176), and the mean baseline IgM aCL titer was 12⫾14
MPL-U (range, 1.0 to 53.7).
On the basis of the IgG aCL titer proposed by Finazzi et
al,7 the patients were divided into 2 groups: those with
antibody titers of ⱕ40 GPL-U (n⫽26; mean IgG, 12.9⫾11
GPL-U) and those with antibody titers of ⬎40 GPL-U
(n⫽30; mean IgG, 94.9⫾39 GPL-U). The frequency of
associated events (arterial and/or venous thrombosis or fetal
loss) during the follow-up period was higher in the latter
(57% versus 27%) who showed a particularly high incidence
of thrombosis (44.8% versus 7.7%; 2⫽7.296; P⬍0.001).
In line with previously published data, the IgM isotypes did
not show any clinical correlations.

Risk Factors for Thrombosis
The patients’ clinical and laboratory characteristics at diagnosis were analyzed using univariate and multivariate models
to evaluate their predictive value. Univariate analysis showed
that the significant predictors of thrombosis were a high aCL
titer (⬎40 GPL-U), multiple previous thrombotic events, and
cardiac abnormalities (Table 3). The multivariate logistic
regression analysis confirmed only an aCL titer of ⬎40
GPL-U as an independent risk factor for thrombosis in our
patients (OR, 9.17; 95% CI, 1.83 to 46.05).

Discussion
To the best of our knowledge, this is the first study in which
multivariate analysis has identified a persistently high aCL
titer as an independent predictor of thrombosis in a cohort of

0.007

Cardiac abnormalities
No

22

2

9.5

1.90

Yes

34

13

37.1

7.42

No

42

10

23.8

4.76

Yes

14

5

35.7

7.14

0.036

Embolic sources
0.489

PAPS patients, although other authors have reported a close
relationship between thrombotic events and high aCL
levels.8,11,15
In particular, Finazzi et al7 found that the main independent
factors influencing the risk of vascular complications in
aCL-positive patients were previous thrombosis and a high
IgG aCL titer (⬎40 GPL-U), and previous studies have
identified a high aCL titer as an independent risk factor for
atherosclerotic vascular diseases, mainly myocardial infarction, stroke, and peripheral occlusion.11,16 –18
Univariate analysis of our prospective data showed that an
aCL titer of ⬎40 GPL-U is indicative of a significantly
increased risk of thrombotic events in PAPS patients (time at
risk, 8.7% pt-yrs versus 1.5% pt-yrs; P⬍0.01), although the
results of the recent APASS study6 suggest that aPL positivity
did not increase the risk for recurrent thrombotic events in
young patients.
Another important finding of our study is that the patients
who had experienced multiple clinical thrombotic events
before enrolment had an increased 5-year risk of new events
(9.0% pt-yrs versus 1.5% pt-yrs; P⬍0.01) despite optimal
antithrombotic treatment.
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High-Sensitivity C-Reactive Protein and Soluble CD40
Ligand as Indices of Inflammation and Platelet Activation in
880 Patients With Nonvalvular Atrial Fibrillation
Relationship to Stroke Risk Factors, Stroke Risk Stratification Schema,
and Prognosis
Gregory Y.H. Lip, MD; Jeetesh V. Patel, PhD; Elizabeth Hughes, MD; Robert G. Hart, MD
Background and Purpose—There is now considerable evidence that atrial fibrillation is associated with an inflammatory
state. We tested the hypothesis that plasma levels of C-reactive protein (CRP; an index of inflammation) and soluble
CD40 ligand (an index of platelet activation, with links to inflammation) could be related to 3 established stroke risk
stratification schema (SPAF, CHADS2, and NICE), recognized stroke risk factors or other cardiovascular disease, and
prognosis.
Methods—We studied 880 subjects with atrial fibrillation recruited from subjects receiving aspirin 325 mg/d (alone or
combined with fixed inefficacious doses of warfarin) from the Stroke Prevention in Atrial Fibrillation (SPAF) III clinical
trial. CRP and soluble CD40 ligand were measured by enzyme-linked immunosorbent assay.
Results—With respect to the SPAF III stroke risk stratification criteria, those with moderate to high risk had the highest
levels of CRP (Kruskal Wallis test, P⬍0.001), but those with the highest risk had the lowest levels of soluble CD40
ligand (P⫽0.01). Similarly, CRP levels increased in a positive fashion with increasing stroke risk with respect to the
CHADS2 and NICE risk stratification criteria, whereas soluble CD40 ligand levels were negatively associated with
stroke risk. CRP levels were higher among those patients with raised body mass index, diabetes, hypertension, ischemic
heart disease, peripheral vascular disease, and recent heart failure, but not those with thromboembolism. Patients were
followed-up for a mean time of 453 (standard deviation, 229) days, and all-cause mortality (log rank test, P⫽0.001),
and vascular events (P⫽0.05), but not stroke, were more common in patients with high CRP levels. Soluble CD40 ligand
levels were not related to stroke, vascular events, or all-cause mortality.
Conclusion—Among atrial fibrillation patients, CRP was positively correlated to stroke risk and related to stroke risk
factors and prognosis (mortality, vascular events). Soluble CD40 ligand levels were lowest in those at moderate to high
risk of stroke and not related to prognosis. The use of CRP in risk stratification for atrial fibrillation merits further study.
(Stroke. 2007;38:1229-1237.)
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A

trial fibrillation (AF) is the commonest sustained cardiac
rhythm disorder that has been associated with an increased mortality and morbidity from stroke and thromboembolism.1 Greater understanding of the pathophysiology of AF
leading to this increased risk of thrombogenesis in AF may
inform our clinical management, given that prothrombotic
indices in AF may have prognostic implications2–5 and may
complement clinical risk stratification for stroke and vascular
events.5
Thrombosis appears to be intimately related to inflammation, and there is now considerable evidence that AF is
associated with an inflammatory state.6 For example, abnor-

mal levels of C-reactive protein (CRP) and IL-6 (both indices
of inflammation) have shown to be raised in patients with
nonvalvular AF, independently of other cardiovascular risk
factors.7–10 The abnormal inflammatory state may “drive” the
prothrombotic state in AF, which may contribute to the
increased risk of thrombogenesis and, subsequently,
thromboembolism.11
CD40 and CD40 ligand (CD40L or alternatively termed
CD154) interactions were initially described in antigen presentation and B and T lymphocyte biology.12 The CD40 –
CD40L system has been implicated in the pathophysiology of
atherothrombotic complications (and prognosis) in cardiovas-
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cular disease (CVD), as well as in the processes of inflammation and thrombosis.13,14 On exposure to CD40 expressing
vascular cells (including endothelial cells), platelet-associated
CD40L induces the expression of adhesion molecules, the
release of inflammatory cytokines (eg, IL-6), and the procoagulant tissue factor.15,16 Surface expressed CD40L may be
subsequently cleaved to generate a soluble fragment (ie,
soluble CD40 ligand [sCD40L]), which retains biological
activity by binding to glycoprotein IIb/IIIa and formation of
platelet microparticles, as well as the induction of signaling
reactions when bound to receptors.17 Like soluble P-selectin,
circulating sCD40L is believed to derive predominantly from
activated platelets and, hence, may reflect platelet activation.18 Increased sCD40L levels have also been found in a
range of vascular diseases, such as diabetes, hypertension,
and unstable angina.14,19 –22 Also, sCD40L levels are higher in
patients with acute cerebral ischemia.23
However, there are no data on the associates of sCD40L
levels in AF, or the relationship of this marker to the risk factors
associated with AF. Intuitively, because of its potential role as a
marker of platelet activation and plaque dynamics, which may
mediate prothrombotic dynamics during plaque development
and angiogenesis, sCD40L may serve as another inflammatory
marker involved in the pathophysiology of thrombogenesis and
the risk of stroke or vascular events in AF.22,24
We hypothesized that plasma levels of CRP and sCD40L
could be related to 3 established clinical stroke risk stratification schema (SPAF, CHADS2, and NICE), recognized
stroke risk factors, or other CVD. To test these hypotheses,
we measured plasma levels of CRP and sCD40L in 880
participants in the Stroke Prevention in Atrial Fibrillation
(SPAF) III study and related levels to the presence of stroke
risk factors and cardiovascular disease among this large AF
cohort. Second, baseline plasma levels of CRP and sCD40L
were analyzed for their association with the risk of subsequent stroke, vascular events, and death.

Methods
All patients were participants in the SPAF III study, which was
performed at 20 clinical sites in the United States and Canada
between 1993 and 1997; the design and main results have been
reported previously.25 Briefly, AF patients were stratified as having
either a low, moderate, or high risk of stroke based on clinical and
echocardiographic features found to be predictive of
thromboembolic risk.
For the SPAF risk stratification criteria, high risk was used to
describe those patients those with any of the high-risk criteria: (1)
women older than 75 years of age; (2) systolic hypertension
⬎160 mm Hg; (3) impaired left ventricular function (clinical heart
failure within 100 days of entry or M-mode fractional shortening
ⱕ25%); or (4) previous thromboembolism. Participants without any
of these 4 specific risk factors were classified as having low or
moderate risk, depending on the absence or presence of hypertension, respectively. We also related CRP and sCD40L levels to the
CHADS2 score and UK National Institute for Health and Clinical
Excellence (NICE) AF stroke risk stratification schema (which is
based on the Birmingham risk stratification schema).1,5,26 The NICE
clinical risk stratification defines subjects into low, moderate, and
high risk categories, and this clinical risk stratification scheme was
broadly similar to CHADS2 for predicting stroke and vascular event
rates.5 The CHADS2 acronym is derived from the individual stroke
risk factors: congestive heart failure, hypertension, age older than 75
years, diabetes mellitus, and previous stroke or transient ischemic

attack. One point was assigned for each of the risk factors, except for
previous stroke or transient ischemic attack, which was assigned 2
points (hence, the subscripted “2”).26 In a recent analysis, CHADS2
successfully identified primary prevention patients who were at high
risk for stroke (5.3 strokes per 100 patient-years); in contrast,
patients identified as high risk by other schemes (the original AF
Investigators, SPAF, Framingham, ACCP risk stratification
schemes) had 3.0 to 4.2 strokes per 100 patient-years.26 The
CHADS2 scheme also successfully stratified a large outpatient cohort
of AF patients who were not anticoagulated.27

Blood Collection and Laboratory Analysis
Blood samples were collected within 30 days of enrollment or after
3 months in the study. Blood collection materials were prepared at
the Laboratory for Clinical Biochemistry Research, Department of
Pathology, University of Vermont. Blood samples were drawn from
an antecubital vein blood tubes with 3.8% sodium citrate, mixed by
gentle inversion, and stored on melting ice. Plasma fractions were
separated by centrifugation at 4°C for 30,000g-minutes within 1 hour
of collection. Aliquots were stored at ⫺70°C until batch analysis.
Our group has previously reported indices of endothelial damage and
platelet activation in 1321 patients from the SPAF study,2 but for the
present analysis, sufficient specimen volumes were only available
for both CRP and sCD40L analysis in only 880 patients because of
natural sample wastage and usage. To avoid confounding effects of
anticoagulation on prognosis (stroke, vascular events), this analysis
was confined to those subjects receiving aspirin 325 mg/d (alone or
combined with fixed inefficacious doses of warfarin). There were no
significant differences in the demography of patients in this substudy, compared with those in the main SPAF clinical trial.2
Measurement of sCD40L levels was performed by 2-site enzymelinked immunosorbent assay, with commercially available antibodies
from R&D systems. The lower limit of detection for the sCD40L
assay was 0.016 ng/mL, and the intra-assay and inter-assay coefficients of variation were 7.0% and 9.6%, respectively. Plasma CRP
was measured with ultra sensitive reagents from Biokit, S.A. by
assay using auto analyser IL600 (Instrument Laboratories). The
lower limit of sensitivity of CRP measurement was 1 g/dL, and the
inter-assay and intra-assay coefficient of variation were 8% and 5%,
respectively.

Data Analysis
Data were analyzed in SPSS v11.5 (SPSS Inc) using standard and
nonparametric tests as appropriate. CRP and sCD40L were of
nonparametric distribution, as determined by normality plots
(Kolmorov-Smirnov). Differences between patients with and without
SPAF risk factors (dichotomous variables) were determined using
the Mann-Whitney t test equivalent, where central tendencies were
reported as medians, and variation by interquartile range. Similarly,
for normally distributed variables, the t test was used, and mean 95%
confidence intervals were reported. The 2 test was used for
hypothesis testing among categorical variables. Spearman rank
correlation method was used to determine statistical correlations
between CRP or sCD40L and age, blood pressure, etc. Multivariate
linear regression was used to determine the contribution of various
risk factors to the variation of log transformed CRP or sCD40L using
a stepwise method. Differences between low- to high-risk groups in
CRP and sCD40L were determined using the Kruskal-Wallis test.
For the correlation analysis of ordinal variables, PLUM ordinal
regression analysis was used, where the Cox and Snell pseudo R
Square (pseudo r2) values are reported to estimate the proportion of
the total variation of an ordinal response that is explained by
variables included in the model.
Kaplan-Meier curves were used to estimate time-to-event models
(stroke, composite vascular events, and composite death). The mean
survival time (95% confidence interval) for ordinal cohorts of
inflammatory indices were generated and the log rank statistic was
used to determine equality of the survival distributions therein.
Receiver operator characteristic curves were use to evaluate the
performance of inflammatory indices, depicted by the mean area
under the curve with 95% confidence interval. Risk factors (contin-
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associated with AF. Intuitively, because of its potential role as a
marker of platelet activation and plaque dynamics, which may
mediate prothrombotic dynamics during plaque development
and angiogenesis, sCD40L may serve as another inflammatory
marker involved in the pathophysiology of thrombogenesis and
the risk of stroke or vascular events in AF.22,24
We hypothesized that plasma levels of CRP and sCD40L
could be related to 3 established clinical stroke risk stratification schema (SPAF, CHADS2, and NICE), recognized
stroke risk factors, or other CVD. To test these hypotheses,
we measured plasma levels of CRP and sCD40L in 880
participants in the Stroke Prevention in Atrial Fibrillation
(SPAF) III study and related levels to the presence of stroke
risk factors and cardiovascular disease among this large AF
cohort. Second, baseline plasma levels of CRP and sCD40L
were analyzed for their association with the risk of subsequent stroke, vascular events, and death.

Methods
All patients were participants in the SPAF III study, which was
performed at 20 clinical sites in the United States and Canada
between 1993 and 1997; the design and main results have been
reported previously.25 Briefly, AF patients were stratified as having
either a low, moderate, or high risk of stroke based on clinical and
echocardiographic features found to be predictive of
thromboembolic risk.
For the SPAF risk stratification criteria, high risk was used to
describe those patients those with any of the high-risk criteria: (1)
women older than 75 years of age; (2) systolic hypertension
⬎160 mm Hg; (3) impaired left ventricular function (clinical heart
failure within 100 days of entry or M-mode fractional shortening
ⱕ25%); or (4) previous thromboembolism. Participants without any
of these 4 specific risk factors were classified as having low or
moderate risk, depending on the absence or presence of hypertension, respectively. We also related CRP and sCD40L levels to the
CHADS2 score and UK National Institute for Health and Clinical
Excellence (NICE) AF stroke risk stratification schema (which is
based on the Birmingham risk stratification schema).1,5,26 The NICE
clinical risk stratification defines subjects into low, moderate, and
high risk categories, and this clinical risk stratification scheme was
broadly similar to CHADS2 for predicting stroke and vascular event
rates.5 The CHADS2 acronym is derived from the individual stroke
risk factors: congestive heart failure, hypertension, age older than 75
years, diabetes mellitus, and previous stroke or transient ischemic

attack. One point was assigned for each of the risk factors, except for
previous stroke or transient ischemic attack, which was assigned 2
points (hence, the subscripted “2”).26 In a recent analysis, CHADS2
successfully identified primary prevention patients who were at high
risk for stroke (5.3 strokes per 100 patient-years); in contrast,
patients identified as high risk by other schemes (the original AF
Investigators, SPAF, Framingham, ACCP risk stratification
schemes) had 3.0 to 4.2 strokes per 100 patient-years.26 The
CHADS2 scheme also successfully stratified a large outpatient cohort
of AF patients who were not anticoagulated.27

Blood Collection and Laboratory Analysis
Blood samples were collected within 30 days of enrollment or after
3 months in the study. Blood collection materials were prepared at
the Laboratory for Clinical Biochemistry Research, Department of
Pathology, University of Vermont. Blood samples were drawn from
an antecubital vein blood tubes with 3.8% sodium citrate, mixed by
gentle inversion, and stored on melting ice. Plasma fractions were
separated by centrifugation at 4°C for 30,000g-minutes within 1 hour
of collection. Aliquots were stored at ⫺70°C until batch analysis.
Our group has previously reported indices of endothelial damage and
platelet activation in 1321 patients from the SPAF study,2 but for the
present analysis, sufficient specimen volumes were only available
for both CRP and sCD40L analysis in only 880 patients because of
natural sample wastage and usage. To avoid confounding effects of
anticoagulation on prognosis (stroke, vascular events), this analysis
was confined to those subjects receiving aspirin 325 mg/d (alone or
combined with fixed inefficacious doses of warfarin). There were no
significant differences in the demography of patients in this substudy, compared with those in the main SPAF clinical trial.2
Measurement of sCD40L levels was performed by 2-site enzymelinked immunosorbent assay, with commercially available antibodies
from R&D systems. The lower limit of detection for the sCD40L
assay was 0.016 ng/mL, and the intra-assay and inter-assay coefficients of variation were 7.0% and 9.6%, respectively. Plasma CRP
was measured with ultra sensitive reagents from Biokit, S.A. by
assay using auto analyser IL600 (Instrument Laboratories). The
lower limit of sensitivity of CRP measurement was 1 g/dL, and the
inter-assay and intra-assay coefficient of variation were 8% and 5%,
respectively.

Data Analysis
Data were analyzed in SPSS v11.5 (SPSS Inc) using standard and
nonparametric tests as appropriate. CRP and sCD40L were of
nonparametric distribution, as determined by normality plots
(Kolmorov-Smirnov). Differences between patients with and without
SPAF risk factors (dichotomous variables) were determined using
the Mann-Whitney t test equivalent, where central tendencies were
reported as medians, and variation by interquartile range. Similarly,
for normally distributed variables, the t test was used, and mean 95%
confidence intervals were reported. The 2 test was used for
hypothesis testing among categorical variables. Spearman rank
correlation method was used to determine statistical correlations
between CRP or sCD40L and age, blood pressure, etc. Multivariate
linear regression was used to determine the contribution of various
risk factors to the variation of log transformed CRP or sCD40L using
a stepwise method. Differences between low- to high-risk groups in
CRP and sCD40L were determined using the Kruskal-Wallis test.
For the correlation analysis of ordinal variables, PLUM ordinal
regression analysis was used, where the Cox and Snell pseudo R
Square (pseudo r2) values are reported to estimate the proportion of
the total variation of an ordinal response that is explained by
variables included in the model.
Kaplan-Meier curves were used to estimate time-to-event models
(stroke, composite vascular events, and composite death). The mean
survival time (95% confidence interval) for ordinal cohorts of
inflammatory indices were generated and the log rank statistic was
used to determine equality of the survival distributions therein.
Receiver operator characteristic curves were use to evaluate the
performance of inflammatory indices, depicted by the mean area
under the curve with 95% confidence interval. Risk factors (contin-
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Mechanisms of Disease: antiphospholipid
antibodies—from clinical association
to pathologic mechanism
Bas de Laat*, Koen Mertens and Philip G de Groot
S U M M ARY
The discovery that antiphospholipid antibodies recognize plasma proteins
that bind to phospholipids rather than recognizing phospholipids
themselves has been a major advance in research into antiphospholipid
syndrome (APS). It is now established that β2-glycoprotein I (β2GPI) is
the most important antigen for antiphospholipid antibodies. However, the
possible pathologic mechanism is still much debated. This is mainly because
not all patients with anti-β2GPI antibodies show clinical symptoms that
are related to APS. Several reports indicate that anti-β2GPI antibodies with
lupus anticoagulant (LA) activity are clinically of much importance. Most
patients with LA caused by anti-β2GPI antibodies suffer from thrombosis
as a result of recognition of the first domain of β2GPI by these antibodies.
In the search for a pathologic mechanism that might explain the high
occurrence of thrombosis in patients with anti-domain I antibodies (LAcausing anti-β2GPI antibodies), it was found that these antibodies show
increased resistance to the anticoagulant activity of annexin A5. We have
shown that the same population of antibodies also displays increased
resistance to activated protein C. Owing to the diversity of clinical
symptoms related to APS, it is likely that other pathologic mechanisms also
contribute to the occurrence of APS-related symptoms.
Keywords antiphospholipid antibodies, antiphospholipid syndrome,
β2-glycoprotein I, lupus anticoagulant, systemic lupus erythematosus
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“β2-glycoprotein I”, “antiphospholipid syndrome”, “systemic lupus erythematosus”,
“infection-related antiphospholipid antibodies”, “recurrent fetal loss”, “domain I”,
“specificity”, and “thrombosis-mediated”. The authors also searched for papers in
their personal collections. This article cannot be considered a systematic review as
not all articles identified using these search terms could be included owing to space
constraints. We limited our search to key articles to provide a representative overview.
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Upon completion of this activity, participants should be
able to:
1 Describe the clinical features of antiphospholipid
syndrome (APS).
2 Identify the prevalence of overlapping features of
APS and systemic lupus erythematosus.
3 Identify the infectious disease most likely to be
confused serologically with APS.
4 List the minimal requirements of the Sapporo
classification to be fulfilled for a diagnosis of APS.
5 Identify the serologic test most likely to be correlated with thrombosis, prognosis, and pregnancy
loss in patients with APS.
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INTRODUCTION

The antiphospholipid syndrome (APS) is an
autoimmune disease that is characterized clinically by vascular thrombosis and pregnancy
morbidity, and serologically by the presence
of antiphospholipid antibodies in the plasma of
patients.1 APS is highly related to other autoimmune diseases, especially systemic lupus
erythematosus (SLE). Approximately 20–35%
of patients with SLE fulfill the criteria for APS.
Although the clinical criteria that characterize
the disease occur frequently, the incidence of
APS is low. The importance of the presence
of antiphospholipid antibodies for the confirmation of the syndrome highlights the need for
highly specific diagnostic assays to detect these
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As a result of the poor specificity of all assays
used to diagnose patients with APS, there are
conflicting opinions on which antibodies
should be measured to detect patients at risk of
thrombosis. As mentioned above, the LA assay
is generally accepted as the assay that correlates
best with thrombosis,2,3 possibly because this
assay measures functional activity (prolongation
of phospholipid-dependent coagulation)
instead of simply physically recognizing a
protein coated to an ELISA plate. Nevertheless,
LA can be caused by antibodies with different
reactivity (to β2GPI, prothrombin, annexin A5,
etc.). Because it is generally accepted that
β2GPI is the main antigen in APS, an assay was
developed to discriminate between LA caused
by anti-β2GPI antibodies and LA caused by
antibodies with other specificity.23 The addition of cardiolipin to an assay based on the
activated partial thromboplastin time (a
measure of coagulation) resulted in a correction (a decrease) of the clotting time when LA
was caused by anti-β2GPI antibodies but not
by antibodies with other specificity. By using
this discriminating power, we have found, in
a cohort of 198 patients, almost all of whom
were diagnosed with SLE, that the odds ratio for
vascular thrombosis from a positive assay result
increased from 10.2 for the classic LA assay and
6.8 for the classic anti-β2GPI antibody ELISA
to 42.3 for LA caused by anti-β2GPI antibody
activity. Pengo et al. also showed that the combination of positive LA with a positive anti-β2GPI
antibody ELISA dramatically increased the
correlation with thrombosis compared with
the two separate assays.24 Several other methods
have been described that discriminate between a
β2GPI-dependent LA and a β2GPI-independent
LA.25,26 We can now say that patients at high
risk of thrombosis have circulating antibodies
in their plasma that recognize β2GPI and cause
LA (Figure 2). These antibodies can be detected
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ANTIPHOSPHOLIPID ANTIBODIES
AND THROMBOSIS
Lupus anticoagulant and thrombosis

50 –
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with recurrent fetal loss, as it does with thrombosis, but that there was no correlation between
pregnancy morbidity and anti-β2GPI antibodies.22 Anticardiolipin antibodies did show a
significant correlation with recurrent fetal loss,
but not with thrombosis. This finding might
indicate a different pathogenetic mechanism for
thrombosis and pregnancy morbidity.

Figure 2 Correlation between antibody specificity and thrombosis. The
graph shows the odds ratios of antibodies used in regular assays to detect
thrombosis (LA, anti-β2GPI ELISA, antiprothrombin antibody, anticardiolipin
antibody ELISA) compared with more recently developed assays (antidomain I ELISA, β2GPI-dependent LA).21, 23 The higher the odds ratio, the
more likely the indication of thrombosis. Abbreviations: Abs, antibodies;
aPTT, activated partial thromboplastin time; β2GPI, β2-glycoprotein I;
dRVVT, dilute Russell viper venom time; ELISA, enzyme-linked
immunosorbent assay; LA, lupus anticoagulant.

using a combination of a β2GPI antibody
ELISA and an LA assay. Whether this combination identifies all patients at high risk is not
yet known.
Anti-domain I antibodies and thrombosis

Since the discovery of β2GPI as major antigen
for the antiphospholipid antibodies, many
groups have investigated the epitope specificity
of anti-β2GPI antibodies. Anti-β2GPI antibodies form a rather heterogeneous group of
antibodies; some patients with these antibodies
suffer from thrombosis whereas others do not.
This heterogeneity is also highlighted by the
varied presentation of clinical symptoms seen
in patients with APS.27 As outlined in Table 1,
all domains of β2GPI have been described to
be targeted by antiphospholipid antibodies,
but most studies (especially regarding clinical
significance) point to antibodies to domain I
as being important in APS.19,28–35 The β2GPI
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2 Antiphospholipid (Hughes) Syndrome:
An Overview
David P. D’Cruz

Introduction
The cardinal features of the antiphospholipid syndrome (APS), ﬁrst described
in1983 by Dr Graham Hughes and his team at the Hammersmith Hospital, included
recurrent arterial and venous thromboses, fetal losses, and thrombocytopenia.
Although a wide variety of clinical features have been added over the last 22 years,
these major features have stood the test of time. The aim of this chapter is to give a
clinical overview of the spectrum of these clinical features, the assessment of aPL,
and their impact on morbidity and mortality.

Demographics
APS is now recognized as a common disorder and is certainly not a “small print”
disease. Its importance lies in the fact that once diagnosed, this a treatable condition. The difﬁculty is that for many patients diagnosis is often delayed, sometimes
for years, with consequent disability, loss of livelihood, inability to start a family, or
even death.
The prevalence of antiphospholipid antibodies (aPL) in otherwise healthy populations is less than 1% and up to 5% in older healthy populations. In autoimmune diseases, especially systemic lupus erythematosus (SLE), however, the prevalence is
much higher. There have been several large studies of the prevalence of aPL in SLE
patients. Perhaps the largest is the Euro-Lupus study that found a prevalence of 24%
IgG anticardiolipin antibodies (aCL), 13% IgM aCL, and 15% lupus anticoagulant
(LA) in a cohort of 1000 patients with SLE [1]. The prevalence of aPL and deﬁnite
APS may increase with longer follow up, further pregnancies, and repeat testing for
aPL. Thus, Perez-Vazquez et al showed that the prevalence of APS increased from
10% to 23% after 15–18 years in a large cohort of SLE patients [2]. A further study of
1000 APS patients has detailed the clinical features of the disorder [3].

Definition and Classification of APS
An international consensus statement on classiﬁcation criteria for deﬁnite APS
was published after a workshop in 1998 (Table 2.1) and validated [4, 5]. These
9
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Risk of Positive aPL Tests for Thrombosis and Recurrent
Events
There is now abundant evidence in the literature that aPL are particularly associated with a risk of thrombosis, especially recurrent events and pregnancy morbidity. The risk appears to be higher for LA than aCL but when high titer aCL are
considered, the risks are also high. For example, Kearon assessed recurrence rates
in 162 patients with “idiopathic” DVT participating in a treatment trial where the
hazard ratio for recurrence was 2.3 for aCL and 6.8 for LA, although only the hazard
ratio for LA was signiﬁcant in terms of the risk of recurrent thrombosis [21]. In a
meta-analysis, Wahl examined the risk of venous thromboembolism in aPL-positive
patients without autoimmune disease or previous thrombosis. The odds ratio was
11.1 for LA and 1.6 for aCL. However, that risk rose to 3.2 if higher titers of aCL
were examined [22]. There were 90 DVTs in the American Physicians Health Study
and aCL levels greater than the 95th percentile [greater than 33 glycophospholipid
(GPL) units] had a relative risk of venous thromboembolism of 5.3 [23].
In terms of arterial disease, the American Physicians Study did not ﬁnd a
signiﬁcant association of aCL with ﬁrst stroke [23]. In a seminal paper, Nencini et al
found 18% of young strokes were positive for aPL tested after a ﬁrst stroke compared
to 2% of controls. They also found that the recurrence rate for stroke was higher in
the aPL group compared to a group of stroke patients that were negative [19].
The APASS group compared ﬁrst stroke to a control population of non-stroke
hospitalized patients. aCL were positive in 24 of 248 of the stroke patients compared
to 11 of 257 control patients. The odds ratio for stroke in patients who were aCL
positive was calculated at 2.33 [16]. The APASS group concluded that aCL were a
risk factor for ﬁrst ischemic stroke and the extent of association was comparable to
that between stroke and hypertension [16]. Recent large studies have supported
this. A Framingham cohort and offspring study of 2712 women and 2262 men found
that positive aCL at baseline were an independent risk factor for future ischaemic
stroke and transient ischaemic attack in women but not men [24]. However, in a
surprising paper extending the APASS study, Levine et al appear to come to diametrically opposite conclusions to their earlier ﬁndings and now conclude that aPL
neither predict recurrent cerebral events nor a differential response to aspirin or
warfarin and say that routine testing for aPL in ischemic stroke patients is not warranted [25]. This study has, however, been heavily criticized on methodological
grounds and is discussed further in the chapter on neurological complications.
Kittner reviewed a number of studies and concluded that the strength of association between aCL and stroke in patients over 50 years was comparable to hypertension with an odds ratio of 2.2. In a young population less than 50 years the odds
ratio may rise to 8.3 [26]. Further information on arterial disease derives from the
Helsinki heart study. In this study healthy men with a low-density lipoprotein
(LDL) cholesterol greater than 5.2 mmol/L, with a mean age of 49 years, were
studied for cardiac end points. In the highest quartile of aCL patients, the odds ratio
for myocardial infarct was signiﬁcant at 2.0. In multivariate analyses the risk was
independent of other risk factors and, interestingly, aCL levels were higher in
smokers [20].
In SLE, the evidence for an association between aPL and arterial and venous
events as well as pregnancy morbidity is strong. The largest study to date, the Euro-
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Introduction
Non-valvular atrial ﬁbrillation (NVAF) is the most common
sustained cardiac arrhythmia and is associated with a ﬁvefold increase in stroke risk.1 Embolization of thrombi
forming in the left atrium (LA) or left atrial appendage
(LAA) is essential for stroke in patients with atrial ﬁbrillation
(AF).2 Risk of thrombo-embolic stroke varies widely according to presence or absence of certain clinical and echocardiographic ﬁndings3,4 and plasma markers.5,6 However,
despite the well-recognized link between cardiac embolism
resulting from AF and ischaemic stroke, the mechanism of
thrombus formation is still not fully understood. Several
studies have shown that AF is accompanied by a hypercoagulative state that may contribute to the development of
atrial thrombi and thrombo-embolism.7–10 Thrombosis
appears to be intimately related to inﬂammation, and
there is now considerable evidence that AF is associated

* Corresponding author. Tel: þ90 2323904001; fax: þ90 232 3903287.
E-mail address: hamzakard@yahoo.com

with an inﬂammatory state.11 The abnormal inﬂammatory
state may ‘drive’ the prothrombotic state in AF, which
may contribute to the increased risk of thrombogenesis
and, subsequently, thrombo-embolism.12
Evidence has increasingly emerged that activated platelets play a pivotal role in inﬂammatory processes as a
result of platelet–leukocyte and platelet–endothelium
interactions; thus, platelets are important and abundant
inﬂammatory cells per se.13 The CD40–CD40 ligand (CD40L)
system has been implicated in the pathophysiology of atherothrombotic complications and prognosis in cardiovascular
disease, as well as in the processes of inﬂammation and
thrombosis.14,15 The surface-expressed CD40L is cleaved
from the platelets over a period of minutes to hours, subsequently generating a soluble fragment.16 Circulating
soluble CD40 ligand (sCD40L) is believed to derive predominantly from activated platelets and, hence, may reﬂect
platelet activation.17 High plasma concentrations of
sCD40L were proposed to be associated with increased vascular risk.18–20
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atrial thrombi and thrombo-embolism.7–10 Thrombosis
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with an inﬂammatory state.11 The abnormal inﬂammatory
state may ‘drive’ the prothrombotic state in AF, which
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Evidence has increasingly emerged that activated platelets play a pivotal role in inﬂammatory processes as a
result of platelet–leukocyte and platelet–endothelium
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system has been implicated in the pathophysiology of atherothrombotic complications and prognosis in cardiovascular
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from the platelets over a period of minutes to hours, subsequently generating a soluble fragment.16 Circulating
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CD40 ligand in atrial ﬁbrillation

Although a marked increase in the levels of inﬂammatory
markers has been identiﬁed in the setting of persistent AF,
the relationship between proinﬂammatory and prothrombogenic factors remains unclear, and sCD40L has not yet been
assessed in patients with AF prospectively. Whether sCD40L
contributes to thrombus formation and stroke/transient
ischaemic attack (TIA) in NVAF is not clear, and whether it
can be used as a predictor of risk of thrombus formation
and stroke in NVAF needs to be clariﬁed. We hypothesized
that sCD40L representing platelet activation would be
related to the presence of thrombo-embolic events in
patients with NVAF. We, therefore, performed a prospective
study to clarify whether determination of the sCD40L levels
could predict subsequent thrombo-embolic events in
patients with NVAF.

Methods
Study population

Transoesophageal echocardiography
Transoesophageal echocardiography (TEE) was performed at the
enrollment to conﬁrm the absence of an LA cavity or appendage
thrombus and at the end of follow-up period to detect eventual
intracardiac thrombus or SEC in all patients with a 5.0 MHz multiplane probe (Hewlett-Packard Sonos 2500, Andover, MA). LASEC
was deﬁned as the presence of smoke-like echo with a characteristic
swirling motion in the LA cavity and appendage. LASEC was graded
from 0 to 4. Grades 0 and 1 were considered as mild, while grades 2
to 4 were deﬁned as moderate to severe. Atrial thrombus was
referred to the presence of a clearly deﬁned intracavitary mass
acoustically distinct from the underlying endocardium and not

caused by the pectinate ridges of the LAA. Imaging data were
recorded on super video home system (VHS) videotapes and were
reviewed by two experienced observers blinded for clinical and laboratory data.

Blood sample collection and measurement of
plasma sCD40L concentrations
Soluble CD40 ligand was determined at the enrollment in the prospective study. Baseline plasma level of sCD40L was analysed for
their association with the risk of subsequent embolic events.
Patients were excluded if on aspirin or clopidogrel therapy prior
to blood sampling, as the potential impact of these drugs on platelet
activity cannot be determined. Drugs other than aspirin and clopidogrel including beta-blockers, calcium channel blockers, digoxin, and
any combination of these drugs were considered to be acceptable
before blood sampling. Warfarin therapy was also discontinued for
3 to 4 days before blood examinations. Plasma level of sCD40L
was determined by ELISA kit (R&D Systems) according to the manufacturer’s instructions. The lower limit of detection for the sCD40L
assay was 0.016 ng/mL, and the intra-assay and inter-assay coefﬁcients of variation were 7.0 and 9.6%, respectively.

Statistical analysis
Statistical analysis was performed using the SPSS 13.0 statistical
package (SPSS Inc., Chicago, IL). Quantitative values were expressed
as mean + standard deviation and qualitative values as percentage.
While the x2 test or Fisher’s exact test was used for categorical
values, the Student’s t-test or Mann–Whitney U-test was utilized to
compare the continuous variables as appropriate. Multiple logistic
regression analysis was used to determine the signiﬁcance of dependent variable among multiple independent variables. Correlation
analysis was performed by using the Pearson’s correlation coefﬁcients. A P-value of ,0.05 was considered statistically signiﬁcant.

Results
Baseline characteristics, clinical and echocardiographic
follow-up results of the study population are shown in
Tables 1 and 2. Seven patients were receiving warfarin
with mean international normalized ratio being 2.1 at the
time of enrollment. Twelve (27%) patients had SEC and 2
(5%) patients had thrombus on LAA on TEE (Table 2). All
patients who were on warfarin had SEC on TEE at the end
of follow-up. Any other reason for cardioembolism was not
determined on TEE. Ischaemic stroke occurred in 2 (4.5%)
patients with thrombus on TEE and TIA developed in 4 (9%)

Table 1 Baseline patient characteristics
Age, years
Male/female, n
Duration of atrial ﬁbrillation (years)
Hypertension, n (%)
Current smoker, n (%)
Left ventricular ejection fraction (%)
CHADS2 score, n (%)
0
1
2
Left atrial diameter, mm
Warfarin, n (%)
Beta-blocker, n (%),
Calcium channel blocker, n (%)
Digoxin, n (%)

58 + 6
20/24
2.6 + 1.5
9 (20)
6 (13)
65 + 5.0
35 (80)
9 (20)
0 (0)
45 + 8.0
7 (16)
28 (63)
14 (32)
2 (5)
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Forty-four consecutive outpatients (mean age: 58 + 6 years, 20
male) with chronic asymptomatic NVAF who were not receiving
aspirin and had no thrombus or spontaneous echo contrast (SEC) on
LA or LAA were included in the study. Seven patients were on warfarin. AF was deﬁned as rapid oscillations or ﬁbrillatory waves
varying in size, shape, and timing, and associated with an irregular,
frequently rapidly ventricular response. Persistent, chronic AF was
conﬁrmed by electrocardiography at least two separate occasions
(6 weeks apart). The patients had no history of an embolic event
and were followed up 24 + 2 months for thrombo-embolic events
including clinically evident cerebral infarction, TIA, or embolism of
peripheral arteries. Cerebral infarction was deﬁned clinically as a
new neurologic deﬁcit lasting .24 h and not attributable to dysfunction of a single cranial nerve, spinal cord, or the peripheral nervous
system. TIA was deﬁned as an abrupt onset of a focal neurologic
deﬁcit lasting .1 min and ,24 h within the territory of a single
major brain artery. The diagnosis of peripheral embolism was
deﬁned clinically as an abrupt vascular insufﬁciency of the limbs or
internal organs associated with clinical or radiologic evidence of
arterial occlusion. The diagnosis of cerebral infarction was conﬁrmed
by corresponding positive evidence on computed tomography or magnetic resonance imaging. Stroke risk scores were calculated according to the CHADS2 scheme (congestive heart failure ¼ 1 point,
hypertension ¼ 1, age 75 ¼ 1, diabetes mellitus ¼ 1, and prior
stroke or TIA ¼ 2).21 Exclusion criteria were as follows, heart
failure, coronary artery disease, diabetes mellitus, inﬂammatory diseases (e.g. infections, autoimmune diseases), malignancies, impaired
liver function, renal failure, recent surgery, valvular heart diseases,
thyroid dysfunction, previous myocardial infarction or stroke as
these disorders might inﬂuence platelet activation and the level of
sCD40L. Patients who used non-steroidal anti-inﬂammatory drugs,
corticosteroids, or hormone replacement therapy regularly were
also excluded. All patients gave informed consent, and the study
protocol was approved by the local ethics committee.
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was reported in patients with SEC.48 Our study is the ﬁrst
to demonstrate that raised levels of sCD40L can predict
thrombus formation and stroke in AF prospectively.

Table 3 Multivariate analysis for embolic events and
spontaneous echo contrast or thrombus formation
Odds ratio
Embolic events
SEC or thrombus
sCD40L level
SEC or thrombus
LA diameter
sCD40L levels
Duration of AF

95% CI

P-value

Limitations
2.71
3.8

1.20–6.1
2.54–7.04

0.01
0.001

2.54
4.56
2.14

1.95–5.34
3.75–7.86
1.45–5.15

0.02
0.001
0.02

SEC, spontaneous echo contrast; LA, left atrium; AF, atrial ﬁbrillation.

Clinical implications
In our study, patients with LASEC or an embolic event had
signiﬁcantly higher levels of sCD40L, reﬂecting an enhanced
platelet activation. Plasma sCD40L may prospectively
predict stroke in AF. Furthermore, sCD40L may present a
target for the development of novel thromboprophylactic
agents in AF. Determination of this membrane activation
marker may provide a useful marker to identify patients
at high thrombo-embolic risk with NVAF. Although our
study supports the existence of an association between
thrombo-embolic events and sCD40L in AF, there are many
issues that require further investigations.
Conﬂict of interest: none declared.
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inﬂammatory markers has been identiﬁed in the setting of
persistent AF, the relationship between proinﬂammatory
and prothrombogenic factors remains unclear, and sCD40L
as a prothrombotic and proinﬂammatory marker has not
yet been assessed in patients with AF prospectively.
CD40 ligand is a trimeric, transmembrane protein of the
tumor necrosis factor family and, together with its receptor
CD40, is an important contributor to the inﬂammatory processes that lead to atherosclerosis and thrombosis.38 The
surface-expressed CD40L is cleaved from the platelets over
a period of minutes to hours, subsequently generating a
soluble fragment.16 sCD40L is a prothrombotic and proinﬂammatory marker.38–41 To date three studies were performed to identify the role of CD40L system in AF. Blan
et al.42 found that sCD40L was marginally raised in AF and
the increase in sCD40L was small when compared to Pselectin and vWf. Hammwöhner et al.43 investigated the
effect of platelet CD40L expression and its relation to
inﬂammatory markers in atrial clot formation in patients
with persistent AF. They showed the elevation of CD40L
expression in patients with AF particularly in patients with
atrial thrombi. Furthermore, the amount of platelet CD40L
expression remains elevated even ﬁve weeks after the successful cardioversion. They concluded that these results
may imply an increased risk for atrial thrombus formation.
Recently, Lip et al.44 investigated the CD40L and C-reactive
protein levels according to the three established stroke risk
factors in patients with AF. In this study, while C-reactive
protein was positively correlated to stroke risk and related
to stroke risk factors and prognosis, results were less clear
with sCD40L. sCD40L was not signiﬁcantly higher in patients
with LA thrombus than in those without, due to small
number of patients with LA thrombus in our study.
However, sCD40L was signiﬁcantly higher in patients with
LASEC and embolic events than in those without. Also,
Chello et al.45 provided in vitro evidence that AF results in
upregulation of CD40 on atrial endocardium with an
increased platelet adhesion, and they showed as well that
this prothrombotic state is favourably affected by
simvastatin.
Dynamic smoke-like echoes in LA, known as SEC, have
been reported to be additional markers of thrombo-embolic
risk and represent a pre-embolic status in patients with
non-rheumatic AF.46 Though platelets alone did not appear
to be echogenic in an in vitro model in contrast to whole
blood,47 platelet activation plays an essential role in thrombogenesis, and evidence of increased platelet aggregation

The present study has several limitations. First, the sample
size of the study was small. Secondly, other inﬂammatory
markers were not measured. Therefore, we cannot
comment on the relative value of this biomarker in comparison to others. Finally, our study population has a relatively
high-event rate, despite relatively low-risk patients.
According to the ACC/AHA/ESC 2006 Atrial Fibrillation
guidelines, aspirin or warfarin is recommended for patients
with one moderate-risk factor (age 75, hypertension,
heart failure, diabetes mellitus or LV ejection fraction
35%) and aspirin is recommended for patients with no
risk factors.49 However, aspirin was not started, as it might
inﬂuence platelet activation and the level of sCD40L. Of
all study population, nine patients had one moderate-risk
factor such as hypertension. Two patients out of those nine
patients refused warfarine use due to the history of gastrointestinal bleeding. Only seven patients were on warfarin.
Remaining patients did not receive any anticoagulant or
antiplatelet agent. This might be an explanation of relatively high-event rate in our study.
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was reported in patients with SEC.48 Our study is the ﬁrst
to demonstrate that raised levels of sCD40L can predict
thrombus formation and stroke in AF prospectively.
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2.14
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0.02
0.001
0.02

SEC, spontaneous echo contrast; LA, left atrium; AF, atrial ﬁbrillation.

Clinical implications
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signiﬁcantly higher levels of sCD40L, reﬂecting an enhanced
platelet activation. Plasma sCD40L may prospectively
predict stroke in AF. Furthermore, sCD40L may present a
target for the development of novel thromboprophylactic
agents in AF. Determination of this membrane activation
marker may provide a useful marker to identify patients
at high thrombo-embolic risk with NVAF. Although our
study supports the existence of an association between
thrombo-embolic events and sCD40L in AF, there are many
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effect of platelet CD40L expression and its relation to
inﬂammatory markers in atrial clot formation in patients
with persistent AF. They showed the elevation of CD40L
expression in patients with AF particularly in patients with
atrial thrombi. Furthermore, the amount of platelet CD40L
expression remains elevated even ﬁve weeks after the successful cardioversion. They concluded that these results
may imply an increased risk for atrial thrombus formation.
Recently, Lip et al.44 investigated the CD40L and C-reactive
protein levels according to the three established stroke risk
factors in patients with AF. In this study, while C-reactive
protein was positively correlated to stroke risk and related
to stroke risk factors and prognosis, results were less clear
with sCD40L. sCD40L was not signiﬁcantly higher in patients
with LA thrombus than in those without, due to small
number of patients with LA thrombus in our study.
However, sCD40L was signiﬁcantly higher in patients with
LASEC and embolic events than in those without. Also,
Chello et al.45 provided in vitro evidence that AF results in
upregulation of CD40 on atrial endocardium with an
increased platelet adhesion, and they showed as well that
this prothrombotic state is favourably affected by
simvastatin.
Dynamic smoke-like echoes in LA, known as SEC, have
been reported to be additional markers of thrombo-embolic
risk and represent a pre-embolic status in patients with
non-rheumatic AF.46 Though platelets alone did not appear
to be echogenic in an in vitro model in contrast to whole
blood,47 platelet activation plays an essential role in thrombogenesis, and evidence of increased platelet aggregation

The present study has several limitations. First, the sample
size of the study was small. Secondly, other inﬂammatory
markers were not measured. Therefore, we cannot
comment on the relative value of this biomarker in comparison to others. Finally, our study population has a relatively
high-event rate, despite relatively low-risk patients.
According to the ACC/AHA/ESC 2006 Atrial Fibrillation
guidelines, aspirin or warfarin is recommended for patients
with one moderate-risk factor (age 75, hypertension,
heart failure, diabetes mellitus or LV ejection fraction
35%) and aspirin is recommended for patients with no
risk factors.49 However, aspirin was not started, as it might
inﬂuence platelet activation and the level of sCD40L. Of
all study population, nine patients had one moderate-risk
factor such as hypertension. Two patients out of those nine
patients refused warfarine use due to the history of gastrointestinal bleeding. Only seven patients were on warfarin.
Remaining patients did not receive any anticoagulant or
antiplatelet agent. This might be an explanation of relatively high-event rate in our study.

Circ. Res; 2003, 92: 944-946

5. Freedman2003 (truncated)

See related article, pages 1041–1048

Circ Res, 2003, Vol. 92, pp. 944-946

CD40-CD40L and Platelet Function
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raditionally, platelets have been thought of as
anuclear, subcellular fragments derived from
megakaryocytes circulating in blood as small discs
and mitigating hemorrhage. This hemostatic process requires
platelet activation, a complex chain of events involving rapid
structural changes that activate adhesion receptors, remodel
the cytoskeleton, and lead to the eventual synthesis and
secretion of various platelet-derived factors. The result of this
cascade is the formation of platelet-dependent thrombosis
that primarily attenuates bleeding but, in pathophysiological
settings, contributes to occlusive vascular events. These
clinical realities have led to the bias that platelets are
primarily involved in thrombosis and hemostasis. This bias
has been reflected in the predominant use of platelet aggregometry as the standard method for quantifying platelet
activation ex vivo. This technique, however, only identifies
platelet-platelet binding (homotypic aggregates) and, in clinical settings, has promoted a relatively simplistic vision of
platelet function. The focus on platelet-dependent thrombosis
has made the platelet aggregate a common therapeutic target
in syndromes involving vascular occlusion. However, merely
preventing the process of platelet-platelet binding may not
always translate into clinical efficacy as seen in the recent
disappointing results associated with the use of the oral
IIb/IIIa inhibitors.1
Recently, studies have suggested that platelets also participate in inflammatory reactions. Platelets are known to
produce inflammatory mediators including platelet-derived
growth factor, platelet factor 4, and transforming growth
factor-␤. Platelets are also known to bind, via P-selectin
(CD62P) expressed on the surface of activated platelets to the
leukocyte receptor, P-selectin glycoprotein ligand-1 (PSGL1). The relevance of this binding is supported by a study
demonstrating that the infusion of recombinant soluble human form of P-selectin glycoprotein ligand-1 in an animal
model of vascular injury reduced myocardial reperfusion
injury and preserved vascular endothelial function.2 The
clinical implications of heterotypic aggregates are shown by
studies demonstrating that after acute myocardial infarction,
circulating monocyte-platelet aggregates are both increased
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and are a more sensitive marker of in vivo platelet activation
than platelet surface P-selectin.3 Plaque rupture promotes
activation of the inflammatory responses, and the consistent
finding of heterotypic aggregates highlights the close interaction between inflammation and thrombosis in vascular
disease.
Contributing to our understanding of the role of platelets in
inflammation are CD40-CD40 ligand (CD40L) interactions.
CD40 is a membrane glycoprotein belonging to the tumor
necrosis family receptor superfamily and its ligand CD40L
(CD154) is a glycoprotein from the tumor necrosis factor
family. CD40-CD40L interactions are central in immune
responses and inflammation. Ligation of CD40 on various
vascular cells contributes to the pathogenesis of atherosclerotic, thrombotic, and inflammatory processes.4,5 On endothelial cells or monocytes, the engagement of CD40 leads to
the synthesis of adhesion molecules, chemokines, and tissue
factor and causes the activation of matrix metalloproteinases.
CD40L has also been detected in platelets4 where, after
stimulation, it is translocated to the platelet surface (Figure).
The surface-expressed CD40 ligand is then cleaved from the
platelet over a period of minutes to hours subsequently
generating a soluble fragment (soluble CD40 ligand or
sCD40L).6 It is estimated that ⬎95% of the circulating
sCD40L is derived from platelets.6 Found to be increased on
platelets in fresh thrombus,4 sCD40L has been shown to be
elevated in cardiovascular disease7,8 and associated with
increased cardiovascular risk in apparently healthy women.9
Although sCD40L has been characterized as a marker of
thrombotic diseases, much less is known about its direct role
in platelet function. It has been suggested that CD40L is an
␣IIb␤3 ligand, a platelet agonist, and contributes to stability of
arterial thrombi.6 In this issue of Circulation Research,
Inwald and colleagues10 add to the limited information
concerning the effects of sCD40L on platelet function and
demonstrate that CD40 ligation may be a mechanism for
platelet activation. After incubation of platelets with the
trimeric form of sCD40L (sCD40LT), they showed enhanced
CD62P expression as well as dense and ␣-granule release.
Interestingly, the presence of a glycoprotein IIb/IIIa blocking
agent did not alter sCD40LT-induced CD62P expression. In
addition, ␤-thromboglobulin and [14C]-5-HT were shown to
be present after ligation reflecting ␣- and dense granule
release, respectively. An intriguing part of this study is the
confirmatory data using subjects with X-linked hyper-IgM
syndrome and known absence of CD40L expression. The
ability to utilize these subjects is particularly interesting in
platelet-dependent studies as genetic manipulation in cell
culture is not possible.
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The antiphospholipid syndrome is a non-inflammatory autoimmune disease characterised by the
presence of antiphospholipid antibodies in the plasma of patients with venous or arterial thrombosis or recurrent complications of pregnancy. The strong relation between the presence of antibodies
against anionic phospholipids and thrombo-embolic complications is well established, but how the
presence of antiphospholipid antibodies results in the observed clinical manifestations remains a
mystery. Experimental observations suggest that an altered regulation of platelet function can
cause the thrombotic complications observed in the antiphospholipid syndrome. In this review,
we will discuss the evidence that the platelet is an important player in the pathogenesis of the antiphospholipid syndrome. Lupus (2008) 17, 888–894.

Introduction
Platelets are the first line of defence against loss of
blood after traumata.1 They continuously examine
the vessel wall for leakages, and when the inner
cover of the vessel wall, the endothelium, is injured,
they respond immediately by adhering to the exposed
subendothelial structures.2 After the adherence of a
first layer of platelets, newly arriving platelets interact
with the already adhered platelets and this plateletplatelet interaction finally results in the formation of
a platelet plug. The platelet plug can temporarily stop
blood loss, but a plug consisting of only platelets is
very unstable. To prevent re-bleeding, the platelet
plug needs stabilization by a fibrin network.
Platelets cannot distinguish between a dissected vessel, which results in a bleeding wound, and superficial
lesions in the wall as occurring within atherosclerotic
vessels. Adhesion of platelets to these superficial
lesions can be the onset of the formation of a blood
clot inside an intact vessel, a thrombus. A thrombus
will occlude the blood vessel and prevents the supply
of blood to vital organs, resulting in serious pathological conditions, such as heart attacks and ischemic
strokes. There is a wide variation in the response of
platelets to stimuli in vitro between different
individuals.3 The magnitude and duration of the
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response of platelets to damages of the vessel wall
will in part determine whether occlusive thrombus formation occurs. In this review, we will first discuss how
platelets interact with the vessel wall and with each
other. Then, we will consider how antiphospholipid
antibodies could increase the intensity of the response
of platelets to injuries in the vessel wall, a possible
explanation for the increased thrombotic tendency in
patients with the antiphospholipid syndrome.

Mechanism of platelet adhesion and thrombus
formation
Platelet adhesion occurs in flowing blood, which
means that the adhesive process must occur rapidly
and the interaction must be firm enough to resist the
shear forces of the flowing blood.4 Shear forces generated by flowing blood significantly influence platelet
functioning. Experimental models that mimic the haemodynamic conditions observed in different parts of
the vascular tree are essential tools to understand
platelet interaction with the vessel wall.5
Platelet adhesion to injured vessel wall segments
depends strongly on local shear rates.6 At lower
shear rates, the affinity of various subendothelial
matrix proteins such as fibronectin, collagen, laminin
and fibrinogen for their matching platelet receptor is
high enough to arrest platelets from the circulation.
However, at higher shear rates, the interaction
between von Willebrand factor (vWF) in the vessel
wall and its receptor on the platelet surface, glycopro-
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are currently under investigation. P38 mitogen activated protein kinase (MAPK), a kinase involved in
thromboxane A2 synthesis, was shown to be involved
in platelet
activation
by
antiphospholipid
53
antibodies.
Phosphatidylinositol-3-kinase (PI-3
kinase) was also reported to be involved in antiβ2-GPI antibody-mediated platelet activation.49
These findings are consistent with a role for both
LRP-8 and GPIbα in antiphospholipid antibodymediated platelet activation as signalling via both
receptors leads to increased P38MAPK and PI-3 kinase
phosphorylation.40,54–56 Recent experimental evidence suggests both LRP-8 and GPIbα are essential
for platelet activation by antiphospholipid antibodies.
The interaction of anti-β2GPI antibodies with each
receptor leads to a distinct activation signal, and inhibition of either signal results in loss of activation.57
Although β2GPI circulates at very high concentrations and has been studied for many years, its biological function remains obscure. β2GPI has been attributed both pro-and anticoagulant properties,58,59
although humans and mice deficient in the protein
do not display clotting abnormalities.60,61 Recently,
a potential physiological role for β2GPI in primary
haemostasis62 was suggested, as β2GPI can act as an
inhibitor of vWF. Whereas β2GPI does not bind to
‘native’ vWF, it binds to the conformation of vWF
that interacts with GPIbα. This suggests an indirect
role for β2GPI as an inhibitor of platelet adhesion.
In the presence of anti-β2GPI antibodies, the interaction of β2GPI with vWF is inhibited and the antibodies, thus, abrogate the suggested physiological antithrombotic function of β2GPI. Therefore, it can be
suggested that anti-β2GPI antibodies can create a prothrombotic state by preventing the antithrombotic
activity of β2GPI. How important this mechanism is
in the pathophysiology of the antiphospholipid syndrome remains to be established.

Several cell types, amongst others platelets, monocytes
and endothelial cells, have been investigated in laboratories all over the world on their possible contribution to antiphospholipid antibody-mediated disease.
Platelet activation, tissue factor expression on endothelial cells and leucocytes63–65 and activation of the
complement system65,66 are observed in the presence
of antiphospholipid antibodies, providing a possible
explanation for the clinical manifestations of the syndrome. The challenge we now face is the development
of animal models that we can use to study the separate
contribution of these cells to the clinical manifestations of the antiphospholipid syndrome in the complexity of a living body. Perhaps then we will be able
to discern whether dysregulated platelet activation
only accounts for the frequently occurring arterial
thrombotic events or that it also explains the venous
thrombo-embolic episodes or pregnancy morbidity
that is associated with the antiphospholipid syndrome.
Although correlated with the occurrence of thrombotic events, the current set of diagnostic tools for
antiphospholipid antibodies remains wanting in
regard to the identification of those at risk for developing clinical symptoms.67 Perhaps the thrombocytopenia68 and the increased bleeding time that is so often
encountered in antiphospholipid syndrome patients
will prove to be clues that point us in the direction
future research should take to help us identify those
individuals. There are many issues to solve before we
can say that we understand the syndrome.
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Conclusions
We have now reached a fascinating period in our
understanding of the antiphospholipid syndrome.
Research into the pathology of the syndrome has
been blinded for a long time by the idea that negatively charged phospholipids are the central theme
around which the clinical manifestations of the syndrome are orchestrated. Nowadays, we focus on a
concept of cells and of cellular activation as the key
to unravelling the pathophysiology of the syndrome.
Over the last 15 years, we have identified plasma proteins and cellular receptors that are involved in antiphospholipid antibody-mediated cellular activation.
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Abstract
Background: Anti-phospholipid antibodies (APLA) are often associated with thrombosis,
defining the antiphospholipid syndrome (APS) but it remains unclear why many subjects
who are positive for APLA chiefly anti-cardiolipin (aCL) or anti-β2GPI (aβ2GPI) do not
develop thrombosis. A related question addressed in this study is whether the target of
cellular injury in APS is predominately platelets or endothelial cells (EC).
Methods: aCL and aβ2GPI were determined by ELISA in 88 patients, 60 of whom were
thrombotic and 28 non-thrombotic. Platelet activation was measured by CD62P and
by concentration of platelet microparticles (PMP) and EC activation was assessed by
endothelial microparticles (EMP), both by flow cytometry. Lupus anticoagulant (LAC)
was measured in the hospital laboratory.
Results: There was no difference in frequency of aCL or aβ2GPI, neither IgG or IgM,
between the thrombotic and non-thrombotic groups. Both groups showed elevated
EMP compared to controls but this did not differ between thrombotic and nonthrombotic groups. In contrast, PMP were not significantly elevated in nonthrombotic but were elevated in thrombotic compared to non-thrombotic (p = 0.03)
and controls. CD62P, an independent marker of platelet activation, was also elevated
in thrombotic vs. non-thrombotic. There was a trend for increased LAC in the
thrombotic group but not significant.
Conclusion: Although all subjects had evidence of endothelial activation, only
platelet activation differed between thrombotic and non-thrombotic. This supports
the hypothesis that platelet activation predisposes to thrombosis in the presence of
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in thrombotic vs. non-thrombotic. There was a trend for increased LAC in the
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Conclusion: Although all subjects had evidence of endothelial activation, only
platelet activation differed between thrombotic and non-thrombotic. This supports
the hypothesis that platelet activation predisposes to thrombosis in the presence of
chronic EC activation.
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chronic EC activation. These data also raise the possibility of distinguishing risk-prone
APLA-positive individuals.
© 2007 Elsevier Ltd. All rights reserved.

Introduction
The antiphospholipid syndrome (APS) is defined by
one or more episodes of thrombosis or unexplained
pregnancy loss in association with persisting positive antiphospholipid antibodies (APLA), either anticardiolipin (aCL), anti-β2GPI (aβ2GPI), and/or lupus
anticoagulant (LAC) [1–6]. APS is frequently associated with underlying autoimmune disorders, most
commonly systemic lupus erythematosus (SLE),
known as secondary APS, but no underlying disorder
is identified in primary APS. In its most severe and
life-threatening form, it is called catastrophic APS.
Ever since the identification of APS by Hughes in
1985 [7], the mechanism or target of injury underlying
the thrombotic events has been vigorously debated.
The leading candidates for target of APLA-induced
injury have been either platelets [8–12] or the vascular endothelial cells (EC) [13–26], or both [27–32].
Among the many mechanisms proposed, interference
with the protein C anticoagulant system has often
been proposed [30,33–36], along with activation of
complement [37,38], and other hypotheses in the
references cited above. However, the ultimate effect
responsible for thrombosis in most scenarios is
believed to be platelet activation and/or endothelial
injury [31]. Each of these and other proposed
mechanisms of APLA-induced thrombosis (or targets
of tissue injury) is supported by some clinical and
laboratory evidence but no broad consensus has yet
been reached. Closely related to these unsolved
problems are why so many patients who are chronically
positive for APLA or LAC remain free of thrombosis.
The present study was undertaken with the aim
of evaluating the relative extents of platelet and
endothelial activation in APLA-positive patients,
with and without thrombosis. In this study, activation of platelets is measured by marker CD62P as
well as by platelet microparticles (PMP), while
endothelial activation is measured by endothelial
microparticles (EMP) [39,40].

Materials and methods
Patient population
Under a protocol approved by the Institutional
Review Board at this medical center, a total of 88
patients were consecutively identified during a two-

year period who were persistently APLA-positive
(on two or more occasions at least 6 weeks apart) by
the methods given below. Of this total, 60 had a
history of thrombosis (24 with venous thrombosis,
30 with arterial thrombosis, and 6 with both).
Patients with history of miscarriage were excluded.
All blood samples were collected at least 8 weeks
after recent thrombosis to avoid effects due to acute
thrombosis. The remaining 28 patients with persisting APLA had no history of thrombotic episodes. Most
of these 28 cases were referred to our hematology
clinic on suspicion of hypercoagulable state, autoimmune diseases, connective tissue disorders, or
other reasons and the workup included APLA assay.
Table 1 lists data on the patient population.
Normal healthy controls consisted of 39 volunteer
donors recruited for a small fee from members of
the staff. Their mean age was 48.2 years and consisted of 27/12 females/males. Normal donors with
recent aspirin or other NSAIDS were excluded. There
were no significant differences in the distribution of
age and gender between patient and control groups.

Measurement of APLA
IgG and IgM APLA were assayed by ELISA for anti-β2glycoprotein-I (aβ2GPI) and anti-cardiolipin (aCL) as
Table 1

Features of patient population
Without
With
thrombosis (non-T) thrombosis (T)

Total n analyzed
Mean age
Males/females
Site of
thrombosis
Venous
Arterial
Both
Other condtions
Diabetes
Hypertension
Dyslipidemia
Smoking
Anti-thrombotic
medications
Aspirin
Plavix
Coumadin
Lovenox
Heparin

28
55.6 yr
9 / 19

60
49.4 yr
19 / 41

–
–
–

24
30
6

1
3
7
8
–
–
–
–
–

(3.8%)
(10.6%)
(25%)
(28.6%)

2 (6.7%)
4 (17.4%)
13 (22%)
9 (14.5%)
28 (47%)
10 (17%)
30 (50%)
2 (3%)
1 (2%)

Platelet activation rather than endothelial injury identifies risk of thrombosis in subjects
This finding was confirmed by independent assay
of platelet activation by marker CD62P. As shown in
Fig. 1C, platelet activation was significantly higher
in the thrombotic (T) group than the non-thrombotic (non-T) APLA-positive patients.
As shown in Table 2, this finding is independent
of any of the APLA tested, alone or in combination.
As seen in the rightmost column, neither aCL or a
β2GPI, or positivity for both together, or for IgG
compared to IgM, differed significantly between the
thrombotic and non-thrombotic groups.
Lupus anticoagulant (LAC) data showed a trend
toward increased frequency in the thrombotic group
(42% positive vs. 25% positive in non-T group) but
this did not attain statistical significance in our
small patient population.
Table 3 compares the two groups on the basis of
standard units (titers) instead of frequency of positive tests. No significant differences were found
between the T and non-T groups by this measure,
consistent with findings on the bases of frequency of
positive tests.

Discussion
The principal aim of this study was to seek to differentiate between APLA-positive patients with vs.
without thrombosis. No difference was found in levels of the endothelial activation marker, EMP, between the T and non-T groups. Although both groups
exhibited elevated EMP with respect to normal controls, there was no difference between the groups in
this measure. This shows that chronic endothelial
activation is characteristic of positive APLA, whether
or not thrombosis is present.
In contrast, a significant increase in platelet
activation was observed in the thrombotic group
compared to the non-thrombotic group. This was
observed by two independent measures, PMP levels
(Fig. 1B) and expression of platelet activation marker CD62P (Fig. 1C). We avoided the possibility of
platelet activation that might be attributed to
recent thrombosis by collecting blood samples at
least 8 weeks after recent thrombosis. Therefore,
the observed platelet activation in the thrombotic
group is chronic and ongoing. This suggests that
those with thrombosis are affected mainly and
chronically in their platelets, rather than endothelium. However, since endothelial activation was
seen in both T and non-T, this may sensitize patients
to the effects of activated platelets.
This finding raises the possibility that some APLA
in the T but not the non-T groups is interacting
mainly with platelets. Since aCL does not have a
well-defined target, it may exist in variant forms
targeting CL-binding proteins other than β2GPI,
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only some of which may be pro-thrombotic. It is
possible that additional APLA not tested in this study
may be specific to the thrombotic group.
Other studies have shown that some APLA crossreact with platelets [12] (and see refs. 5–7 and 40–
43 of that paper). A further possibility is that
complement activation is involved, as referenced
earlier [37,38] and as recently shown for endothelial
activation by plasma from TTP patients [51]. Our
assay of aCL may be detecting unidentified PLbinding antigens in the plasma of T patients different from those in non-T patients. We did not
measure platelet-associated or PMP-bound antibodies or complement in the present study.
Our data on LAC showed that LAC is positive more
often in the T group (42%) than in the non-T group
(25%), but the difference was borderline significant
( p = 0.10). It is possible that the difference may
reach statistical significance ( p b 0.05) if larger
sample size was studied. Others have shown that
LAC is more strongly associated with thrombosis
than ELISA-based APLA assays [52,53].
The question has been raised if medications
received by the thrombosis group, but not by the
non-thrombosis group, may have skewed our findings. It is likely that anti-platelet medications reduced platelet activation in most patients who
received them, limited to the thrombotic group.
Nevertheless, we observe increased platelet activation in the thrombotic group, so that in the absence
of anti-platelet medication, one would expect the
degree of platelet activation in the thrombotic
group to be even higher. Therefore, anti-platelet
treatment does not raise doubts about our findings,
but reinforces them.
In conclusion, this data supports the hypothesis
that chronic platelet activation, possibly due to
an unidentified autoantibody, rather than endothelial injury, is associated with thrombosis in APLApositive patients.
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(Fig. 1B) and expression of platelet activation marker CD62P (Fig. 1C). We avoided the possibility of
platelet activation that might be attributed to
recent thrombosis by collecting blood samples at
least 8 weeks after recent thrombosis. Therefore,
the observed platelet activation in the thrombotic
group is chronic and ongoing. This suggests that
those with thrombosis are affected mainly and
chronically in their platelets, rather than endothelium. However, since endothelial activation was
seen in both T and non-T, this may sensitize patients
to the effects of activated platelets.
This finding raises the possibility that some APLA
in the T but not the non-T groups is interacting
mainly with platelets. Since aCL does not have a
well-defined target, it may exist in variant forms
targeting CL-binding proteins other than β2GPI,
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only some of which may be pro-thrombotic. It is
possible that additional APLA not tested in this study
may be specific to the thrombotic group.
Other studies have shown that some APLA crossreact with platelets [12] (and see refs. 5–7 and 40–
43 of that paper). A further possibility is that
complement activation is involved, as referenced
earlier [37,38] and as recently shown for endothelial
activation by plasma from TTP patients [51]. Our
assay of aCL may be detecting unidentified PLbinding antigens in the plasma of T patients different from those in non-T patients. We did not
measure platelet-associated or PMP-bound antibodies or complement in the present study.
Our data on LAC showed that LAC is positive more
often in the T group (42%) than in the non-T group
(25%), but the difference was borderline significant
( p = 0.10). It is possible that the difference may
reach statistical significance ( p b 0.05) if larger
sample size was studied. Others have shown that
LAC is more strongly associated with thrombosis
than ELISA-based APLA assays [52,53].
The question has been raised if medications
received by the thrombosis group, but not by the
non-thrombosis group, may have skewed our findings. It is likely that anti-platelet medications reduced platelet activation in most patients who
received them, limited to the thrombotic group.
Nevertheless, we observe increased platelet activation in the thrombotic group, so that in the absence
of anti-platelet medication, one would expect the
degree of platelet activation in the thrombotic
group to be even higher. Therefore, anti-platelet
treatment does not raise doubts about our findings,
but reinforces them.
In conclusion, this data supports the hypothesis
that chronic platelet activation, possibly due to
an unidentified autoantibody, rather than endothelial injury, is associated with thrombosis in APLApositive patients.
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Abstract
Objectives: This is a critical review of anti-phospholipid antibodies (aPL). Most prior reviews
focus on the aPL syndrome (APS), a thrombotic condition often marked by neurological
disturbance. We bring to attention recent evidence that aPL may be equally relevant to nonthrombotic autoimmune conditions, notably, multiple sclerosis and ITP.
Organization: After a brief history, the recent proliferation of aPL target antigens is reviewed.
The implication is that many more exist. Theories of aPL in thrombosis are then reviewed,
concluding that all have merit but that aPL may have more diverse pathological consequences than
now recognized. Next, conflicting results are explained by methodological differences. The lupus
anticoagulant (LA) is then discussed. LA is the best predictor of thrombosis, but why this is true is
not settled. Finally, aPL in non-thrombotic disorders is reviewed.
Conclusion: The current paradigm of aPL holds that they are important in thrombosis, but they
may have much wider clinical significance, possibly of special interest in neurology.

Background
This manuscript critically compares the many theories
and concepts of anti-phospholipid antibodies (aPL) as
they pertain to the antiphospholipid syndrome (APS) and
other clinical conditions where they occur. This review is
not primarily concerned with clinical diagnosis and management, except peripherally. Although the topic of aPL
has been reviewed many times, this review was inspired

by findings in our laboratory and others suggesting that
aPL may play roles in a variety of disorders apart from
APS, not necessarily thrombotic.
According to Eng [1] and others, it was Pangborn who in
1941, following Wasserman's test for syphilis in 1903,
identified an acidic phospholipid (PL) as the apparent target antigen of the test, specifically, cardiolipin (CL). CL is
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their respective roles in the control of thrombosis". Likewise, antibodies to CD36 (a.k.a. platelet glycoprotein IV)
have been implicated in APS [157,158] and cited in aPL
review [16], as has aEPCR, which can exist in soluble
form. Anti-ADAMTS13 [159], believed responsible for
most cases of TTP, is also prothrombotic; but these clearly
fall outside the definition of aPL.
Group 6 of Table 1
These are PL-binding coagulation factors known to sometimes elicit autoantibodies but are not usually recognized
as aPL. This is inconsistent with recognition of anti-prothrombin (aPT), anti-thrombin, anti-protein C, anti-FVII,
anti-kininogens and anti-tPA as bona fide aPL. They can
be detected in some aPL assays against pure PL if plasma
is used and Ca2+present. Some have been implicated in
APS. For example, Gallimore et al, after studies to measure
FXII deficiency in the confounding presence of aPL [160],
later recognized that anomalous effects were actually due
to anti-FXII, leading to the discovery that anti-FXII is specifically associated with recurrent fetal loss [161].

Deficiency of FVIII is the hallmark of hemophilia A but
efforts to correct it with FVIII concentrates are plagued by
the rise of anti-FVIII in response. Of interest, the anti-FVIII
is often associated with aPL/LA, as in the report of Nuss et
al, confirming prior reports in finding that of 6 children
with aFVIII, all had positive LA on at least one visit [162]
(see later on LA). One may suspect that the reason for
excluding aFVIII from lists of aPL is not because of definition of aPL, but is because it is associated with bleeding,
not thrombosis.
Conclusion
This section has called attention to the large number of
aPL now implicated in APS. It is likely that many more
await identification. Second, it illustrates some inconsistencies among reports, discussed later. Third, it appears
that the definition or concept of aPL has been guided by
the putative association of aPL with thrombosis (APS).
Although that is a legitimate concern in view of much evidence, we must not be blinded to the likelihood that some
aPL may be involved with very different pathologies, such
as MS or ITP, as discussed later.
Hypotheses for aPL-mediated thrombosis
Introduction
Many hypotheses purporting to explain why aPL are often
associated with thrombosis or recurrent fetal loss have
been tendered. Some were already indicated, such as interference with protein C system. This section briefly reviews
other prominent hypotheses, as well as some which are
less well known, such as anti-idiotype network dysregulation. Additional theories are considered in connection
with LA, discussed later. Space limitations preclude dis-
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cussion of details of mechanisms, which are found in the
references.
Platelet and/or endothelial activation
Probably the most widely held hypothesis is that some
aPL may activate cells to promote thrombosis. This was
well articulated by Vermylen et al [17] and Arnout [139]
who proposed a two-hit scenario: an initial weak or subclinical activation, such as of platelets, exposing sufficient
anionic PL to favor binding of β2GPI or anti-β2GPI or
other aPL, followed by full-blown thrombotic activation,
possibly involving Fc receptors. Related hypotheses had
been advanced [163-166]. Specific cross-reaction of aPL
with platelet-specific antigens has been reported [167].

Many have proposed a central role for endothelial cells
(EC) as targets of aPL [168-175]. There is little doubt that
the endothelium is centrally involved in APS [176-178].
E-selectin (CD62E) may be a key player in EC activation
[179,180]. Induction of tissue factor (TF) expression in EC
by aPL binding could initiate thrombosis in APS
[181,182].
Our group has reported that chronic platelet activation,
not endothelial activation, distinguishes aPL+ subjects
with history of thrombosis from those without such history, by two independent measures (p = 0.003, p = 0.001)
[183].
Among the evidences cited by Arnout for initial small
damage being amplified by aPL is that recurrence of APS
tends to affect the same site or vasculature, suggesting that
the site of initial injury is repeatedly targeted. The site of a
pinch injury in mice becomes the site of thrombosis in an
APS animal model [139].
Dueymes et al cites several models of aPL-EC interaction
[184]. Many studies of anti-EC (aEC) independent of aPL
have been published [185-188] but others have considered aEC in specific relation to aPL [189-193]. These
reports suggest that there is no sharp demarcation
between aPL and aEC or even anti-platelet Ab, since many
PL-binding protein targets are shared by multiple hematopoietic cells, and the surface PL exposed are similar in
the activated state. Heterogeneity of both aEC and aPL has
been observed [194].
Role of complement (C)
The possible role of C in APS is often mentioned in passing, but a recent review gives more prominence to it [22],
as has Shoenfeld [195]. Fischetti et al, working with an
animal model of APS sensitized with lipopolysaccharide
(LPS) gave persuasive support for a central role of C [196].
Munakata et al showed that C-fixing aCL are specifically
associated with thrombotic events [197]. The role of C
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