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ABSTRACT

Introduction. We investigated the activated protein C resis-
tance (APCR) phenotype and the lupus anticoagulant (LA),
activity induced by anti-β2-glycoprotein-I (anti-β2GP-I) anti-
bodies. Patients and methods. We studied plasma and sera
samples from 29 patients with persistently positive anti-β2GP-
I: 22 with thrombosis (12 with primary APS, 10 with APS
secondary to SLE) and seven without thrombosis (all with
SLE); 25 healthy subjects were studied as controls. We
detected anticardiolipin antibodies (ACA); IgG (and its
subclasses) and IgM anti-β2GP-I, on irradiated and non-irra-
diated plates by ELISA. APCR was assessed by the activated
partial thromboplastin time (APTT)-based assay and by the
modified test. The FV Leiden mutation was studied by
PCR. LA determination included screening and confirmatory
dRVVT. Serum anti-β2GP-I were affinity purified on
sepharose columns and their isotype, subclass, and reactivity
against various antigens were studied by ELISA. Results. We
found that titers of IgG anti-β2GP-I on irradiated plates were
higher than on non-irradiated plates (p = 0.002), IgG2 was
the predominant subclass. Fifteen patients (13 with thrombo-
sis) had LA and 15 (also 13 with thrombosis) induced the
APCR phenotype. Eleven (all with thrombosis) had both. Two
patients were heterozygous for the Leiden mutation.
Two purified antibodies, monospecific for β2GP-I, induced an
in vitro APCR phenotype and LA activity. Conclusions.
Our results seem to indicate that the inhibition of the APC
anticoagulant function by IgG2 anti-β2GP-I with LA activity
may be one of the responsible mechanisms of thrombophilia
in patients with APS.

Key words. Antiphospholipid antibodies. Activated protein C
resistance. Anti-β2-glycoprotein-I antibodies. Thrombosis.

Resistencia a la proteína C activada  y
actividad  de anticoagulante lúpico
inducidas por plasma y por anticuerpos purificados
humanos del IgG anti β2-glicoproteína I

RESUMEN

Introducción. Investigamos la resistencia a la proteína C acti-
vada (RPCA) y la actividad de anticoagulante lúpico (AL),
inducidas por anticuerpos anti-β2-glicoproteína-I (anti-β2GP-I).
Pacientes y métodos. Estudiamos los plasmas y sueros persis-
tentemente positivos para anti-β2GP-I de 29 pacientes: 22 tuvie-
ron trombosis (12 con síndrome de antifosfolípidos [SAF] primario
y 10 con SAF secundario a lupus eritematoso generalizado
[LEG]) y siete sin trombosis (todos con LEG). Como controles es-
tudiamos 25 sueros de personas clínicamente sanas. Detectamos
anticuerpos anticardiolipina, anti-β2GP-I IgG (y sus subclases)
e IgM por ELISA en placas irradiadas y no irradiadas. Evalua-
mos la RPCA por medio del tiempo parcial de tromboplastina
activada y por la prueba modificada. Estudiamos la mutación
FV de Leiden por PCR y el anticoagulante lúpico con el método
de dRVVT screening y confirmatorio. Después de purificar los
anti-β2GP-I séricos con una columna de antígeno unido a sefa-
rosa, analizamos por ELISA sus isotipos, subclases y reactividad
contra β2GP-I y algunos fosfolípidos. Resultados. Los títulos
de anti-β2GP-I IgG fueron más altos en placas irradiadas que en
no irradiadas (p = 0.002), predominó la subclase IgG2. Quince
plasmas (13 de pacientes con trombosis) tuvieron AL y 15 (13
también de pacientes con trombosis) indujeron el fenotipo de
RPCA. Once plasmas (todos de pacientes con trombosis) induje-
ron ambas actividades. Dos pacientes fueron heterocigotos para
la mutación de Leiden. Dos anticuerpos purificados monoespecí-
ficos para β2GP-I indujeron el fenotipo de la RPCA y la activi-
dad de AL in vitro. Conclusiones. Nuestros resultados sugieren
que la RPCA, inducida por los anti-β2GP-I que concomitante-
mente tienen actividad de AL, puede tener implicaciones patogé-
nicas en la trombofilia del SAF.

Palabras clave. Anticuerpos antifosfolípidos. Resistencia a la pro-
teína C activada. Anticuerpos anti-β2-glicoproteína-I. Trombosis.
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INTRODUCTION

The antiphospholipid syndrome (APS), defined as
the presence of antiphospholipid antibodies (aPL),
venous and arterial thrombosis, recurrent abortions,
thrombocytopenia and hemolytic anemia,1 can be
found in patients without an underlying disease (pri-
mary APS)2-4 or associated with other autoimmune
disease, mainly systemic lupus erythematosus (SLE)
(secondary APS).1-5 Recently. it has become apparent
that aPL is heterogeneous populations of autoantibo-
dies, some of which react against various phospholi-
pid-binding proteins. These include β2-glycoprotein-I
(β2GP-I),6-8 prothrombin,9 high molecular weight ki-
ninogen,10 coagulation protein C11 and annexing V.12

Among these, β2-glycoprotein-I, a natural anticoagu-
lant that inhibits the intrinsic blood coagulation pa-
thway13 and the prothrombinase activity of human
platelets,14 has been identified as the main antigenic
target. This has led to the hypothesis that antibodies
to β2GP-I (anti-β2GP-I) interfere with the natural an-
ticoagulant homeostatic properties of β2GP-I, resul-
ting in a thrombophilic state.15-17

The prothrombotic mechanisms of anti-β2GP-I are
not well understood, but available evidence suggests
that anti-β2GP-I inhibit phospholipid-dependent
reactions17 and that this activity depends upon the
presence of β2GP-I.18 It has also recently been des-
cribed that anti-β2GP-I interfere with the protein C
pathway and induce an acquired resistance to acti-
vated protein C (APC phenotype), that is, anti-β2GP-
I inhibit the inactivation of activated Factor V (FVa)
by APC on a phospholipid surface.19 Although this
finding seems to be independent of the presence of
the FV Leiden mutation (APC genotype),19 the pre-
valence of the Factor V Leiden mutation (APC resis-
tance genotype) has not been widely studied in pa-
tients with anti-β2GP-I antibodies.

Antibodies to β2GP-I from APS patients induce lu-
pus anticoagulant activity (LA).20 Together, LA and
high levels of anti-β2GP-I antibodies have been pro-
posed as thrombotic risk markers.21-22 Still, the
strength of the association of anti-β2GP-I that indu-
ce both LA and APCR activities with thrombosis re-
mains to be established.

There is still controversy as to the exact nature of
the epitope to which antibodies to β2GP-I (anti-β2GP-
I) bind. Available evidence suggests that antiphos-
pholipid (aPL) antibodies bind to β2GP-I immobilized
on anionic phospholipids6 (or certain oxygen modi-
fied synthetic surfaces as irradiated ELISA plates,23

although the existence of antibodies to phospholipid-
free β2GP-I in the serum of patients with APS has

also been demonstrated.24 IgG isotype of anti-β2GP-I
is associated with a higher risk of thrombosis,25 but
little is known as to whether any of the IgG subclas-
ses predominates or has any correlation with the cli-
nical behavior of the disease.

To contribute to these issues, we analyzed the
anti-β2GP-I isotypes and IgG subclasses on two diffe-
rent plastic surfaces, we studied its coexistance with
lupus anticoagulant (LA), acquired APC resistance,
and FV Leiden mutation. We also purified anti-
β2GP-I antibodies from patients’ sera by affinity
column and studied their ability to induce APC
resistance and LA activity in vitro.

MATERIALS AND METHODS

Patients

We studied 29 patients (25 women) with a median
age of 35 years (range 20- 66) and persistently positi-
ve IgG anti-β2GP-I antibodies. Twenty-two patients
had a history of thrombosis, 12 of them had primary
APS2 and 10 had APS secondary1 to SLE.26 Seven of
29 patients had SLE without thrombosis. Twenty-
five clinically healthy subjects were studied as con-
trols.

Standard aCL ELISA

Antibodies to cardiolipin (Sigma Chemicals, St
Louis, MO, USA) were detected by ELISA as descri-
bed.27-28

Purification of βββββ22222GP-I

β2GP-I was isolated from normal human plasma
by a published method29 with some modifications of
our own.24 Protein concentration was determined by
the method of Bradford30 and its purity was assessed
by immunoelectrophoresis in sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE).31

Detection of anti-βββββ22222GP-I

Antibodies to highly purified human phospholipid-
free β2GP-I were detected by ELISA as described.15

Briefly, β2GP-I was coated on to irradiated and non-
irradiated plates (Costar, Cambridge, MA USA). Af-
ter three washes with 0.05% tween-20 (Bio-Rad, Ri-
chmond, CA, USA) in PBS pH 7.2, wells were
blocked with PBS containing 1.5% bovine serum al-
bumin (Sigma, BSA). After washing, samples (1:100
in PBS/BSA) were incubated one hour at room tem-



565Viveros ME, et al. Protein C resistance and lupus anticoagulant activitiy. Rev Invest Clin 2005; 57 (4): 563-571

perature, washed and incubated with an alkaline
phosphatase conjugated with goat anti-human IgG
(anti-γ-chain specific), anti-human IgM (anti-µ-chain
specific) or anti-human IgA (anti-α-chain specific, all
from Sigma) for isotype determination; for IgG sub-
classes determination, we used anti γ1, γ2, γ3, and
γ4-chain specific (ICN laboratories). After 3 additio-
nal washings, color was developed by the addition of
p-nitrophenyl phosphate (Sigma) in diethanolamine
buffer, pH 9.8. The absorbance was read at 405 nm
in a Labsystems Multiskan MS. The ODs of wells
containing no antigen were subtracted from all sam-
ples. As a positive control, a 1:800 dilution of a rab-
bit anti-β2GP-I was included while a 1:100 dilution of
a pool of 30 normal sera was included as internal ne-
gative control. Positive values were considered as >
2 SD of the mean value obtained from 30 normal
sample sera.

Purification of anti-βββββ22222GP-I

Patient’s sera containing high titers of IgG anti-
β2GP-I were dialyzed against ethanolamine buffer
pH 8.3 for 12 hours. Dialyzed sera were affinity puri-
fied on β2GP-I-N-hydroxysuccinimide-activated Se-
pharose (HiTrap NHS activated; Amersham Phar-
macia Biotech Europe). The coupling of β2GP-I was
performed according to the manufacturer’s instruc-
tions using an automated chromatographer (äkta
Prime, Amersham Pharmacia Biotech). The protein/
gel ratio was 5 mg of β2GP-I per mL of gel; the
coupling efficiency was measured by the method of
Lowry32 which was approximately 90%. Anti-β2GP-I
were recovered by acid elution with sodium acetate
0.1M, NaCl 0.5M pH 4.0. Fractions collected were
quantified by the method of Lowry and their purity
assessed on 10% polyacrylamide on a 7.5% stacking
gel, under denaturing conditions to identify light
and heavy immunoglobulin chains. Isotype and sub-
class were determined by ELISA assay as described
above. Purified antibodies were also analyzed for an-
tibody activity by ELISA using β2GP-I, prothrombin,
cardiolipin, phosphatidylcholine or phosphatidylseri-
ne as antigens.

APC resistance phenotype
(functional APC resistance)

Resistance to APC was determined in all plasma
samples by measuring the prolongation of aPTT in
response to activated PC, using Coatest® (Chromo-
genix, Sweden). Test was considered positive when
the ratio of aPTT clotting time of the sample in the

presence of APC, by the time obtained using the
same plasma in absence of APC, was less than 2.0.33

To overcome the interference of LA, APC resistance
was confirmed using the modified aPC-resistance
test that includes predilution of patient plasma with
factor V depleted plasma34 (Coatest APC Resistance
V; Chromogenix, Sweden). Results are reported as
APC ratios.

APC resistance assay
with affinity-purified anti-βββββ22222GP-I

The effect of affinity purified anti-β2GP-I antibo-
dies over the inhibitory activity of APC was measu-
red by mixing the purified anti-β2GP-I with normal
pooled plasma (Chromogenix, Sweden) to a final con-
centration of 0.1 and 0.5 mg/mL, following this, the
functional APC resistance assay was determined as
described above.

APC resistance genotype
(factor V Leiden mutation)

A RFLP analysis for the factor V R506Q gene mu-
tation was performed according to Zoller and Dahl-
back.35 Briefly, genomic DNA was purified from ci-
trated blood by standard procedures. Mutant Factor
V was detected by amplification of the Factor V gene
by polymerase chain reaction (PCR). A region of the
factor V gene comprising the codon 506 was ampli-
fied by PCR, the amplified fragment (241-bp) was
subjected to digestion with restriction endonuclease
Hind III, generating fragments of 209-bp and 32-bp.
The restricted products were separated by elecropho-
resis through a 1.2% agarose gel stained with ethi-
dium bromide and directly visualized and photogra-
phed under UV light.36

Lupus anticoagulants (LA)

LA were assessed according to the general criteria
of the scientific subcommittee for lupus anticoagu-
lants using two-LA tests.37 The simplified dilute
Russell’s viper venom time test (DVV-test®, Ameri-
can Diagnostica Inc, Greenwich, USA) was first em-
ployed. Then, LA were confirmed with the phospholi-
pid confirmatory reagent for Lupus anticoagulant
(DVV confirm®). Results were expressed as the ratio
of the clotting time result of the DVV test in seconds
by the clotting time result of the DVV confirm, >
2SD was considered positive for LA. Normal and ab-
normal controls were also tested with each batch of
samples.
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Prothrombin (PT) and activated
partial thromboplastin (aPTT) times

The PT and aPTT times were determined in all
patients at the Coagulation Laboratory of our Insti-
tute in an automated analyzer (Behring Coagulation
Timer, Behring Diagnostics). Thromborel S® was
used for PT, results were reported in seconds and
INR was calculated. Pathromtin® was used for
aPTT. Results are expressed in seconds.

Statistical analysis

We compared groups by Student´s t test or with
X2 when appropriate.

RESULTS

The clinical and demographic characteristics of
our patients are shown in table 1.Twenty two of 29
patients had history of thrombosis, 12 patients
(41.4%) had primary APS, 10 (34.4%) had APS se-
condary to SLE. All seven patients without thrombo-
sis had SLE without APS. Venous thrombosis was
more frequent than arterial occlusion (77.2% vs.
13.6% respectively), two patients had both (9%).
Thrombocytopenia was present in 10 from 22
patients with thrombosis (34.4%) and in two from th-

ose without it (6.9%). Only two patients from the
thrombosis group had recurrent abortions.

Table 2 shows the serological data of patients with
or without thrombosis. Nineteen patients (13
with thrombosis) had IgG aCL and 15 IgM aCL
(12 with thrombosis). Fourteen patients had both
isotypes and nine patients had neither (data not
shown). Of these, fort have been persistently aCL-ne-
gative along disease evolution. Table 2 also shows
that 15 patients had lupus anticoagulant (13 with
thrombosis) and 15 (13 with thrombosis) had the
APCR phenotype; 11 patients had concurrent LA
and APCR, all had thrombosis while 10 (7 with
thrombosis) were negative for both variables. Only
two patients were heterozygous for the Factor V
R506Q (FV Leiden) mutation.

Anti-βββββ22222GP-I titers and isotypes

As per inclusion criteria, all patients had IgG
anti-β2GP-I detected on non-irradiated plates. Figure
1 shows the titers of IgG, IgA and IgM anti-β2GP-I
from patients with or without thrombosis detected in
irradiated plates. As seen, IgG anti-β2GP-I titers
were not significantly different between the two
groups. Titers of IgG anti-β2GP-I from patients with
or without thrombosis detected on irradiated plates
were significantly higher than those detected on non-

Table 1. Demographic and some clinical features of patients.

                           Thrombosis
(+) (-)

Feature n = 22 n = 7
(%) (%)

Thrombosis (75.9) (24.1)
Age (years)

Mean ± SD 35.6 ± 12.6 32.1 ± 1.3
Median (range) 31.5 (20-66) 28 (21-48)

Gender
M / F 4/18 0/7

Diagnosis
Primary APS 12 (41.4) 0
APS+SLE 10 (34.5) 0
SLE 0 7 (24.1)

Site of thrombosis (n = 22)
Venous 17 (77.2) -
Arterial 3 (13.6) -
Both 2 (9) -

Thrombocytopenia 10 (34.4) 2 (6.9)
Recurrent abortions (≥ 2) 2 (6.9) 0
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irradiated plates (p = 0.002); but anti-β2GP-I titers
on non-irradiated plates were always positive (Data
not shown). Figure 1 also shows that nine patients
(six with thrombosis and three without it) were posi-
tive for IgA anti-β2GP-I, 5/9 IgA-positive patients
(for with thrombosis) also had IgA anti-β2GP-I in
non irradiated plates (Data not shown). All patients
were negative for IgM anti-β2GP-I.

The results of the detection of IgG1, IgG2, IgG3
and IgG4 anti-β2GP-I are shown in figure 2. Two pa-
tients had IgG1, both had thrombosis. Twenty-eight
patients had IgG2 anti-β2GP-I, of these 26 were IgA-
positive on non-irradiated plates. None of our pa-

Figure 1. IgG, IgA and IgM anti-β2GP-I from patients with (black
bars) or without (grey bars) thrombosis detected in irradiated plates. Titers
over 0.06 were considered positive. Results are expressed as mean ± SD.

Figure 2. IgG1, IgG2, IgG3, and IgG4 anti-β2GP-I from patients with
(black bars) or without (grey bars) thrombosis detected in irradiated plates. Titers
over 0.06 were considered positive. Results are expressed as mean ± SD.

Table 2. Laboratory data of systemic lupus erythematosus patients.

Feature Thrombosis Thrombosis p
(+) (-)

ACL IgG+ 13 6 ns*
 - 9 1

ACL IgM + 12 3 ns
 - 10 4

LA + 13 2
- 9 5 ns

APCR phenotype + 13 2
- 9 5 ns

LA + APCR + 11 0

LA + APCR - 2 2

LA – APCR + 2 2

LA – APCR - 7 3 ns**

FV Leiden 1 1 ns

* ns = Not significant; ** Compared to LA + APCR +.

tients had IgG3 nor IgG4 anti-β2GP-I on either kind
of plate.

Characteristics of affinity-purified
anti-βββββ22222GP-I antibodies

Anti-β2GP-I antibodies were isolated by affinity
chromatography from the sera of 6 patients (for
had thrombosis). One total IgG fraction was isola-
ted from a healthy control sera. We found that
purified anti-β2GP-I did not react with cardioli-
pin, phosphatidylcholine, phosphatidylserine or
human prothrombin (data not shown). Purified
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antibodies were mainly of the IgG isotype, but the
purified samples also contained IgA, IgM, as well
as IgG2 and IgG1 subclasses. Interestingly, one
anti-β2GP-I reactied with the native β2GP-I and
with the protein modified by cardiolipina (data
not shown).

APC resistance phenotype
assay with affinity purified antibodies

The effect of three anti-β2GP-I preparations (two
from patients with thrombosis and one without it)
were tested for their effects on the prolongation of
aPTT in response to activated protein C, using both
the APTT based assay and the modified assay. At a
concentration of 1.0 mg/mL, anti-β2GP-I preparatio-
ns from patients with thrombosis inhibited the fac-
tor Va inactivation by APC by both methods, that is,
they induced an in vitro APC resistance phenotype.
The anti-β2GP-I isolated from the patient without
thrombosis failed to induce the APC resistance phe-
notype.

DISCUSSION

While the induction of acquired APCR by serum-
containing aPL antibodies has been the topic of seve-
ral reports,19,22,34,38,39 two groups have studied hu-
man anti-β2GP-I-containing total IgG fractions to
address this issue.19-38 Malia, et al., studied the
effect of IgG fractions from 10 plasma samples con-
taining lupus anticoagulant and/or aCL antibodies
on the degradation of activated Factor V (FVa) by an
activated protein C-protein S complex. Authors found
that aPL have an inhibitory effect on the activated
protein C/Protein S complex.38 More recently, Galli,
et al., studied the effect of affinity-purified IgG phos-
pholipid-dependent inhibitors of coagulation on the
time course of FVa generation and inactivation in
normal plasma. They found that IgG preparations
with anti-β2GP-I activity, but not those with anti-
prothrombin activity, hampered the inactivation of
FVa by endogenous APC.19 One group has reported
that monoclonal murine and human anti-β2GP-I an-
tibodies induce an acquired APCR.40,41 Here, we stu-
died anti-β2GP-I-positive plasmas and found that 15/
29 induced an in vitro acquired APC resistance (APC
phenotype). Ours is the first report that shows that
this phenotype is induced by monospecific purified
anti-β2GP-I antibodies.

Antibodies to β2GP-I have also been associated with
lupus anticoagulant activity. Galli, et al., reported
that different laboratory tests may distinguish diffe-

rent populations of lupus anticoagulants, they found
that the kaolin clotting time (KCT) associates with
anti-prothrombin antibodies meanwhile the diluted
Russell’s viper venom time (dRVVT) correlates more
with anti-β2GP-I.19 More recently, Takeya, et al., stu-
died murine monoclonal antibodies to β2GP-I and
found that they inhibit the thrombin generation indu-
ced by Russell’s viper venom in diluted plasma.41

These authors also reported that this phenomenon
was abrogated by the presence of an excess amount of
phospholipids, resembling the LA activity, and that
this LA activity depends on the anti-β2GP-I epitope
specificity.41 In our work, 52% of anti-β2GP-I-positive
plasmas showed LA activity by the dRVVT coagula-
tion profile. This agrees with Galli’s, et al., contention
that the dRVVT profile does not overlap with the
ELISA’s results in the detection of anti-β2GP-I.42

Taken together all these reports and the current one
support the notion that β2GP-I binds to APC and that
anti-β2GP-I indirectly inhibits the APC anticoagulant
function.19 Recently, Hwang, et al.; proposed another
pathogenic mechanism of aPL.43 These authors
showed that an anti-(pro)thrombin-cross-reactive hu-
man monoclonal “aCL” antibody directly binds to APC
and inhibits its anticoagulant function in vitro.43

Our work also demonstrated the FV Leiden geno-
type in 2/29 Mexican patients (7%, both with lupus
and APS). This is in agreement with previous stu-
dies by Ruiz-Argüelles et al who found this genetic
trait in 1 of 22 Mexican Mestizo patients with prima-
ry APS,44 and with Davies, et al., in British patients
with the same disease.45,46 In Mexico, Ruiz-Argüe-
lles, et al., found the APCR phenotype in 40% of pa-
tients with primary thrombophilia, while only 10%
of them have the FV Leiden mutation.47 Recently,
the same researchers studied other polymorphisms
of the FV gene, namely, the HR2 haplotype, Hong
Kong, Cambridge and Liverpool mutations in 39 pa-
tients with primary thrombophilia.48 Authors con-
cluded that these mutations do not substantially
contribute to cause primary thrombophilia in Mexi-
can Mestizo patients.48 It remains to be determined
If, apart from anti-β2GP-I, any of the four FV non-
Leiden mutations could be responsible for the APCR
phenotype detected in APS patients.

The prevalence and clinical significance of IgG
anti-β2GP-I in primary and secondary APS have al-
ready been defined.16,49 In our study, we found a
clear IgG2 restriction of anti-β2GP-I in patients with
APS, both on irradiated and non-irradiated plates.
Two published studies have analyzed the subclass of
IgG anti-β2GP-I. Arvieux, et al., and Samarkos, et
al., found that 87 and 82% of anti-β2GP-I from pa-
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tients with autoimmune disorders and from SLE
and primary APS were of the IgG2 subclass, respec-
tively.50,51 The latter authors also reported that 18
and 9.1% of anti-β2GP-I were IgG3 and IgG1. Our
results are in good agreement with both studies. Ar-
vieux, et al., and ourselves, however, found that
IgG1 and IgG3 were less represented subclasses of
anti-β2GP-I. The sensitivity of the ELISA assays
may account for the discrepancies of these results.
Of note is that none of the two aforementioned
groups of investigators studied the binding of anti-
β2GP-I to non-irradiated plates.50,51 Here, we found
that, although positive when detected in non-irradia-
ted plates, the binding of plasma-derived or affinity
purified IgG2 anti-β2GP-I from patients with or
without thrombosis was higher in irradiated plates.
These results agree with the notion that anti-β2GP-I
react with at least two different epitopes, one present
in the native protein and another uncovered by anio-
nic surfaces.16,52 The IgG2 predominance of
anti-β2GP-I suggests that the antibody response
against β2GP-I may be T-cell independent.

It has been suggested that IgA anti-β2GP-I could
be good markers for thrombosis.53 Here, we found
that 6/22 (27%) patients with thrombosis (3 of them
with very high titers) and 3/7 (42%) patients without
thrombosis had positive IgA anti-β2GP-I. The diffe-
rence is not statistically significant, but a larger
number of patients is needed to settle this issue. As
in previous works from our group,15-24 in the current
study we found no IgM anti-β2GP-I in the sera of pa-
tients with primary or secondary APS.

More relevant than their isotype, antibodies to
β2GP-I with LA activity that concomitantly induce the
APCR phenotype may be better markers for thrombo-
philia. For instance, Potzsch et al. found that 13/14 pa-
tients with recurrent thrombotic episodes and 10/19
patients with a single event (altogether 73%), all with
LA, had APCR in samples prediluted with factor V de-
ficient plasma.54 In our study, we found that all pa-
tients positive for both LA activity and the APCR phe-
notype had thrombosis. In contrast, all patients
without thrombosis were negative for both tests. This
finding suggests that the inhibition of the APC anti-
coagulant function by anti-β2GP-I with LA activity
may be one of the responsible mechanisms of the recu-
rrent thrombophilia characteristic of APS patients.
More studies are needed to confirm this hypothesis.
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