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Summary
The aim of this study was to evaluate the heterogeneity of IgG-
anti-β2-glycoprotein I antibodies (IgG-aβ2GPI) as regarding their
reactivity pattern against different sources of human β2GPI,their
avidity and their association with clinical events of antiphosp-
holipid syndrome (APS).Three thousand six hundred and eighty-
four consecutive patient sera were routinely tested for IgG-
aβ2GPI over 1 year using an in-house ELISA with 2 different
commercial preparations of human purified β2GPI. Of the 340
sera found positive, all those clinically documented were in-
cluded in this study; 61 were positive with only one preparation
(S1) and 59 with both (S2).The results of ELISA were confirm-
ed byWestern blot. Heterogeneity was stressed by testing sera

Keywords
β2-glycoprotein I, heterogeneity, avidity, antiphospholipid syn-
drome

with a human recombinant protein and 3 β2GPI-related pep-
tides. No contribution of glycosylation in the binding to β2GPI
was found.The avidity indices for each protein were significantly
higher in S1 than in S2 (p = 0.0021). S2 were more associated
with antiphospholipid antibodies than S1 (75% versus 21% ; p
<0.0001).A similar frequency of the main clinical features ofAPS
was found in S1 and S2 sera (69% and 71%, respectively). In con-
clusion, our data show a heterogeneity in the antigenic reactiv-
ity pattern of IgG- aβ2GPI and a relationship between a binding
profile and antibody avidity.This heterogeneity could represent
a crucial factor of variability in test results and underlines the dif-
ficulty of getting standardisation.
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Introduction
It is increasingly recognized that anti-β2-glycoprotein I anti-
bodies (aβ2GPI) are strongly associated with the clinical features
of antiphospholipid syndrome (APS) and more specific of this
syndrome than antiphospholipid antibodies (aPL) such as anti-
cardiolipin antibodies (aCL) and lupus anticoagulant (LA) (1).
Nevertheless, these aPL are considered to be a biological criteria
of APS, characterized by clinical disorders including venous or
arterial thrombosis and recurrent fetal losses (2). APS can be a
primary syndrome or a secondary one when associated with sys-
temic autoimmune diseases, especially systemic lupus erythe-
matosus (3–4). aβ2GPI though do not yet belong to the biological

criteria of APS. However, due to their high correlation with APS
clinical events, their investigation appears to be essential for a re-
liable biological exploration of the latter. Nevertheless, ELISA
used for their detection are still not fully standardized although
several commercial and “home made” kits are progressively
being introduced.A collaborative study concerning an attempt to
standardize the aβ2GPI assays reported discrepancies in results
when sera were tested by different laboratories (5). Such con-
flicting results could be due to the different components of the
assays and among them to differences in the β2GPI preparations.

β2GPI is a plasma protein belonging to the short consensus
protein family with five repeating domains (6–8). Carbohydrates
contribute almost 20% of the apparent molecular mass of 50 kDa
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and studies have shown N-linked glycosylation sites located in
domains III and IV (7). The fifth domain contains the phospholi-
pid binding site (9). The exact nature of the epitopes recognized
by aβ2GPI has been subject to controversy: either native (10, 11)
or cryptic epitopes expressed after the interaction of β2GPI with
anionic phospholipids or irradiated polystyrene surfaces (12).
Moreover, the precise location of the epitopes on β2GPI bound
by autoantibodies is still a subject of debate. For some groups,
domain I was identified as the major target of aβ2GPI (13, 14)
while for others domain IV could play a critical role in the expo-
sure of cryptic epitopes (15, 16).

Taking into account the possibility of differences in the
aβ2GPI detection attributable to the antigen preparation, sera
were tested routinely for IgG-aβ2GPI over one year using an in-
house ELISA with two different preparations of purified human
β2GPI. Discrepancies between the results were obtained for
some sera according to the β2GPI preparation used. Thus, the
aim of the present study was to analyze the heterogeneity of IgG-
aβ2GPI in terms of antigen reactivity using ELISA and Western
blot with one human recombinant β2GPI and three β2GPI-related
peptides in addition to the two human purified preparations.
Moreover, we studied on the one hand the involvement of carbo-
hydrates in the antibody binding and on the other hand the rela-
tionship between reactivity pattern and avidity or clinical associ-
ations of aβ2GPI.

Sera and methods
Sera
Three thousand six hundred and eighty-four consecutive serum
samples were referred to the laboratory with a request from vari-
ous departments of medicine for routine aβ2GPI detection be-
tween 2000 and 2001. Sera were collected from people living in
the South of France, typical Mediterranean patients (most of
them were Caucasians). All sera were run in the same assay with
2 preparations of purified human β2GPI – one from Stago lab-
oratories (β2GPI-ST) and the other one from Binding Site lab-
oratories (β2GPI-BS). Of the 340 sera found positive, all those
for which we obtained biological and clinical data, within the
year mentioned, were included in this study (n = 120). They were
classified into 2 groups according to their reactivity with the two
preparations of β2GPI used as antigen: S1: including 61 sera
positive with one of the two preparations of β2GPI, 20 with
β2GPI-BS (S1-BS) and 41 with β2GPI-ST (S1-ST); S2: includ-
ing 59 sera positive with both preparations of β2GPI.

β2GPI preparations
Two preparations of β2GPI were routinely used in this study –
β2GPI-ST and β2GPI-BS. Another one, β2GPI-PH (kindly do-
nated by Pharmacia, Diagnostics GmbH & Co, Freiburg, Ger-
many) was only used to test sera giving conflicting results with
the former preparations. The main characteristics of β2GPI used
in this study were given by the manufacturers and are shown in
table 1. In our laboratory, the purity of each preparation was
checked by SDS PAGE and silver staining showed a single band
with a molecular weight similar to that reported in table 1.

IgG-aβ2GPI ELISA
Irradiated polystyrene microtiter plates (Maxisorp-Nunc, Rock-
ilde, Denmark) were coated with 75 μl / well of β2GPI (β2GPI-
ST or β2GPI-BS) diluted at 10 μg/ml in PBS and the plates were
incubated overnight at 4°C. After two washes with PBS/Tween
0.1% (PBS/T), the plates were blocked for 1 h at room tempera-
ture (RT) with the same buffer. Serum samples diluted 1:100 in
PBS/T were added to two β2GPI coated wells (one with β2GPI-
ST and the other one with β2GPI-BS) and to one uncoated well to
subtract non-specific binding. Plates were then incubated for 1 h
at RT. After washing, plates were incubated for 1 h at RT with
100 μl/well of alkaline phosphatase-conjugated affinity-purified
goat anti-human IgG antibody, Fcγ fragment specific, (Jackson
Immunoresearch, West Grove, USA) diluted at 1:10,000 in
PBS/T. The plates were then washed three times and p-nitrophe-
nyl phosphate (1 mg/ml in 1M diethanolamine buffer, 0.5 mM
MgCl2, pH = 9.8) was added (100 μl/well). The color reaction
was left to develop in the dark at 37°C until the OD at 405 nm of
an internal positive control reached 1. Results were expressed in
Delta Optical Density. The cutoff values were established from
testing of 100 healthy blood donors and were similar with both
β2GPI preparations: 0.16 with β2GPI-BS and 0.18 with β2GPI-
ST (99 percentiles).

Detection of IgG-aβ2GPI related peptide antibodies
The ability of aβ2GPI positive sera to bind β2GPI related pep-
tides was tested, as previously described (17), using ELISA
plates coated with each of the following 3 peptides –A: LKTPRV,
B: KDKATF and C: TLRVYK. These hexapeptides were selected
from a hexapeptide phage display library; peptideA corresponds
to the first and second domains, peptide B to the forth domain
and peptide C to the third domain of the β2GPI molecule.

aCL ELISA
Sera were assayed for IgG-class aCL using an in-house ELISA
previously described (18). Values higher than 17 GPLU (97 per-
centiles) were considered as positive.

Table 1: Characteristics of the different preparations of b2GPI
used.
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Avidity of IgG-aβ2GPI
IgG-aβ2GPI avidity was measured with a modification of the
aβ2GPI ELISA as previously described (19). Briefly, after incu-
bation of serum samples with β2GPI, the wells were soaked with
100 μl of PBS with or without 2M urea for 10 min at RT. The use
of 2M urea was determined from preliminary experiments with
increasing concentrations of urea (1M, 2M and 4M) showing
similar results with 2M and 4M urea. After discarding the urea
solution, the wells were extensively washed with PBS /T and the
remaining ELISA steps were carried out as in the conventional
method. The avidity indices, expressed in percentage, were cal-
culated as follows: (OD value in assay with urea / OD value in
assay without urea) X100.

SDS-PAGE and Western blot
The human purified or recombinant β2GPI were electrophoresed
in 10% SDS-PAGE performed in gels under non-reducing con-
ditions and were then transferred to a nitrocellulose membrane
(100 V for 1 h) in 25 mM Tris, 192 mM glycine, pH 8.3 in 20%
methanol (V/V). Membranes were blocked with 1% BSA, 0.1%
Tween 20 in PBS overnight at 4°C, then incubated for 1 h with
patient sera and positive or negative controls diluted at 1:200 in
PBS. After washes in PBS-0.1%Tween 20, membranes were in-
cubated for 1 h in peroxydase-conjugated anti-human IgG
(1:10,000, goat anti-human IgG, Fcγ fragment specific; Jackson
ImmunoResearch). Peroxydase activity was revealed by chemo-
luminescent reaction (ECL, Amersham Biosciences, Buckingh-
amshire, UK).

Enzymatic deglycosylation
Human purified β2GPI from Binding Site or Stago laboratories
were treated by N-glycanase (1 enzyme unit for 1 μg of β2GPI)
according to the manufacturer’s method (Roche Diagnostics
GmbH, Mannheim, Germany) with an overnight incubation at
37°C.

Statistics
The Chi-square, the Fisher test, the Mann-Whitney test and the
Spearman’s rank correlation test for nonparametric data were
used when appropriate. p values <0.05 were assumed to be stat-
istically significant.

Results
aβ2GPI ELISA
Of the sixty one S1 sera, 67% only reacted with β2GPI-ST
(S1-ST) and 33% only with β2GPI-BS (S1-BS). The comparison
of aβ2GPI levels between S1-BS and S1-ST sera showed no sig-
nificant difference (p = 0.34) (Fig. 1). With regard to S2 sera,
reactivity was similar with each preparation of β2GPI (p = 0.07),
and a positive correlation was found between the aβ2GPI levels (r
= 0.92 ; p <0.0001).

The levels of aβ2GPI were then compared between both sub-
groups of S1 and S2 tested with β2GPI-ST or β2GPI-BS. The re-
sults showed that the median of aβ2GPI levels was significantly
higher in S2 than in S1 irrespective of the β2GPI preparation
used: 0.72 and 0.91 in S2 sera versus 0.47 and 0.36 in S1 sera
with β2GPI-ST (p = 0.0047) and with β2GPI-BS (p = 0.0027), re-
spectively (Fig. 1).

In order to further analyze the variability of the reactivity of
sera according to the source of β2GPI, 40 representative sera, 22
S1 (including 9 S1-BS and 13 S1-ST) and 18 S2, were tested by
ELISA using a recombinant human β2GPI (B2-PH).The reactiv-
ity against the recombinant protein was compared to that against
β2GPI-BS and β2GPI-ST in the same assay. All 18 S2 sera gave
similar qualitative (positive/negative) and quantitative results
with β2GPI–PH and β2GPI-BS (p = 0.0003) or β2GPI–ST (p =
0.0021) (Fig. 2). On the contrary, in S1 sera, S1-BS but not
S1-ST gave similar qualitative results when tested with β2GPI-
PH. Nevertheless, for each subgroup of S1 sera, there was no sig-
nificant correlation between the aβ2GPI levels obtained with
β2GPI-PH and those with β2GPI-BS (p = 0.13) or β2GPI-ST (p =
0.78) (Fig. 2).

Binding to β2GPI by Western blot analysis
In order to confirm the heterogeneity of aβ2GPI reactivity ob-
served in ELISA, 30 out of the 40 sera were tested by Western
blot performed with the different preparations of β2GPI (5
S1-BS, 12 S1-ST and 13 S2). Representative profiles of the bind-
ing of several sera to different preparations of β2GPI are exemp-
lified in figure 3A. The immunoreactive band obtained with
β2GPI-PH was lower than that with β2GPI-ST or β2GPI-BS be-
cause of the low degree of glycosylation of the recombinant pro-
tein. As shown in table 2, perfect concordance was obtained for
the 32 sera between ELISA and Western blot.

Purification of β2GPI using perchloric precipitation could in-
duce a loss of carbohydrates, and β2GPI-BS was purified with
such a method in contrast to β2GPI-ST. The β2GPI-reactivity of
sera was similar with β2GPI-BS and β2GPI–PH and different be-
tween both these preparations and β2GPI-ST. These results
prompted us to study an involvement of carbohydrates in the
binding sites of β2GPI. Thus, we tested 10 out of the 30 sera, 6 S1
(3 S1-BS and 3 S1-ST) and 4 S2, with the native and deglycosyl-
ated forms of β2GPI-BS and β2GPI-ST. All the sera tested

Figure 1: Distribution of IgG-aβ2GPI levels in both subgroups of
S1 sera (S1-BS and S1-ST) and in S2 sera tested with β2GPI-ST
or β2GPI-BS. Lines represent the median of delta OD. Cutoff values
were 0.16 with β2GPI-BS and 0.18 with β2GPI-ST, respectively.
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Figure 2: Correlation between IgG-
ab2GPI levels measured with b2GPI-PH
and those with b2GPI-BS or b2GPI-ST in
S1-BS, S1-ST and S2.

Figure 3: Western blot analysis of aβ2GPI
reactivity. A: representative experiments of
the patterns of reactivity against β2GPI-ST,
β2GPI-BS and β2GPI-PH with one S2 serum
positive with the three preparations and two
S1 sera, one S1-ST and one S1-BS.
B: reactivity against β2GPI-ST or β2GPI-BS un-
treated (n) and treated with N-glycanase (d) of
one S2 serum positive with both preparations,
one S1-ST and one S1-BS.
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reacted by Western blot with the native as well as the digested
protein whatever the preparation of β2GPI (Fig. 3B). Due to the
cleavage of N-linked oligosaccharide residues of β2GPI by
N-glycanase, three or more bands were obtained with the di-
gested protein.

Reactivity against three β2GPI related peptides
Fourteen sera (3 S1-BS, 3 S1-ST and 8 S2) were tested with pep-
tides A, B and C by ELISA. Only 2 of them were negative (1
S1-BS and 1 S2).The reactivity was mainly directed against pep-
tide B (Fig. 4) in S1 as well as in S2 sera. In both groups of sera,
peptide A was not recognized in the absence of the other pep-
tides, while 4 out of 10 sera positive with peptide B bound pep-
tide B alone. Peptide C was recognized by 1 S1-BS, 1 S1-ST and
4 S2 sera. The number of sera tested with these three peptides
was too low to permit a statistical analysis of the peptide reactiv-
ity in S1 and S2 sera. Nevertheless, no reactivity profile was
found to be representative of each group of sera.

Avidity of IgG-aβ2GPI from S1 and S2 sera
To further analyze the heterogeneity of aβ2GPI, antibody avidity
indices were compared between S1 and S2 sera. Thirty represen-
tative sera (11 S1 and 19 S2) were tested using aβ2GPI ELISA in

the presence of urea 2M in order to determine the antibody avid-
ity. Among the S1 sera, 5/11 were S1-BS and 6/11 were S1-ST.
The aβ2GPI ELISA avidity indices for S1 sera ranged from 29 to
98% (mean and median indices were 64.55% and 62%, respect-
ively). S2 sera were tested with both preparations of aβ2GPI and
the measurement of the avidity indices with each β2GPI prepara-
tion was very similar; indices ranged from 14 to 79% with
β2-GPI-BS (mean = 36% and median = 37%) and from 18 to
79% with β2GPI-ST (mean = 34% and median = 33%). Thus, the
mean of avidity indices obtained with both preparations of β2GPI
was calculated for each S2 serum in order to compare avidity in-
dices between S1 and S2 sera. Since no significant difference of
the avidity indices was found between both subgroups of S1
(data not shown), all S1 sera were compared to S2 sera.As shown
in figure 5, the avidity indices were significantly higher in S1
than in S2 sera (p = 0.0021).

In order to check that urea treatment did not affect the bind-
ing or the molecular structure of β2GPI, plates were treated with
urea after the antigen coating step and before incubation of the
sera. ELISA was then performed as described above. No differ-
ence in reactivity was observed with urea treated and non-treated
plates (data not shown).

Table 2: Reactivity according to the
source of β2GPI and the method.
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Finally, no correlation was found between avidity indices and
aβ2GPI levels in S1 as well as in S2 (data not shown).

Biological and clinical associations
The biological and clinical associations of S1 and S2 were
studied and compared (Table 3). aβ2GPI were found associated
with antiphospholipid antibodies in 75% of S2 and in only 21%
of S1 (p <0.0001). In S1, aPL were mainly found in S1-ST (9/13
aPL positive sera). In S2, LA and aCL were simultaneously posi-
tive in 80% of the aPL positive sera. Sex ratio and mean age were
similar between both groups of patients. Associations with the
main clinical facts of APS, thrombosis and/or pregnancy loss,
were also analyzed.Thrombotic events were diagnosed clinically
and with conventional tests (Doppler ultrasound, venography,
ventilation/perfusion lung scanning and/or angiography, and
magnetic resonance imaging studies). Forty-two out of the 120
patients in this study were diagnosed APS according to current
criteria (2), 6 from S1 group (1 S1-BS and 5 S1-ST, all were APS
I) and 36 from S2 group (25 APS I and 11 APS II with SLE). In-
terestingly, the number of patients having clinical features of
APS was similar between S1-BS (60%), S1-ST (73%) and S2
(71%) groups. Nevertheless, among these patients, thromboses
were more frequent in S2 than in S1 group (95% versus 76%, p
= 0.029) without any significant difference between the site of
thrombosis, venous or arterial.As regards pregnancy losses, they
were significantly more frequent in patients from S1 than in
those from S2 group (31% versus 12%, p = 0.03). Most of them
occurred mainly before the 10th week of gestation in S1 as well in
S2 groups. Finally, in patients with thrombotic or obstetrical
complications, no significant difference in the number of events
was observed between both groups.

The clinical status of patients without APS features was also
compared between S1 and S2 group. Interestingly, the preva-
lence of SLE was found to be much higher in S2 than in S1 group
(82% versus 37%, respectively ; p = 0.001).

Discussion
This study is the first to demonstrate, from a large panel of con-
secutive sera, that human IgG-aβ2GPI represent a heterogeneous
group of antibodies as regards their binding to human β2GPI
from different preparations and their avidity. This conclusion is
supported by 1). the ability of sera to recognize either only one or
both purified human preparations in ELISA, 2). the confirma-
tion by Western blot of this difference in reactivity, 3). a diverse
reactivity against three β2GPI-related peptides, 4). a significant
difference of the antibody avidity between S1 and S2 sera. More-
over, analysis of the clinical and biological data of the patients
showed association with the main clinical features of APS what-
ever the β2GPI reactivity or the association with the presence of
aPL.

On the basis of the results from ELISA, using two prepara-
tions of purified human β2GPI, two types of sera have been de-
fined in this study – S1 reacting with only one β2GPI preparation
and S2 reacting with both. We attempted to understand the sig-
nificance of such findings. First, we investigated the part of
ELISA in this variable reactivity by testing S1 and S2 sera by
Western blot, and found similar results which excludes the possi-

bility of artifacts. Moreover, the ability of these sera to react with
β2GPI when using Western blot suggests a recognition of native
epitopes on the protein cofactor by S1 as well as by S2 sera as re-
ported by others (20). Secondly, we analyzed the influence of the
nature of the antigen on the detection of aβ2GPI and assessed the
sera reactivity with a recombinant protein, β2GPI-PH. Interest-
ingly, S1 sera gave the same results with this protein as with
β2GPI-BS. Thus, the variable reactivity of sera towards β2GPI
could be considered as the reflection of antibody heterogeneity
as regards the recognition of various epitopes expressed on the
protein. In line with this view, some sera of S1 and S2 groups
were tested with three β2GPI related peptides. The results con-
firmed the heterogeneity of aβ2GPI, showing different profiles
of peptide reactivity. Recently, Shoenfeld et al. (21) studied, in
295 APS patients, the presence of antibodies against six β2GPI
related peptides including peptidesA, B and C.They found a het-
erogeneous activity of antiphospholipid antibodies directed
against various epitopes of the β2GPI molecule. Interestingly, in

Figure 4: Reactivity of 14 sera,
6 S1 and 8 S2, against three β2GPI related peptides:

peptide A;
peptide B;
peptide C.

Figure 5: Avidity indices in S1 and S2 sera. Lines represent the
median of avidity indices.
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our study, among the three peptides tested, peptide B was mainly
recognized by sera as reported by Shoenfeld et al.

Finally, in a further attempt to gain a better understanding of
the difference in reactivity to β2GPI-ST as compared to that to
β2GPI-BS and β2GPI-PH, we studied the role of carbohydrates
with regard to antibody recognition. Indeed, variation in the
carbohydrate content was involved in the microheterogeneity of
the molecule (22–24). As mentioned before, a perchloric acid-
precipitation was used for purification of β2GPI-BS but not for
that of β2GPI-ST. This method has been reported to generate da-
mage to the protein and induce a loss of carbohydrates (24). In
this current study, the results of Western blot with native and deg-
lycosylated proteins showed no involvement of N-linked carbo-
hydrates in the epitopes recognized by the antibodies. Similar re-
sults have previously been reported by others (25). Moreover, the
reactivity of some S1 and of all S2 sera with β2GPI-PH, a recom-
binant protein poorly glycosylated, reinforces these results. The
similarity of the reactivity between β2GPI-BS and β2GPI-PH
could be explained by the fact that perchloric treatment of
β2GPI-BS induced a molecular conformation close to that of the
recombinant protein.

In this study, we have also shown that heterogeneity of
aβ2GPI was not restricted to antigenic recognition on β2GPI mol-
ecule but was also linked to differences in antibody avidity.Thus,
the highest avidity indices were found in S1 sera, most of them
being negative for aPL conversely to S2 sera mainly associated
with aPL. Moreover, the difference in antibody avidity between
S1 and S2 did not appear to be related to the levels of aβ2GPI,
higher in S2 than in S1. In view of our findings, it can be specu-
lated that aβ2GPI, restricted to the recognition of some epitopes
only expressed on a type of β2GPI preparation, exhibits a higher
avidity than those able to react with various epitopes on the two
β2GPI preparations and even on the complex β2GPI-anionic
phospholipids. This study is the first to show a relationship be-

tween binding profile and avidity of aβ2GPI. Furthermore, the
fact that S1 sera were mainly collected from non-APS patients
suggests that aβ2GPI avidity is higher in these patients than in
APS ones conversely to the results from a previous study show-
ing a relationship between APS and a high avidity of aβ2GPI
(19). Differences in the β2GPI preparations used could be re-
sponsible for discrepancies between the results.

Finally, comparison of clinical features associated with the
presence of aβ2GPI revealed a similar frequency of APS clinical
events between S1 and S2 groups, thrombosis and/or pregnancy
loss. However, it should be noted that the recruitment criteria of
the sera, positivity for aβ2GPI and availability of clinical data,
did not permit evaluation of their clinical relevance. Neverthe-
less, the comparison between both groups of sera showed signifi-
cant differences when thrombotic and obstetrical complications
were taken into account separately. Thrombotic events were sig-
nificantly more frequent and more associated with the presence
of aPL in patients from S2 than in those from S1 group. Con-
versely, pregnancy losses were more frequent in patients from S1
group, frequently negative for aPL, than in those from S2 group.
It is worth mentioning that no significant difference was found
between each subgroup of S1 sera regarding clinical associations
as well as aβ2GPI levels and avidity.

In the literature, there are inconsistencies in the association
between aβ2GPI and aPL in patients with thrombosis or pregnan-
cy loss in APS. These antibodies have been described in throm-
botic patients as always associated with aPL (26) or isolated (20,
27, 28) or as an independent risk factor for venous thrombosis
(29, 30) or not (31). A recent review of the literature underlines
the difficulty of establishing whether aβ2GPI can be considered
independent risk factors (32). In the same way, the relationship
between aβ2GPI and pregnancy loss has been described in
women who are negative for aPL, either weak (33, 34) or strong
(35).

Table 3: Main biological and
clinical features associated with S1 and
S2 sera.
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Our data show that despite a similar association with APS
clinical features, whatever the antigen specificity of aβ2GPI,
most of those found in well diagnosed APS patients recognized
various preparations of β2GPI. Nevertheless, the clinical signifi-
cance of aβ2GPI, binding only one preparation of β2GPI and not

associated with aPL, remains to be defined. Moreover, this study
underlines the crucial role of β2GPI preparation in the discrep-
ancies between results from different aβ2GPI assays and shows
the difficulty of obtaining standardisation.

References
1. Najmey SS, Keil LB, Adib DY, et al. The associ-
ation of antibodies to beta 2 glycoprotein I with the
antiphospholipid syndrome: a meta-analysis. Ann Clin
Lab Sci 1997; 27: 41–6.
2. Wilson WA, Gharavi AE, Koike T, et al. Inter-
national consensus statement on preliminary classifi-
cation criteria for definite antiphospholipid syndrome:
report of an international workshop. Arthritis Rheum
1999; 42: 1309–11.
3. Asherson RA, Khamashta MA, Ordi-Ros J, et al.
The “primary” antiphospholipid syndrome: major
clinical and serological features. Medicine (Baltim-
ore). 1989; 68: 366–74.
4. Alarcon-Segovia D, Deleze M, Oria CV, et al.
Antiphospholipid antibodies and the antiphospholipid
syndrome in systemic lupus erythematosus. A prospec-
tive analysis of 500 consecutive patients. Medicine
(Baltimore). 1989; 68: 353–65.
5. Reber G, Schousboe I, Tincani A, et al. Inter-lab-
oratory variability of anti-beta2-glycoprotein I
measurement. A collaborative study in the frame of the
European Forum on Antiphospholipid Antibodies
Standardization Group. Thromb Haemost 2002; 88:
66–73.
6. Lozier J, Takahashi N, Putnam FW. Complete
amino acid sequence of human plasma beta 2-glyco-
protein I. Proc Natl Acad Sci USA 1984; 81: 3640–4.
7. Bouma B, de Groot PG, van den Elsen JM, et al.
Adhesion mechanism of human beta(2)-glycoprotein I
to phospholipids based on its crystal structure. EMBO
J 1999; 18: 5166–74.
8. Schwarzenbacher R, Zeth K, Diederichs K, et al.
Crystal structure of human beta2-glycoprotein I: impli-
cations for phospholipid binding and the antiphosp-
holipid syndrome. EMBO J 1999 ; 18: 6228–39.
9. Hunt JE, Simpson RJ, Krilis SA. Identification of
a region of beta 2-glycoprotein I critical for lipid bind-
ing and anti-cardiolipin antibody cofactor activity. Proc
Natl Acad Sci USA 1993; 90: 2141–5.
10. Roubey RA, Eisenberg RA, Harper MF, et
al.”Anticardiolipin” autoantibodies recognize beta
2-glycoprotein I in the absence of phospholipid. Im-
portance ofAg density and bivalent binding. J Immunol
1995;154: 954–60.
11. Tincani A, Spatola L, Prati E, et al. The anti-
beta2-glycoprotein I activity in human anti-phospholi-
pid syndrome sera is due to monoreactive low-affinity
autoantibodies directed to epitopes located on native
beta2-glycoprotein I and preserved during species’
evolution. J Immunol 1996; 157: 5732–8.
12. Matsuura E, Igarashi Y, Yasuda T, et al. Anticar-
diolipin antibodies recognize beta 2-glycoprotein
I structure altered by interacting with an oxygen

modified solid phase surface. J Exp Med 1994; 179:
457–62.
13. Iverson GM, Victoria EJ, Marquis DM. Anti-beta2
glycoprotein I (beta2GPI) autoantibodies recognize an
epitope on the first domain of beta2GPI. Proc Natl
Acad Sci USA 1998; 95: 15542–6.
14. McNeeley PA, Dlott JS, Furie RA, et al. Beta2-gly-
coprotein I-dependent anticardiolipin antibodies pref-
erentially bind the amino terminal domain of
beta2-glycoprotein I. Thromb Haemost 2001; 86:
590–5.
15. Igarashi M, Matsuura E, Igarashi Y, et al. Human
beta2-glycoprotein I as an anticardio-lipin cofactor de-
termined using mutants expressed by a baculovirus sys-
tem. Blood 1996; 87: 3262–70.
16. Koike T, Ichikawa K,Atsumi T, et al. Beta 2-glyco-
protein I-anti-beta 2-glycoprotein I interaction. J Auto-
immun 2000; 15: 97–100.
17. Blank M, ShoenfeldY, Cabilly S, et al. Prevention
of experimental antiphospholipid syndrome and en-
dothelial cell activation by synthetic peptides. Proc
Natl Acad Sci USA 1999; 96: 5164–8.
18. Verrot D, SanMarco M, Dravet C, et al. Prevalence
and signification of antinuclear and anticardiolipin
antibodies in patients with epilepsy. Am J Med 1997;
103: 33–7.
19. Vlachoyiannopoulos PG, Petrovas C, Tektonidou
M, et al. Antibodies to B2-GPI: Urea resistance, bind-
ing , specificity and association with thrombosis. J Clin
Immunol 1998, 18: 380–91.
20. Cabral AR, Amigo MC, Cabiedes J, et al.
The antiphospholipid/cofactor syndromes: a primary
variant with antibodies to beta 2-glycoprotein-I but no
antibodies detectable in standard antiphospholipid as-
says. Am J Med 1996; 101: 472–81.
21. Shoenfeld Y, Krause I, Kvapil F, et al. Prevalence
and clinical correlations of antibodies against six β
2-glycoprotein I-related peptides in the antiphospholi-
pid syndrome. J Clin Immunol 2003; 23: 375–81.
22. Schousboe I. Characterization of subfractions of
beta 2-glycoprotein I: evidence for sialic acid microhet-
erogeneity. Int J Biochem 1983; 15: 35–44.
23. Gries A, Nimpf J, Wurm H, et al. Characterization
of isoelectric subspecies of asialo-beta 2-glycoprotein
I. Biochem J 1989; 260: 531–4.
24. Brighton TA, Dai YP, Hogg PJ, et al. Microhet-
erogeneity of beta-2 glycoprotein I: implications for
binding to anionic phospholipids. Biochem J 1999;
340: 59–67.
25. Arvieux J, Roussel B, Ponard D, et al. IgG2 sub-
class restriction of anti-b2 glycoprotein 1 antibodies in
autoimmune patients. Clin Exp Immunol 1994; 95:
310–5.

26. Zanon E, Prandoni P, Vianello F, et al. Anti-
beta2-glycoprotein I antibodies in patients with acute
venous thromboembolism: prevalence and association
with recurrent thromboembolism. Thromb Res 1999;
96: 269–74.
27. Cabiedes J, Cabral AR, Alarcon-Segovia D. Clini-
cal manifestations of the antiphospholipid syndrome in
patients with systemic lupus erythematosus associate
more strongly with anti-beta 2-glycoprotein-I than with
antiphospholipid antibodies. J Rheumatol 1995; 22:
1899–906.
28. Bruce IN, Clark-Soloninka CA, Spitzer KA, et al.
Prevalence of antibodies to beta2-glycoprotein I in sys-
temic lupus erythematosus and their association with
antiphospholipid antibody syndrome criteria : a single
center study and literature review. J Rheumatol 2000;
27: 2833–7.
29. Day HM, Thiagarajan P, Ahn C, et al. Autoanti-
bodies to beta2-glycoprotein I in systemic lupus
erythematosus and primary antiphospholipid antibody
syndrome: clinical correlations in comparison with
other antiphospholipid antibody tests. J Rheumatol
1998; 25: 667–74.
30. Forastiero RR, Martinuzzo ME, Carreras LO.
Binding properties of antibodies to prothrombin
and beta2-glycoprotein I (beta2-GPI) assayed by
ELISA and dot blot. Clin Exp Immunol 1999; 118:
480–6.
31. Previtali S, Barbui T, Galli M. Anti-beta2-glyco-
protein I and anti-prothrombin antibodies in antiphosp-
holipid-negative patients with thrombosis: a case con-
trol study. Thromb Haemost 2002; 88: 729–32.
32. Galli M, Luciani D, Bertolini G, et al. Anti-
beta2-glycoprotein I, antiprothrombin antibodies and
the risk of thrombosis in the antiphospholipid syn-
drome. Blood 2003; 102: 2717–23.
33. Lynch A, Byers T, Emlen W, et al. Association of
antibodies to beta2-Glycoprotein 1 with pregnancy loss
and pregnancy-induced hypertension : a prospective
study in low-risk pregnancy. Obstet Gynecol 1999; 93:
193–8.
34. Franklin RD, Hollier N, Kutteh WH. Beta2-Glyco-
protein 1 as a marker of antiphospholipid syndrome in
women with recurrent pregnancy loss. Fertil Steril
2000; 73: 531–5.
35. Gris JC, Quere I, Sanmarco M, et al. Antiphosp-
holipid and antiprotein syndromes in non-thrombotic,
non-autoimmune women with unexplained recurrent
primary early foetal loss. The Nimes Obstetricians and
Haematologists Study-NOHA. Thromb Haemost
2000; 84: 228–36.

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


