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Introduction: Antibodies directed against domain 1 of β2 glycoprotein 1 (aβ2GP1-Dm1) have been involved in
the immunopathogenesis of antiphospholipid syndrome (APS). However, the clinical relevance of aβ2GP1-
Dm1 in thrombotic APS has not yet been fully explored.
Objectives: To determine the frequency of aβ2GP1-Dm1 in a cohort of patients with thrombotic APS, and to
evaluate whether testing for aβ2GP1-Dm1 could have a clinical impact upon the risk assessment of the disease.
Methods: Patients were tested for aβ2GP1-Dm1 antibodies by chemiluminescence (BioFlash/AcuStar®, ES). The
presence of aβ2GP1-Dm1 was evaluated in different clinical presentations of the disease.
Results: Eight-four patients with a history of venous or arterial thrombosis were included. Forty-five (54%)
patients had aβ2GP1 antibodies and 40% of them were positive for aβ2GP1-Dm1. Levels of aβ2GP1-Dm1 were
higher in patients with systemic autoimmune disease (AUC= 0.665; 95% CI = 0.544–0.786; P=0.01), positive
antinuclear antibody (AUC = 0.654; 95% CI = 0.535–0.772; P = 0.01), triple antiphospholipid antibody (aPL)
positivity (AUC = 0.680; 95% CI = 0.534–0.825; P = 0.02) and positive lupus anticoagulant (AUC = 0.639;
95% CI = 0.502–0.776; P = 0.07). In this cohort, aβ2GP1-Dm1 antibodies were not associated with the site
of the first thrombosis (OR = 0,62, 95% CI = 0.20–1.94, P = 0.42), thrombosis recurrence (OR = 1.0, 95%
CI= 0.37–2.71, P=1.0) or pregnancymorbidity (OR= 1.5, 95% CI= 0.33–7.34, P=0.58). In multivariate anal-
ysis, positivity for aβ2GP1-Dm1 antibodies was associated with the diagnosis of systemic autoimmune disease
(OR= 4.01, 95% CI= 1.14–14.2; P=0.03) and triple aPL positivity (OR= 3.59, 95% CI= 0.87–14.85; P=0.07).
Conclusions: In the present cohort of thrombotic-APS patients, aβ2GP1-Dm1 antibodies were related to the
diagnosis of systemic autoimmunity and complex serological profile of the disease, as triple aPL positivity and
positive antinuclear antibody. Thus, our results suggest that testing for aβ2GP1-Dm1 antibodies may be useful
for improving APS risk assessment.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Antiphospholipid syndrome (APS) is an autoimmune thrombotic dis-
ease characterized by clinical manifestations of vascular thrombosis or
pregnancy morbidity and persistent antiphospholipid antibodies (aPL)
in serum, such as: lupus anticoagulant (LAC), IgM/IgG anticardiolipin
(aCL) or IgG anti-β2 glycoprotein 1 (aβ2GP1) [1]. The risk of recurrent
thrombosis and development of systemic autoimmunity is potentially
high in patients with APS [2–4]. Therefore, the identification of critical
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Fig. 1. Patient selection for the study. APS = antiphospholipid syndrome.
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markers that predict the prognosis of patients with thrombotic APS is
crucial in order to improve the therapeutic approach to prevent further
vascular events or complications.

The profile of aPL antibodies may identify APS patients with poor
prognosis, since triple aPL positivity (LAC plus aCL plus aβ2GP1) and
positive LAC are associated with a worse clinical course [5,6]. However,
antibody profile is insufficient for risk stratification [7] and new risk
markers are needed to identify high-risk patients with APS.

Different studies have demonstrated that pathologic autoantibodies
in APS are mainly directed against the plasma β2-glycoprotein I
(β2GP1) bound to phospholipids [8–10]. Particularly, antibodies direct-
ed against domain 1 ofβ2GP1 (aβ2GP1-Dm1) have been involved in the
pathogenesis of thrombosis [11,12]. Moreover, evidence supports that
aβ2GP1-Dm1 antibodies may be prevalent in patients with triple aPL
positivity and, therefore, identify patients at risk [13].

Thus, we hypothesized that aβ2GP1-Dm1 could play a role as a risk
marker of poor clinical course in thrombotic APS. In this context, the aim
of this study was to evaluate the clinical implication of testing aβ2GP1-
Dm1 for patients with thrombotic APS.

2. Material and methods

2.1. Study design and ethics

Weevaluated the presence of aβ2GP1-Dm1 in a cohort of thrombotic
APS patients treated at the Hematology and Hemotherapy Center at the
University of Campinas, Brazil. Patients were enrolled between Novem-
ber 2013 and December 2014. Inclusion criteria comprised diagnosis of
APS and history of at least one thrombotic episode. Patients who did
not fulfill the diagnostic criteria for APS and patients without previous
thrombosis were excluded. One hundred and twenty one patients
diagnosedwithAPSwere attended at the outpatient unit of theHematol-
ogy andHaemostasis Center at theUniversity of Campinas during the en-
rollment period. Patients who were excluded had APS with obstetric
complications only (2), positive aPL without APS (2) and lack of labora-
tory criteria for APS diagnosis (2). One hundred fifteen patients were in-
cluded in the cohort and the serum samples of 84 patientswere available
for the present study (Fig. 1).

APS was diagnosed in patients with persistent positive aPL antibody
plus a history of thrombosis or obstetric complications. Persistent posi-
tive aPL were defined as persistent positive LAC; persistent positive IgG
or IgM aCL at moderate to high titles (N40 GPL or MPL) or persistent
positive (N the 99th percentile) IgG/IgM anti-beta2 glycoprotein 1
(aβ2GP1), at two distinct times, with an interval of at least 12 weeks
[1]. To ensure quality, the laboratory participated annually in an
external quality control for antiphospholipid antibodies, provided by
United Kingdom National External Quality Assessment Service for
Blood Coagulation (UK NEQAS).

Thrombotic events were confirmed by imaging examinations, such
as ultrasound (US), computerized tomography (CT), magnetic reso-
nance (MR), ventilation/perfusion lung scan, or biopsies, according to
the site of thrombosis. In cases of clinical suspicion of recurrent venous
thrombosis, a new US was performed and the results were compared
with those of the last available examination. Recurrent venous throm-
bosis was diagnosed in cases in which a previously fully compressible
segment (contralateral or ipsilateral) was no longer compressible or
when there was an increase in the residual thrombosis. New arterial
thrombosis was diagnosed when there were symptoms of ischemia
and new abnormalities on imaging examinations (CT or MR). Diagnosis
of myocardial infarction depended on the alterations of electrocardio-
gram and cardiac enzymes.

The cohort had been followed for amedian time of 6 years, since APS
diagnosis. Patients were evaluated everymonth for oral anticoagulation
control, clinical features were recorded every 6 months and routine
laboratory tests including peripheral blood smear, blood glucose,
lipids, renal function and for autoimmunity (as outlined below) were
performed at least once a year. In order to prevent thrombosis recur-
rence, after the diagnosis of thrombotic APS was confirmed, patients
received prolonged anticoagulant treatment with warfarin; patients
with arterial thrombosis also received antiplatelet agents.

All patients were screened at diagnosis and annually, during the
follow-up, for concomitant autoimmune disease (secondary APS) with
the following tests: antinuclear antibodies (ANA), complement C3 and
C4, anti-double-stranded DNA (dsDNA). In addition, in the presence of
clinical signs and symptoms, such as proteinuria or hematological disor-
ders, further investigations were performed as necessary. The diagnosis
of SLE was confirmed according to established criteria [14,15].

We retrospectively reviewed the demographic and clinical features
recorded at diagnosis and during follow-up. The demographic features
evaluatedwere: age at study inclusion, age at thefirst thrombosis, num-
ber of years since the first thrombotic event, number of years since APS
diagnosis, ethnicity and gender. The clinical parameters analyzed were:
vascular bed of thrombosis, history of recurrent thrombosis, concomi-
tant obstetrical and vascular APS and etiology of APS (primary or
secondary to systemic autoimmune disease).

The profiles of aPL antibodies were evaluated as follows: single pos-
itive aβ2GP1 (aβ2GP1+/aCL−/LAC−), double positive aβ2GP1 and
aCL with no LAC activity (aβ2GP1+/aCL+/LAC−), double positive
aβ2GP1 with LAC activity (aβ2GP1+/aCL−/LAC+) and triple positive
(aβ2GP1+/aCL+/LAC+).

The study was conducted in compliance with the Helsinki Declara-
tion. The local Ethical Committee on Human Research approved this
study and written informed consent was obtained from patients or
their attending relatives.
2.2. Laboratory procedures

The detection of aPL was performed at APS diagnosis following the
international guidelines from the International Society of Thrombosis
and Haemostasis (ISTH) and Clinical and Laboratory Standard Institute
(CLSI). Blood was collected in 0.109 M sodium citrate at a proportion
of 9:1 and in serum separating tubes, prior to the initiation of any
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anticoagulant drug regimen or after a sufficient period of drug
discontinuation.

For LAC, plasma samples were used and two assays based on differ-
ent principles were applied: Dilute Russell's viper venom time (dRVVT)
and Silica Clotting Time (SCT). Results of screening tests were potential-
ly suggestive of LACwhen their clotting timeswere longer than the local
cut-off value (percentile 99th) and the resultswere confirmed for LAC at
correction percentage of above the local cut-off value (99th percentile).
The antiphospholipid antibodieswith solid phasewere tested in patient
serum by “in house” ELISA immunological assays, with cardiolipin or
β2GP1 as antigen (Sigma-Aldrich, USA), as previously described [16,
17]. A calibration curve and commercial controls were used, positive
patient samples were also used as positive controls, and samples were
tested in duplicate. The local cut-off value for aβ2GP1 was determined
by the 99th percentile.

The detection of aβ2GP1-Dm1 antibodies was performed in serum
collected from patients during the follow-up and stored at −80 °C.
Themethodology used was chemiluminescent immunoassay (QUANTA
Flash Domain 1 IgG; Inova Diagnostics), and the BIOFLASH equipment
(Inova Diagnostics) was used. We used the cut-off value of 20 chemilu-
minescence units (CU) for IgG aB2GP1-Dm1 positivity. This value was
established by Inova Diagnostics.

2.3. Statistical analysis

Descriptive statisticswere used for categorical data and expressed as
frequencies (percentage). Fisher exact test was used to compare cate-
gorical data. Continuous datawere reported asmedian and interquartile
and the difference in CU between groups was tested using Mann-
Whitney or Kruskal-Wallis analysis, followed by the Dunn's multiple
comparison test to identify the differences. ROC curve analysis was per-
formed to evaluate whether aβ2GP1-Dm1 testing could discriminate
distinct clinical features. In the graphs, CU values were represented as
log10. Univariate logistic regression was used to evaluate the associa-
tion of serological and clinical parameters with positive aβ2GP1-Dm1.
A multivariate logistic regression analysis was performed with the pa-
rameters that were statistically associated with positive aβ2GP1-Dm1
by univariate analysis, with a P value of 0.1 or less, and adjusted for
age and gender. The multivariate logistic regression models were run
using block entry. Data were analyzed using SPSS for Windows version
15.0 (SPSS Inc., Chicago, IL, USA). Graphics were generated using
GraphPad Prism, version 5 for Windows (GraphPad Software Inc., La
Jolla, CA, USA). P b 0.05 was considered statistically significant.
Table 1
Demographic and clinical features according to aβ2GP1-Dm1 positivity.

Demographic features Total population

Patients, n (%) 84
Age at study inclusion, in years, median (IQ) 39 (27–51)
Age at the first thrombosis, in years, median (IQ) 28 (21–41)
Years from the first thrombotic event, median (IQ) 7 (3−13)
Years from APS diagnosis, median (IQ) 6 (2.5–10)
Caucasian: African descendents 72:12
Female: male 62:22

Clinical presentation Total population aβ2GP

PAPS: secondary APSa 51:33 8:13
Venous: arterial thrombosis 58:26 17:5
VTE n (%) 46 (55%) 12 (26
Stroke n (%) 18 (21%) 4(22%)
Pregnancy morbidityb n (%) 24 (59%) 6 (25%
Recurrent thrombosis n (%) 36 (43%) 9 (25%

IQ: interquartile, APS: antiphospholipid syndrome, PAPS: primary APS, VTE: venous thromboe
⁎ P value was calculated using Fisher exact test.
a 31 patients with SLE, 1 with Sjogren syndrome and 1 with mixed connective tissue diseas
b Women who had ever been pregnant = 54.
3. Results

We included a total of 84 thrombotic APS patients (74% female)with
a median age of 39 years (IQ 27–51 years). The median time from APS
diagnosiswas 6 years. Thirty-three patients (39%) had systemic autoim-
mune disease (31 of them had SLE) and the majority of patients
presented with venous thrombosis (69%), followed by stroke, in 21%
of patients. Thirty-six (43%) patients presented with recurrent
thromboses and, among women who had ever been pregnant, 59% ex-
perienced additional APS related obstetric morbidities. Table 1 summa-
rizes patient demographic features and clinical presentation. Antibody
profile among patients was: 80% positive for LAC, 50% positive aCL,
54% positive aβ2GP1 and 26% triple positive.

Twenty-one (25%) patients were positive for aβ2GP1-Dm1. Among
the patients with positive antibodies against the whole β2GP1 protein
(n = 46), 39% were positive for aβ2GP1-Dm1; in contrast, only 3%
patients with negative aβ2GP1 were positive for aβ2GP1-Dm1
(p b 0.001). Anti-β2GP1-Dm1 also had a greater prevalence among
patients with positive IgG aCL compared to those negative for IgG aCL
(43 vs. 14%, P = 0.01).

The presence of aβ2GP1-Dm1 was not associated with age, gender,
ethnicity, the site of thrombosis, recurrence or pregnancy morbidities
(Table 1). However, considering APS etiology, a higher frequency of
aβ2GP1-Dm1 was found in patients with secondary APS (SAPS) in
comparison with PAPS (42 vs. 17.7%, P = 0.04). In addition, the serum
levels of aβ2GP1-Dm1 were higher in patients with SAPS (CU = 5.8,
IQ = 3.6–67.8) compared to PAPS (CU = 3.6, IQ = 3.6–5.5; P =
0.004), as illustrated in fig. 2.

Anti-β2GP1-Dm1 were detected more frequently in triple positive
patients than in other aPL profile groups (46 vs. 17%, P = 0.05) and
higher serum levels of aβ2GP1-Dm1 were found in triple positive and
in double positive aβ2GP1 with LAC activity groups, as shown in fig. 3.
Anti-β2GP1-Dm1 were more frequent in patients with positive ANA
than in those with negative ANA (34 vs. 13%, P = 0.04); furthermore,
the serum levels of aβ2GP1-Dm1 were higher in patients with positive
ANA (CU = 9.6, IQ = 3.6–197.8) than in patients with negative ANA
(CU = 3.6, IQ = 3.6–106.6, P = 0.06), as shown in fig. 4. Differences
in aβ2GP1-Dm1 levels were observed in patients with SAPS versus
PAPS (AUC= 0.665; 95% CI = 0.544–0.786; P=0.01), positive antinu-
clear antibody (ANA) versus negative ANA (AUC = 0.654; 95% CI =
0.535–0.772; P = 0.01), triple aPL positivity versus other aPL profiles
(AUC=0.680; 95%CI=0.534–0.825; P=0.02) andpositive LAC versus
negative LAC (AUC = 0.639; 95% CI = 0.502–0.776; P = 0.07).
aβ2GP1-Dm1 positive aβ2GP1-Dm1 negative P value⁎

21 (25%) 63 (75%) –
33 (27–46) 41 (26–51) 0.61
25 (19–37) 27 (20–40) 0.53
6 (2–14) 7 (3–14) 0.74
4 (2.5–13) 7.4 (2.5–12) 0.64
18:3 54:9 1.00
16:5 46:17 1.00

1-Dm1 positive aβ2GP1-Dm1 negative P value⁎

43:20 0.02
41:21 0.58

%) 34 (74%)
14 (78%)

) 18 (75%) 0.71
) 27 (75%) 0.60

mbolism (deep vein thrombosis or pulmonary embolism).

e



Fig. 2. Levels of antibodies against domain 1 of β2GP1 according to the diagnosis of
systemic autoimmune disease in patients with positive aβ2GP1 antibody. P value was
calculated using Mann-Whitney test. In the graph, CU values are represented as log10
and data range is illustrated as median and interquartile. APS = antiphospholipid
syndrome. aβ2GP1 = anti-β2-glycoprotein 1.

Fig. 4. Levels of antibodies against domain 1 of β2GP1 according to the ANA test results in
patients with positive aβ2GP1 antibody. P value was calculated usingMann-Whitney test.
In the graph, CU values are represented as log10 and data range is illustrated as median
and interquartile. All patients had positive aβ2GP1 antibody. APS = antiphospholipid
syndrome, aβ2GP1 = anti-β2-glycoprotein 1, ANA = anti-nuclear antibody.
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The magnitude of the association between positive aβ2GP1-Dm1
with patient serological and clinical parameterswas addressed by logis-
tic regression analysis. The presence of aβ2GP1-Dm1was not associated
with the site of the first thrombosis (OR = 0,62, 95% CI = 0.20–1.94,
P = 0.42), thrombosis recurrence (OR = 1.0, 95% CI = 0.37–2.71,
P = 1.0) or obstetrical morbidity (OR = 1.5, 95% CI = 0.33–7.34, P =
0.58). In multivariate analysis, patients with SAPS presented 3.5 times
more chances of being positive for a β2GP1-Dm1 compared to PAPS.
Similar rates were seen in patients with triple positivity for aPL antibod-
ies (Table 2).
4. Discussion

In the present cohort of thrombotic APS patients, aβ2GP1-Dm1 anti-
bodies were detected mainly in patients with SLE-APS or complex
serological profiles, such as those with triple aPL positivity and positive
ANA, suggesting that aβ2GP1-Dm1 antibodies may be more prevalent
in patients with systemic autoimmunity. For patients with thrombosis
and APS, the detection of those with SLE or higher risk for APS-related
complications is important for treatment purposes.

The diagnosis of SLE in patients with antiphospholipid-associated
thrombosis may be challenging since PAPS and SLE-APS may share
Fig. 3. Levels of antibodies against domain 1 of β2GP1 in aPL profiles: single positive
aβ2GP1 without LAC activity (aβ2GP1+/aCL−/LAC−; n = 7), double positive aβ2GP1
without LAC activity (aβ2GP1+/aCL+/LAC−; n = 8), single positive aβ2GP1 with LAC
activity (aβ2GP1+/aCL/LAC+; n = 13) and triple positive (aβ2GP1+/aCL+/LAC+;
n = 13). P value was calculated using Kruskal-Wallis test; * indicates the place of
differences (Dunn's test). In the graph, CU values are represented as log10 and data
range is illustrated as median and interquartile. APS = antiphospholipid syndrome,
aβ2GP1 = anti-β2-glycoprotein 1, LAC = lupus anticoagulant, aCL = anticardiolipin.
clinical and serological manifestations, such as kidney disease,
valvulopathy, positive ANA and hypocomplementemia. Furthermore,
many patients do not fulfill the required diagnostic criteria for SLE and
up to 10% of PAPS patients develop SLE in the course of the disease
[18]. Indeed, PAPS and SLE-APSmight represent distinct clinicalmanifes-
tations of the same autoimmune disease, with different therapeutic ap-
proaches [19]. Therefore, additional biological markers would be useful
tools to stratify patients at risk of developing SLE. In this context, our re-
sults are interesting as they demonstrated that the presence of aβ2GP1-
Dm1 was more prevalent among SAPS patients, mainly SLE patients,
with a specificity of 84%. Furthermore, the combination of positive
aβ2GP1-Dm1 and ANAwas present in only 6% of PAPS patients, resulting
in 94% of specificity in distinguishing SAPS from PAPS. Therefore, our re-
sults demonstrated that aβ2GP1-Dm1had higher specificity for the diag-
nosis of SAPS.

Indeed, autoantibodies are recognized as predictive markers for the
development of autoimmune diseases and antiphospholipids are one of
the earliest antibodies detected before the onset of SLE manifestations
[20]. Conversely, the profile of the autoantibodiesmay represent a help-
ful marker in discriminating PAPS from SLE-APS. A recent clinical trial
proposed that PAPS patients with positive ANA were twice as likely to
evolve into SLE than thosewith negative ANA; and aDNA, anti-ribosom-
al P, anti-Ro/SS-A, anti-La/SS-B, and anti-U1RNP antibodies were not
present in PAPS patients [21]. The prevalence of distinct aPL antibodies
in SAPS has been previously demonstrated. Recently, Averina et al.
suggested that the sensitivity of silica clotting time, a method to detect
LAC, was higher in patients with systemic autoimmunity and triple aPL
positivity [22]. In addition, Andreoli et al. suggested that the frequency
of aβ2GP1-Dm1 was higher in patients with systemic autoimmune
disease and the presence of this antibody was predictive of systemic
autoimmunity [11]. Thus, similar to previous studies that suggested
that the profile of autoantibodies would be a clue to SLE diagnosis, our
findings further suggest that aβ2GP1-Dm1may be a potential biological
marker for discriminating PAPS from SAPS.

In addition to the diagnosis of SLE, the detection of APS patients with
higher risk for APS-related complications is also a challenge in clinical
practice, since antiphospholipid antibodies are associated with hetero-
geneous clinical presentations, ranging from asymptomatic to severe
thrombotic disease [2]. Hyperlipidemia and arterial hypertension are
clinical conditions associated with higher risk for APS-related thrombo-
sis, as suggested by the Global Anti-Phospholipid Syndrome score
(GAPSS) [7], however more specific predictive markers are needed [4,
23]. Considering APS-related complications, our results demonstrated
that the presence of aβ2GP1-Dm1 had no impact upon the number of
thrombotic events, the vascular bed of thrombosis or the occurrence
of pregnancy morbidities. Therefore, in addition to the potential



Table 2
The association of positive aβ2GP1-Dm1 with laboratory and clinical parameters in univariate and multivariate analysis.

Characteristics Univariate Multivariate

Odds Ratio 95% CI Odds Ratio 95% CI

Arterial vs. venous thrombosis 0.62 0.20–1.94 (P = 0.42) – –
Recurrent thrombosis 1.01 0.37–2.71 (P = 1.0) – –
Pregnancy morbidity 1.52 0.33–7.34 (P = 0.58) – –
SAPS 3.49 1.25–9.76 (P = 0.01) 4.01 1.14–14.22(P = 0.03)
Triple positive 4.04 1.05–15.61(P = 0.04) 3.59 0.87–14.85 (P = 0.07)
ANA test 3.30 1.08–10.1 (P = 0.03) 1.21 0.23–6.19 (P = 0.82)

SAPS: secondary antiphospholipid syndrome; ANA: anti-nuclear antibody; CI: confidence interval. *Odds Ratio, 95% CI and P values were calculated using logistic regression.
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association with systemic autoimmunity, we found no association
between aβ2GP1-Dm1 and other APS-clinical presentations.

However, the profile of aPL antibodies has also been associated with
the development of APS-related complications [24]. Positive LAC is
suggested to be a strong risk factor for thrombosis, increasing the risk
of thrombosis 5 to 16-fold [5]. Moreover, Pengo et al. proposed that
patients with triple positivity for aPLs would present higher risk for
thrombosis than those with negative LAC (double or single positive for
aCL or aβ2GP1) [25]. Our results demonstrated that aβ2GP1-Dm1 anti-
bodies were associated with triple aPL positivity and positive LAC.
Therefore, we could hypothesize that positive aβ2GP1-Dm1 may be an
additional marker for APS risk assessment, which is in agreement with
previous studies [13,26].

The present study has the strength of having evaluated a homoge-
neous cohort of thrombotic APS patients, with a well-documented clin-
ical presentation. Despite the increasing interest in aβ2GP1-Dm1, the
clinical significance of this antibody as a biomarker of high risk APS
has not yet been not established [24]. Clinical studies have reported
the association of aβ2GP1-Dm1 and thrombosis in heterogeneous pop-
ulations of patients presenting aPL (mainly asymptomatic positive aPL)
[11,17,27]. Recent studies further confirmed that positive aβ2GP1-Dm1
is more specific of APS-related thrombotic than obstetric complications
[28,29]. However, previous studies have not evaluated the clinical
impact of aβ2GP1-Dm1 antibodies in the course of APS.

Nevertheless, there are some limitations that must be highlighted.
Firstly, this is a retrospective study and therefore no conclusions can
be drawn regarding the risk of developing SLE among PAPS patients
with positive aβ2GP1-Dm1. A prospective study would be necessary
to address this issue. Furthermore, clinical information may have been
missed during the follow-up, as the registration of the data was not
prospectively controlled. Another limitation is that aB2GP1-Dm1 was
determined only once and a second test, with an interval of at least 12
weeks, would be necessary to confirm the persistence of the antibody.
However, there is clinical evidence suggesting that aβ2GP1-Dm1 is
not a transient antibody. Pengo et al. have reported that 93% of patients
remained aB2GP1-Dm1 positive after 3 months of follow-up [13].

In conclusion, our results suggest that aβ2GP1-Dm1 antibodies may
contribute to APS risk assessment, due to their association with the
diagnosis of systemic autoimmunity and with more aggressive aPL
profiles, such as triple positivity and lupus anticoagulant activity.
Conflict of interest

The authors have no conflicts of interest to declare.
Funding

This work was supported by the National Institute of Science
and Technology in Blood (INCT do Sangue 08/57895-1) and National
Counsel of Technological and Scientific Development (443744/2014-9),
Brazil. http://www.inctsangue.net.br/index.php.
Addendum

SA Montalvão designed the study, performed the assays, collected
and analyzed the data, and wrote the manuscript; PE Soares performed
the assays; B Mazetto collected patients' samples and clinical data. S
Saraiva collected patients' clinical data and revised the manuscript. S
Appenzeller and J Annichino-Bizzacchi helped in the study design,
analyzed the data and revised the manuscript; MP Colella and EV de
Paula interpreted data and revised the manuscript. FA Orsi designed
the study, collected and analyzed the data and wrote the manuscript.
References

[1] S. Miyakis, M.D. Lockshin, T. Atsumi, D.W. Branch, R.L. Brey, R. Cervera, R.H.W.M.
Derkesen, P.G. De Groot, T. Koike, P.L. Meroni, G. Reber, Y. Shoenfeld, A. Tincani,
P.G. Vlachoyiannopoulos, S.A. Krilis, International consensus statement on an
update of the classification criteria for definite antiphospholipid syndrome (APS),
J. Thromb. Haemost. 4 (2006) 295–306, http://dx.doi.org/10.1111/j.1538-7836.
2006.01753.x.

[2] R. Cervera, R. Serrano, G.J. Pons-Estel, L. Ceberio-Hualde, Y. Shoenfeld, E. de Ramón,
V. Buonaiuto, S. Jacobsen, M.M. Zeher, T. Tarr, A. Tincani, M. Taglietti, G.
Theodossiades, E. Nomikou, M. Galeazzi, F. Bellisai, P.L. Meroni, R.H.W.M. Derksen,
P.G.D. de Groot, M. Baleva, M. Mosca, S. Bombardieri, F. Houssiau, J.-C. Gris, I.
Quéré, E. Hachulla, C. Vasconcelos, A. Fernández-Nebro, M. Haro, Z. Amoura, M.
Miyara, M. Tektonidou, G. Espinosa, M.L. Bertolaccini, M.A. Khamashta, Morbidity
and mortality in the antiphospholipid syndrome during a 10-year period: a
multicentre prospective study of 1000 patients, Ann. Rheum. Dis. (2014) 1–8,
http://dx.doi.org/10.1136/annrheumdis-2013-204838.

[3] D. Keeling, I. Mackie, G.W. Moore, I.A. Greer, M. Greaves, Guidelines on the investi-
gation and management of antiphospholipid syndrome, Br. J. Haematol. 157 (2012)
47–58, http://dx.doi.org/10.1111/j.1365-2141.2012.09037.x.

[4] G. Ruiz-Irastorza, M.J. Cuadrado, I. Ruiz-Arruza, R. Brey, M. Crowther, R. Derksen, D.
Erkan, S. Krilis, S. Machin, V. Pengo, S. Pierangeli, M. Tektonidou, M. Khamashta,
Evidence-based recommendations for the prevention and long-term management
of thrombosis in antiphospholipid antibody-positive patients: report of a task
force at the 13th International Congress on Antiphospholipid Antibodies, Lupus 20
(2011) 206–218, http://dx.doi.org/10.1177/0961203310395803.

[5] M. Galli, D. Luciani, G. Bertolini, T. Barbui, Lupus anticoagulants are stronger risk fac-
tors for thrombosis than anticardiolipin antibodies in the antiphospholipid syn-
drome: a systematic review of the literature, Blood 101 (2003) 1827–1832,
http://dx.doi.org/10.1182/blood-2002-02-0441.

[6] V. Pengo, A. Ruffatti, C. Legnani, P. Gresele, D. Barcellona, N. Erba, S. Testa, F.
Marongiu, E. Bison, G. Denas, A. Banzato, S. Padayattil Jose, S. Iliceto, Clinical course
of high-risk patients diagnosed with antiphospholipid syndrome, J. Thromb.
Haemost. 8 (2010) 237–242, http://dx.doi.org/10.1111/j.1538-7836.2009.03674.x.

[7] S. Sciascia, G. Sanna, V. Murru, D. Roccatello, M.A. Khamashta, M.L. Bertolaccini,
GAPSS: the global anti-phospholipid syndrome score, Rheumatology (Oxford) 52
(2013) 1397–1403, http://dx.doi.org/10.1093/rheumatology/kes388.

[8] P.G. de Groot, R.T. Urbanus, The significance of autoantibodies against β2-glycopro-
tein I, Blood 120 (2012) 266–274, http://dx.doi.org/10.1182/blood-2012-03-
378646.

[9] G.M. Iverson, E.J. Victoria, D.M. Marquis, Anti-beta2 glycoprotein I (beta2GPI) auto-
antibodies recognize an epitope on the first domain of beta2GPI, Proc. Natl. Acad.
Sci. U. S. A. 95 (1998) 15542–15546, http://dx.doi.org/10.1073/pnas.95.26.15542.

[10] L.L. van den Hoogen, J.A.G. van Roon, T.R.D.J. Radstake, R.D.E. Fritsch-Stork, R.H.W.M.
Derksen, Delineating the deranged immune system in the antiphospholipid
syndrome, Autoimmun. Rev. 15 (2016) 50–60, http://dx.doi.org/10.1016/j.autrev.
2015.08.011.

[11] L. Andreoli, C.B. Chighizola, C. Nalli, M. Gerosa, M.O. Borghi, F. Pregnolato, C. Grossi,
A. Zanola, F. Allegri, G.L. Norman, M. Mahler, P.L. Meroni, A. Tincani, Clinical charac-
terization of antiphospholipid syndrome by detection of IgG antibodies against β2-
glycoprotein i domain 1 and domain 4/5: ratio of anti-domain 1 to anti-domain 4/5
as a useful new biomarker for antiphospholipid syndrome, Arthritis Rheum. 67
(2015) 2196–2204, http://dx.doi.org/10.1002/art.39187 (Hoboken, N.J.).

http://www.inctsangue.net.br/index.php
http://dx.doi.org/10.1111/j.1538-7836.2006.01753.x
http://dx.doi.org/10.1111/j.1538-7836.2006.01753.x
http://dx.doi.org/10.1136/annrheumdis-2013-204838
http://dx.doi.org/10.1111/j.1365-2141.2012.09037.x
http://dx.doi.org/10.1177/0961203310395803
http://dx.doi.org/10.1182/blood-2002-02-0441
http://dx.doi.org/10.1111/j.1538-7836.2009.03674.x
http://dx.doi.org/10.1093/rheumatology/kes388
http://dx.doi.org/10.1182/blood-2012-03-378646
http://dx.doi.org/10.1182/blood-2012-03-378646
http://dx.doi.org/10.1073/pnas.95.26.15542
http://dx.doi.org/10.1016/j.autrev.2015.08.011
http://dx.doi.org/10.1016/j.autrev.2015.08.011
http://dx.doi.org/10.1002/art.39187


37S. Montalvão et al. / Thrombosis Research 148 (2016) 32–37
[12] Y. Ioannou, J.-Y. Zhang, M. Qi, L. Gao, J.C. Qi, D.-M. Yu, H. Lau, A.D. Sturgess, P.G.
Vlachoyiannopoulos, H.M. Moutsopoulos, A. Rahman, C. Pericleous, T. Atsumi, T.
Koike, S. Heritier, B. Giannakopoulos, S.A. Krilis, Novel assays of thrombogenic
pathogenicity in the antiphospholipid syndrome based on the detection of molecu-
lar oxidative modification of the major autoantigen β2-glycoprotein I, Arthritis
Rheum. 63 (2011) 2774–2782, http://dx.doi.org/10.1002/art.30383.

[13] V. Pengo, A. Ruffatti, M. Tonello, S. Cuffaro, A. Banzato, E. Bison, G. Denas, S.
Padayattil Jose, Antiphospholipid syndrome: antibodies to Domain 1 of β2-glyco-
protein 1 correctly classify patients at risk, J. Thromb. Haemost. 13 (2015)
782–787, http://dx.doi.org/10.1111/jth.12865.

[14] E.M. Tan, A.S. Cohen, J.F. Fries, A.T. Masi, D.J. McShane, N.F. Rothfield, J.G. Schaller, N.
Talal, R.J. Winchester, The 1982 revised criteria for the classification of systemic
lupus erythematosus, Arthritis Rheum. 25 (1982) 1271–1277, http://dx.doi.org/
10.1002/art.34473.

[15] E.M. Tan, A.S. Cohen, J.F. Fries, A.T. Masi, D.J. Mcshane, N.F. Rothfield, J.G. Schaller, N.
Talal, R.J. Winchester, The 1982 revised criteria for the classification of systemic
lupus erythematosus, Arthritis Rheum. 25 (1982) 1271–1277, http://dx.doi.org/
10.1002/art.1780251101.

[16] A.E. Gharavi, E.N. Harris, R.A. Asherson, G.R. Hughes, Anticardiolipin antibodies:
isotype distribution and phospholipid specificity, Ann. Rheum. Dis. 46 (1987) 1–6,
http://dx.doi.org/10.1136/ard.46.1.1.

[17] B. de Laat, R.H.W.M. Derksen, R.T. Urbanus, P.G. de Groot, IgG antibodies that recog-
nize epitope Gly40-Arg43 in domain I of beta 2-glycoprotein I cause LAC, and their
presence correlates strongly with thrombosis, Blood 105 (2005) 1540–1545, http://
dx.doi.org/10.1182/blood-2004-09-3387.

[18] R. Cervera, M.A. Khamashta, Y. Shoenfeld, M.T. Camps, S. Jacobsen, E. Kiss, M.M.
Zeher, A. Tincani, I. Kontopoulou-Griva, M. Galeazzi, F. Bellisai, P.L. Meroni,
R.H.W.M. Derksen, P.G. de Groot, E. Gromnica-Ihle, M. Baleva, M. Mosca, S.
Bombardieri, F. Houssiau, J.-C. Gris, I. Quéré, E. Hachulla, C. Vasconcelos, B. Roch,
A. Fernández-Nebro, J.-C. Piette, G. Espinosa, S. Bucciarelli, C.N. Pisoni, M.L.
Bertolaccini, M.-C. Boffa, G.R.V. Hughes, Morbidity and mortality in the
antiphospholipid syndrome during a 5-year period: a multicentre prospective
study of 1000 patients, Ann. Rheum. Dis. 68 (2009) 1428–1432, http://dx.doi.org/
10.1136/ard.2008.093179.

[19] D. Shepshelovich, Y. Shoenfeld, Prediction and prevention of autoimmune diseases:
additional aspects of the mosaic of autoimmunity, Lupus 15 (2006) 183–190,
http://dx.doi.org/10.1191/0961203306lu2274rr.

[20] M.R. Arbuckle, M.T. McClain, M.V. Rubertone, R.H. Scofield, G.J. Dennis, J.A. James, J.B.
Harley, Development of autoantibodies before the clinical onset of systemic lupus
erythematosus, N. Engl. J. Med. 349 (2003) 1526–1533, http://dx.doi.org/10.1056/
NEJMoa021933.
[21] P.V. Freire, E. Watanabe, N.R. dos Santos, C. Bueno, E. Bonfá, J.F. de Carvalho, Distinct
antibody profile: a clue to primary antiphospholipid syndrome evolving into
systemic lupus erythematosus? Clin. Rheumatol. 33 (2014) 349–353, http://dx.
doi.org/10.1007/s10067-013-2472-3.

[22] M. Averina, S. Johannesen, J. Brox, Diagnostic accuracy of silica clotting time method
for lupus anticoagulant in a clinical population with various symptoms of
antiphospholipid syndrome, Lupus 25 (2016) 418–422, http://dx.doi.org/10.1177/
0961203315617540.

[23] S.D.S. Saraiva, I.F. Custódio, B.D.M. Mazetto, M.P. Collela, E.V. de Paula, S.
Appenzeller, J. Annichino-Bizzachi, F.A. Orsi, Recurrent thrombosis in
antiphospholipid syndrome may be associated with cardiovascular risk factors
and inflammatory response, Thromb. Res. 136 (2015) 1174–1178, http://dx.doi.
org/10.1016/j.thromres.2015.10.029.

[24] M. Mahler, G.L. Norman, P.L. Meroni, M. Khamashta, Autoantibodies to domain 1 of
beta 2 glycoprotein 1: a promising candidate biomarker for risk management in
antiphospholipid syndrome, Autoimmun. Rev. 12 (2012) 313–317, http://dx.doi.
org/10.1016/j.autrev.2012.05.006.

[25] V. Pengo, A. Biasiolo, C. Pegoraro, U. Cucchini, F. Noventa, S. Iliceto, Antibody profiles
for the diagnosis of antiphospholipid syndrome, Thromb. Haemost. 93 (2005)
1147–1152, http://dx.doi.org/10.1160/TH04-12-0839.

[26] A. Banzato, N. Pozzi, R. Frasson, V. De Filippis, A. Ruffatti, E. Bison, S.J. Padayattil, G.
Denas, V. Pengo, Antibodies to Domain I of β(2)glycoprotein I are in close relation
to patients risk categories in Antiphospholipid Syndrome (APS), Thromb. Res. 128
(2011) 583–586, http://dx.doi.org/10.1016/j.thromres.2011.04.021.

[27] B. de Laat, V. Pengo, I. Pabinger, J. Musial, A.E. Voskuyl, I.E.M. Bultink, A. Ruffatti, B.
Rozman, T. Kveder, P. de Moerloose, F. Boehlen, J. Rand, Z. Ulcova-Gallova, K.
Mertens, P.G. de Groot, The association between circulating antibodies against
domain I of beta2-glycoprotein I and thrombosis: an international multicenter
study, J. Thromb. Haemost. 7 (2009) 1767–1773, http://dx.doi.org/10.1111/j.
1538-7836.2009.03588.x.

[28] C. Pericleous, I. Ferreira, O. Borghi, F. Pregnolato, T. McDonnell, A. Garza-Garcia, P.
Driscoll, S. Pierangeli, D. Isenberg, Y. Ioannou, I. Giles, P.L. Meroni, A. Rahman,
Measuring IgA anti-β2-glycoprotein I and IgG/IgA anti-domain I antibodies adds
value to current serological assays for the Antiphospholipid syndrome, PLoS One
11 (2016), e0156407 http://dx.doi.org/10.1371/journal.pone.0156407.

[29] A.-S. De Craemer, J. Musial, K.M.J. Devreese, Role of anti-domain 1-β2 glycoprotein I
antibodies in the diagnosis and risk stratification of antiphospholipid syndrome, J.
Thromb. Haemost. 185 (2016) http://dx.doi.org/10.1111/jth.13389.

http://dx.doi.org/10.1002/art.30383
http://dx.doi.org/10.1111/jth.12865
http://dx.doi.org/10.1002/art.34473
http://dx.doi.org/10.1002/art.1780251101
http://dx.doi.org/10.1136/ard.46.1.1
http://dx.doi.org/10.1182/blood-2004-09-3387
http://dx.doi.org/10.1136/ard.2008.093179
http://dx.doi.org/10.1191/0961203306lu2274rr
http://dx.doi.org/10.1056/NEJMoa021933
http://dx.doi.org/10.1056/NEJMoa021933
http://dx.doi.org/10.1007/s10067-013-2472-3
http://dx.doi.org/10.1177/0961203315617540
http://dx.doi.org/10.1177/0961203315617540
http://dx.doi.org/10.1016/j.thromres.2015.10.029
http://dx.doi.org/10.1016/j.autrev.2012.05.006
http://dx.doi.org/10.1160/TH04-12-0839
http://dx.doi.org/10.1016/j.thromres.2011.04.021
http://dx.doi.org/10.1111/j.1538-7836.2009.03588.x
http://dx.doi.org/10.1111/j.1538-7836.2009.03588.x
http://dx.doi.org/10.1371/journal.pone.0156407
http://dx.doi.org/10.1111/jth.13389

	Clinical implications of the detection of antibodies directed against domain 1 of β2-�glycoprotein 1 in thrombotic antiphos...
	1. Introduction
	2. Material and methods
	2.1. Study design and ethics
	2.2. Laboratory procedures
	2.3. Statistical analysis

	3. Results
	4. Discussion
	Conflict of interest
	Funding
	Addendum
	References


