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Abstract

Since more than a decade the antiphospholipid syndrome (APS) is reported to be caused mainly by
antiphospholipid antibodies (aPL) which are not directed against phospholipids but against a
complex of phospholipids and phospholipid binding proteins so called cofactors, e.g. f2-glycoprotein
| (B2GPI). In fact, many researchers propose that the only relevant antigens in the APS are the

cofactors themselves, with B2GPI being the most important. Antibodies which bind to phospholipids
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in a cofactor independent manner are considered insignificant for the pathogenesis of the APS. We
review the evidence for this current pathophysiologic concept and argue that it has never been
proven and is now clearly no longer tenable. First, there is undisputable evidence that cofactor
independent aPL are pathogenic and present in the blood of APS patients. Second, available

epidemiologic and clinical studies do not support a dominant pathogenic role for anti-32GPI.

The antiphospholipid syndrome (APS) is characterized by recurrent thromboembolic events or
severe pregnancy morbidity in the presence of pathogenic antiphospholipid antibodies (aPL) which
are highly heterogeneous [1]. The prevailing view is that pathogenic aPL bind anionic phospholipids
like cardiolipin only in the presence of a protein cofactor or bind directly to the protein cofactors of
which B2-glycoprotein | (B2GPI) is considered the most important. Cofactor dependence or direct
cofactor binding is believed to distinguish pathogenic from non-pathogenic aPL. Cofactor
independent aPL are generally regarded as irrelevant for the APS. This concept is presented in
almost all recent reviews [e.g. 2-5]. For instance, Meroni [2] states “B2glycoprotein |-dependent
autoantibodies seem to be the main pathogenic subpopulation of aPL”. Brandt [3] postulates “the
main antigenic target of aPLA is the plasma phospholipid binding protein B2-glycoprotein 1”. Du et
al. [5] state “It is now well accepted that, although the name antiphospholipid syndrome implies
direct binding to phospholipids, aPLs bind phospholipid-binding plasma proteins, of which beta2-

glycoprotein | is regarded as most relevant”.

While this view is shared by most authorities in the field and is allegedly backed by a wealth of
literature, we propose that the postulated almost exclusive pathogenic role of anti-32GPI or f2GPI-
dependent anticardiolipin has never been proven and is today clearly untenable. We do not negate a
role for anti-B2GPI, but challenge the view that cofactor independent aPL are irrelevant for the
pathogenesis of the APS. We further demonstrate that the evidence that anti-B2GPI or B2GPI-

dependent aPL are the main pathogenic subpopulation of aPL is sketchy.
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We will address two major questions:

(1) Is there evidence that cofactor independent aPL contribute to the pathogenesis of the

APS?

(2) Is there evidence that the contribution of cofactor independent aPL to the pathogenesis
of the APS is negligible or at least minor compared to anti-32GPI or B2GPI-dependent

aPL?

Table 1 lists four criteria that must be fulfilled to consider an aPL pathogenic. The answer to the
second question can only come from appropriate clinical studies. We will analyze these issues in the

light of the available literature.

In 1990 two groups described cofactor dependency of aPL [6,7]. McNeil [6] purified aPL from two
patients. The purified immunoglobulins did not bind in a cardiolipin ELISA blocked with milk powder
rather than bovine serum, whereas the blocking procedure had no effect on the usual 1:50 dilution
of patient serum. Thus, apparently a serum factor not present in the purified aPL supported binding
which they identified as B2GPI. Galli [7] also purified aPL from two APS patients. They blocked ELISA
plates with bovine serum albumin (BSA). Again purified aPL did not bind under these conditions.

Addition of human serum enabled binding of aPL.

Two aspects of these publications are noteworthy: (1) both used affinity purified aPL rather than
whole IgG. Accordingly, the purified aPL may not be representative for the whole spectrum of aPL of
the patients. (2) These two highly cited papers and their far reaching conclusions are based on only 4

patients.

Matsuura [8] partly confirmed these data. A very remarkable result of this study is the fact that two
out of three APS patient IgG-fractions bound either in a completely or partially cofactor independent
fashion. Another 15 affinity purified aPL fractions were all cofactor dependent. Pierangeli [9]

reported only moderate enhancement of binding of 5 APS-IgG to cardiolipin by the addition of
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B2GPI. This early paper provides convincing evidence, that many if not the majority of APS patients
harbor cofactor independent aPL. In 1996 Forastiero [10] presented a larger series of 35 APS and SLE
patients. In 14 out of 35 aPL positive serum samples binding was not enhanced by addition of
cofactor. Furthermore, 2 out of 10 IgG fractions isolated from these patients were cofactor
independent. We observed that 10 out of 15 APS-IgG fractions bound in a fully cofactor independent

manner to cardiolipin while the remaining 5 showed reduced binding in the absence of cofactor [11].

Today, it is recommended that anticardiolipin should be measured by enzyme-linked
immunosorbent assays for B2GPl-dependent anticardiolipin antibodies. Unfortunately, this suggests
that such assays are specific for f2GPI-dependent aPL. However, this assay format only ensures
binding of B2GPI-dependent aPL. Since cofactor independent aPL will also bind, it is impossible to
distinguish between cofactor dependent and independent aPL. Assay formats designed to
distinguish between B2GPI-dependent and independent aPL have been devised but never gained

wider acceptance [12].

In summary, the available data show that patients with the APS have quite heterogeneous antibody
profiles. Contrary to common belief, there is ample evidence in the literature that a significant
proportion if not the majority of APS patients harbor cofactor independent antibodies against

cardiolipin (criterion 1).

Common to all experimental approaches to show pathogenic effects of aPL in vitro is the need for a
source of aPL. This source is obviously of major importance for the interpretation of results. Patient
immunoglobulins are highly heterogeneous so that it is impossible to assign effects to a specific
antibody if serum or purified immunoglobulins are used. Affinity purification of aPL has been
notoriously ineffective to provide pure aPL subfractions which are devoid of other aPL species [e.g.
13]. Human monoclonal aPL are another option. A relevant limitation here is the difficulty to prove

that a particular monoclonal aPL is relevant for the APS. This can be solved by comparing the effects
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of monoclonal aPL with effects of IgG-fractions from APS patients. If they induce the same effects

this is strong evidence that the effects of the monoclonal aPL are relevant for the APS.

We have previously shown that two human monoclonal cofactor independent aPL which have been
obtained from patients with the APS can induce proinflammatory and procoagulant responses in
monocytes and endothelial cells [11,14,15]. The aPL enter the endosomal route where they activate
NADPH-oxidase 2 (NOX2) followed by induction of cytokines, inflammasome components, and tissue
factor. All effects could be reproduced by IgG fractions obtained from APS patients. Analysis of the
aPL spectrum of these patients showed that all of them had cofactor independent aPL only or in
combination with cofactor dependent aPL [11]. These combined data prove that cofactor

independent aPL have proinflammatory and procoagulant cellular effects (criterion 2).

Pierangeli showed in an injury dependent mouse model that thrombus size in mice with aPL induced
by immunization was independent of the presence of anti-B2GPI [16]. Unfortunately, cofactor
dependence of the induced anticardiolipin is not known. Later on this group also used human
monoclonal aPL to induce thrombosis in the same model [17]. The aPL with the most pronounced
thrombus induction (IS2) was not dependent on 32GPI nor did it bind to this protein. I1S2 appears to
be dependent on a so far unidentified cofactor present in mouse but not in human serum. These
data strongly suggest that dependence on or specificity for B2GPI is not a prerequisite of
pathogenicity. We have recently shown that the two monoclonal human aPL used in our in vitro
experiments induce thrombus formation in an in vivo mouse model [18]. Induction is rapid within
three hours after infusion of the aPL. NOX2 deficient mice are protected from the prothrombotic
effects underscoring that the signaling cascade observed in vitro is also activated in vivo.
Furthermore, we showed that thrombus formation depends largely on tissue factor induction in
monocytes. This is the first evidence that cofactor independent aPL can be pathogenic in vivo
(criterion 3) and that the signal transduction underlying this process can be induced by IgG fractions

from APS patients.

This article is protected by copyright. All rights reserved.



Having shown conclusive evidence for the first three criteria listed in table 1, finally, the results of
clinical studies shall be discussed. Fortunately, this has been reviewed extensively in the past. The
first concise reviews of clinical studies were published in 2003 [19,20]. They summarize that LA
shows the strongest association to thromboembolic events. Anticardiolipin antibodies show a
significant association in many but not all studies [19] which is similar to anti-B2GPI [20]. In 2014 a
further systematic review and meta-analysis of clinical studies on patients with aPL in the absence of
systemic lupus was published [21]. LA and cardiolipin antibodies again were significantly associated
with an increased risk of venous and arterial thrombosis. Anti-B2GPI was only associated to arterial
thrombosis. Basically, these authors come to similar conclusions as Galli [19,20] 10 years earlier even

though their methodological approach was not the same.

Thus, the results from clinical studies can be summarized as follows: (1) LA is the aPL test most
consistently and strongly associated with thromboembolic events. (2) Anticardiolipin is still the
immunoassay with the strongest and best documented association with thromboembolic events. (3)
As outlined above, none of the clinical studies was designed to differentiate between cofactor
dependent and independent aPL. Therefore, clinical data cannot support a pathophysiologic role of

one or the other.

The surprising conclusion is that the commonly favored view that only cofactor dependent aPL or
aPL against cofactor proteins are clinically relevant has never been substantiated by appropriate
clinical studies. The assumption that persistent cofactor independent aPL are irrelevant has not been

addressed at all.

The major conclusions that derive from these reflections are as follows:

e Anticardiolipin are clearly pathogenic. This is independent of cofactor requirement.
e The differentiation of pathogenic and non-pathogenic aPL must be based on other not yet

defined criteria.
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The statement that B2GPI is the major antigen in the APS and anti-B2GPI are the dominant

pathogenic autoantibodies lacks clinical proof.
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Table 1: Criteria for pathogenicity of aPL

1. Presence in many or most APS patients

2. Induction of humoral or cellular responses compatible with the clinical manifestation of the
APS
Induction of clinical manifestations of the APS in vivo

4. Association with clinical manifestations of the APS in humans
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