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Antiphospholipid syndrome (APS) is a disorder characterized by the association of arterial or venous thrombosis
and/or pregnancy morbidity with the presence of antiphospholipid antibodies (anticardiolipin antibodies, lupus
anticoagulant antibodies, and/or anti-β2-glycoprotein I antibodies).
Thrombosis is themajor manifestation in patients with aPLs, but the spectrum of symptoms and signs associated
with aPLs has broadened considerably, and other manifestations, such as thrombocytopenia, non-thrombotic
neurological syndromes, psychiatric manifestations, livedo reticularis, skin ulcers, hemolytic anemia, pulmonary
hypertension, cardiac valve abnormality, and atherosclerosis, have also been related to the presence of those
antibodies.
Several studies have contributed to uncovering the basis of antiphospholipid antibody pathogenicity, including
the targeted cellular components, affected systems, involved receptors, intracellular pathways used, and the ef-
fector molecules that are altered in the process.
Therapy for thrombosis traditionally has been based on long-term oral anticoagulation; however, bleeding com-
plications and recurrence despite high-intensity anticoagulation can occur. The currently accepted first-line
treatment for obstetric APS (OAPS) is low-dose aspirin plus prophylactic unfractionated or low-molecular-
weight heparin (LMWH). However, in approximately 20% of OAPS cases, the final endpoint, i.e. a live birth, can-
not be achieved.
Based on all the data obtained in different research studies, newpotential therapeutic approaches have been pro-
posed, including the use of new oral anticoagulants, statins, hydroxychloroquine, coenzyme Q10, B-cell deple-
tion, platelet and TF inhibitors, peptide therapy or complement inhibition among others. Current best practice
in use of these treatments is discussed.

© 2015 Elsevier B.V. All rights reserved.
1. Pathogenic mechanisms in the antiphospholipid syndrome

1.1. Activation of tissue factor and related pro-thrombotic molecules

Many mechanisms have been proposed to explain the thrombotic
tendency of patients with APS, but the pathogenesis seems to bemulti-
factorial. Procoagulant cell activation, accompanied by tissue factor (TF)
expression and TF pathway upregulation, is one of the key events in the
pathophysiology of thrombosis in patients with APS. Previous studies
showed elevated plasma levels of soluble TF in APS patients, and there-
after we reported that monocytes isolated from APS patients had high
TF expression [1–3]. At the molecular level, the signal transduction
mechanisms induced by aPLs have been explored. An ex-vivo study
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led us to show that aPLs induced TF in monocytes from APS patients
by activating – simultaneously and independently – the phosphoryla-
tion of mitogen-activated protein kinase (MAPK)/extracellular regulat-
ed kinase protein, and the p38 MAPK-dependent nuclear translocation
and activation of nuclear factor-κB (NF-kB)/Rel proteins [4]. Similar re-
sults have been reported in platelets, monocyte cell lines, and in vivo
models of aPL-induced thrombogenicity [5–7]. Parallel studies per-
formed in endothelial cells (ECs) further concluded that: 1) NF-κB
plays an essential role in TF activation induced by aPLs [8]; and
2) p38 MAPK phosphorylation and NF-κB activation are involved in
the aPL-induced increase in TF transcription, function, and expression;
interleukin (IL)-6 and IL-8 upregulation; and inducible nitric oxide syn-
thase expression [9]. Previous reports indicate a close relationship be-
tween TF and vascular endothelial growth factor (VEGF), a family of
proteins involved in normal vascular development and in relevant path-
ophysiologic settings, including cancer, wound healing, and inflamma-
tion [10]. Precedent studies had reported increased plasma levels of
VEGF in APS patients [11]. Then we analyzed the VEGF and FMS-
related tyrosine kinase 1 (FLT1) expression levels in monocytes of APS
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patients, the molecular mechanisms involved in their aPL-induced ex-
pression, and their association with the elevated TF expression found
in these patients [12]. Our data primarily showed that monocytes
from APS patients expressed increased levels of both VEGF and FLT1 in
comparison with monocytes from healthy donors. Furthermore,
in vitro results indicated that this cytokine was produced bymonocytes
when treated with aPLs, and that the p38 MAPK signaling pathway
played an important role. Thus, VEGF might act as a regulatory factor
in aPL-mediated monocyte activation and TF expression, thereby con-
tributing to the proinflammatory–prothrombotic phenotype of APS pa-
tients. Moreover, the excess of plasmatic thrombin in APS, most likely
induced by TF expression, and acting through the activation of protease
activated receptors (PARs 1 and 2, also increased in monocytes of APS
[13]), might also be related to the elevated VEGF production found in
that patients.

The application of proteomic techniques to APS patients' monocytes
has led one to identify an altered expression of proteins. This abnormal
expression might be directly related to the pathogenic mechanisms
of APS. Our group has addressed the question of predicting thrombotic
risk in APS patients by using a proteomic approach on purified
human monocytes [14]. The proteins identified as more significantly
deregulated in the monocytes from patients with APS and thrombosis
were annexin A1 (AnxA1), annexin A2 (AnxA2), ubiquitin Nedd8, Rho
A protein, protein disulfide isomerase (PDI) and Hsp60. These proteins
have been shown to be associated with the induction of a procoagulant
state, aswell as autoimmune-related responses. In that way, Anx A2 has
recently been directly involved in the pathogenesis of APS. It has been
demonstrated that binding of β2GPI to human umbilical vein endothe-
lial cells is mediated by Anx A2 [15]. Furthermore, thrombosis and TF
upregulation are significantly decreased in Anx A2 deficient mice
in vivo. By functioning as a receptor for β2GPI, Anx A2 is a target not
only for anti-Anx A2 antibodies but also for anti-β2GPI antibodies,
which are direct inductors of TF. These data suggest that Anx A2 might
constitute a common receptor for aPL induction of monocyte activation
[16]. Protein disulfide isomerase (PDI) has been also demonstrated to
be linked to TF on the cell surface when coagulant activity is low and
TF-VIIa signaling is enabled. Moreover, PDI expression reduction has
beenassociatedwith a two-fold increaseof TFprocoagulant activity [17].
Overexpression of PDI suppresses NF-κB-dependent transcriptional ac-
tivity [18]. As the aberrant activation of the NF-κB signaling pathway is
likely to contribute to the development of APS, the decrease expression
of this protein might be related to the constitutive activation of this
transcription factor in the APS. In addition, as described below, the PDI
has a crucial role in development of the immunogenic form of β2GPI
in the setting of APS.

1.2. Atherogenesis

Experimental studies and human observations suggest that APS is
associatedwith atherosclerosis. In fact, innate and adaptive immune re-
sponses participate in the pathogenesis of both diseases. Anti-oxLDL,
anti-aPL, anti-β2GPI, and anti-HSP antibodies, among others, have
been found in patients with APS and atherosclerosis [19]. Endothelial
dysfunction, oxidative stress, an increase in cell adhesion molecules,
and active platelets are common findings in both diseases. In addition,
macrophages, dendritic cells, T-cell activation, and CD40–CD40 ligand
interaction are considered pathogenic mechanisms of atherosclerosis
and APS [20,21].

Notably, aPL antibodies trigger an inflammatory cascade, and they
have been associated with atherosclerosis as well as cerebrovascular
and peripheral arterial diseases [22,23]. Moreover, aPL antibodies may
cross-react with oxidized low-density lipoproteins (ox-LDLs), and
both aPL and anti-ox-LDL antibodies have been implicated in the path-
ogenesis of atherosclerosis associated with systemic lupus erythemato-
sus (SLE) and APS. It has been shown that aPL antibodies, in particular
anti-β2GPI antibodies, can accelerate the influx of ox-LDLs into
macrophages [24]. Other autoantibodies, such as anti-high-density lipo-
proteins (HDLs) and antiapolipoprotein A-I, also have been detected in
APS. In addition,macrophages and ECs bind to β2GPI during the athero-
sclerotic process. In this regard, anticardiolipin (aCL) antibodies can in-
duce monocyte adherence to ECs, which is mediated by adhesion
molecules such as ICAM-1, VCAM-1, and E-selectin. Thus, aCL antibodies
might promote atherosclerosis by attracting monocytes into the vessel
wall. Moreover, a correlation between serum levels of aCL and anti-
β2GPI antibodies and the incidence and severity of acute coronary syn-
drome, myocardial infarction, and stroke have been demonstrated pre-
viously [25,26].

Early endothelial dysfunction [27] and increased carotid intima–
media thickness also have been observed in APS [28]. Accordingly, in a
recent study, within a cohort of 43 APS patients, we found that patients
with higher aPL-IgG titers showed a strong association with the devel-
opment of thrombotic events and also with the increased intimate–
media thickness (IMT) of the carotid arteries [29]. The issue of early ath-
erosclerosis development in APS patients has shown controversial data
in past years. In our series, the presence of plaques in carotid arteries in a
significant number of APS patients was in favor of the evidence of an ac-
celerated atherosclerosis. Our results confirmed previous reports show-
ing greater IMT in APS, related to the titer of aPL-IgG [30–32]. Moreover,
our data pointed to the existence of premature atherosclerosis as a clin-
ical feature of thrombotic APS patients, so that in our series, 11 of 12 of
the APS patients who presented increased IMT values had suffered at
least 1 thrombotic event. In addition, our results agreed with a recent
study showing that premature atherosclerosis, as defined by IMT, occurs
in thrombotic APS over 30 years [28]. Premature atherosclerosis
might be facilitated by the existence of an inflammatory status in APS,
which seems not to be coordinated by “classic” cytokines such as
TNFα or IL-6 but by other known inflammatory mediators, including
VEGF and tPA, as well as various chemokines (IL-8, MCP-1, or MIP-1α)
whose main function is to recruit, e.g., neutrophils, monocytes, B cells,
and T helper cells to the sites of inflammation [33,34]. Thrombus forma-
tion is a key event in the development of the intimae thickening, consid-
ered to comprise the early stage of atherosclerosis plaque formation.
Many studies have demonstrated that TF is present in atherosclerosis le-
sions and contributes to atherogenesis [35]. TF mediates the responses
that are critical for hemostasis and thrombosis, as well as inflammatory
reactions. Thus TF, whose expression is also significantly increased in
monocytes of APS patients, together with factors downstreamof the co-
agulation cascade and the PAR2 activation system,would act as an addi-
tional multifactorial regulator of atherogenesis.

1.3. Oxidative stress and mitochondrial dysfunction

Various studies have evidenced that oxidative stress is directly in-
volved in the pathophysiology of both APS and SLE. Mitochondrial dys-
function, accompanied with ATP depletion, oxidative stress, abnormal
activation, and death signal processing in lupus T cells have been dem-
onstrated previously [36]. In the setting of APS, aCL antibodies seem to
play an important role in the oxidative status by inducing nitric oxide
(NO) and superoxide production, resulting in enhanced levels of plasma
peroxynitrite, a powerful pro-oxidant substance [37]. Titers of aCL anti-
bodies have been found positively correlated to plasma levels of F2-
isoprostanes, sensitive markers of in vivo lipid peroxidation, indicating
enhanced oxidative stress in APS [38,39]. Functional and structural arte-
rial abnormalities have been associated with lower activity of paraoxo-
nase, an antioxidant enzyme linked to HDLs that prevents LDL
oxidation. Moreover, in patients with aPL antibodies, HDL reduced NO
bioavailability and showed impaired anti-inflammatory and antioxidant
properties [40]. Thus, there is substantial evidence showing oxidative
damage to lipids and proteins in APS. In a very recent study [29] we
showed an increased production of reactive oxygen species (ROS) by
monocytes and neutrophils that disturbs the redox status and in turn
may influence the expression of prothrombotic and proinflammatory



202 C. Lopez-Pedrera et al. / International Immunopharmacology 27 (2015) 200–208
molecules. That increase was accompanied by a significant reduction in
the capacity of cells to counteract ROS, as demonstrated by the observed
reduction in both the intracellular levels of intracellular glutathione
(GSH) and the total antioxidant capacity (TAC) of plasma in such pa-
tients. Accordingly, our data revealed that monocytes and neutrophils
of APS patients had significant losses in mitochondrial membrane po-
tential, indicating that a large proportion of white blood cells contained
mitochondria that have lost the capacity to function optimally. Mito-
chondrial perturbations were related to the autoimmune condition, as
well as to the inflammatory and prothrombotic status of APS patients,
as suggested by strong positive correlations with the titers of aCL anti-
bodies of IgG isotype, as well as by the association found between the
increased percentage of cells with depolarized mitochondria and the
heightened occurrence of thrombotic events. Moreover, the presence
of an increased CMIT in those patients was associated with that mito-
chondrial alteration. Parallel in vitro studies indicated that the binding
of IgG-APS to the monocytes elicited a redox-sensitive signaling path-
way that controlled the prothrombotic phenotype.

Similar studies have demonstrated that antibodies fromAPS patients
are able to up-regulate the expression of the Toll like receptors (TLR) 7
and 8 in plasmacytoid dendritic cells and monocytes respectively, as
well as their translocation from the endoplasmic reticulum to the endo-
some, sensitizing the cells to TLR7 and TLR8 ligands [41]. These effects
depend on the uptake of antiphospholipid autoantibodies into the en-
dosome, the activation of NADPH oxidase, and the generation of
superoxide.

1.4. Conformations and post-translational redox modifications of
β2-glycoprotein I

Oxidative stress plays a direct role in the structure and function of
β2-glycoprotein I in patients with APS (reviewed in Giannakopoulos
B. and Krilis 2013 [42]). Purified β2GPI is composed of four domains (I
through IV) that contain two disulfide bridges each and a fifth domain
(domain V) that contains an extra disulfide bridge linking cysteine
(Cys) 288 with Cys326. In healthy persons, the free thiol form of
β2GPI predominates in the plasma, characterized by a broken disulfide
bridge at Cys32 and Cys60 in domain I and another at Cys288 and
Cys326 in domain V. The disulfide bridges at these locations are broken
by the oxidoreductase thioredoxin-1 and protein disulfide isomerase
(PDI). Under conditions of oxidative stress, disulfide bonds form at
these sites. The relative proportion of plasma β2GPI in the oxidized ver-
sus the free thiol form was significantly greater in patients with APS
than in healthy donors [43]. Thus, oxidation unmasks the critical APS
B-cell epitope, turning it immunogenic.

Different studies have further demonstrated that β2GPI can poten-
tially exist in a circular form, with domain I interacting with domain V.
In this form, the critical B-cell epitope is hidden from the immune sys-
tem. On binding to an anionic phospholipid surface through domain V,
the circular form of β2GPI opens up to a fishhook configuration, expos-
ing the domain I epitope and allowing domain I anti-β2GPI autoanti-
bodies to bind [44].

Those mechanisms could explain why pathogenic antiphospholipid
antibodies (aPL) cause the antiphospholipid syndrome (APS) by
interacting with domain I (DI) of beta-2-glycoprotein I (β(2)GPI), as
well as the ability of the aPL/β(2)GPI complex to exert pathogenic ef-
fects on target cells.

1.5. Activation of platelets

It has been shown that β2-glycoprotein I–antibody complexes, but
not β2-glycoprotein I alone, can activate different cell types that are in-
volved in the regulation of hemostatic response, resulting in a
prothrombotic state. β2-Glycoprotein I can interact with the von
Willebrand factor receptor glycoprotein Ibα, and ApoE receptor 2 [45].
This enables anti-β2GPI autoantibodies to cross-link these receptors,
leading to the potentiation of platelet activation, the release of throm-
boxane A2, and an increase in platelet adhesiveness [46]. Platelet factor
4, a cationic protein released by activated platelets, can facilitate the di-
merization of β2GPI, enhancing the formation of pathogenic immune
complexes on the platelet surface [47].

A very recent study has demonstrated that platelets are the first tar-
gets of theβ2-glycoprotein I antibody complexes, and products released
from activated platelets are responsible for the local activation of endo-
thelial cells [48]. It is also conceivable that these antibody complexes in-
duce the formation of platelet–monocyte complexes. Platelets mediate
extravascularization of monocytes with subsequent TF expression of
the macrophage. Moreover, monocytes might act as intermediates be-
tween platelets and endothelial cells. Therefore, platelets might act as
the prime and the in-between target for the β2-glycoprotein I com-
plexes and the leukocytes/endothelial cells.

1.6. Obstetric complications in APS: role for complement activation

Obstetric complications are the second major feature associated
with APS. The most common obstetric manifestation of this syndrome
is recurrent miscarriage, which is usually defined as three or more con-
secutivemiscarriages before themid-second trimester,withmost losses
occurring before the 10th week of gestation. Other obstetric features of
APS are one or more fetal deaths occurring at or beyond the 10th week
of gestation, severe pre-eclampsia, or placental insufficiency prompting
delivery at more than 34 weeks' gestation [49].

Results from studies in mice show a pivotal role for complement ac-
tivation in fetal loss induced by aPLs [50,51]. Moreover, C4d and C3b
fractions are deposited in the placentas of patients with aPLs. Interfer-
ence with annexin V, a natural anticoagulant, might also favor placental
thrombosis and fetal loss [52]. Furthermore, abnormalities in placenta-
tion have been described in pregnancy loss related to aPLs [53]. The tro-
phoblasts of the placenta express anionic phospholipids on their cell
membrane, enabling them to bind exogenous β2GPI [54]. Moreover, it
was also noted that these trophoblasts are capable of synthesizing
their own β2GPI [55]. β2GPI directly binds to cultured cytotrophoblast
cells and is subsequently recognized by antibodies to β2GPI [56]. The
aPL binding reduces the secretion of human chorionic gonadotropin.
Moreover, aPLs might trigger an inflammatory response mediated
by the Toll-like receptor 4/MyD88 pathway, resulting in trophoblast
damage [57].

2. Novel therapeutic options for managing
antiphospholipid syndrome

Current therapeutic options for the treatment of the APS remain
confined to long-term anticoagulation with vitamin K antagonists,
which keep hold of a number of drawbacks, including lack of appropri-
ate answer, increased risk of bleeding, abortions, and recurrences.

As more insight is gained about the pathophysiology of the disease
and the involved receptors and intracellular pathways, targeted treat-
ment modalities have been proposed as possible alternatives to the
current treatment options. Thus, in the past few years, several potential
new therapeutic approaches to APS are emerging, including com-
bination of anti-aggregant therapy, oral antifactor Xa drugs, direct
thrombin inhibitors, hydroxychloroquine, and B-cell depletion, among
others [49,58].

2.1. New oral anticoagulants

The current mainstay of treatment of thrombotic APS is long-term
anticoagulationwith oral vitamin K antagonists (VKA) such aswarfarin.
However, the use of warfarin is problematic, particularly in patients
with APS. The new oral anticoagulants include dabigatran etexilate
(Pradaxa®, Boehringer Ingelheim Pharma GmbH & Co), a direct throm-
bin inhibitor, and rivaroxaban (Xarelto®, Bayer Pharma), apixaban
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(Eliquis, Bristol-Meyers Squibb Pharmaceuticals) and edoxaban
(Lixiana®, Daiichi Sankyo Company), which are direct anti-Xa inhibi-
tors. Unlikewarfarin, these agents do not interact with dietary constitu-
ents and alcohol, have few reported drug interactions, and monitoring
of their anticoagulant intensity is not routinely required due to their
predictable anticoagulant effects.

The efficacy of oral direct inhibitor of coagulation (ODI) for venous
thromboembolism (VTE) has been demonstrated in large Phase III clin-
ical trials [59–61]. Rivaroxaban, dabigatran, and apixaban have been li-
censed by the European Medicines Agency (EMA) and approved by the
United States Food and Drug Administration (FDA) for several indica-
tions. There are no completed studies of ODI in aPL-positive patients.
The rivaroxaban in antiphospholipid syndrome (RAPS) trial is the
only open label prospective non-inferiority randomized controlled
trial (RCT) just developing in patients with thrombotic APS, with or
without systemic lupus erythematosus (SLE), who have had either a
single episode of VTE while not on anticoagulation or recurrent
episode(s) which occurred while off anticoagulation or on sub-
therapeutic anticoagulant therapy. [62]. The primary aim of the RAPS
trial is to demonstrate that the intensity of anticoagulation achieved
with rivaroxaban is not inferior to that of warfarin in patients with
thrombotic APS.

2.2. Hydroxychloroquine

Hydroxychloroquine (HCQ) has multiple hematologic mechanisms
that may contribute to its benefit as an antithrombotic agent, including
a reduction in red blood cell slugging, blood viscosity and platelet aggre-
gation. In addition, some of its benefits are not via hematologic path-
ways, but rather immunologic pathways. These benefits include
inhibition of TLRs, reduction in inflammatory cytokines, effects on T
cells and neutrophils and reduction in immune complexes [63].

In the setting of APS, HCQ reduces the extent and the time of throm-
bus persistence in aPL-injected mice [64], reverses thrombogenic prop-
erties of aPL inmice, and reverses aPL-mediated platelet activation. HCQ
also reduces the attachment of aPL–β2GPI complexes to phospholipid
bilayers and cells [66], reverses the binding of aPL to human placental
syncytiotrophoblasts, restores annexin A5 expression [65,67], and in-
hibits Toll-like receptors [68].

Recently, Albert et al. [69] showed that HCQ reversed the aPL-
inhibition of trophoblast IL-6 secretion and partially limited aPL-
inhibition of cell migration, suggesting that some form of combination
therapy that includes HCQ may be beneficial to pregnant APS patients.

The only prospective non-randomized trial comparing oral
anticoagulation plus HCQ (400 mg daily) versus oral anticoagulation
alone in primary APS patients was recently published. Patients had his-
tory of one or two episodes of venous thrombosis and were on
anticoagulation with fluindione. No patients received platelet aggrega-
tion inhibitors. There were six (30%) venous events in themonotherapy
group (n: 20) despite therapeutic range INR and none in the HCQ group
(n: 20) during the sixmonth and 36month follow-up, respectively [70].
Given the small number of patients that were included, the short
follow-up, and themethodological limitations of the study, it is difficult
to derive meaningful conclusions. Another multicenter, international,
prospective, randomized controlled trial of HCQ for primary thrombosis
prevention in persistently aPL-positive but thrombosis-free patients
without other systemic autoimmune diseases (“HCQ trial”) is currently
taking place under the auspices of the APS ACTION (www.apsaction.
org) (clinicaltrials.gov #:NCT01784523, [71]). The primary objective is
to determine the efficacy of HCQ for primary thrombosis prevention
over the five year study period. Patients are randomized to receive
HCQ or no treatment in addition to their standard regimen.

2.2.1. Statins
The 3-hydroxy-3-methylglutaryl coenzymeA (HMG-CoA) reductase

inhibitors generically referred to as statins, have emerged as the leading
therapeutic regimen for treating hypercholesterolemia and reducing
cardiovascular morbidity and mortality. In addition, statins have
comprehensive immune-modulating properties that affect many as-
pects of the inflammatory response. The contribution of TF and pro-
inflammatory mediators to a prothrombotic state in the APS, as well
as the proven interference of statins with aPL-mediated thrombosis
have provided a renewed focus on antithrombotic therapies in cur-
rent use.

Several publications have reported the pleiotropic effects of different
statins on cultured ECs, platelets, monocytes/macrophages, and in vivo
models and human studies of several cardiovascular diseases [72–74].
First, Meroni et al. [75] showed that statins interfere with aPL-induced
EC activation via inhibition of the expression of adhesion molecules
and IL-6,which ismediated by NFκB. Then, Ferrara et al. [76,77] demon-
strated in vivo that fluvastatin inhibited the thrombogenic and inflam-
matory properties of aPLs and inhibited TF upregulation in aPL-treated
ECs. Martínez et al. [78] demonstrated that rosuvastatin decreased ex-
pression of VCAM-1 by human umbilical venous endothelial cells ex-
posed to APS serum in an in vitro model. More recently, our group
delineated the global effects of fluvastatin on the prothrombotic ten-
dency of monocytes from APS patients [79]. Forty-two APS patients
with thrombosis received fluvastatin, 20 mg/d, for 1 month. Blood sam-
ples were obtained before the start of treatment, at the end of treat-
ment, and 2 months after the end of treatment. After 1 month of
treatment, monocytes showed significant inhibition of TF, PAR-1 and
PAR-2, VEGF, and FLT1 expression that was related to the inhibition of
p38 MAPK and NFκB/Rel DNA-binding activity. Proteomic analysis fur-
ther showed proteins involved in thrombotic development (annexin
II, RhoA, and protein disulfide isomerase) with altered expression after
fluvastatin administration. In vitro studies indicated that the inhibition
of HMG-CoA by fluvastatin might inhibit protein prenylation and
MAPK activation. Our data agree with those from the study by Redecha
et al. [80], which by using a murine model demonstrated the beneficial
effects of statins in the setting of APS, showing that statins prevented
neutrophil activation by downregulating TF and PAR-2 and protected
mouse fetuses from aPL-IgG-induced injury. Moreover, that research
group later demonstrated (by using a murine model of recurrent spon-
taneous miscarriages that shares features with human recurrent mis-
carriage and fetal growth restriction) that by inhibiting TF with
pravastatin, release of antiangiogenic factor sFlt-1 is inhibited, tropho-
blast proliferation and placental flow are restored, placental oxidative
damage is prevented, and pregnancies are rescued [81]. A recent study
by Jajoria et al. [82] showed a significant decrease in the titers of VEGF
in the plasma of APS patients after 30 days of treatmentwith fluvastatin.
Moreover, that study further addressed the beneficial effects of
fluvastatin in other prothrombotic/proinflammatory markers induced
by aPLs in APS patients, including TF and TNFα. From these studies, it
seems clear that the inhibition of HMG-CoA reductase by fluvastatin,
which is a rate-limiting enzyme of the mevalonate pathway, might re-
duce the expression and activity of specific subfamilies of small GTPases,
therefore inhibiting protein prenylation andMAPK activation. This inhi-
bition is likely to have profound effects on key cellular processes, includ-
ing the suppression of TF and PAR expression, and anti-inflammatory
activities on macrophages through the inhibition of proinflammatory
cytokines such as VEGF/FLT1. Furthermore, these studies provide signif-
icant evidence that fluvastatin has profound and multiple effects in
monocyte activity, which might lead to the prevention of thrombosis
in APS patients.

Wide experimental evidence found in APS models and the recent
randomized clinical trial demonstrating a protective effect for
rosuvastatin against first major cardiovascular event in the general
population without hyperlipidemia but with elevated high-sensitivity
C-reactive protein levels [83] justify clinical studies of statins in aPL-
positive patients. Nevertheless, many studies have allowed the qualifi-
cation of statins as category X by the US Food and Drug Administration
and are therefore contraindicated in pregnancy.
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2.2.2. Coenzyme Q10
Coenzyme Q10 (CoQ10; ubiquinone) is a vital component of themi-

tochondrial respiratory chain, with a crucial role in ATP production as
the coenzyme for the mitochondrial complexes I, II, and III [84]. CoQ10
provides membrane-stabilizing properties and also acts as an antioxi-
dant with cell-protective effects, including inhibition of LDL oxidation
and thus the progression of atherosclerosis. Furthermore, CoQ10 de-
creases the production of proinflammatory cytokines, as well as blood
viscosity, demonstrated to be helpful in patients with heart failure and
coronary artery disease.

A recent study by our group [29] demonstrated that autoantibodies
frompatientswith APS can disrupt themitochondrial function ofmono-
cytes and neutrophils, leading to the generation of various intracellular
ROS and the subsequent expression of TF and other proinflammatory
cytokines. The inhibition of intracellular ROS in monocytes with the
use of CoQ10 prevented the upregulation of TF and VEGF/Flt-1 induced
by IgG-aPL.

Recent studies suggest that changes in mitochondrial morphology
and function may affect a variety of aspects of cardiovascular biology
[30], and inhibiting mitochondrial fission has been reported to be
cardioprotective [85]. Accordingly, our in vitro study demonstrated 2
beneficial effects of CoQ10, namely, the prevention of mitochondrial
dysfunction and oxidative stress and the suppression of the expression
of prothrombotic markers relevant to the pathophysiology of APS.

A clinical trial is currently taking place in our hospital under the aus-
pices of Kaneka Corporation to evaluate the beneficial effects of CoQ10
supplementation in the treatment of APS patients.

2.2.3. B-cell depletion
B cells play an important role in APS [86] and are key players in the

development, reactivation, and persistence of autoimmune diseases be-
yond the production of autoantibodies. B-cells orchestrate the immune
response by producing antibodies, germinal centers, and cytokines, as
well as by their roles in antigen recognition and presentation (indepen-
dent or dependent of T-cells). B cells are involved in a number aPL relat-
ed clinical events [86,87] including blocking B-cell activating-factor
(BAFF), thus preventing disease onset and prolonging survival in APS
murine models [88].

Rituximab is an anti-CD20 chimeric monoclonal antibody that is ef-
fective against B-cell non-Hodgkin's lymphomas and chronic lympho-
cytic leukemias. Several case reports and review articles [89–91] have
described rituximab use in APS patients with severe thrombocytopenia
[92,93], hemolytic anemia, skin ulcers or necrosis [94], aPL nephropathy
[95], and catastrophic APS [96] with variable responses. Rituximab in
antiphospholipid syndrome (RITAPS) trial was a pilot open-label
Phase II study, the primary objective of whichwas to evaluate the safety
of rituximab in adult APS with no other systemic autoimmune diseases
patients (up to 12months). The RITAPS trial suggested that rituximab in
APS patients is safe, and that even without inducing substantial change
in aPL profiles, rituximab may be effective in controlling some non-
criteria manifestations of aPL [97]. RTX has also been shown to be an ef-
fective therapeutic option for life-threatening catastrophic APS in a
small number of patients [96]. Interestingly, its use has also been asso-
ciated with a downregulation of aPL titers [92] and with a reduced
rate of recurrent thrombosis in APS patients followed for 10–36months
post-RTX [98].

2.2.4. Complement inhibition
Complement classical pathway, which is initiated by C1q protein is

significantly activated in the serum of patients with APS. Activation of
the pathway proceeds as cascade reaction producing anaphylatoxins,
the fragments of the complement proteins that amplify the activation
of monocytes, platelets or endothelial cells. Activation of these cells
and molecules induces expression of TF or adhesion molecules and
platelet aggregation [99]. Various in vitro and animal models of APS,
have demonstrated that: i) interaction of C5a with its receptor C5aR is
necessary for aPL-induced placental insufficiency, inflammation, and
thrombosis [100]; ii) complement 5a-induced recruitment and activa-
tion of neutrophils lead to trophoblast injury and angiogenic factor im-
balance in aPL-induced fetal injury [101]; iii) anti-C5 antibody, C5aR
antagonist peptides, and complement deficiency experiments prevent
pregnancy loss [100]. In addition, inhibition of C5 activation by anti-C5
monoclonal antibodies has been proposed to reduce aPL-mediated
prothrombotic status [102]. That heparin has anti-complement effects,
in addition to acting as an anticoagulant, may explain some of its effica-
cy in APS [51].

Clinical studies in APS patients are limited to a small number of case
reports. Thus, a case report described improvement of post kidney
transplant thrombotic microangiopathy in an APS patient treated with
eculizumab (a humanized monoclocal IgG2/4kappa antibody that
binds the complement protein C5, preventing cleavage into C5a)
[103]. In another catastrophic APS patient resistant to anticoagulation,
immunosuppression, plasmapheresis, and rituximab, eculizumab
successfully blocked complement activity, aborted progressive throm-
bosis, and reversed thrombocytopenia [104]. Another case report
[105] described catastrophic APS patients who did not respond to
eculizumab.

The Predictors of Pregnancy Outcome: Biomarkers in
Antiphospholipid Antibody Syndrome and Systemic Lupus Erythemato-
sus (PROMISSE) [106] is currently evaluating biomarkers that predict
pregnancymorbidity and will potentially stimulate interventional trials
of complement inhibition in patients at risk of aPL antibody-associated
clinical manifestations [107].

2.2.5. Specific GPIIb/IIIa antagonists and other anti-platelet drugs
Antiphospholipid antibodies activate platelets and enhance platelet

membrane GPIIb/IIIa expression, a receptor involved in platelet aggre-
gation. In an elegant revision, Erkan and Lockshin described themost re-
cent studies related to inhibition of platelet aggregation [108], which
included: 1) the simultaneous administration of anti-GPIIb/IIIa mono-
clonal antibodies and aPL in mouse models of APS, which resulted in
smaller thrombus formation compared with aPL administration only
[109]; 2) the prevention of aPL-mediated thrombosis in GPIIb/IIIa defi-
cient mice [110]; and 3) the use of abciximab (a GPIIb/IIIa receptor in-
hibitor) in the treatment of acute thrombotic syndromes, such as
myocardial infarctions and strokes [111]. No data on the use of GPIIa/
IIIb receptor inhibitors in APS patients exist, apart from limited data
from an uncontrolled study of hydroxychloroquine, whichmight inhibit
aPL-induced GPIIa/IIIB receptor expression [109].

Antiplatelet drugs other than aspirin have been used only rarely in
patients with APS. However, combination treatment with aspirin plus
dipyridamole and aspirin plus clopidogrel have shown higher efficacy
than has aspirin alone in patients with stroke [112] or atrial fibrillation
[113], respectively. Such combination might be considered in selected
patients with APS in whom warfarin is not effective or safe.

2.2.6. Tissue factor inhibition
Increased TF expression on immune cells including monocytes and

neutrophils, as well as the vascular endothelium, seems to play a key
role in the pathogenic mechanisms of aPL-mediated thrombosis. Poten-
tial pharmacological agents that decrease TF expression include ACE in-
hibitors, pentoxifyline, an adenosine uptake inhibitor (dilazep), and ss-
deoxyribonucleic acid derivatives (e.g. defibrotide, an adenosine recep-
tor agonist) [114]. In the context of cardiovascular disease, several po-
tential mechanisms of TF upregulation have been targeted, including
TF synthesis inhibition, TF blockade using anti-TF antibodies or recom-
binant TF pathway inhibitors [115].

In addition, other well-known anti-thrombotic, anti-oxidant, anti-
inflammatory and/or immune-modulators agents have been demon-
strated to directly inhibit TF expression including statins, anti-C5mono-
clonal antibodies, or coenzyme Q10. Those agents are also discussed in
different sections of this review.



Fig. 1.Mechanisms involved in the aPL-mediated pathogenesis of antiphospholipid syndrome and new therapeutic approaches. Antiphospholipid antibodies (including anti-β2GPI–β2GPI
complexes) produced by B-lymphocytes, activate platelets, leukocytes, and endothelial cells: i) monocyte interaction with aPLs promotes the increase in the production of ROS and mi-
tochondrial dysfunction. This process, in parallel with the activation of cell signaling through p38MAPK/NFkB activation, leads to the increased expression of a number of cell surface re-
ceptors (i.e. TLRs 7 and 8, PARs 1 and 2, Flt-1, and tissue factor), to the altered expression of annexin A2, protein disulfide isomerase and RhoA proteins, among others, and to the increased
secretion of proinflammatory cytokines. Ii) Neutrophil activation leads to complement activation, ROS production,mitochondrial dysfunction and increased TF expression; iii) platelet ac-
tivation leads to the release of platelet factor 4 and thromboxane-B2, which potentiates the increased expression of GPIIb/IIIa, a major fibrinogen receptor. iv) Endothelial cells activation
leads to the increased expression of TLR4 and TF on the cell surface, as well as to the release of proinflammatory cytokines, and increased leukocyte cell adhesion through cell adhesion
molecules such as VCAM-1, E-selectin and ICAM-1. The net effect, through the interaction among the activated cells, is the induction of thrombosis, atherosclerosis and pregnancy mor-
bidity, on the background of complement activation and endothelial injury. All that processes might be attenuated, eliminated or reversed trough the combined use of a number of new
therapeutic approaches, some of which are still under study in animal models or clinical trials.
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2.2.7. Peptide therapy
As above mentioned, anti-DI anti-β2-glycoprotein-1 antibodies are

most closely related to pathogenicity in APS, but binding of DV to its re-
ceptor is required as well. Proposed peptide therapies mainly target the
DI–aPL interaction or the DV–phospholipid interaction.

Preliminary results showed that a recombinant DI molecule, and a
recombinant mutant DI with enhanced aPL binding properties, may be
used as an inhibitor of aPL binding, and thus inhibit aPL-induced patho-
genesis [116].

Other studies have focused on targeting the DV-phospholipid inter-
action. Among them, Pierangeli and coworkers [117] investigated the
role of TIFI, a 20 amino acid synthetic peptide that shares similarity
with the domain V of β2GPI in APS. They observed that TIFI reduced
aPL-mediated thrombosis in mice by competing with β2GPI and
preventing its binding to target cells. De la Torre et al. showed that
TIFI inhibits binding of aPL to human trophoblast cells in vitro and also
reduces fetal loss in mice induced by injection of aPL [118]. There are
no peptide therapies currently available or in trials for aPL-positive
patients.
3. Conclusions

Antiphospholipid syndrome (APS) is a systemic autoimmune vascu-
lar disease characterized by recurrent thrombotic episodes and/or ob-
stetric complications. In recent years, significant advancement has
been made in elucidating the pathophysiology of the disease including
antiphospholipid antibody (aPL)-induced activation of the platelets, en-
dothelial cells, monocytes, complement and coagulation cascade
(Fig. 1). These achievements in our understanding of the disease have
opened the door to the possibility of newmore targeted therapeutic op-
tions that might be safer and more efficacious than the standard treat-
ment modalities.

New anticoagulant agents, hydroxychloroquine, statins, rituximab,
complement inhibitors, coenzyme Q10 and biologic agents with select-
ed aPL-related targets will potentially be part of APSmanagement in the
future. Probably the best therapeutic strategy would imply a combina-
tion of anticoagulant, immunomodulatory, and anti-inflammatory
drugs, which should further be administered taking into account the
clinical and molecular profile specific of each APS patient. Large multi-
center, randomized clinical trials are needed to confirm and expand ev-
idence regarding the efficacy of various therapeutic interventions.

Abbreviations
aPL antiphospholipid antibodies
C5a complement protein 5 activated
C5aR C5a receptor
p38 MAPK p38 mitogen-activated protein kinase
NF-kB nuclear factor kappa B
ROS reactive oxygen species
TLRs Toll-like receptors
TF tissue factor
PARs protease activated receptors
PDI protein disulfide isomerase
AnxA2 annexin A 2
RhoA rho A proteins
TXB2 thromboxane B2
PF4 platelet factor 4
GPIIb/IIIa glycoprotein IIb IIIa
CAM cell adhesion molecule
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Flt1 FMS-like tyrosine kinase 1 (VEGF-receptor 1)
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