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Abstract
The antiphospholipid syndrome (APS) is characterized by venous and/or arterial thrombosis, or
recurrent fetal loss, in the presence of antiphospholipid antibodies (APL). The pathogenesis of APS
is multifaceted and involves numerous mechanisms including activation of endothelial cells,
monocytes, and/or platelets; inhibition of natural anticoagulant pathways such as protein C, tissue
factor inhibitor, and annexin A5; activation of the complement system; and impairment of the
fibrinolytic system. Fibrinolysis—the process by which fibrin thrombi are remodeled and degraded
—involves the conversion of plasminogen to plasmin by tissue plasminogen activator (tPA) or
urokinase-type plasminogen activator, and is tightly regulated. Although the role of altered
fibrinolysis in patients with APS is relatively understudied, several reports suggest that deficient
fibrinolytic activity may contribute to the pathogenesis of disease in these patients. This article
discusses the function of the fibrinolytic system and reviews studies that have reported alterations in
fibrinolytic pathways that may contribute to thrombosis in patients with APL. Some of these
mechanisms include elevations in plasminogen activator inhibitor-1 levels, inhibitory antibodies
against tPA or other components of the fibrinolytic system, antibodies against annexin A2, and
finally, antibodies to β2-glycoprotein-I (β2GPI) that block the ability of β2GPI to stimulate tPA-
mediated plasminogen activation.
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Introduction
The antiphospholipid syndrome (APS) is characterized by venous and arterial thrombosis and/
or pregnancy loss in the presence of antiphospholipid antibodies (APL) [1]. APL are the most
common cause of acquired thrombophilia and are significantly associated with cardiovascular
death following an initial thrombotic event [2]. However, the term antiphospholipid
antibody is misleading because the majority of APL associated with APS are directed against
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phospholipid-binding proteins such as β2-glycoprotein-I (β2GPI) and prothrombin. In the
clinical laboratory, several types of APL may be distinguished; lupus anticoagulants are
detected by their ability to prolong phospholipid-dependent coagulation tests such as the dilute
Russell’s viper venom time [3], whereas anticardiolipin antibodies (ACA) or anti-β2GPI
antibodies are detected using enzyme linked immunosorbent assay. However, although APL,
particularly lupus anticoagulants and anti-β2GPI antibodies, are associated with an increased
risk of thrombosis, none of the currently available clinical assays can predict with precision
which patients with APL are destined to develop thrombotic events [4-6].

The pathogenesis of APL-mediated thrombosis likely involves several pathogenic mechanisms
such as the activation of endothelial cells, monocytes, and/or platelets and the effects of
thrombogenic microparticles derived from these cells [7]. Other mechanisms include inhibition
of the activity of natural antithrombotic proteins, such as protein C, tissue factor pathway
inhibitor, and annexin A5, activation of the complement system, and impairment of
fibrinolysis, which regulates thrombus remodeling and dissolution. Although acknowledging
the importance of impaired anticoagulant activity in the APS, this review focuses on the
potential contribution of deficient fibrinolysis to this disorder.

Components of the Fibrinolytic System
Fibrinolysis is a tightly regulated process by which a fibrinrich thrombus is remodeled and
degraded. The activation of the fibrinolytic system results in the conversion of the proenzyme
plasminogen to the proteolytic enzyme plasmin. Plasmin degrades fibrin thrombi, resulting in
the release of a variety of fibrin degradation products, including the fibrin D-dimer.
Plasminogen activation is mediated by one of two plasminogen activators, tissue plasminogen
activator (tPA) and urokinase plasminogen activator (uPA). tPA is synthesized by vascular
endothelial cells and macrophages, can be demonstrated in nearly all tissues except liver, and
is thought to have an important role in the expression of vascular wall fibrinolytic activity and
resolution of thrombi. In addition to tPA, uPA has been well characterized, although it is
generally considered more important in extravascular processes such as cellular invasion and
migration [8,9].

Plasmin is generated through both an extrinsic pathway in which activation is mediated by
plasminogen activators such as tPA and uPA, as well as through an intrinsic pathway, in which
activation occurs through contact system components such as factor XII [8,10]. The level of
tPA in plasma is normally low, but can be increased by stress and exercise. The activation of
plasminogen by tPA is dramatically accelerated in the presence of fibrin, which contains
binding sites for both enzyme and substrate, and lowers the KM for their interaction [9]. Once
fibrin-bound plasmin has been generated, it is partially protected from its plasma inhibitors,
α2-macroglobulin and α2-plasmin inhibitor, and thus able to degrade fibrin, resulting in clot
lysis and the release of various fibrin degradation products that may have additional effects on
vascular function [9].

The activity of tPA is primarily regulated by the serine protease inhibitor, plasminogen
activator inhibitor type 1 (PAI-1) [11], although a second inhibitor (plasminogen activator
inhibitor type 2; PAI-2) may be present at significant concentrations during situations such as
pregnancy [12]. Fibrinolysis is tightly regulated through the concentrations of the activator
enzyme, as well as the inhibitor at specific sites.

Cell surfaces also play a critical role in the regulation of plasminogen activator activity through
the expression of proteins that bind and modulate the activity of components of the plasminogen
activator system. One such protein that plays a critical role in the regulation of plasminogen
activation on endothelial cells is annexin A2. Experimental evidence has shown that annexin
A2 acts as a cell surface coreceptor for plasminogen and tPA, bringing the two reactants into
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close spatial approximation and stimulating the activation of plasminogen by tPA [13]. The
efficiency of this interaction is augmented by the presence of paired p11 proteins as a
component of the annexin A2 heterotetramer [14]. The importance of annexin A2 in this regard
is demonstrated in a report by Ling et al. [15] in which annexin A2—deficient mice
demonstrated delayed clearance of arterial thrombi after injury, increased fibrin deposition in
microvessels, and significantly reduced plasmin generation at the endothelial cell surface.
Moreover, Ishii et al. [16] reported that pretreatment of rats with annexin A2 prevented carotid
artery thrombosis in response to injury.

Because of the central role of plasmin in the remodeling and degradation of the fibrin thrombus,
and tight regulation of the conversion of plasminogen to plasmin, disruption of either of these
processes may be prothrombotic. This indeed may occur in some patients with APS, and may
be an important mechanism predisposing such patients to thrombosis.

Impairment of Fibrinolysis by APL: Mechanisms
As discussed above, impairment of fibrinolysis due to APL may contribute to the development
of thrombosis [17,18]. Several studies have assessed the effects of APL on the activity of the
fibrinolytic system. Jurado et al. [19] found increased PAI-1 activity after venous occlusion in
patients with connective tissue disorders, including APS, compared with healthy controls;
however, the extent of these increases did not correlate with APL levels or a history of
thrombosis. Ames et al. [20] also reported that patients with APS displayed elevated PAI-1
levels and decreased tPA release after venous occlusion. These studies suggest that both
asymptomatic patients with APL, as well as patients with APS, may have impaired fibrinolysis
[20].

Another potential mechanism for impaired fibrinolysis in patients with APL is suggested by
the findings of Atsumi et al. [21], who reported elevated levels of lipoprotein (a) [Lp(a)] in the
plasma of patients with APL. Lp(a), which shares structural homology with plasminogen
through the expression of kringle domains homologous to those in plasminogen, competes with
plasmin(ogen) for binding to fibrin, and thus interferes with plasmin-mediated fibrin
degradation. These authors also suggest that Lp(a) might also interact with cellular
plasminogen receptors [21], and others have demonstrated that Lp(a) may increase PAI-1
expression by endothelial cells [22].

More recent studies have indicated additional mechanisms by which APL may lead to the
impairment of fibrinolytic activity (Fig. 1). Some APL have been reported to bind plasmin and
inhibit fibrinolysis, suggesting that plasmin may be an autoantigen in APS [23••,24]. Another
study by Chen et al. [23••] using monoclonal antibodies obtained from mice immunized with
human plasmin supports this observation. Indeed, Yang et al. [24] reported that 28% of patients
with APL had antiplasmin antibodies that could block plasmin-mediated fibrinolysis. Others
reported that some APL bind tPA and block its ability to activate plasminogen [23••,25,26],
findings supported by observations that found an inverse correlation between the presence of
anti-tPA antibodies in patients with APS and net plasma tPA activity [26].

Although these studies provide insight into the potential interactions of APL with the
plasminogen activator system, they do not directly address the role of β2GPI. β2GPI is the
major target antigen in patients with APS [27]. Its role in mediating the interactions of APL
with anionic phospholipids, as well as cell surfaces, has been demonstrated [28,29••]. However,
recent studies have suggested that β2GPI and β2GPI-reactive antibodies may have direct
interactions with the fibrinolytic system.
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β2GPI and Impaired Fibrinolysis in APS
β2GPI, also referred to as apolipoprotein H, is an abundant phospholipid-binding protein, which
circulates in the plasma at a concentration of about 4 μM. β2GPI belongs to the complement
control protein superfamily and contains five short consensus repeats (SCR). Domain V of
β2GPI is an atypical SCR that contains a lysine-rich sequence that facilitates the binding of
β2GPI to phospholipids [30]. Plasmin cleaves this sequence, leading to a loss of phospholipid
binding. Recent studies suggest that β2GPI may also interact directly with components of the
plasminogen activator system and affect the generation of cell surface and plasma fibrinolytic
activity.

Ieko et al. [18] used a chromogenic assay to demonstrate that β2GPI blocks the neutralization
of tPA activity by PAI-1 in a concentration-dependent manner. The addition of IgM APL
blocked this activity, allowing the full inhibitory effect of PAI-1 on tPA activity to be realized.
In another study, Takeuchi et al. [17] developed a chromogenic assay to assess intrinsic
fibrinolytic activity in euglobulin fractions. Monoclonal anti-β2GPI antibodies in the presence
of β2GPI reduced intrinsic fibrinolytic activity in the euglobulin fractions, even in the presence
of excess activated coagulation factor XII. Taken together, these data suggest that APL may
inhibit both intrinsic and extrinsic fibrinolytic pathways in a β2GPI-dependent manner.

β2GPI may also regulate fibrinolysis through direct interactions with plasminogen. β2GPI
domain V can be proteolytically cleaved by plasmin to create “nicked” β2GPI, which has a
lower affinity for anionic phospholipid than intact β2GPI [31]. In one report, Yasuda et al.
[32] demonstrated that nicked, but not intact β2GPI, binds plasminogen and blocks the
formation of plasmin by tPA. These authors proposed that the binding interaction occurs
between a lysine-rich sequence in domain V of nicked β2GPI and a lysine binding site in kringle
domain V of plasminogen. This report suggests that nicked β2GPI may control extrinsic
fibrinolysis through a negative feedback mechanism [32].

In contrast, a more recent study by Lopez-Lira et al. [33] suggests that intact β2GPI may
promote plasmin generation. These authors found that low-affinity binding of intact β2GPI to
plasminogen was mediated by lysine residues to form a ternary complex with tPA. In the
presence of plasminogen and tPA, a β2GPI-dependent increase in plasmin generation was
observed [33]. Taken together with the results of Yasuda et al. [32], these findings suggest that
intact β2GPI may stimulate fibrinolysis, but that following plasminogen activation and
cleavage of β2GPI, the cleaved molecule may inhibit further plasmin generation.

Our laboratory has identified a high affinity of interaction between β2GPI and tPA that led to
marked enhancement of the amidolytic activity of tPA, as well as its ability to stimulate fibrin
degradation in the presence of plasminogen. This interaction was at least partially mediated
through domain V of β2GPI, and enhanced the efficiency of tPA-mediated plasminogen
activation (Kcat/KM) by about 20-fold. Additional studies demonstrated that clot lysis was
delayed in plasma that had been depleted of β2GPI, and that restoration of β2GPI normalized
clot lysis times, suggesting that β2GPI plays a role in stimulating fibrinolysis in plasma, and
not just in the presence of isolated components of the plasminogen activator system.
Importantly, the addition of IgG from the serum of patients with APS and anti-β2GPI
antibodies, as well as monoclonal anti-β2GPI antibodies, significantly impaired β2GPI-
mediated enhancement of fibrinolysis [34••]. These results suggest that β2GPI-reactive APL
might impair fibrinolysis by blocking the ability of β2GPI to stimulate clot lysis, thus promoting
thrombus growth and stability.

Finally, Lázaro et al. [35] incubated human umbilical vein endothelial cells with plasma
obtained in the third trimester from normal pregnant women. When monoclonal IgM ACA
cloned from a patient with APS were present during the incubation, subsequent analysis of the
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supernatants revealed increased levels of factor VIIa and decreased amounts of two-chain
(active) urokinase compared with control incubations that included a monoclonal IgM ACA
from a patient without APS. The mechanisms underlying this interesting observation have yet
to be determined [35].

APL and Annexin A2-Mediated Fibrinolysis
Previous work from our laboratory has defined annexin A2 as an endothelial receptor for
β2GPI that mediates endothelial cell activation by anti-β2GPI antibodies [36]. However, as
noted above, annexin A2 also stimulates fibrinolysis through binding of tPA and plasminogen
[37,38]. Interestingly, in addition to anti-β2GPI antibodies, antibodies that react directly with
annexin A2 and correlate with a history of thrombosis have been reported in patients with APS
[39]. These antibodies inhibited the ability of annexin A2 to potentiate tPA-mediated
plasminogen activation, and blocked annexin A2—dependent generation of plasmin on the
endothelial cell surface in the presence of tPA. These antibodies also promoted thrombosis in
a murine model, causing a significantly increased thrombus size in wild-type mice compared
with mice deficient in annexin A2. Thus, it appears likely that in some individuals with APS,
anti-annexin A2 antibodies inhibit cell-surface fibrinolysis through direct interactions with
endothelial cell annexin A2.

Conclusions
The pathogenesis of thrombosis in patients with APL is multifactorial. APL promote
thrombosis through interference with a number of naturally occurring anticoagulant pathways,
such as activated protein C and annexin A5, and may also disrupt fibrinolysis. Because β2GPI
is the major target of APL antibodies, and plays an important role in facilitating fibrinolysis,
it is not surprising that anti-β2GPI antibodies are likely to be important in the disruption of
natural fibrinolytic activity. Based on work conducted in our laboratory and others, it appears
that β2GPI may act as a scaffolding protein for stable assembly of profibrinolytic complexes,
ultimately promoting thrombus remodeling and degradation. Therefore, additional
characterization of the interactions of β2GPI and anti-β2GPI antibodies with the fibrinolytic
system may yield targets for therapeutic intervention in the APS.
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Fig. 1.
Overview of fibrinolysis and the mechanisms by which fibrinolysis may be impaired in
antiphospholipid syndrome (APS). Increased plasminogen activator inhibitor type 1 (PAI-1)
activity in patients with APS may inhibit tissue plasminogen activator (tPA) activity (1).
Elevated lipoprotein (a) (Lp[a]) has been observed in some patients with APS; Lp(a) shares
structural similarity to plasminogen (PLG) and competes with PLG/plasmin for fibrin binding
(2). Antibodies to tPA, PLG, or plasmin may inhibit fibrinolysis (3). Antibodies to annexin A2
block the ability of annexin A2 to promote tPA-mediated PLG activation (4). Antibodies to
β2-glycoprotein-I (β2GPI) interfere with the interaction of β2GPI with tPA and enhancement
of tPA activity (5)
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