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SUMMARY

We examined the role of autoantibodies to b2-GPI and prothrombin (PT) in the inhibition of annexin V

binding to cardiolipin (CL) and the association with clinical manifestations of the anti-phospholipid

syndrome (APS). Plasma samples from 59 patients with anti-phospholipid (aPL) antibodies were studied.

Affinity purification of total IgG and IgG anti-û2-GPI antibodies was performed using staphylococcal

protein A and phospholipid liposomes. Annexin V binding to CL was significantly inhibited by 31/59

(53%) aPL1 plasma samples. There was a significant association between annexin V inhibition and

elevated levels of IgG anti-cardiolipin (aCL) (r � 20´62; P , 0´001), IgG anti-û2-GPI (r � 20´67;

P , 0´001) and a weaker association with lupus anti-coagulant (r � 20´27; P � 0´05). There was no

association with other isotypes of aCL and anti-û2-GPI or with anti-PT of any isotype. In patients with

clinical manifestations of the APS there were higher levels of IgG aCL (median (range) Z score): 10´0 (0±

17´6) versus 5´0 (0±16´1); P � 0´03), IgG anti-û2-GPI (4´5 (0±11´3) versus 0´9 (0±9´7); P � 0´02) and

greater inhibition of annexin V binding to CL (23´4 (211´4±0´6) versus 21´1 (210´8±1´2); P � 0´22).

Odds ratios for the laboratory assays and the presence of clinical manifestations of the APS varied between

0´38 and 4´16, with the highest values for IgG aCL (4´16), IgG anti-û2-GPI (3´28) and annexin V inhibition

(2´85). Additional experiments with affinity-purified IgG antibodies indicated that inhibition of annexin V

binding was dependent upon the concentration of û2-GPI and anti-û2-GPI antibodies. These results indicate

that inhibition of annexin V binding to procoagulant phospholipid surfaces is dependent upon anti-û2-GPI

antibodies and suggest a role for annexin V in the pathogenesis of the APS.
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INTRODUCTION

Anti-phospholipid (aPL) antibodies are a heterogeneous group of

circulating autoantibodies directed against negatively charged

phospholipids and protein `cofactors' [1±3]. There are at least two

distinct groups of aPL antibodies. Type I occur predominantly in

patients with infections such as syphilis, infectious mononucleosis

and AIDS. These bind directly to phospholipid in vitro and have

no clinical sequelae [4±7]. Type II are frequently found in patients

with autoimmune diseases such as systemic lupus erythematosus

(SLE). In vitro they bind to serum proteins such as b2-GPI and

prothrombin (PT) which associate with negatively charged

phospholipids such as cardiolipin (CL) through charge inter-

actions [8±11]. These antibodies are implicated in the pathogenesis

of the thrombotic events which characterize the anti-phospholipid

syndrome (APS) [12±21].

The precise pathogenic mechanisms underlying the APS are

still unknown. A variety of in vitro effects have been attributed to

autoimmune aPL antibodies, including endothelial cell activation

[22±24], platelet activation [25±27] and modulation of coagula-

tion mechanisms leading to acquired protein C resistance [28].

Recent studies have suggested that inhibition of annexin V

binding to procoagulant surfaces may be an additional mechanism

through which aPL antibodies mediate their in vivo pathogenic

effects [29,30]. The aim of the present study was to examine the

role of autoantibodies to b2-GPI and PT, the two most common

antigenic targets of autoimmune aPL antibodies, in this phenom-

enon and the association with clinical manifestations of the APS.

PATIENTS AND METHODS

Patients

Fifty-nine patients with aPL antibodies, determined by ELISA

(IgG anti-cardiolipin (aCL)) or functional coagulation assays

(lupus anti-coagulant), identified through the Lupus Clinic or
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service laboratories at the Queen Elizabeth II Health Sciences

Centre were included in the study. Clinical diagnoses were

determined retrospectively based upon clinical assessment

supported by appropriate diagnostic techniques (computed

tomography, ultrasound and venography of the lower limbs,

echocardiography). Twenty-nine (49%) patients had one or more

of the core manifestations of the APS [18], namely venous or

arterial thrombosis and recurrent ($ 2) fetal loss. Nine of these 29

patients also fulfilled the American College of Rheumatology

criteria for SLE [31]. An additional 18 patients had SLE without

clinical manifestations of the APS and four patients had aPL

antibodies without SLE or the APS. To determine the potential

effect of anti-coagulation on inhibition of annexin V binding to

CL, plasma samples were examined from 20 patients receiving

heparin (median (range) partial thromboplastin time (PTT): 88´4 s

(32´3±150´0 s)). These were collected during the post-operative

period following cardiac bypass surgery. Plasma was also

collected from another 20 patients attending an anti-coagulation

clinic and taking warfarin for a variety of venous and arterial

thrombotic disorders (median (range) INR: 2´5 (2±4)). Control

plasma samples were collected from 14 healthy individuals.

Peripheral venous blood was collected in sodium citrate tubes,

centrifuged at 3000 rev/min for 30 min and the plasma stored at

2708C until use.

Purification of aPL antibodies

Phospholipid liposomes were used for purification of aPL

antibodies as previously described by others [9,32]. In brief,

CL:phosphatidylcholine:cholesterol liposomes were prepared in a

ratio of 5:20:8 by evaporation under a stream of nitrogen. Dried

lipids were resuspended in plasma, maintaining the final

concentration of CL at 3 mg/ml, and incubated for 1 h at 378C.

After diluting 1:5 in 25 mm TBS pH 7´4, liposomes and bound

material were pelleted by centrifugation at 23 000 g for 25 min

and washed twice in TBS. The liposomal pellet was dissolved in

2% n-octyl-b-d-glucopyranoside. IgG was isolated from the bound

material in the dissolved pellet and from the unbound material by

affinity chromatography with staphylococcal Protein A. Purified

proteins were dialysed and concentrated by ultrafiltration and

quantified by capture ELISA as previously described [33].

ELISA for autoantibodies to CL (standard and direct)

Linbro 96-well EIA microtitre plates (ICN Biomedicals, Costa

Mesa, CA) were coated with 45 mg/ml cardiolipin (Sigma, St

Louis, MO) in 95% ethanol, 30 m l/well and incubated overnight

at 48C uncovered in order for ethanol to evaporate. The plates

were post-coated with 10% fetal calf serum (FCS; Gibco,

Gaithersberg, MD) in 0´02 m Tris-buffered saline (TBS) pH 7´4

for 2 h at room temperature. After three washes with TBS±

Tween, 100 m l of plasma samples diluted with 10% FCS in TBS±

Tween (1:100 for IgG, 1:50 for IgM and IgA) were added to

duplicate wells and incubated for 1 h at room temperature. The

plates were washed again and 100 m l of alkaline phosphatase-

conjugated goat anti-human IgG, IgM, or IgA (Sigma) diluted

1:1000 in TBS±Tween containing 10% FCS were added to each

well. After incubating at room temperature for 1 h, plates were

washed three times and colour developed in the dark using p-

nitrophenyl phosphate (Sigma) in diethanolamine buffer pH 9´8,

100 m l/well. The reaction was expressed in optical density (OD)

units read with a Molecular Devices Emax microplate reader at

405 nm. The results were expressed in Z values [34] calculated

using the OD results from 10 normal controls on each plate. A

positive result was defined as a Z score of $ 2 (i.e. $ 2 s.d. above

the mean of normals).

A modified ELISA was used for the detection of direct binding

to CL by affinity-purified IgG fractions at a uniform concentration

of 20 mg/ml. The essential difference was the exclusion of û2-GPI

and other `cofactors' from the assay by the use of 0´3% gelatin to

postcoat the wells and in the diluents. In addition, any non-

specific binding of antibody to buffer-coated wells was subtracted

from the OD in the CL-coated wells. The results were expressed in

Z values and a positive result was defined as a Z score of $ 2.

Purification of û2-GPI

b2-GPI was purified from normal human pooled plasma using

cardiolipin-affinity and ion-exchange chromatography as previously

described [35]. The purity of the protein was confirmed by SDS±

PAGE using a wide range of molecular weight markers (6´5±

205 kD; Sigma) with both coomassie brilliant blue and silver

staining. The protein concentration was determined by UV spectro-

metry at 280 nm using the û2-GPI extinction coefficient of 0´94.

ELISA for anti-û2-GPI antibodies

Half of the wells in a Corning gamma-irradiated 96-well EIA

microtitre plate (Fisher Scientific, Nepean, ON) were coated with

10 mg/ml of û2-GPI in carbonate coating buffer pH 9´6, 50 m l/

well. The other half of the plate was coated with carbonate buffer

only. Plates were covered and incubated overnight at 48C. After

three washes in 0´02 m TBS, plates were postcoated with 1%

bovine serum albumin (BSA) in TBS, 100 m l/well for 1 h at room

temperature. The plates were washed three times in TBS±Tween,

and 100 m l of plasma diluted with 1% BSA in TBS±Tween

(1:100 for IgG, 1:50 for IgM and IgA) were incubated in duplicate

wells on both the û2-GPI-coated and buffer-coated sides of the

plates concurrently for 3 h at room temperature. The plates were

washed again in TBS±Tween and 100 m l alkaline phosphatase-

conjugated goat anti-human IgG, IgM, or IgA diluted 1:1000 in

TBS±Tween containing 1% BSA were added to each well. After

incubating for 1´5 h at room temperature, plates were washed and

the reaction developed in the dark with p-nitrophenyl phosphate in

diethanolamine buffer pH 9´8, 100 m l/well. The OD was read

with a Molecular Devices Emax microplate reader at 405 nm. The

OD values of the buffer-coated wells were subtracted from the OD

values of the û2-GPI-coated wells, and Z values calculated using

plasma samples from 10 normal controls on each plate. A positive

result was defined as a Z score of $ 2.

ELISA for anti-PT antibodies

This protocol was identical to that for the detection of anti-û2-GPI

antibodies except that the wells were coated with 10 mg/ml PT

(Enzyme Research Labs, South Bend, IN) in carbonate coating

buffer, 50 m l/well. A positive result was defined as a Z score of

$ 2.

Identification of lupus anti-coagulant

Screening for the detection of lupus anti-coagulant (LA) was

determined by prolongation of either the activated partial

thromboplastin time (aPTT) or the dilute Russell viper venom time

(dRVVT). Confirmation of an antibody inhibitor was demonstrated

by failure to correct with normal plasma and normalization by

exogenous phospholipid using the LAC Confirm reagent according

to the manufacturer's instructions (Instrumentation Laboratory,
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Lexington, MA). Prolongation of in vitro coagulation by 20% or

more (LAC ratio . 1´2) by test plasma compared with normal

plasma or exogenous phospholipid was used to indicate the

presence of a lupus anti-coagulant. This methodology is in keeping

with international recommendations for the detection of LA [36].

Competitive ELISA for annexin V binding to CL

Linbro 96-well EIA microtitre plates (ICN Biomedicals) were

coated with 45 mg/ml CL (Sigma) in 95% ethanol, 30 m l/well, and

incubated overnight at 48C uncovered in order for ethanol to

evaporate. The plates were postcoated with 100 m l/well of annexin

V buffer (20 mm HEPES, 132 mm NaCl, 6 mm KCl, 2´5 mm

CaCl2´2H2O, 1 mm MgSO4´7H2O, 5 mm d-glucose, 0´5% BSA)

pH 7´4 for 1 h at room temperature. After one wash with annexin V

buffer, biotin-conjugated annexin V (Cedarlane, Fort Washington,

PA) in annexin V buffer was diluted 1:1 with plasma samples and

added to plates in duplicate wells, 100 m l/well for 1 h at room

temperature. The final concentration of annexin V in the wells was

1 mg/ml. Plates were washed three times with annexin V buffer and

100 m l of alkaline phosphatase-conjugated Extravidin (Sigma)

diluted 1:5000 in annexin V buffer were added to each well. After

incubating at room temperature for 1 h, plates were washed three

times and colour developed in the dark using p-nitrophenyl

phosphate (Sigma) in diethanolamine buffer pH 9´8, 100 m l/well.

The reaction was expressed in OD units read with a Molecular

Devices EMax microplate reader at 405 nm. Results were expressed

as Z values calculated using the OD results from 10 normal controls

on each plate. A significant result was defined as a Z score of 22´0

or less (i.e. two or more s.d. below the mean of normal controls),

indicating inhibition of annexin V binding to CL by test samples

compared with controls. On each plate the binding of annexin V to

CL in the absence of patient or control plasma was confirmed.

Affinity-purified IgG antibodies were also tested for their ability

to inhibit annexin V binding to CL. The protocol was identical

except that 100 mg/ml IgG were added to wells with 1 mg/ml

biotin-conjugated annexin V in annexin V buffer, with and without

10 mg/ml of û2-GPI (final concentrations in wells), 50 m l/well for

1 h at room temperature. The amount of annexin V inhibition was

quantified by OD, where the lowest OD indicated the greatest

inhibition. In some experiments the results were expressed as Z

values calculated from the difference between the OD for the same

IgG sample with and without û2-GPI. In this case the difference

between ODs increases with the amount of annexin V inhibition.

Thus a significant result was defined as a Z value of 1 2´0 or more

(i.e. two or more s.d. above the mean of normal controls), indicating

inhibition of annexin V binding to CL by affinity-purified IgG from

test samples compared with IgG from controls.

Statistical analysis

Differences between groups were examined by Mann±Whitney

U-test. The association between groups was examined by Pearson

correlation coefficient.

RESULTS

Anti-phospholipid antibodies and inhibition of annexin V binding

by plasma samples

The prevalence of aCL, anti-û2-GPI, anti-PT antibodies and LA

activity, and the antibody levels are summarized in Table 1. IgG

aCL and LA were present in 73% and 82% of plasma samples,

respectively, while both were detected in 59% of patients.

Significant inhibition of annexin V binding to CL was induced

by 53% of plasma samples (Table 1). The coefficient of variation

for intra-assay variability was 8% and for interassay variability

was 20%. There was a significant association between annexin V

inhibition and elevated levels of IgG aCL (r � 20´62;

P , 0´001), IgG anti-û2-GPI (r � 20´67; P , 0´001) and a

weaker association with LA (r � 20´27; P � 0´05) (Table 2,

Fig. 1). There was no association with other isotypes of aCL and

anti-û2-GPI or with anti-PT of any isotype (Table 2, Fig. 1).

To determine the potential effect of anti-coagulation on

inhibition of annexin V binding to CL, plasma samples were

examined from 20 patients receiving heparin and from another 20

patients taking warfarin. Heparin therapy significantly inhibited

annexin V binding to CL (Z score , 22´0) in 12/20 (60%)

samples. The median (range) Z score was 23´4 (3´1±10´1). In

contrast, warfarin therapy significantly inhibited annexin V

binding in only 2/20 (10%) samples with a median (range) Z

score of 21´2 (0´8±5´0).

Table 1. Autoantibody profile of 59 anti-phospholipid (aPL)1 plasma

samples

Z score . 2

(no. of samples)

Z score

(median (range))

aCL

IgG 43 (73%) 6´4 (0±17´6)

IgM 41 (70%) 3´9 (0±76´2)

IgA 25 (42%) 1´3 (0±30´3)

Anti-b2-GPI

IgG 30 (51%) 2´0 (0±11´3)

IgM 33 (56%) 3´3 (0±46´9)

IgA 41 (70%) 8´3 (0±239´2)

Anti-PT

IgG 28 (48%) 1´0 (0±84´0)

IgM 23 (39%) 1´3 (0±9´2)

IgA 23 (39%) 1´3 (0±11´0)

LA (ratio . 1´2) 46/56 (82%) 1´5 (0´9±2´8)

Annexin V inhibition 31 (53%) 22´2 (1´2 211´4)

aCL, Anti-cardiolipin; PT, prothrombin; LA, lupus anti-coagulant.

Table 2. Association between autoantibody specificity and

inhibition of annexin V binding to cardiolipin (CL) in 59

anti-phospholipid (aPL)1 plasma samples

Autoantibody specificity r P

IgG aCL 20´62 , 0´001

IgG anti-b2-GPI 20´67 , 0´001

IgG anti-PT 0´19 0´15

IgM aCL 20´11 0´4

IgM anti-b2-GPI 20´1 0´43

IgM anti-PT 0´15 0´27

IgA aCL 20´01 0´92

IgA anti-b2-GPI 20´07 0´59

IgA anti-PT 0´24 0´07

LA 0´27 0´05

PT, Prothrombin.
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Association between clinical manifestations of the APS and

laboratory findings

In patients with clinical manifestations of the APS there was

greater inhibition of annexin V binding to CL (median (range) Z

score: 23´4 (211´4 to 0´6) versus 21´1 (210´8 to 1´2); P � 0´22)

and significantly higher levels of IgG aCL (median (range) Z

score: 10´0 (0±17´6) versus 5´0 (0±16´1); P � 0´03) and IgG anti-

û2-GPI (median (range) Z score: 4´5 (0±11´3) versus 0´9 (0±9´7);

P � 0´02) (Table 3). Odds ratios for the presence of the APS

varied between 0´38 and 4´16 with the highest values for IgG aCL

(4´16), IgG anti-û2-GPI (3´28) and annexin V inhibition (2´85).

Affinity-purified anti-û2GPI antibodies and inhibition of annexin V

binding

IgG was isolated from 10 plasma samples known to have high

levels of anti-û2-GPI antibodies, using phospholipid liposomes

and staphylococcal Protein A affinity chromatography. All

liposomal eluates had high levels of anti-û2-GPI antibody activity

(median (range) Z score: 12´9 (11´2±14´5)) when examined at a

concentration of 5 mg/ml of total IgG. In contrast, IgG isolated

from the unbound material following incubation with liposomes

(supernatants) was substantially depleted of anti-û2-GPI activity

(median (range) Z score: 3´1 (0±10´6)) when examined at the

same antibody concentration.

Inhibition of annexin V binding to CL by total IgG, IgG

Fig. 1. Correlation between inhibition of annexin V binding to cardio-

lipin, IgG anti-û2-GPI (a) and IgG anti-prothrombin antibodies (b) in 59

anti-phospholipid antibody-positive plasma samples.
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Fig. 2. Comparison of inhibition of annexin V binding to cardiolipin by

100 mg/ml of total IgG, IgG anti-û2-GPI-enriched and IgG anti-û2-GPI-

depleted antibodies isolated from 10 patients with known autoimmune aPL

antibodies.

Table 3. Association between anti-phospholipid syndrome* (APS), serologic abnormalities and inhibition of annexin V binding

APS present

(n � 29)

APS absent

(n � 30) P

Odds ratio

(95% confidence intervals)

IgG aCL² 10´0 (0±17´6) 5´0 (0±16´1) 0´03 4´17 (1´15±15´04)

IgG anti-b2-GPI 4´5 (0±11´3) 0´9 (0±9´7) 0´02 3´28 (1´13±9´54)

IgG anti-PT 0´7 (0±78´5) 4´4 (0±84´0) 0´61 0´62 (0´22±1´73)

IgM aCL 5´6 (0´4±76´2) 3´8 (0±63´6) 0´47 0´95 (0´31±2´89)

IgM anti-b2-GPI 3´6 (0±46´9) 2´2 (0±43´8) 0´59 1´64 (0´58±4´62)

IgM anti-PT 1´5 (0±9´2) 0´8 (0±9´1) 0´62 0´92 (0´32±2´61)

IgA aCL 1´4 (0±30´3) 1´2 (0±24´6) 0´96 0´92 (0´33±2´59)

IgA anti-b2-GPI 10´3 (0±239´2) 7´9 (0±110´4) 0´87 0´69 (0´23±2´11)

IgA anti-PT 1´3 (0±9´5) 2´1 (0±11´0) 0´22 0´38 (0´13±1´13)

LA 1´7 (1±2´8) 1´5 (0´9±2´7) 0´20 2´78 (0´64±12´10)

Annexin V inhibition 23´4 (211´4±0´6) 21´1 (210´8±1´2) 0´22 2´85 (0´99±8´21)

*APS, Anti-phospholipid syndrome characterized clinically by either venous thrombosis, arterial thrombosis or recurrent ($ 2)

fetal loss.

²All values (median (range)) are Z scores with the exception of lupus anti-coagulant (LA) activity, which is expressed as a ratio.

PT, Prothrombin.
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anti-û2-GPI-enriched (eluates) and IgG anti-û2-GPI-depleted

(supernatants) samples was examined at a uniform antibody

concentration of 100 mg/ml in the presence of û2-GPI 10 mg/ml.

Six of the 10 IgG samples from liposomal eluates demonstrated

significant inhibition of annexin V binding (Z score . 2), which in

all cases was greater than that seen with comparable amounts of

total IgG and IgG from liposomal supernatants (Fig. 2). Levels of

anti-û2-GPI were significantly higher in the six liposomal eluates

which inhibited annexin V binding compared with the four that did

not (median (range) Z score: 13´6 (12´4±14´5) versus 11´7 (11´2±

12´7); P � 0´02). Inhibition was dependent upon the concentration

of û2-GPI (Fig. 3a) and there was also a clear dose±response effect

between the concentration of anti-û2-GPI antibody and inhibition of

annexin V binding (Fig. 3b). Increasing the concentration of total

IgG to 1400 mg/ml caused a significant inhibition of annexin V

binding in only two of the 10 samples with Z scores of 2´2 and 2´1.

Finally, IgG isolated from liposomal supernatants with antibody

binding to PT (n � 3; median (range) Z score: 7´5 (2´6±12´30)) or

CL (direct) (n � 4; median (range) Z score: 7´6 (5´0±12´7)) in the

absence of anti-û2-GPI antibody activity (all Z scores , 2) did not

inhibit annexin V binding to CL (data not shown).

DISCUSSION

Autoimmune aPL antibodies are detected either by solid-phase

binding assays or functional phospholipid-dependent coagulation

assays. They comprise a heterogeneous group of autoantibodies

which bind in vitro not to phospholipids but predominantly to

plasma proteins (`cofactors') which associate with negatively

charged phospholipids through charge interactions. The most

frequent targets of this autoantibody response are û2-GPI [8±11]

and PT [37,38]. Although these antibodies are linked to the

clinical manifestations of the APS [12±21], in particular venous

and arterial thrombosis, such events occur in only 50±60% of

cases as defined by conventional assays for antibody detection.

The precise pathogenic mechanisms which are responsible for

the clinical manifestations of the APS are still unknown. The results

of in vitro experiments have suggested endothelial cell activation

[22±24], platelet activation [25±27] and modulation of coagulation

mechanisms such as acquired protein C resistance [28] as potential

candidates. Rand et al. [29] have recently proposed inhibition of

annexin V binding to procoagulant surfaces as an additional

mechanism. They demonstrated that the amount of annexin V

eluted from the surface of cultured human umbilical vein endothelial

cells and trophoblasts was significantly reduced by preincubation

with total IgG isolated from three patients with APS. This was

associated with a concurrent increase in the procoagulant effect of

similarly treated cells. Subsequent studies [30] with non-cellular

phospholipid-coated surfaces demonstrated comparable inhibition of

annexin V binding by total IgG in the presence of û2-GPI and

plasma samples from a limited number of patients with APS.

The results of the present study support and expand the findings

of Rand et al. [29,30]. A competitive ELISA-based assay indicated

that 53% of plasma samples from 59 patients with documented aPL

antibodies caused significant inhibition of annexin V binding to

CL-coated plates. This was strongly correlated with plasma levels

of anti-û2-GPI antibodies. Additional experiments with total IgG

and highly enriched anti-û2-GPI antibody preparations derived from

six patients with aPL antibodies confirmed this association. Failure

to demonstrate a similar effect by affinity-purified antibodies from

four additional patients may have been due in part to lower

antibody levels, although other antibody characteristics such as

isotype subclass or affinity and epitope specificity for û2-GPI may

also play an important role in producing this in vitro effect.

Previous studies by Pierangeli et al. [39] have demonstrated similar

competitive in vitro binding for CL between annexin V and IgG

from patients with APS in the presence of û2-GPI. The previous

studies by Rand et al. [29,30] used unfractionated preparations of

total IgG and thus could not determine which autoantibody

specificity was responsible for the observed effects. The results of

the present study indicate that autoantibody reactivity directed

against û2-GPI, rather than PT or CL (direct), is primarily

responsible for inhibition of annexin V binding.

The pathogenic significance of these in vitro findings is

unclear. Annexin V belongs to a family of ubiquitous, non-

glycosylated proteins which bind to phospholipids in the presence

of calcium [40]. It is found in the placenta, a number of cell types

including endothelial cells, and is also present in the circulation

[41, 42]. Annexin V has been shown to bind preferentially to

negatively charged phospholipids either immobilized on solid

surfaces or expressed in biologic membranes [43,44]. Its ability to

displace phospholipid-dependent coagulation factors and replace

them with clusters of annexin V molecules may account for its

reported in vitro and in vivo anti-coagulant effects. Rand et al.

[29,30] have postulated that displacement or inhibition of annexin

V binding to procoagulant surfaces on endothelial cells, platelets

and trophoblasts may significantly impair this physiologic anti-

coagulant function and account for some of the clinical

manifestations of the APS. Additional work is required to confirm

Fig. 3. (a) The effect of increasing concentrations of û2-GPI from 0 to

10 mg/ml on annexin V binding to cardiolipin (CL) while maintaining the

concentration of affinity-purified IgG anti-û2-GPI antibodies at 100 mg/

ml. (b) The effect of increasing concentrations of affinity-purified IgG

anti-û2-GPI antibodies from 25 to 150 mg/ml on annexin V binding to CL

while maintaining the concentration of û2-GPI at 10 mg/ml. The results in

(a) and (b) are from experiments using antibodies isolated from a single

representative patient (X) and control (B). OD, Optical density.
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these in vitro findings and to determine their in vivo significance

in patients with APS.

The results of the current study suggest that inhibition of

annexin V binding may be a valuable predictor of risk for the

development of clinical manifestations of the APS, an issue that

was not addressed in the initial studies by Rand et al. [29,30].

Although we examined the cumulative risk for clinical disease we

did not examine the temporal association between clinical events

and changes in annexin V inhibition. This would be of

considerable interest in view of the recent report that levels of

anti-û2-GPI antibodies fall significantly around the time of a

thrombotic event in patients with APS [45]. Although the assay is

artefactually modified by plasma samples from patients who are

anti-coagulated with therapeutic doses of heparin, it is largely

unaffected by concurrent warfarin therapy.

Additional laboratory studies are required to clarify the role of

annexin V in the aetiology of the APS and its interaction with

other proposed pathogenic mechanisms. Prospective clinical

studies should also examine the temporal relationship between

abnormalities in serologic and functional assays of aPL antibodies

and the varied clinical manifestations of the syndrome.
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