organs of mucosal immunity.” IgA anti-B,GPI-
isolated positivity has also been reported in both
scleroderma and autoimmune hepatitis, and it was
shown to correlate w1th both disease severity and
endothelial damage.”

This task force further addressed the question
whether IgA anti-B,GPI may have diagnostic
value for APS. First, the task force asked attendees
of the 13th International Congress on APL antibo-
dies to fill in. a survey questionnaire on the use
of IgA anti-B,GPI assays. Thirty responses
were returned and, of those who responded, 47%
indicated that they routinely order or perform
IgA anti-B,GPI tests in their units; 25% indicated
that they find an unusual number of patients
with isolated IgA anti-B,GPI tests; and 83%
responded that those isolated IgA anti-B,GPI are
associated with manifestations of APS. Sixty-three
percent of the responses indicated that a higher
incidence of isolated IgA anti B,GPI is seen in
patients with SLE. Finally, approximately 44%
of the responses indicated that IgA anti-B,GPI
~ tests should be used in confirmation of the diagno-
sis of APS.

Second, a group of investigators from Dr
Pierangeli’s laboratory presented data from a
recent study where they examined the prevalence
of isolated IgA anti-B,GPI in 588 subjects with
SLE from a large, multi-ethnic, multicenter
. cohort, Lupus in Minorities: Nature vs nurture
(LUMINA), in 200 sera from SLE samples pro-
vided by Drs Akhther and Petri, and also in the
sera of 5098 individuals referred to Dr
Pierangeli’s reference clinical laboratory (APLS)
for APS work-up between January 2008 and
March 2010 and correlated with the presence of
APS-related clinical manifestations. The data were
presented at this preconference workshop by Dr
Murthy. aCL antibodies (IgG, IgM, IgA isotypes)
and IgA anti-B,GPI antibodies were evaluated by
ELISA. IgA anti-B,GPI titers were determined in
two commercial FDA-cleared ELISA kits (kits 1
and 2). The binding of the IgA anti-B,GPI-positive
sera to domains IV/V of IgA anti-B,GPI was also
examined by ELISA. A total of 149 patients were
found to be positive for IgA anti-B,GPI isotype —
80 from LUMINA, 34 from Dr. Petri’s cohort, and
35 from the APLS cohort. Of these, 35 from the
LUMINA study, 15 from the Petri cohort, and 25
- from the APLS cohort were found to be exclusively
positive for the anti-B,GPI isotype while being neg-
ative for the other aPL antibodies, including IgA
aCL.”® A significant number of sub}ects in the three
groups had at least one APS-related clinical mani-
festation (70% in LUMINA, 100% in the Petri
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cohort, and 80% in the APLS group). These
manifestations included: venous and arterial
thrombosis (i.e., deep vein thrombosis, strokes,
myocardial infarction); transient ischemic attacks;
thrombocytopenia; miscarriages; and other symp-
toms such as livedo reticularis, pulmonary hyper-
tension, cognitive dysfunction, and seizures. In kits
1 and 2, 86% and 85%, respectively, of IgA anti-
BGPI were found to be positive. All samples
were positive for IgA anti-B,GPI in at least one
kit. The correlation between the two kits was
found to be 0.93,

In addition, 55% of the IgA anti-B,GPI-positive
sera (LUMINA and APLS cohorts) reacted

- with domains IV/V of the P2GPI, and 77% of

those had clinical manifestations of APS
that included deep vein thrombosis, strokes, myo-
cardial infarction, pulmonary hypertension,
seizures, pregnancy losses, skin ulcers, and livedo
reticularis

In summary, Pierangeli and collaborators
showed that a significant proportion of subjects in
three different cohorts were positive solely for IgA
anti-B,GPI, and many of these had clinical mani-
festations of APS.”® Their data confirm that iso-
lated IgA anti-B,GPI antibody titers may identify
additional patients who have clinical features of
APS but who do not meet current diagnostic
criteria. We also concluded that IgA anti-B,GPI
antibodies that bind to domains IV/V of B,GPI
might represent an important subgroup of clinically
relevant aPL antibodies.

Dr Petri also presented data at this preconfer-
ence workshop proving that anti-B,GPI of the
IgA 1sot¥Pe is associated with thrombosis in SLE
patlents In her studies, IgA anti-B,GPI was
found in 10.2% of SLE patients, and as the sole
anti-B,GPI isotype in 13.1%. The association of
IgA anti-B,GPI antibodies with APS manifesta-
tions is shown in Table 1. The IgA anti-B,GPI anti-
body was more strongly associated with dee ep
venous thrombosis than the IgM isotype.
Second, the specificity of the association was also
shown in those with IgA anti-B,GPI alone: 22.1%
had venous thrombosis and 11.9% had arterial
thrombosis.*”’

Interestingly, discrepant results and significant
lack of concordance among different IgA aCL
and IgA anti-B,GPI assays were obtained during
a wet workshop at APLA 2010, when 26 APS sam-
ples were tested simultaneously in six different com-
mercial IgA aCL and anti-B,GP1I assays, indicating
that there may be substantial differences in the per-
formance of various IgA assays.
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Recommendations by the task force

a) Igd aCL
IgA aCL antibodies appear to be similar to IgG
aCL in terms of thrombogenicity and cofactor

requirement. Controversies regarding their preva- -

lence and clinical associations still exist, perhaps
due to the use of various nonstandardized assays
and from differences in the design of the studies.
Because of the very small prevalence of IgA aCL
positivity alone in the absence of IgG and/or IgM
aCL positivity, IgA aCL testing should be recom-
mended in cases where IgG and 1gM aCL are neg-
ative and there is a strong suspicion of APS.

b} IgA anti-B,GPI

Based on the published evidence available (April
2010) ~ thoroughly reviewed by this group — and
the studies presented by members of the task force
at the preconference workshop at the 13th
International Congress on Antiphospholipid
Antibodies (APLA 2010), IgA anti-B2GPI antibo-
dies should be tested in the presence of clinical signs
and symptoms of SLE and/or APS, particularly
when other aPL tests are negative. The group also
recognized that well-designed studies, which should
include evaluation and comparison of multiple
commercially available assays in larger and well-
characterized populations of patients, are needed
in order to confirm the diagnostic value of isolated
anti-B2GPI positivity before this test can be
included in the diagnostic criteria of APS. The
group also recommended that investigation
should be carried out to determine the role of IgA
anti-B2GPI antibodies in the pathogenesis of APS
(Table 1b) ‘ ‘

Antiprothrombin antibodies: aPT-A
and aPS-PT

( Presented by Drs Bertolaccini, Forastiero, Binder,
and Atsumi)

Introduction and questions addressed by
the task force

The presence of antibodies solely targeting human

. prothrombin (aPT-A) by enzyme-linked immuno-

sorbent assay (ELISA) has been recognized since
1995.% Several ELISA methods have been
reported,””® most of which use irradiated plates
and buffers containing detergent (Tween 20), but
the use of non-gamma-irradiated plates has also
been proposed. The presence of Tween in the

Lupus

washing buffer enhances the binding of antibodies
to the antigen, and this effect was found in both
irradiated and nonirradiated microtiter plates.
There is an ample variety of commercial microtiter
plates and diverse blocking solutions used by dif-
ferent researchers. A major problem is that several
in-house methods do not evaluate binding to empty
or blank wells of each serum sample in order to
assess nonspecific binding. The use of an irrelevant
protein such as bovine serum albumin instead
of only buffer for coating the control wells
improves the performance of the aPT-A assay.?
Several methodologic variations were assessed
in an attempt to optimize the aPT-A assay:® the
combination of gamma-irradiated plates, phos-
phate-buffered saline buffer, and a coating anti-
gen of 10pg/ml prothrombin was found the
most sensitive. In recent years, a number of
commercial kits for the detection of aPT-A have
been made available. In a collaborative study
assessing different in-house and commercial anti-
PT assays, a good interassay concordance was
found for IgG aPT-A using in-house and commer-
cial kits, while IgM results were discordant between
assays.®®

Anti-PT antibodies bind not only to prothrom-
bin coated on gamma-irradiated or -activated
polyvinyl chloride ELISA plates (aPT-A),
but also recognize prothrombin exposed to immo-
bilized phosphatidylserine  (phospatidylserine-
dependent antiprothrombin antibodies, anti-PS/
PT).#! Antiprothrombin antibodies have been
detected against prothrombin-bound, hexagonal
(IT)-phase phosphatidylethanolamine,®” but this
finding has not been fully investigated.

Although aPT-A and/or aPS-PT are associated
with APS-related clinical features and these antibo-
dies correlate with each other, aPT-A and aPS-PT
belong to different populations of autoantibodies,
even though they can both be present in the same
patient.®

A number of studies have been published with
regard to the relationship between APS-related
clinical features and the presence of aPT-A, with
conflicting conclusions.”™** High levels of aPT-A
were found to confer a high risk of myocardial
mfarction in dyslipidemic middle-aged men without
autoimmune disease.®! Although no association
between aPT-A and the risk of thrombosis was
found in a systematic review,?® there are some
data suggesting that aPT-A are likely a risk fac-
tor of recurrent venous thromboembolism.”® The
majority of these studies were retrospective,
and this fact makes it difficult to draw definite con-
clusions.®**>°1%% In recent years at least two
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prospective studies have shown for the first time
that the presence of aPT-A is a predictor of first
or recurrent thrombosis in aPL patients.”*** The
results of a 15-year longitudinal study showed
that IgG aPT-A is the most useful predictor of
thrombosis in SLE patients.”> In addition, an
important observation reported by several recent
studies is that the risk of thrombosis progressively
increases with the number of positive aPL tests.
The quadruple positivity- of lupus anticoagulant,
aCL, anti-B,GPI antibodies, and aPT-A seems to
confer the highest risk for thrombosis.”®
Many reports have also shown the clinical utilit

of anti-PS/PT assay for the diagnosis of APS. 8
Galli et al® showed aPS-PT in 95% of their
patients with thrombosis, but no differences in
prevalence were found between those patients
with thrombosis and those without. Funke et al.”’
reported that aPS-PT conferred an odds ratio of
2.8:1 for venous thrombosis and of 4.1: 1 for arte-
rial thrombosis in patients with SLE. Atsumi
1.%% supported these data by showing that the
presence of aPS-PT conferred an odds ratio of
3.6:1 for APS in 265 Japanese patients with sys-
temic autoimmune diseases. Bertolaccini et al.®®
confirmed the association between aPS-PT
(IgG and/or IgM isotype) and arterial and/or
venous thrombosis. Both sensitivity and specificity
of aPS-PT for the diagnosis of APS have
been shown to be higher than that of aCL. In
addition, aPS-PT strongly correlates with the LA,
also suggesting that anti-PS/PT may be one of the
‘screening” or ‘confirming’ assays for APS-
associated LA %>

Recommendations of the task force

Based on the evidence published in recent years, it
appears that the detection of aPT-A in conjunction
with the other aPL tests could be useful in the con-
sideration of risk for thrombosis.

The task force members agreed that anti-PT
antibody assay - in particular, anti-PS/PT -
would potentially contribute to a better recognition
of APS. However, the inclusion of anti-PT antibo-
dies as one of the laboratory criteria of APS cannot
be warranted at this time, mainly due to poor stan-
dardization of aPT-A and/or anti-PS/PT.

Reproducibility of such strong correlations
between anti-PS/PT and APS manifestations,
which were presented by some investigators,”
should be confirmed by the collaboration design.
A multicentre study was proposed during the work-
shop discussion, and is currently being designed by
task force members (Table 1b)
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ML Bertolaccini ef al.

The annexin A5 resistance test: a
mechanistic test for the detection of
pathogenic aPL antibodies

( Presented by Dr Rand)

Introduction and questions addressed
by the task force

Dr Jacob Rand from the Montefiore Medical
Center, New York presented data on the annexin
AS resistance (ASR) test. Dr. Rand provided the
committee with a brief historic background on cur-
rent aPL tests — the aPL immunoassays and the
lupus anticoagulant assays — all of which were
derived empirically and do not report on. thrombo-
genic mechanisms. The Rand laboratory has devel-
oped a novel functional assay that measures a
disease mechanism — aPL antibody-mediated dis-
ruption of an anticoagulant shield that is composed
of annexin A5 (AnxAS5). The assay is based on the
concept that AnxAS5 has potent anticoagulant
properties that result from its forming 2-dimen-
sional crystals over phospholipids, blocking the
availability of the phospholipids for critical coagu-
lation enzyme reactions.’ 2 Previous research
over the past 17 years has yielded strong evidence
that aPL antibodies can disrupt this anticoagulant
shield and unmask thrombogenic¢ anionic phospho-
lipids, which may thereby contribute to thrombosis
and pre ancy complications in patients with
APS. 1197 The A5R assay is a 2-stage coagulation
assay that mimics this mechanism on phospholipid
suspensions.' %1% The assay measures the effect of
patient. plasma on the anticoagulant activity of

" AnxAS; results are reported as percentage prolon-

gation of the coagulation time by AnxAS5; patients
with percentages lower than the reference range are
considered to have AnxAS resistance. Remarkably,
resistance to AnxAS anticoagulant activity has
been correlated with aPL antibodies that recognize
an epitope on domain I of 8,GPL'®” Dr Rand pro-
vided details on the methodology and, with
Dr Xiao-Xuan Wu, demonstrated the assay in the
meeting’s wet laboratory demonstration session.
The assay is labour intensive and, as mentioned
above, requires a 2-stage procedure in which the
first stage exposes the phospholipid suspension to
patient plasma, and the suspension is then centri-
fuged and washed for the second stage in which the
phospholipid is used to coagulate a normal pooled
plasma.

Dr Rand presented the task force with data
collected from five studies on coded samples from
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597 patients — all of which were obtained from col-
laborators at outside institutions. The available evi-
dence strongly supports the utility of this
mechanistic assay in defining a subgroup of patients
in whom this disease mechanism occurs. The pooled
data indicated that about half (52%) of patients with
symptomatic APS by current consensus criteria have
AnxA5 resistance, whereas 2-5% of disease-free
controls and patients with non-APS thrombosis
have that abnormality. Interestingly, 27% of
patients who tested positive for aPL antibodies but
did not have a history for thrombosis also tested
positive for AnxAS5 resistance. Since many of the
latter were patients with autoimmune conditions
such as SLE, Dr Rand hypothesized that these
patients might have an increased . risk for future
thrombosis — a concept that would need to be
validated in prospective longitudinal observational
studies.

Recommendations of the task force

The task force committee concluded that data on the
utility of AnxAS5 resistance assay as a mechanistic
diagnostic marker for APS are highly promising.
The committee also felt that the concept of develop-
ing mechanistic clinical assays that measure APS dis-
ease mechanisms was an important and appropriate
avenue to pursue. The committee would like to see
additional data before recommending A5R as a
standard component of aPL testing panels. In addi-
tion, the assay needs to be made available for other

“centers to be tested before any recommendation can

be made (Table 1b).
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Novel Assays of Thrombogenic Pathogenicity in the
Antiphospholipid Syndrome Based on the Detection of
Molecular Oxidative Modification of the
Major Autoantigen 3,-Glycoprotein 1

Yiannis Ioannou,' Jing-Yun Zhang,”> Miao Qi,® Lu Gao,” Jian Cheng Qi,*> De-Min Yu,*
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Objective. Beta-2-glycoprotein 1 (B,GPI) consti-
tutes the major amtoantigen in the antiphospholipid
syndrome (APS), a common acquired cause of arterial
and venous thrombesis. We recently described the novel
observation that $,GPI may exist in healthy individuals
in a free thiol (biochemically reduced) form. The pres-
ent study was undertaken to quantify the levels of total,
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reduced, and posttransiationally modified oxidized
B,GPI in APS patients compared to various contrel
groups. C

Methods. In a retrospective multicenter analysis,
the proportion of B,GPI with free thiols in serum from
healthy volunteers was guantified. Assays for measure-
ment of reduced as well as total circulating 8,GPI were
developed and tested in the following groups: APS (with
thrombosis) (n 139), autoimmune disease with or
without persistent antiphospholipid antibodies (alPL)
but without APS (n = 188), vascular thrombosis without
APS or aPL (n = 38), and healthy volunteers (m = 91).

Results. Total B,GPI was significantly elevated in
patients with APS (median 216.2 pg/ml [interquartile
range 173.3-263.8]) as compared to healthy subjects
(median 178.4 pg/ml [interquartile range 149.4-227.5]
[P < 0.0002]) or comtrol patients with autoimmune
disease or vascular thrombosis (both P < 0.0801). The
proportion of total B,GPI in an oxidized form (i.e.,
lacking free thiols) was significantly greater in the APS
group than in each of the 3 comntrol groups (all P <
0.0001).

Conclusion. This large refrospective multicenter
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study shows that posttransiational modification of
B,GPI via thiol-exchange reactions is a highly specific
- phenomenon in the setting of APS thrombosis. Quanti-
fication of posttranslational modifications of 8,GPI in
conjunction with standard laboratory tests for APS may
offer the potential to more accurately predict the risk of
occurrence of a thrombotic event in the setting of APS.

The antiphospholipid syndrome (APS) is an auto-

immune condition characterized by vascular thrombosis -

of the arterial and/or venous systems as well as recurrent
miscarriages (1). Beta-2-glycoprotein I (B,GPI) is the
major autoantigen in APS (2). A number of studies have
provided robust evidence that autoantibodies to 8,GPI
are a significant risk factor for arterial thrombosis in
young adults (3,4). In vivo and ex vivo studies by multiple
groups have shown anti-B8,GPI autoantibodies to be
directly thrombogenic 4).

At present it is not possible to stratify the risk for

development of thrombosis in antiphospholipid antibody

- (aPL)—positive patients based on clinical features or use
of currently available laboratory assays (6). The devel-
opment of novel assays that could be used to stratify
future thrombosis risk in patients with APS would hold
immense clinical utility in informing the decision as to
whether initiation of prophylactic therapy or intensifica-
tion of therapy is warranted.

Beta-2-glycoprotein I is an evolutionarily con-
served 50-kd protein circulating in the blood in relative
abundance (~4 uM) (7). The physiologic role of 8,GPI
is pleiotropic, with functional studies implicating a role
in processes relating to coagulation (8), angiogenesis (9),
and clearance of apoptotic cells (10). The crystal struc-
ture of B,GPI, which has been ascertained based on the
purified native protein, reveals that it does not possess
free thiols (11,12). We have recently shown, however,
that in vivo B,GPI circulates in a free thiol form and
that this free thiol form of B,GPI is involved in the
protection of endothelial cells against oxidative stress—
induced cell injury (13). Beta-2-glycoprotein I can also
participate in redox thiol-exchange reactions by acting
as a substrate for oxidoreductase enzymes such as
thioredoxin 1 (14). However, the proportion of 8,GPI
circulating in the reduced state is unknown. Also un-
known is whether the redox state of this autoantigen
differs in patients with pathogenic anti-8,GPI antibodies
and a history of thrombosis.

In the present study we demonstrated that, in
serum/plasma derived from healthy subjects, 8,GPI ex-
ists in a reduced biochemical state as the dominant
molecular phenotype. Detailed in vitro quantitative as-

says to assess the levels of total and reduced 8,GPI were
developed and used to screen >450 samples. Levels of
both total and oxidized 3,GPI were found to be elevated
in patients with APS as compared to disease and healthy
control groups. These findings have implications with
respect to understanding the antigenic drive for patho-
genic aPL, as well as the potential for development of
assays for purposes of thrombosis risk stratification.

PATIENTS AND METHODS

Patient samples. Samples were collected through an
international collaborative multicenter effort involving 5 cen-
ters (University of New South Wales [Sydney, Australia],
University of Athens [Athens, Greece], University College
London [London, UK], Tianjin Medical University [Tianjin,
China], and Hokkaido University School of Medicine [Sap-

_poro, Japan]). An APS group, 2 disease control groups, and

1 healthy control group were studied. The disease control
groups consisted of an autoimmune disease group (with or
without aPL, but with no clinical features of APS) and a
clinical event control group (clinical features of APS, but no
aPL or autoimmune disease).

APS group. A total of 139 samples from patients with
APS were collected and analyzed (24 from Sydney, 38 from
Athens, 22 from London, and 55 from Sapporo). Every APS
patient fulfilled the revised consensus classification criteria for
vascular thrombosis-associated APS (1). All serologic tests for
aPL were performed using standard commercially available
kits and in accordance with the revised classification criteria. A
venous thrombotic event was diagnosed based on a combina-
tion of clinical assessment and appropriate imaging with either
Doppler ultrasonography or venography to confirm deep ve-
nous thrombosis, or isotope ventilation/perfusion scanning or
computed tomography (CT) (with or without angiography) to
confirm pulmonary embolism. An arterial event was diagnosed
based on clinical findings along with one or more of the
following: electrocardiographic evidence of myocardial isch-
emia or infarction,; confirmation of infarction by brain CT or
magnetic resonance imaging, or confirmation of peripheral
vascular disease or arterial thrombosis by Doppler ultrasonog-
raphy or angiography.

Autoimmune disease control group. Of the 189 auto-
immune disease controls, samples from 188 were analyzed (42
from Sydney, 43 from Athens, 29 from London, and 74 from
Sapporo). One sample (from a patiént with systemic lupus
erythematosus [SLE] and no aPL) was found to be deficient in
B,GP1 and was withdrawn from the study. Among the auto-
immune disease controls, 74 had persistently positive serologic
findings for aPL satisfying the serologic component of the APS
classification criteria (1), but did not have APS given the lack
of a clinical event. All patients with SLE fulfilled the American
College of Rheumatology revised classification criteria (15),
and those with Sjogren’s syndrome fulfilled the revxsed Euro-
pean classification criteria (16).

Clinical event control group. Thirty-eight samples from
aPL-negative patients with a clinical event were collected and
analyzed (26 from Sydney and 12 from Tianjin). Clinical events
were diagnosed as described above for the APS group.
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Table 1. Demographic and clinical characteristics of the groups studied*

.Control groups
APS Autoimmune disease Clinical event ) Healthy

Patients 139 188 38 92t
Female 111 (79.9) 164 (87.2) 21 (55.3) 58 (63.0)
Age, median years 43 42 55.5 35
Race

Caucasian ' 82 110 26 56

Asian 56 77 12 36

Afro-Caribbean 1 1 0 0
Autoimmune disease :

Total 75 (54.0) 188 (100) 1(2.6) 0(0)

- SLE 58 (41.7) 106 (56.4) 1(2.6) -

SS 8(5.8) 30 (16.0) 1(2.6) -

Other 10(7.2) 58 (30.9) - . -
Thrombosis

Total 139 (100) 0(0) 38 (100) 0(0)
. Arterial 80 (57.6) - 21 (55.3) -

Venous 72 (51.8). - 20 (52.6) -
aPL positive '

Total 139 (100) 74 (39.4) 0(0) 0(0)

aCL 93 (66.9) 43 (22.9) - 0(0) -

Anti-B,GPT 79 (56.8) 29 (15.4) 0(0) -

LAC : 89 (64.0) 47 (25.0) 0(0) -
Auntithrombotic therapy ’

Total 103 (74.1) 54 (28.7) 29 (76.3) 0(0)

Anticoagulant 58 (41.7) 52(27.7) 6 (15.8) -

Antiplatelet 63 (45.3) 3(1.6) 23 (60.5) -

* Except where indicated otherwise, values are the number (%). APS = antiphospholipid syndrome; SLE = systemic lupus erythematosus; $S =

Sjogren’s syndrome; aPL = antiphospholipid antibody; aCL = anticardiolipin antibody; LAC =

lupus anticoagulant.

1 One sample from this group was subsequently withdrawn from analysis because standard enzyme-linked immunosorbent assay revealed it to be

deficient in B,-glycoprotein I (BZGPI)

Healthy control group. Samples from 93 healthy con-
trols were collected, 92 of which were analyzed (28 from
Sydney, 35 from Athens, and 29 from Sapporo). One healthy
control sample was found to be deficient in B,GPI by standard
enzyme-linked immunosorbent assay (ELISA) and was with-
drawn from the study.

Demographic and clinical details of the study groups
are summarized in Table 1. Institutional ethics approval for
patient sampling was attained from each center participating in
the study, and informed consent was obtained from all subjects
prior to venipuncture. Assays were performed under blinded
conditions with regard to the underlying diagnosis.

Chemicals and reagents. HEPES and streptavxdm
beads were purchased from Sigma. N-(3-maleimidylpropionyl)
biocytin (MPB) was purchased from Invitrogen. All other
chemicals were of reagent grade.

Proteins. Bovine serum albumin (BSA), alkaline phos-

phatase (AP)~conjugated anti-mouse IgG, AP-conjugated anti-

rabbit IgG, and AP-conjugated anti-human IgG were from
Sigma. Purified native human $,GPI was from Haematologic
Technologies and also sourced as a kind gift from Dr. Inger
Schousboe (University of Copenhagen, Denmark). Affinity-
purified murine IgG2 anti-8,GPI monoclonal antibody (mAb)
4B2E7 (previously designated “mAb number 16”) and affinity-
purified rabbit anti-B,GPI polyclonal antibody were produced
as previously described (17,18). Isotype control rabbit poly-
clonal IgG was purchased from BD PharMingen.

' Assay for quantifying the absolute proportion of serum
B.GPI that can be labeled with MPB. With the demonstration
that 8,GPI exists in vivo in a reduced state with free thiols (13),
it was then pertinent to determine the absolute proportion of
total B,GPI that circulates in this reduced state. This was done
in experiments with a sample of pooled serum derived from 10
healthy volunteers. The sex and age distribution of the pooled
serum sample was chosen to match the APS disease group.

MPB-labeled and non-MPB-labeled serum samples
were acetone precipitated to remove free MPB as described
previously (13). The protein pellets were then dissolved in
phosphate buffered saline (PBS)~0.1% Tween to a final dilu-
tion of 4,000-fold (total volume 1,400 ul), and streptavidin
beads (50 ul) were added. After incubation with streptavidin
beads (1 hour at 4°C), the beads were removed by centrifuga-
tion for 2 minutes at 3,000g and the supernatants assayed for
B,GPI. The proportion of B,GPI that was labeled with MPB
was calculated as (optical density at 405 nm [OD,] of the
biotin-depleted MPB-labeled sample/OD,y; of the biotin-
depleted non-MPB-labeled sample) X 100. Validation of this
method is described in full in the supplementary information
(available in the online version of this article at htip://
onlinelibrary.wiley.com/journal/10.1002/(ISSN)1529-0131).

Assay for quantifying total human B8,GPL A sandwich
ELISA for quantifying total B,GPI levels within serum/plasma
samples was performed based on a previously published
method (19), with modifications. Briefly, a high-binding 96-
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well plate was coated overnight at 4°C with rabbit polyclonal -

anti-human B,GPI (10 nM/well). Plates were washed 4 times
with PBS-0.1% Tween and then blocked with 2% BSA/PBS-
0.1% Tween for 1 hour at room temperature. Following
washing, 100 pl of anti-human B,GPI mouse mAb (clone
4B2E7) was added (10 nM/well, diluted in 0.25% BSA/PBS-
0.1% Tween) and then 100 ul of the patient sample diluted
4,000-fold in PBS-0.1% Tween was coincubated for 1 hour at

room temperature. After washing 4 times with PBS-0.1% -

Tween, AP-conjugated goat anti-mouse IgG was added
(1:1,500 dilution) and incubated for 1 hour at room tempera-
ture, and samples read at OD 5 after addition of chromogenic
substrate. An in-house standard, consisting of pooled serum
from 10 healthy controls, was used to construct a standard
curve for every ELISA. The level of B,GPI in the pooled-
serum in-house standard was determined initially using a

" B.GPI in-house standard curve and then validated with a
calibrator from a commercially available B,GPI quantification
kit (Hyphen BioMed). Each new batch of the pooled-serum
in-house standard was recalibrated against the commercial
calibrator. Samples were assayed in duplicate.

Within-plate coefficients of variation (CVs) for this
ELISA were calculated by running 10 duplicates of the same
patient sample on a single plate. Between-plate CVs were
calculated by taking 10 independent assays performed consec-
utively on separate days and calculating the CV based on the
variation of the number obtained by dividing the OD of the
standard at 4,000-fold dilution by the OD of the standard at
8,000-fold dilution for each plate.

- Assay for measuring the relative amount of 8,GPI

with firee thiols within patient samples as compared to a
pooled-sernm in-house stamdard sample. The amount of
B,GPI with free thiols in patient samples relative to the
standard sample was assayed as previously described (13), with
minor modifications. Measurement of the amount of 8,GPI
that is reduced is based on labeling of free thiols of B,GPI with
the biotin-conjugated selective free thiol binding reagent MPB,
capturing biotin-labeled proteins on a streptavidin plate, and
detecting the presence of MPB-labeled B,GPI with a specific
anti-B,GPI mAb. The mean + SD within-plate CV for this
ELISA is 5.08 = 3.09%, and the between-plate CV is 6.25%

(13).

MPB (4 mM) was added to 50 ul of patient plasma or
serum and incubated for 30 minutes at room temperature in
the dark with agitation, diluted 50-fold in 20 mM HEPES
buffer (pH 7.4), and incubated for a further 10 minutes at
room temperature in the dark. Unbound MPB was then
removed by acetone precipitation. The protein pellet was
resuspended in PBS-0.05% Tween (final dilution 100-fold).
The samples were then diluted a further 40-fold (4,000 times
final), added in duplicate to a streptavidin-coated 96-well plate
(100 plfwell; Nunc), and incubated for 90 minutes at room
temperature. Prior to addition of MPB-labeled serum samples,
streptavidin-coated plates were washed 3 times with PBS-0.1%
Tween and blocked with 2% BSA/PBS-0.1% Tween. After
washing 3 times with PBS-0.1% Tween, the murine anti-8,GPI
mAb (clone 4B2E7) was added (25 nM) and incubated for
1 hour at room temperature. After 3 further washings with
PBS-0.1% Tween, AP-conjugated goat anti-mouse IgG
(1:1,500 dilution) was added for 1 hour at room temperature
and samples read at 405 nm after addition of chromogenic

substrate. For each experiment, the pooled in-house standard
used for the above-described B,GPI quantification ELISA was
MPB labeled, acetone precipitated, and used as an internal
control and standard. The degree of MPB labeling in each
patient sample was expressed as a percentage of that observed
with the pooled in-house standard, after correction for the
total amount of B,GPIL. The proportion of non~-MPB-labeled
B,GP1I represents the oxidized form of the molecule.
Statistical analysis. Box plots were created to depict
the distributions of B,GPI across groups. Medians and inter-
quartile ranges (IQRs) were calculated. For comparisons
between individual samples, the Mann-Whitney U test was
used. Odds-ratios (ORs) and 95% confidence intervals (95%
Cls) of exposure or disease incidence were computed using
logistic regression. Adjustment for age and sex was carried out
to remove potential confounders linked to these predictors.

RESULTS

A significant proportion of B,GPI in vivo in
healthy volunteers circulates in the reduced form. We
have recently demonstrated that 8,GPI circulates in vivo
in a reduced form (13), and we therefore wished to
determine the absolute proportion of B,GPI that is in
this biochemically reduced state. This was investigated
using a sample of human serum pooled from 10 healthy
volunteers. Figure 1 shows that a mean of 45.6% of
B,GPI in pooled serum from healthy subjects was la-
beled with the biotin-conjugated free thiol binding re-
agent MPB. Validation of this method is demonstrated
in detail in Supplementary Figure 1, available in the
online version of this article at http://onlinelibrary.wiley.
com/journal/10.1002/(ISSN)1529-0131).

Total B,GPI levels are elevated in APS and are
associated with thrombogenic pathogenicity in aPL-
positive patients. Given that biochemically reduced
B,GPI was found to represent a large proportion of
circulating B3,GPI in healthy subjects, it was then rele-
vant to ascertain whether this level was altered in
patients with APS as compared to both disease control
and healthy control groups. Serum or plasma levels of
total B,GPI were quantified in each individual patient
sample so that a relative proportion of reduced and
oxidized 8,GPI could be calculated for each sample.

The assay used for detecting total levels of B,GPI
in patient serum and plasma was optimized for use with
in-house anti-B,GPI antibodies, as shown in Supplemen-
tary Figure 2 (http://onlinelibrary.wiley.com/journal/
10.1002/(ISSN)1529-0131). The within-plate CV for this
assay was 5.8%.and the between-plate CV was 3.3%,
indicating good reproducibility.

The median level of total B,GPI in the healthy
control group was 178.4 ug/ml (IQR 149.4-227.5) (n =
91). In addition to healthy controls, an autoimmune

— 322 —



2778

120, 40,0002

B2GPL level as a % of non-MPB labelled sample

MPB - .

HUMAN SERUM POST-STREPTAVIDIN BEAD INCUBATION

Figure 1. Beta-2-glycoprotein I (8,GPI) with free thiols represents a
large proportion of total circulating 8,GPI in vivo. Pooled serum from
10 healthy volunteers was labeled with N-(3-maleimidylpropionyl)
biocytin (MPB) (4 mM) or treated with control buffer alone, after
which the MPB-labeled proteins were depleted by incubation with
streptavidin beads. Both samples were then centrifuged at 3,000g for
10 minutes to remove the beads, and an enzyme-linked immunosor-
bent assay for total B,GPI was performed on the supernatant of both
MPB-labeled and non-MPB-labeled samples post-streptavidin incu-
bation. The relative reduction (in optical density) of the MPB-labeled
sample as compared to the non-MPB-labeled sample indicates the
relative amount of B,GPI with free thiols labeled with MPB. Values
are the mean * SD.

disease control group (autoimmune disease with or
without aPL but without APS) and a clinical event
control group (thrombosis without aPL) were included,
as described above. As shown in Figure 2A, the concen-
tration of total B,GPI was significantly higher in the
APS group (median 216.2. ug/mi [IQR 173.3-263.8])
(n = 139) as compared to the healthy control group
(P < 0.0002), the autoimmune disease control group
(P < 0.0001), and the clinical event control group (P <
0.0001). Compared to healthy controls, cases were twice
as likely to have an elevated B,GPI level (defined as
plasma levels =200 pg/ml). The effect remained after
adjustment for age and sex (OR 2.2 [95% CI 1.2-3.9]).
Given that the odds ratios of disease and of exposure can
be considered the same, this translates to a 2-fold
increase in thrombosis for patients with elevated 8,GPI
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Figure 2. Elevated levels of B,-glycoprotein I (8,GPI) in patients with
the antiphospholipid syndrome (APS). A, Total 8,GPI in the serum of
patients with thrombosis-associated APS and in the serum of patients
in the 3 control groups, i.e., healthy controls, patients with -auto-
immune disease (AID) with or without antiphospholipid antibodies
(aPL) but without APS, and patients with clinical thrombotic events
without APS. B, Total B,GPI in the serum of patients in the APS group
who had an autoimmune disease compared to patients in the auto-
immune disease control group who were positive for aPL and patients
in the autoimmune disease control group who were negative for aPL.
Elevated levels of 8,GPI were demonstrated only when aPL positivity was
combined with a thrombotic clinical event. Data are presented as box
plots, where the bozes represent the 25th to 75th percentiles, the lines
within the boxes represent the median, and the lines ouiside the boxes
represent the 10th and 90th percentiles. Circles indicate outliers.
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levels, in the absence of further confounding effects. The
association was stronger when the comparison was with
the control group consisting of patients with auto-
immune disease with or without aPL (OR 4.6 [95% CI
2.9-7.5]). 1t is also possible to treat total B,GPI as a
continuous variable in the model. When this was done,
the results were consistent with the other findings (i.c.,
there was a strong positive association between total
B,GPI level and thrombosis risk).

Figure 2B shows that elevated B,GPI levels were
observed only when persistent aPL positivity was com-
bined with a thrombotic event, thus fulfilling classifica-
tion criteria for APS. Levels of B,GPI in the auto-
immune disease controls (without thrombotic events)
with persistent aPL. did not differ from levels in auto-
immune disease controls without aPL, and also were not
different from levels in healthy controls.

Subgroup analysis of the total level of B,GPI
within the APS group revealed no differences be-
tween those with and those without an additional auto-
immune disease. Furthermore, there was no differ-
ence between those with arterial thrombosis and those
with venous thrombosis (Supplementary Figure 3, http:/
onlinelibrary.wiley.com/journal/10.1002/(ISSN)1529-
0131).

APS is associated with a greater proportion of
‘B,GPI being in an oxidized state. Each patient sample
was labeled with MPB, and the amount of 8,GPI in the
reduced form was compared and expressed as a percent-
age of that observed in a pooled standard (derived from
10 healthy volunteers who were matched for age and sex
with the APS group), after correction for the total
amount of B,GPIL. The same in-house pooled standard
was used for every MPB labeling experiment and assay.
The sensitivity for detecting reduced B,GPI with this
assay extends to a dilution of >128,000-fold, indicating
marked sensitivity (Figure 3). The linear range was
found to be between dilutions of 400- and 128,000-fold.
The dilution found to yield ~50% of maximum OD was
found to be 1:4,000, and hence this dilution was used to
screen all patient samples for reduced 8,GP1I. This assay
has previously been shown to yield identical results when
serum and plasma sampled from the same patient are

tested in parallel (13).
) Figure 4 shows that the relative proportion of
B,GPI in the reduced form, expressed as a percentage of
that observed with the in-house standard, was signifi-
cantly less in APS patients presenting with vascular
thrombosis as compared to healthy controls, auto-
immune disease controls, and clinical event controls (all

OD (403n)

010 : 100 1000 10000 100000
Dilution of MPB labefled in-house standard (Log 10)

Figure 3. High level of sensitivity of the assay for quantifying relative
amounts of reduced B,GPL Pooled human serum from healthy
volunteers (n = 10) was labeled with MPB, and a streptavidin-coated
plate-based enzyme-linked immunosorbent assay for reduced 8,GPI
was performed on varying dilutions of this labeled sample, as described
in Patients and Methods. The linear range for this assay was at
dilutions between 1:400 and 1:128,000. OD = optical density (see
Figure 1 for other definitions).

P < 0.0001). Thus, B,GPI in APS patients presenting
with thrombosis is in an oxidized state relative to each of
the other 3 control groups. Similar to the findings'in the
analysis of total B,GPI, a lower level of the reduced
B,GPI (proportion <50%) was associated with a greater
risk of thrombosis. An OR of 4.1 (95% CI 1.9-8.8) in
relation to healthy subjects was observed after adjust-
ment for age and sex. A similar but somewhat smaller
effect (OR 2.0 [95% CI 1.2-3.4]) was also obtained when
the reference group was patients with autoimmune
disease with or without aPL but without thrombosis.

Patient positivity for lupus anticoagulant (LAC)
activity has been reported to be a strong predictor of
thrombosis compared to anti-B,GPI or anticardiolipin
antibodies without LAC activity, particularly with regard
to arterial thrombosis and the development of stroke
(4,20). Subgroup analysis of the various aPL subtypes
within the APS group revealed that the proportion of
B,GPI circulating in the reduced state was significantly
lower in the APS patients who were positive for both
anti-B,GPI and LAC as compared to those positive for
anti-B,GPI but not LAC (median 53.58% [IQR 39.18-
73.56] [n = 45] versus 74.80% [IQR 60.69-84.51] [n =
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Figure 4. Circulation of 8,GPI in an oxidized form in patients with
APS. Levels of 8,GPI in the reduced form were assayed and expressed
as a percentage of that observed in an in-house standard (pooled
serum from 10 healthy volunteers) after correction for the total
amount of 8,GPI. The same pooled standard was used throughout.
APS patients presenting with thrombosis had significantly lower
amounts of B,GPI in the reduced form as compared to each of the 3
control groups. Data are presented as box plots, where the boxes
represent the 25th to 75th percentiles, the lines within the boxes
represent the median, and the lines outside the boxes represent the
10th and 90th percentiles. Circles indicate outliers. See Figure 2 for
definitions. )

29]; P = 0.001) (Figure 5). Interestingly, levels of B8,GPI
were also lower in APS patients presenting with arterial
thrombosis only (median 53.81% [IQR 39.38-74.62]
[n = 67]) versus those presenting with venous thrombo-
sis only (62.09% [IQR 49.64-83.11] [n = 59]) (P <
0.045), as shown in Supplementary Figure 4, http://
onlinelibrary.wiley.com/journal/10.1002/(ISSN)1529-
0131.

DISCUSSION

This is, to our knowledge, the first reported
demonstration that the redox state of the autoantigen
B,GPI, in conjunction with plasma concentration levels,
is different in APS patients compared to healthy or
disease control subjects. Our study is the first to defini-
tively confirm that B,GPI levels are elevated in APS
patients—both those with and those without an addi-
tional autoimmune disease—as compared to healthy and
disease control groups. The finding of elevated levels of

TOANNOU ET AL

B2GPI was observed by our group previously, albeit
utilizing far lower numbers of patients (19). In addition,
it is reported herein that levels of oxidized 8,GPI are
elevated in APS patients compared to healthy and
disease controls. A novel assay to measure relative
amounts of reduced B,GPl, as well as the ELISA for
total B,GPI, had good reproducibility and demonstrated
strong associations with the APS disease phenotype. The -
robust nature of these findings is highlighted by the large
numbers of well-characterized patients (>450) screened
through this large international collaborative multi-
center effort coupled with the use of both healthy and 2
distinct disease control groups. Such assays that precisely
quantify the amount of posttranslationally modified
autoantigen are unique in the field of APS, and even
autoimmunity.

An extensive number of in vitro and in vivo
studies suggest that anti-B,GPI autoantibodies in com-
plex with 8,GPI directly contribute to the APS clinical
phenotype of thrombosis (5). In the present study, we
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Figare 5. Association of positivity for anti-8,GPI combined with
lupus anticoagulant (LAC) with an elevated proportion of 8,GPI
circulating in an oxidized state. Samples from APS patients presenting
with vascular thrombosis who were positive for both anti-8,GPI and
LAC had significantly lower amounts of 8,GPI in the reduced form as

. compared to those from patients who were positive for anti-8,GPI but

not for LAC. Data are presented as box plots, where the boxes
represent the 25th to 75th percentiles, the lines within the boses
represent the median, and the lines outside the boxes represent the
10th and 90th percentiles. Circles indicate outliers. See Figure 2 for
other definitions.
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have demonstrated that patients who are persistently
positive for aPL and have the clinical features of APS
have higher levels of total and oxidized B>GPI compared
to controls. It is reasonable to hypothesize that clinical
states associated with an increased oxidative stress load,
such as pregnancy and infection (21), may lead to further
increases in the levels of oxidized B,GPI in the plasma,
potentially elevating the risk of pathologic thrombosis in
patients who are positive for anti-B8,GPI antibodies. This
is based on the premise that an increased plasma load of
oxidized B,GPI may lower the threshold for provoking
an anti-B,GPI autoantibody-mediated dysregulated
prothrombotic response. A recent study demonstrated
that oxidative stress may drive 8,GP1 production in vivo
through activator protein 1 and NF-xB-mediated up-
regulation of B,GPI gene promoter activity (22). Hence,
an enhanced oxidative stress load may increase antigenic
load, potentially driving anti-8,GPI production in
autoimmunity-prone subjects and lowering the thresh-
old for a clinical event. This hypothesis supports a
rationale as to why SLE in particular is associated with
anti-B,GPI antibodies, given that this condition is char-
acterized by a propensity toward autoreactivity, B cell
hyperactivity, and oxidative stress (23,24).

It was recently shown that B,GPI with free thiols
protects endothelial cells against oxidative stress—
induced cell injury, whereas oxidized B,GPI (which lacks
free thiols) has no such protective effect (13). Given the
present finding that a significant proportion of circulat-
ing B,GPI is in this protective reduced form in healthy
individuals, it may be reasonable to hypothesize that the
relative abundance of oxidized 8,GPI in APS lowers the
threshold for development of vascular thrombosis. If this
hypothesis is correct, then one would expect elevated
levels of oxidized B,GPI to represent an independent
risk factor for thrombosis. Analysis of posttranslational
modifications of 8,GPI on patient samples collected
prospectively and subsequent determination of the pres-
ence or absence of a thrombotic event would allow for
predictive calculations that could be used to test such a
hypothesis.

With the development of novel assays to detect
and quantify plasma 8,GPI-related redox changes, it is
expected that stratification of anti-8,GPI antibody—
positive individuals for thrombotic risk according to the
levels of total, reduced, and oxidized B,GPI may be
possible, with the attendant potential opportunity for
implementing medical prophylactic measures during
these periods of elevated risk. Prospective longitudinal
studies aimed at validating the predictive and diagnostic
role of such an approach are needed. V
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Abstract: The antiphospholipid syndrome (APS) is an autoimmune disease in whick recurrcat vascular thrombosis, preg-
nancy morbidity or a combination of these events is assaciated with the persistent presence of circulating antiphospholipid
antibodics (aPL). Evidence shows that the dominant antigenic targets for aPL in APS are phospholipid-binding plasma
profeins such as B2glycoprotein [ and prothrombin.

The pathogenic role of aPL in thrombosis is widely accepted but the mechanisms by which these antibodies mediate dis-
ease are only partially understood. aPL may affect the normal procoagutant and anticoagulaat teactions occurring on cell
surface, and also may interact with certain cells, alse}rfng the expression and secretion of procoagulant substances.

The inteacellular signal wransduction triggered by aPL has been a focus of intensive rescarch and the p38 mitogen activated
protein kinase (MAPK) pathway kas been revealed as a major player in the aPL-mediated cell activation. In addition,
some candidates as celi-receptor for phospholipid-binding plasma proteins have been identified. The recognition of the in-
tracellular signaling triggered by aPL is a step forward in the design of new modalities of targeted therapies for thrombo-
sis in APS including specific inhibitors of MAPK pathway or antagonists of the putative receptors. Furthermore, novel
findings regarding the role of aPL in T-cells responses mark new advances in the understanding of the immunoclogical re-
actions in APS and open new insights inte possible therapeutic approaches to APS.

In this article, we review the pathophysiological mechanisms of thrombesis and the specific new targeted therapies for the

treatment in APS.

Keywords: Antiphospholipid antibodics, p38MAPK, 2GPI, prothrombin, tissue factor.

INTRODUCTION

The antiphospholipid syndrome (APS), also known as
Hughes’ syndrome, is an autoimmune and multisystem dis-
order characterized by vascular thrombosis and pregnancy
morbidity in association with the persistent laboratory evi-
dence for antiphospholipid antibodies (aPL) [1, 2].

The APS was initially characterized in patients with sys-
temic lupus erytheman':ws (SLE}), but it can also occur in the
absence of autoimmune diseases [3]. The most common
clinical manifestations of the APS are venous thrombosis,
particularly deep vein thrombosis in the lower extremities,
followed by cerebral infarction or transient ischemic attacks
{4). Antiphospholipid syndrome represents onc of the major
risk factors for ischaemic cercbral events in young people
without congenital atherosclerotic diseases [5].

Recurrent fetal fosses in APS may happen at any stage of
pregnancy, but are strikingly frequent during the second or
third trimester. APS patients are susceplible to early onset of
pregnancy complications such as severe pre-eclampsia and
HELLP syndrome (hemolysis, elevated liver enzymes, and
low platelet count) {2, 4, 6]. Moreover, aPL may be found in
up to 20% of woman with rcouwrrent pregnancy losses [7].
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Other aPL-refated abmnormalities include non-thrombotic
neurological syndromes, psychiatric manifestations, skin
ulcers, livedo reticufaris, haemolytic ancmia, thrombocy-
topenia, nephropathy, pulmonary hypertension and heart
valve abnormalities [4].

A minority of patients with APS develops an accelerated
form of this syndrome with life-threatening multiple organ
thromboses, severe thrombocytopenia and adult respiratory
distress syndrome recognized as catastrophic APS {8].

The original concept of aPL considers that those antibod-
ies were directed against anionic phospholipids. However, it
is now well established that aPL include a heterogeneous
group of circulating immunoglobulins and that proteins that
bind fo anionic phospholipids, such as beta2 Glycoprotein I
(P2GPI) and prothrombin, are the main antigenic targets rec-
ognized by aPL in patients with APS [9-12].

aPL can be broadly categerized info those antibodies that

- bind to immobilized anionic phospholipid in solid phase en-

zyme linked immunosorbent assay (ELISA), known as anti-
cardiolipin antibodies (aCL) [13], or those that prolong
phospholipid-dependent coagulation assays, called lupus
anticoagulant (LAY [14]. New assays have been developed
for the detection of antibodies targeting phospholipid-
binding protein complexes, comprising antif2GPI antibodies
[15-17] and antiprothrombin antibodies [18-21].
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In 1998, an international consensus on classification cri-
teria for definite APS was met in Sapporo; the criteria were
thus called Sapporo criteria {2], and they were revised in
2006 {22]. The diagnosis of APS is made when at Jeast 1 of
the 2 clinical criteria (vascular thrombosis or pregnancy
morbidity) oceurs in a patient whose laboratory tests for aPL
are positive {Table 1).

Tablel. Revised Classification Criteria for the Antiphosphol-
ipid Syndrome 2]

Cllnles] Crlterln

1. Vascular thrombosis
2 1 clinical episodes of anerial, venous, oy small vesse] thrombosis, in
auy tissue or orgen confitmed by objective validated eriteria by imag-
ing studies o histepnthology in the absence of significant evidence of
inflammation in the vessel wall,

2. Pregrancy morbidity
2 1 unexplained deaths of 2 morphologically normal fetus at of be-
yond the 10t week of gestation, or,
2 1 prematurs births of a morpholegically nosmal neonate before the
34th week of gestation due to eclampsia, severe pre-cclampsia or
plasental insufficiency, or

23 unenplained consecutive spentaneous abortions before the 10th

week of gestation {(maternn] anatomic or hormonal abnormalitics and
pateral and maternal chromosoms] causes excluded).
Labovatory Criterin ,

- 8) LA present in plasma, on 2 2 oecasions a8 Jeass 12 weeks apart, de-
tected aecording 1o the guidelines of the Iniernational Bociety on
Thrombosis and Haemostasis {14, 23]

b) Ig0 smdfor Ighd aCL present in medium or bigh titer in serum or
plasma, on 2 2 ovcasions at least 12 woeks apart, measured by a
sianderdized ELISA [24]

) I andins IgM antifi2glycoprotein 1 antibodics presemt in titer
>99% nerceniile, in senum oF plasma, on 2 2 oreasions a1 Jeast 12
weeks apar, measured by 5 standandized ELISA [25)

Antiphospholipid syndrome is present if a2 Jeast 1 of the olintes! eriteria and | of the
Teboratry exiteria ane seel, BLISA: enzyme-Haked immnmosorbent 2853y,

Mumerous mechanisms have been proposed to explain
ihe pathogenicity of aPL in APS as shown in Table 2.

Table2. Proposed Mechanisms of Antiphospholipid Anti-
body-Medinted Thrombesis

1, Interference with the congulation pathway:
2} Protein C pathway:
b} Contast netivation pathway
£} PGPLthrombin intemction:
d) Protein Z pathway
2. Disruption of fibrinolysis
1 3. Cell interactions
) Ioduetion of pro-cosgulant activity on endothelint ccll and
MORGSYIes
b) Pro-congulanteffects on platelets
1 <) Release ofmembrane-bound microparticles
4, Complement nelivation

Cenetic and acquired factors may trigger to develop
thrombosis in susceptible individuals. However, it is yet not
possible o assert whether a dominant mechanism is respon-
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sible for some specific clinical manifestations of APS or
whether different antibodies acting together predispose v
thrombosis [26].

Primary and secondary thrombosis prevention is crucia
in APS, but treatment is conditioned by the lack of appropri-
ate studies due to the poor laboratory standardization.

This article summarizes some of the major pathophysi-
ological mechanisms that may contribute to the APS mani-
fesiations. In addition, the current modalities of treatment
and the poientially specific new targeted therapies for APS
are reviewed,

PATHOPHYSIOLOGY OF APS

Multifactorial thrombotic mechanisms, such as the inhi-
bition of the natural anticoagulant systems, the impairment
of fibrinolysis and the direct effect of aPL on cell functions,
arg involved in the development of thrombosis in APS. Bvi.
dence suggests that complement activation is also required
for aPL~-mediated tissue injury [27).

1. Interference with the Coagulation Pathway

The conagulation system is an amplification cascade of
enzymatic reactions resulting in thrombin formation, Throm-
bin has several prothrombotic properties and also activates
profein C. Protein C is a major constituent of the anticoagu-
lant system and its impairment may Jead to blood clot,
Thrombin triggers the protein C system by binding to throm-
bomodulin and initiating rapid protein C activation. Acti-
vaied protein C complexes with protein S on the surface of
cither platelets or endothelial cells. These complexes prote-
olytically catalyze the inactivation of activated factors V and
VII1. Because both protein C and protein S are phospholipid-
binding plasma proteins, this system could be one of the
most likely to be involved in development of thrombosis in
the APS. :

aPL may interfere with the protein C pathway in different
ways, aPL have been reported fo inhibit both the activation
of protein C by the thrombin-thrombomodulin complex [28]
and the activated protein C-catalysed inactivation of acti-
vated factor V [29-33]. The inhibitory effect of IgG purified
from patients with aPL on activated factor V inactivation
mediated by activated protein C was subsequently confirmed
[30, 34]. Rabbit polyclonal [35] and human monoclonal
antif2GPT antibodies inhibit activated protein C funciion
[32}. Moreover, aCL bound to protein C in the presence of
both phospholipids and P2GPI, and binding activities
sirongly correlated with antif2GPI antibody titers, indicating
that protein C might be a farget of aCL resulting in the pro-
tein C dysfunction [36). lzumi ef al. {37] confirmed the in-
hibitery effect of antif2GPI antibodies purified from APS -
patients on the anticoagulant activity of activated protein C.
Those authors demonstrated that binding of B2GPI fo the
phospholipid membrane surface is necessary to express this
inhibitory activity '

Most_prothrombin-antiprothrombin immune complexes
may predispose to thrombosis by interfering with the inacti-
valion of activated factor V by the activated protein C in the
presence of protein $ [38]. This inhibitory effect of anti-

— 329 —



608 Curremt Vascular Pharmacology, 2011, Val. 9, No. §

prothrombin antibodies on activity of the activated protein C
was also demonstrated in the absence of protein S [39].

Finally, aPL may alter the effect of protein S in the pro-
tein C pathway. Decreased levels of protein S have been
detected in plasma from APS patients [40, 41]. Some of the
1gG that inhibit activated factor V degradatiost were directed
not only to phospholipid-bound protein C but also to phes-
phelipid-bound protein S [42].

There are some conflicting data between studies regard-
ing the involvement of protein C pathway in the pathophysi-
ology of APS, probably related to the heterogeneity of aPL
found in patients with APS. The thrombotic predisposition
for individual patient will vary depending om antibody-
dependent and independent variables.

Other possible mcchanism of thrombosis in APS is the
interference of aPL with the contact pathway of coagulation.
This coagulation ‘pathway is initisted by the activation of
factor XII by negative charged surfaces, then activated factor
X1i eleaves factor X1 to activated factor X1 in the presence of
high-molecular kininogen and prekalikrein. B2GPI inhibited
the phospholipid-mediated autoactivation of factor XII and
the contact activation pathway of coagulation [43]. Further,
B2GPI directly binds to factor XI and inhibits activation of
factor X1 by thrombin and activated factor XII; this inhibi-
tion attenuates thrombin generation [44]. Monoclonal
antif2GPI antibodies enhanced the inhibition of factor XI
activation by P2GPI and thrombin complex [45].

Thrombin, the final enzyme in the coagulation cascade, is
generated from its inactive precursor prothrombin by acti-
vated factor X as part of the prothrombinase complex, on the
surface of activated cells. Apart of the prothrombotic proper-
ties, thrombin is also involved in the regulation of many bio-
logical functions in vive. B2GPI participates in thrombin
generation as demonstrated by the significant reduction of in
vitro ability to generate thrombin observed in plasma from
R2GPI-null mice [46]. B2GPI directly binds to thrombin
[45], indicating that B2GPI-thrombin interaction may inter-
fere not only with the coagulation system but also with many
of the biclogic functions in which thrombin participates.

The inhibition of protein Z, has been proposed as an ad-
ditional thrombotic mechanism in APS. Protein Z is 4 vita-
min K dependent protein that functions as a natural antico-
agulant. Protein Z serves as cofactor for the inactivation of
activated factor X by the plasma protein Z-dependent prote-
ase inhibitor [47]. Reduced plasma levels of protein Z were
detected in patients with aPL [48, 49] and were associated
with thrombosis [50]. In the presence of B2GPL, aPL greatly
impair the inhibition of activated factor X by protein Z-
dependent protease inhibitor [51].

2. Disruption of Fibrinolysis

The fibrinolytic system involves the formation of plasmin
from plasminogen by the tissue-type plasminogen activator
(tPA); this, in turn, degrades fibrin into fibrin degradation
products. The regulation of plasmin generation and activity
is highly important to maintain the homeostatic balance in
vivo. Inhibition of the fibrinolytic system may occur at the
level of plasminogen activators by specific plasminogen ac-
tivator inhibitors (PAI-1 and PAIL-2) or at the levels of plas-
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min by o2-antiplasmin. Endothelial cells when activated,
secrete the PAI-I to regulate fibrinolysis by blocking (PA
activity.

The effect of aPL in the fibrinolytic system has been in- .
vestigated with controversial results probably due to the het-
crogeneity of the cohorts. Several other reports pointed to-
ward a hypofibrinolytic state in APS characterized by ele-
vated PAI-1 indicating a perturbation of endothelial cells
with consequent fibrinolytic impairment [52-54]. Patients
with connective tissue diseases, including APS, might have a
hypofibrinolytic condition related to high PAI-1 levels [55].
Ames ef al. [40] showed up-regulation of PAI-I in females
with primary APS. They further showed a reduction in (PA
release by endothelial cell stimulation, suggesting that
PA/PAI-] balance was decisive to develop thrombosis in
some APS patients. Monoclonal aCL appear to inhibit fibri-
nolysis by a P2GPI-dependent increase in PAL-1 activity
[56]. Monoclonal antif2GPI antibodies significantly sup-
pressed the intrinsic fibrinolytic activity in vitre. The inhibi-
tion was atiributed to a reduced contact activation reaction
started by activated factor XII [57]. Impaired activated factor
XIi-dependent activation of fibrinolysis was observed in
pregnant woman with APS which developed late-pregnancy
complications [58]. Antibodies against the catalytic domain
of tPA were found in patients with APS and might represent
a cause of hypofibrinolysis [59].

On the other hand, aPL might dircctly inhibit plasmin
activity. High affinity antiplasmin antibodies that inhibit
degradation of fibrin have been detected in patients with
APS [60]. Moreover, IgG from APS patients significanily
retard fibrin dissolution by plasmin [61].

Finally, the influence of lipoprotein a (Lp(a)) in the fibri-
nolytic system has been evaluated. Lp(a) inhibits {ibrinoly-
sis by acling as an uncompetitive inhibitor of tPA, but also
by increasing PAI-1 expression in endothelial cells [62-65].
This behaviour confers a prothrombotic potential io Lp(a).
Plasma levels of Lp(a) were found to be significantly in-
creased in patients with APS [64, 65]. Further, patients with
maximal elevation of Lp(a) showed a reduced fibrinolytic
activity, estimatcd by low D-Dimer and high PAE-1 levels
[64].

3. aPL and Cell Interaction

Damaged and/or activated endothelial cells or monocytes
are predominant targets of aPL. Cultured endothelial cells
incubated with aPL expressed high levels of adhesion mole-
cules [66, 67], tissue factor (TF) [68-71] and endothelin-1
[72]. This effect is mediated by B2GPI and cell surface re-
ceptors and may promote inflammation and thrombosis [73,
74]. Prothrombin alse binds to endothelial cells, and this
binding was enhanced by a human monoclonal IgG anti-
prothrombin antibody, IS6. IS6 up-regulates expression of
TF and E-selectin on endothelial cells [75].

The production of microparticles is a hallmark of cell
activation, and aPL stimulated the release of microparticles
from endothelial cells [76]. Finally, some aPL that recognize
annexin-V are able to induce apoptosis on endothelial cells
[771.
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Platelets are prone to agglitinaie and aggregaie after ex-
posure 1o aPL [78], and circulating activated platelets have
been found in patients with APS {79, 80]. $2GP! binds to
surface membranes of activated platelets and inhibits the
gencration of activated factor X [81-83] AntiB2GPI antibod-
ies interfered with this inhibition {82].

The cell activation mediated by aPL requires the interac-
tion between phospholipid- binding plasma protein com-
plexes and probably s specific cell receptors. A numbsr of
polential receptors for the binding of P2GPI to cellular
membranes have been identified including annexin A2, apol-
ipoprotein E receptor 2 {ApoER2”), low-density-lipoprotein
receptor-related protein, megalin, toll like receptor {TLR) 2,
TLR 4, the very-low-density-lipoprotein receptor and P-
selectin glycoprotein ligand-1. $2GP1 directly binds 1o gly-
coprofein Ibe subunit of the platelet adhesion receptor gly-
coprotein (GPYIB/IX/V and to the platelet facior 4 [84-92). It
seems very unlikely that so many different receptors will be
substantial involved in the pathophysiology of thrombosis in

- APS, Furiher studies are necessary o clarify the biological
pathological roles of those recepiors in the aPL-mediated
cell activation in patienis with APS.

The signal transduction mechanisms involved in aPL
mediated cell activation have been the centre of interest for
many researchers, The adapter molecule mysloid differentia-
tion protein {MyD388)-dependent signaling pathway and the
nuclear facior keppa B (NFkB) have been involved in endo-
thelial cell aciivation by aPL [86, 93-95]. The p38 mitogen-
activated proiein kinase (MAPK) pathway is an important
component of intracellular signaling cascades that initiate
various inflammatory respomses. The p38MAPK pathway
has a crucial role in mediating the effects of aPL on cell acti-
vation. Monoclonal antif2GP1 antibodies from APS patients
induce phosphorylation of p38MAPK, a locational shifi of
NFKB into the nucleus and up-reguiation of TF on mono-
eyles [96]. The imporiance of the p38 MAPK pathway in
cell activation was also reported in platelets {97), and endo-
thelial cells [98]. Activation of p38 MAPK pathway in-
creases activities of cylokines such as tumor necrosis
{TNF)a and interleukin {IL)-1B and macrophage inflamma-
fory cytokine 38 {96, 99, 100].

4. Complement Activation and aPL

Complement activation was determined 1o be relevant to
the pathophysiology of APS, especially with regard to preg-
nancy morbidity [101]. Placenta trophoblast cells are tar-
geted by phospholipid-binding plasma protein-aPL com-
plexes, leading 1o the activation of the complement cascade
through the classical pathway. Then generated component
complement C5a, through the aliernative pathway, recruits
and activates monocyies and polymorphonuclear leukocytes,
stimulating the release of mediators of inflammation, which
ultimately resulis in fetal injury [102]. In patienis with un-
explained pregnency loss, elevated levels of complement
componenis €3 and C4 predicied subsequent miscarriages
[103]. Moreover, patienis with cerebra! ischemic events bad
higher levels of complement activation produets compared to
patients with non-APS-related cerebral ischemia [104],

We [105] analyzed the profile of complement activation
in patients with primary APS and found that hypocomple-
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mentemia related to complement over-activation is common
in those patients. The serum complement levels corrclated
with LA activity and plasma levels of TNFor, implying that
complement activation induced by aPL may be one of the
responsible mechanisms of the thrombotic state in APS

The IgG isotype of aPL is the most frequently found in
patients with APS, and the IgG2 subclass is the most preva-
lent [106, 107). 1gG2 and IgG4 subclasses have a relatively

- weak ability to fix the complement via the classical path-

ways: thus, other additional mechanisms may be involved in
the enhancement of complement activation in patients with
aPL.

TREATMENT OF APS

Strategics 1o prevent thrombosis should be part of the
management of patients with APS. Smoking cessation, the
use of protective medications and stratification of the risk of
thrombosis, are important aspects of the care of those pa-
tients. The estrogen component of oral contraceptive in-
creases blood coagulability and the risk of thrombosis in the
general population. There are case reports of patients with
APS developing thrombosis on contraception, thus oral con-
traceptives are generally contraindicated in aPL-positive
patients. Coniraceptives containing only progesterone do not
increase the risk of venous thromboembolism [108] and they
can be considered in patients with aPL. However, there are
no controlled studies supporting this approach [109].

The current treatment of APS involves antithrombotic
agents 10 conirol and prevent recurrent thrombosis. Therapy
to inhibit the immunological or inflammatory mediators of
the disease has been used in some life-threatening cases of
APS without promising outcomes.

The great advances in the undersianding of the molecular
basis of aPL-mediated pathogenicity over the last half decay
have lcad to the development of targeted biological thera-
pies. However, the optimum therapy for APS has not been
yet reached. Current and potential therapeutic options for
APS arc summarized in Table 3,

THERAPIES CURRENTLY USED FOR APS

Anticoagulation with therapeutic heparin followed by
life-long secondary thromboprophylaxis with oral vitamin K
aniagonist is the current advise treatment of thrombosis in
APS [110]. However, there is not yet consensus on the opti-
mal intensity of anticoagulation with oral vitamin K antago-
nists. Low dose of aspirin (LDA) is often added to the anti-
coagulation therapy in patients with arterial events [111].

Prevention of fetal loss and maternal thrombotic compli-
cations during pregnancy include the combination of LDA
and heparin, Both heparin and low molecular weight heparin
{LMWH) do not cross the placental barrier but the Iatter is
preferable during pregnancy because of the lower risk for
heparin-induced thrombocytopenia and osteoporosis, If this
regimen i3 not effective, the addition of intravenous immu-
noglobulins (IVIG) may effective to improve fetal outcome
in some cases {112, 113]. IVIG would act by favoring the
clearance of pathological immunoglobulins and blocking the

- pathelogical autoantibodies due o the effect of anti-idiotype

antibodies.
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