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Abstract

Fifteen years have passed since Hughes reported the detailed clinical description of antiphospholipid syndrome (APS), and it is now
recognised as one of the most common prothrombotic disorders. Its main clinical features are recurrent thrombosis (both venous and
arterial), recurrent pregnancy 10ss and thrombocytopenia associated with the presence of antiphospholipid antibodies (aPLs). aPLs are a
heterogeneous group of auteantibodies detected by either clotting or immunological assays. They include lupus anticoagulant (LA),
anticardiolipin antibodies (¢CL) and antibodies against other phospholipids (PLs). Recently the aPLs family has expanded to include
antibodies whose specificity are claimed to be directed not only towards PLs, but also towardsplasmaproteins and their complex with PLs.
Animal models are providing important new data on clinical and pathogenic aspects of APS. The detection of antibodies against 32
glycoprotein | by a smple and rapid enzyme-linked immunosorbent assay (EL1SA) may facilitate the recognition of ‘pathogenic “ aCL in

APS. Regarding the treatment of APS, long-term anticoagulation therapy is needed to prevent recurrences.
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Concept of Antipbospholipid Syndrome (APS)

Phospholipids (PLs) are components of cell mem-
branes. Their function is not only to maintain the struc-
ture of the membranes but also to modify the function of
proteins present on cell surface. It is known that they
play a role in the clotting cascade, especially the initia-
tion and some steps of this cascade depend on the
presence of negatively charged PLs. Antiphospholipid
antibodies (aPLs) were initially found in patients with
systemic lupus erythemathosus (SLE). However, a strong
association with thrombosis or recurrent pregnancy loss
was noted, thus antiphospholipid syndrome (APS) or
Hughes syndrome was coined as an independent dis-
ease from SLE.'? Furthermore aPLs were sometimes
found in patients with stroke, myocardial infarction, or
venous thrombosis without any other underlying sys-
temic disease, and the term primary AI'S was intro-
duced to classify these patients.> The mechanism of
thrombosis in patients with AI'S remains unknown, but
animal models are providing important new data on the
pathogenic aspects of APS. The last decade saw a rapid
increase in worldwide interest related to this syndrome,
firstly because the biological peculiarity of the disease in
which autoantibodies cause thrombosis, and secondly
because AI'S is recognised as one of the most frequent
causes of acquired thrombophilia.'*

Clinical Manifestationsin APS

APS is classified into two groups, primary APS and
APS secondary to SLE or other connective tissue dis-
eases. However, only a few differences were found in
aPL-related complications or in antibody profile in APS
patients in the presence or absence of SLE. Clinical
manifestations in APS are heterogeneous, but mostly
relate to thrombotic events. Both arterial and venous
thrombosis can occur in APS and the recurrent events
are common.* Table I shows the summary of 107 con-
secutive patients visiting the Lupus Clinic at St Thomas’
Hospital, London. There were a similar number of pa-
tients with primary and secondary APS. The ratio of
male to female was relatively higher in the group of
primary compared with secondary APS. The onset of
APS in our series was around 30 years of age.

Thrombosis

In the arterial circulation, the involvement of intracra-
nial arteries, leading to cerebral infarction or transient
ischaemic attacks, is the most frequent. Al'S is consid-
ered as the most important risk factor for ischaemic
cerebral events in young people without congenital
atherosclerotic disease. Magnetic resonance imaging
(MRI) scans show single or multiple lesions.® In some
patients, recurrent multiple small cerebral infarcts lead
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TABLE I: SUMMARY OF 107 CONSECUTIVE PATIENTSWITH THE
ANTIPHOSPHOLIPID SYNDROME (APS), LUPUS CLINIC,
ST THOMAS HOSPITAL, LONDON

Primary APS 61
Secondary APS 46
Female:Male 94: 13
Average age (y) 42
Average duration of disease (y) 9

Arteria thrombosis 53 (50%)
Stroke 37(35%)

Transient ischaemic attacks 11(10%)
Coronary heart disease 6 (6%)
Periphera thrombosis 2 (2%)
Venous thrombosis 52 (49%)
Deep vein thrombosis 35 (33%)
upper limb 3 (3%)
lower limb 32(30%)
Thrombophlebitis 8 (7%)
Pulmonary embolism 16 (15%)
Recurrent pregnancy loss 33/94 (35%)
Livedo reticularis 31 (29%)
Thrombocytopenia 24 (22%)
Positive lupus anticoagulant 67/88 (76%)
Positive anticardiolipin antibodies 80 (75%)

to dementia and psychiatric symptoms.” Other manifes-
tations of arterial occlusion include ischaemic heart
disease, peripheral arterial occlusion, acute abdomen
and ischaemic colitis due to mesenteric thrombosis.

In the venous circulation, deep vein thrombosis in the
lower extremities is the most common feature, occasion-
ally complicated by pulmonary embolism. Some pa-
tients with aPLs also had pulmonary hypertension
presumably due to recurrent pulmonary embolism or
intravascular thrombosis. In addition, axillary vein
thrombosis, central retinal vein thrombosis which may
lead to blindness, glomerular vein thrombosis with
glomerulosclerosis and adrenal vein thrombosis leading
to Addison’s disease® have been described in APS. APS
is one of the most common causes of Budd-Chiari syn-
drome associated with hepatic vein thrombosis.® Patho-
logical examination shows bland thrombus without
inflammation. %" Thus, it is unlikely that in AI'S pa-
tients, occlusion of blood vessels is due to vasculitis.

Foetal Loss

Recurrent spontaneous pregnancy loss is one of the
most consistent complications of APS and aPLs are
found in 7% to 20% of women with history of habitual
abortions.** aPL-related foetal losses are strikingly fre-
quent during the second and third trimester. This differs
from foetal losses in the non-APS population which
usually occur during the first trimester. The mechanism
for pregnancy loss is still uncertain but thrombosis of the

placental microvasculature has been suggested.”” How-
ever, not all placentas examined show signs of placental
thrombosis.

Thrombocytopenia

Thrombocytopenia occurs in 20% to 40% patients with
APS but severe thrombocytopenia is rare. On the other
hand, about 40% of patients diagnosed as idiopathic
thrombocytopenic purpura have aPLs [anticardiolipin
antibodies (aCL) or lupus anticoagulant (LA)]."*

Other Clinical Features

Epilepsy,” chorea'® and psychiatric disorders are some-
times found in Al’S patients."” Transverse myelopathy,
although rare, is strongly associated with aPLs.™
Migraine is common in patients with APS, however
prospective studies have not demonstrated a significant
association between migraine and aPLs."

Heart valve disease, particularly mitral-valve involve-
ment, is associated with aPLs.?* Echocardiographic stud-
ies showed that 40% to 77% of patients with aPLs have
some valvular involvement such as thickening of the
valves or vegetations.?! These abnormalities rarely lead
to significant valve diseases but may be associated with
cerebral vascular events.

Catastrophic AI'S is a rare but life-threatening condi-
tion. Patients with catastrophic AI'S develop acute mul-
tiple organ failure (notably cerebral and renal), severe
thrombocytopenia and adult respiratory distress syn-
drome. In 30% of cases it may be complicated with
disseminated intravascular coagulation (DIC). The prog-
nosis of catastrophic APS is poor with a high fatality rate.
The aetiology is unknown but widespread thrombosis
has been suggested as the pathogenesis.??

Diagnosis

In 1990, Harris® proposed criteria for the classification
of APS. These criteria are shown in Table Il. aPLs tests
must be positive on at least two occasions more than
three months apart.

An ticardiolipin Antibodies
In the early 1980s, assays using cardiolipin (CL) as

TABLEIl: PROPOSED CRITERIA FOR THE CLASSIFICATION OF
THE ANTIPHOSPHOLIPID SYNDROME*

Clinica Laboratory

Venous thrombosis
Arterial thrombosis
Recurrent foetal loss
Thrombocytopenia

IgG aCL (moderate/ high levels)
IgM aCL (moderate/ high levels)
Positive lupus anticoagulant test

aCL: anticardiolipin antibodies

* Patients with this syndrome should have at least one clinical plus one
laboratory finding during their disease. The antiphospholipid antibody test
must be positive on at least two occasions more than three months apart.
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antigen, such as radioimmunoassay* or enzyme-linked
immunosorbent assay (ELISA)* were established. A
strong asssociation was rapidly noticed between the
presence of antibodies detected by these assays and
thrombosis or pregnancy loss. In 1987, our group® stand-
ardised aCL ELISA and established aCL units to be used
internationally. aCL were not only often found in pa-
tients with thrombosis but also in patients with infec-
tious diseases, such as malaria, syphilis and acquired
immunodeficiency syndrome (AIDS). Furthermore, in
SLE patients, aCL were found in 30% to 50% of the
cases.’®? Therefore, aCL detected by the conventional
aCL assay showed low specificity. It has been demon-
strated that aCL has clinical significance when the titres
were more than “moderate” . Thus, high titres of aCL
become very specific for the diagnosis of APS but at the
expense of a large number of potential true positives.
Antibodies against other negatively charged PLs were
correlated with aCL suggesting cross reactivity of aCL
with other PLs.”

Antigen of aCL: In 1990, three groups®* reported that
aCL associated with AI'S required a plasma protein, 2
glycoprotein | (B2GPI), as a cofactor to bind CL in ELISA
plates. It was shown that the requirement of B2GPI for
CL binding distinguishes between two types of aCL.
One is B2GPI-independent aCL, mainly found in pa-
tients with infectious diseases, which shows high bind-
ing to CL in the absence of B2GPI. The other type of aCL,
B2GPI-dependent aCL, found in patients with
autoimmune diseases and associated with thrombotic
events, do not bind directly to solid phase CL but to CL-
B2GPI complex.®® After the discovery of a “cofactor
effect” of P2GPI, some hypotheses regarding the epitope
for aCL have been suggested: 1) B2GP], 2) B2GPI-anionic
PL complex, 3) anionic PL antigen, and 4) cryptic B2GPI
antigen. Subsequently it was shown that gamma irradia-
tion of polysterene ELISA plates induces oxygen mol-
ecules on the plate surface.* Antibodies bind to f2GPI
coated onto these oxidised plates, but not to B2GPI
coated on plain polysterene plates. The binding of anti-
bodies to P2GPI coated on irradiated plates strongly
correlated with the binding obtained by ELISA using
B2GPI-cardiolipin complex as antigen.® Furthermore,
experimental studies showed that monoclonal aCL de-
rived from lupus-prone mice or from APS patients bound
to B2GPI coated onto irradiated plates.®* Thus, aCL
found in AI'S patients bind to B2GPI whose conforma-
tional change is induced by irradiated polysterene sur-
face or throughinteraction with negatively charged PLs,
allowing the exposure of the cryptic epitope of B2GPI.

New assays to detect aCL: Recently a new assay to
directly measure antibodies to human B2GPI in the
absence of CL has been established and its clinical sig-
nificance is being studied. In a large cohort of SLE
patients, IgG antif2GPI antibodies correlated with a
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history of thrombosis.* This method not only allowed
differentiation between aCL associated with APS from
aCL found in infectious diseases but also from “non-
specific” aCL often found in SLE.?” However, the sensi-
tivity of IgG aCL conventional assay was 70.4% while
the sensitivity of antiB2GPI antibodies assay was only
53%, implying that antiB2GPI assay is not suitable for the
screening of AI'S because of its lower sensitivity. On the
other hand, it has been reported that antif2GPI antibod-
ies could occasionally be missed by conventional aCL
assay.¥ There are two possible explanations: 1) the
epitope on B2GPI is not available when B2GPI binds to
CL, and 2) these antif2GPI antibodies are species spe-
cific (i.e. recognising human, but not bovine B2GPI).*

Lupus Anticoagulant

LA is defined as immunoglobulins which interfere
with some steps of the invitro PL-dependent coagulation
reaction [i.e. activated partial thromboplastin time
(APTT), kaolin clotting time (KCT) and dilute Russell
viper venom time (dRVVT)]. Table 11l shows the method
for the detection of LA widely being practised. Due to its
high heterogeneity, no single test will successfully iden-
tify all LA. Guidelines for testing LA have been pro-
posed.* A three-step approach has been recommended:
1) screening test to see if PL-dependent coagulation
test(s) are prolonged, 2) mixing test to demonstrate that
the prolongation of the clotting time is caused by an
inhibitor present in plasma rather than by a factor defi-
ciency, and 3) neutralisation test by damaged platelets
or by PLs to characterise the inhibitor as aPL. In patients
receiving heparin or oral anticoagulation, the determi-
nation of LA is difficult.

Cofactor Of LA: It had been suggested that LA activity
requires plasma cofactors. Some LA plasma requires
B2GPI for LA activity*’ and a range of mouse monoclonal
anti B2GPI antibody showed LA activity.*! Recently, it
was reported that B2GPI and rabbit anti human B2GPI
antibody inhibited synchronously the activation of fac-

TABLE IIl: DETECTION OF LUPUS ANTICOAGULANT

Screening test
Activated partial thromboplastin time (APTT)
Kaolin clotting time (KCT)
Dilute Russell viper venom time (dRVVT)
Dilute tissue thromboplastin inhibitor test (TTI)
Textarin clotting time
Plasma clotting time (PCT)

Confirmatory test
Decreased phospholipids: TTI, dRVVT
Increased phospholipids: High rabbit brain phospholipid
Altered configuration of phospholipid: Hexagona (I1) phase
posphatidylethanolamine
Platelet neutralisation procedure (PNP)
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tor Xll, implying that B2GPI-anti2GPI complex is one of
the LA.* However, not all of antif2GPI antibodies have
LA activity. Bevers et al* suggested that LA recognises
prothrombin-PL complex. Therefore, PL-dependent co-
agulation reaction may be impeded at least by two types
of LA, one is B2GPI-dependent and the other pro-
thrombin-dependent.

Expanded aPLs family

In the last few years interest has been focused on
antibodies against PL-binding proteins rather than in
antibodies against PLs themselves.** As described above,
prothrombin is one of the cofactors of LA. Plasma con-
centration of prothrombin is similar to that of B2GPI
(=150 pg/ml). Antibodies against prothrombin can be
detected by ELISA when prothrombin is coated on irra-
diated plates or bound to phosphatidylserine, but the
clinical significance of these antibodies has not been
fully investigated.

Protein C and protein S are vitamin K dependent
anticoagulant factors. They bear Gla-domain as a PL
binding site. In some AI'S patients low plasma levels of
protein C or protein S are found (especially free form of
protein S which has anticoagulant activity). Antibodies
against lipid-bound protein C and protein S have been
described in some patients with APS.%

Annexin V, one member of the annexin family, has
high affinity for anionic PLs in a calcium dependent
fashion. This protein behaves as a potent natural antico-
agulant. Antibodies against annexin V have been inves-
tigated as a possible explanation of recurrent abortions
or foetal death.*

M echanism of Thrombosis

Great interest has centred on the role of PL-binding
proteins as a clue of the mechanism of thrombosis in
APS. The better characterised are B2GPI and pro-
thrombin. B2GPI binds to negatively charged PLs and
regulates PL-dependent coagulation reactions, thus has
both procoagulant and anticoagulant properties. Table
IV shows the functions of B2GPl invitro. In APS patients’
plasma, the concentration of B2GPI is normal or rather
increased. Furthermore, congenital deficiency of this
protein is not a clear risk factor for thrombosis. Animal
models proved the importance of the role of B2GPI in
APS. Animals immunised with human B2GPI produce
both anti human B2GPI and non-specific aPLs (B2GPI-
independent aCL) and develop intrauterine foetal death
or thrombocytopenia, similar to human APS. It had been
hypothesised that these antibodies bind to endothelial
cells or platelets via PL-binding proteins and induce the
production of procoagulant substances by these cells. As
a consequence of initial damage, anionic PLs are ex-
posed on the cell surface. These PLs are covered by PL-
binding proteins, such as B2GPI or prothrombin. If aPLs

TABLE IV: PROPERTIES OF B2 GLY COPROTEIN I IN VITRO

Anticoagulant

1. Inhibition of prothrombinase activity (thrombin formation)
2. Inhibition of factor X activation

3. Inhibition of factor Xl activation

4. Inhibition of platelet aggregation

Procoagulant
1. Inhibition of protein C activation
2. Inhibition of inactivation of activated Factor V by activated protein C

are present against such surface-bound proteins, aPLs
may bind them and subsequently induce the production
of a procoagulant substances such as tissue factor, plas-
minogen activator inhibitor (PAI-1), or adhesion mol-
ecules.*” Furthermore, B2GPI binds to oxidised-LDL,
and monoclonal aCL increases the uptake of oxidised-
LDL by macrophage-like cell line.*® These findings sug-
gest that aPLs are involved in the progression of
atherosclerosis, particularly interesting in relation to the
pathogenesis of arterial thrombosis.

Treatment

Despite the enormous amount of work focused on the
pathogenesis and clinical manifestations of APS, there
has been surprisingly little published on the manage-
ment of thrombosis associated with APS. One of the
most practical advances in the management of SLE has
been the recognition that a significant number of pa-
tients suffer from recurrent thrombotic episodes, strongly
associated with aPLs.

Asymptomatic Individuals

The controversy concerning whether or not prophy-
lactic treatment for asymtomatic individuals with aPLs
remains unresolved.? In our daily practice, we recom-
mend that patients with persistently positive lupus an-
ticoagulant test results and/or moderate to high IgG
aCL levels and no history of thrombosis may be treated
with low-dose aspirin (75 mg/day). aCL test is positive
at low titres in about 2% of healthy obstetric population
and such finding does not appear to be associated with
an adverse outcome. Because the risk is relatively low
for primiparas, even if they have high aPLs titres, the
recommended prophylactic treatment is either close
observation only or low-dose aspirin (75 mg/day).*

Thrombosis

There is now strong evidence that the thrombosis in
APS tends to recur, thus requires long-term, possibly
lifelong prophylactic therapy. We assessed our experi-
ence of the management of aPLs-associated thrombosis
in 147 patients over a 10-year period and found that
long-term and intensive oral anticoagulation (interna-
tional normalised ratio =3) was the most effective thera-
peutic option in the secondary prevention of venous and
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arterial thrombosis.®! No evidence was found that low-
dose aspirin (75 mg/day) alone prevented recurrence of
thrombosis in our patients. The use of steroids and
immunosuppressive agents to reduce antibody levels
has not proved beneficial in the long-term.”"** Some
experimental treatments with fibrinolytic substances®
or prostaglandin analogues™ have been successful in
selected patients with APS.

The recognition of catastrophic AI'S requires immedi-
ate management in an intensive care unit and treatment
of the multiple organ failure together with intensive
anti-thrombotic treatment and plasmapheresis.”

Recurrent Pregnancy Loss

Recent data from our pregnancy clinic show that the
greatest impact on foetal outcome in patients with SLE
and AI'S has been the regularity and quality of obstetric
care, judicious monitoring, and timely intervention.%®
Low-dose aspirin (75 mg/day) is effective in preventing
pregnancy loss, and low molecular weight heparin (5000
to 10 000 U/ day) appears to prevent recurrent throm-
boembolic disease in pregnant woman at high risk.” The
use of corticosteroids and gammaglobulins is still con-
troversial.

Conclusion

To define the role of aPLs in the pathogenesis of
thrombosis requires further and intensive investiga-
tions. The availability of more accurate diagnostic tech-
niques may facilitate the recognition of pathogenic aPLs.
This would be an important step in the management
of patients with AI'S and could lead to more precise
treatment.
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