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ABSTRACT

The purpose of this thesis was to study the interactions of antiphospholipid
antibodies (aPAs) and

62

glycoprotein-I (6 2 GPI) and examine their effects on

haemostatic reactions occurring on plasma lipids. Antiphospholipid antibodies are
now well recognised to be associated with thrombosis and recurrent fetal loss and
some aPAs have recently been shown to require a cofactor,

6 2 GPI,

for binding to

phospholipids.

6 2 GPI

has demonstrated in vitro anticoagulant properties, so

modulation of

6 2 GPI

function may therefore result in altered haemostatic

regulation.
Methods for study of B2 GPI were first established. An enzyme linked
im m unosorbent

assay

(ELISA )

was developed

and

com pared

to

immunoelectrophoretic (lEP) assay, an assay for estimation of 6 2 GPI aPA cofactor
activity was also developed. B2 GPI was purified and used for measurement of
antibodies directed against 6 2 GPI (oB2 GPI).
6 2 GPI

has been shown to bind to plasma lipids and work presented in this

thesis has demonstrated increased levels of 6 2 GPI in patients with hyperlipidaemia.
These patients had reduced

6 2 GPI

aPA cofactor activity, suggesting that

6 2 GPI

is

compromised. Measurement of 6 2 GPI in lipoprotein fractions, separated by density
ultracentrifugation, of normal subjects and hyperlipidaemia patients demonstrated
6 2 GPI

in association with HDL but none was detected in LDL or VLDL fractions.
6 2 GPI

antigen, aPA cofactor activity and a 6 2 GPI were measured in the

following groups: primary antiphospholipid syndrome patients (PaPS); SLE
patients with and without aPAs and normal healthy subjects. Elevated
antigen and a 6 2 GPI levels and modified

6 2 GPI

6 2 GPI

function were associated with a

history of thrombosis in these patients. Whole IgG and affinity purified
anticardiolipin antibodies (APaCL) were isolated from the plasmas of patients with
aPAs in order to examine the specific effects of these antibodies on haemostatic
reactions.

Factor Xlla (FXIIa) generation on VLDL was measured using a test system
employing purified FXII, VLDL and an amidolytic substrate assay for FXIIa.
FXIIa generation was dependent on lipoprotein lipase treatment of VLDL.

6 2 GPI

caused a dose dependent inhibition of FXIIa generation but no consistent effects
were demonstrated with the IgG fractions from aPA patients. Inhibition of the
6 2 GPI

activity was demonstrated by some antibodies, indicating that this may

contribute to the pathogenic mechanism for thrombosis in some patients with aPAs.
However, the results suggest that a spectra of antibody reactivities exists in PaPS
and SLE patients and as such are consistent with the results of previous studies
examining their effect on haemostatic reactions.
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CHAPTER 1 -

GENERAL INTRODUCTION

Thrombophilia is a term used to describe an inherited or acquired disturbance of the
coagulation system which results in recurrent thrombosis (Haemostasis &
Thrombosis Task Force, 1990). Among the identified causes of thrombophilia are
hereditary deficiency of natural anticoagulants such as anti-thrombin III, protein C
(PC) and protein S (PS), and acquired disorders of these natural anticoagulants,
and activated protein C resistance (FV Leiden) (Dahlback & Hildebrand, 1994).
Antibodies against anionic phospholipids, the so called antiphosphoiipid antibodies
(aPAs), are also frequently identified in subjects investigated for recurrent
thrombosis.

1.1 Normal Haem ostasis
1.1.1 The coagulation cascade
Haemostasis is the result of a series of interactions involving numerous proteins
and cofactors (figure 1.1). Anionic phospholipids play a pivotal role in this system
by providing a surface on which haemostatic proteins form complexes with their
cofactors in the presence of calcium. The central precipitating event in vivo is
considered to involve tissue factor (TF) which is exposed to blood as a result of
vascular or endothelial injury. TF then combines with plasma FVll and the FVllaTF complex activates some FX to FXa and some FIX to FlXa. With the generation
of FXa, the inhibitory potential of tissue factor pathway inhibitor increases and
prevents further activation of FX and FIX by the TF-FVlla complex. Under these
circumstances, additional FX is produced through activation by FlXa together with
FVllla.
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CONTACT
ACTIVATION
FXII

FXIIa
FXIa
FVIII

FIXa FVIII

FXaFVa
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INJURY

inactive
FV

inactive
FVIII

Figure 1,1 The coagulation cascade leading to thrombin generation.
Tissue factor (TF), thrombomodulin (TM), protein C (PC), activated protein C
(aPC), protein S (PS). Paler shading represents an anionic phospholipid surface;
Darker shading represents subendothelium.
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As shown in Figure 1.1, an anionic phospholipid surface is required for the
calcium-dependent assembly of some procoagulant haemostatic reaction complexes.
In order to localise these coagulation reactions to the site of injury, the generation of
thrombin is also down regulated by the generation of activated protein C (aPC) on
anionic surfaces.
The phospholipid-dependent complexes are similar in that they consist of an
active vitamin K dependent serine protease together with a non-enzymatic cofactor
bound to an anionic surface on which the activation of zymogen occurs. In vivo,
the anionic phospholipid surfaces which form the binding sites for these complexes
are most likely provided by activated platelets.

1.1.2 Platelet activation
The participation of platelets in haemostasis is a fundamental component of the
physiological process. When injury to the vessel occurs, platelets become exposed
to procoagulant surfaces, causing them to respond in several different ways: by
adhesion, shape change, aggregation, secretion of granule contents and
arachidonate liberation. However, for complete haemostasis, coagulation reactions
must be accelerated on the surface of aggregated platelets, in order to form a
meshwork of fibrin to consolidate the platelet plug.
Platelets do not adhere to normal vascular endothelium, but an area of
endothelial disruption provides binding sites for adhesive proteins, including von
Willebrand factor (vWF), which are thought to participate in the formation of a
bridge from platelets to subendothelium via the platelet membrane receptor,
glycoprotein (Gp) Ib (Weiss et al, 1978). This initial adhesion may be followed by
further platelet activation if the endothelial surface exposes collagen fibrils, or if the
platelets are stimulated in other ways. Activation induces platelet shape change and
the GPIIb/IIIa receptor becomes exposed and forms a secondary binding site with
vWF, promoting further adhesion (Shattil et at, 1985). The Gpllb/llla complex also
binds fibrinogen, through which platelet aggregation may occur. Secretion of the
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platelet granule contents, which include platelet activating components,
vasoconstrictors and coagulation proteins, follows aggregation and serves to
enhance the haemostatic process.
Investigation of the lipid distribution in the plasma membrane of
unstimulated platelets has shown that 93% of the sphingomyelin and 45% of the
phosphatidylcholine are in the outer m onolayer and

80% of the

phosphatidylethanolamine and 95% of the phosphatidylserine are confined to the
inner leaflet (Severs et al, 1983). Human erythrocytes, leukocytes and endothelial
cells appear to have similar lipid distribution. Cellular activation may give rise to
increased transbilayer movement and microvesicle formation. The most important
consequence of this event is the exposure of PS in the external membrane surface.
The resultant anionic outer leaflet then acts to accelerate phospholipid dependent
coagulation reactions.

1.1.3 Contact activation of blood coagulation
Activation of the contact system is believed to be initiated by the binding of plasma
FXII to a negatively charged surface, where autoactivation of the zymogen FXII
occurs, converting it to an active serine protease (Tankersley & Finlayson, 1984).
Upon contact with model negatively charged surfaces, such as glass, kaolin, celite,
dextran sulphate and ellagic acid, FXII is autoactivated (Cochrane et al, 1973).
Biological components including articular cartilage (Ratnoff, 1966), skin (Nossel,
1966), fatty acids (Margolius, 1962; Didisheim & Mibasham, 1963), and
sulphatides (Tans et al, 1983) can also promote autoactivation of FXII. The
presence of a small amount of FXIIa can lead to the activation of its substrates,
prekallikrein (PK), FXI and high molecular weight kininogen (HK). Kallikrein can
then initiate reciprocal activation, generating additional FXIIa from FXII (Fujikawa
et al, 1980). This reciprocal activation is several orders of magnitude faster than
autoactivation (Tankersley & Finlayson, 1984).
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FXII is a single chain

6

globulin with a molecular weight of 76 kDa

(Fujikawa & Davie, 1981). At least two proteolytic products of activated FXII have
been well characterised. FXIIa is a two chain molecule comprised of a heavy chain
(353 residues) and light chain (243 residues) held together by a disulphide bond.
FXII fragment (FXIIf) comprises two polypeptide chains (9 and 243 residues in
size) held together by a disulphide bond.
The regulators of the contact system are the naturally occurring plasma
protease inhibitors, C l inhibitor, Gt2 -macroglobulin and ai-antitrypsin. C l
inhibitor is the major inhibitor of this system and accounts for more than 90% of the
inhibitory activity in plasma towards activated FXII (Pixley et al, 1985).
Activation of the proteins of the contact system results in initiation of other
proteolytic systems (figure 1.5).
FIBRINOLYSIS Plasma kallikrein leads to the conversion of plasminogen to
plasmin (Mandle & kaplan, 1977). FXIIa, FXIIf and FXIa also convert
plasminogen to plasmin, but to a lesser extent (Mandle & Kaplan, 1977; Goldsmith
etal, 1978).
BLOOD PRESSURE REGULATION Kallikrein cleavage of HK results in the
release of bradykinin. Kallikrein may also elevate blood pressure by converting
prorennin to rennin (Derkx et at, 1982).
COMPLEMENT ACTIVATION FXIIf can activate the classic pathway of
complement by interacting with C l (Ghebrehiwet et al, 1981).
ACTIVATION OF FACTOR VII FXIIf can activate FVII. The 'spontaneous
activation' of plasma maintained in vitro in cold conditions is due to a combination
of inactivation of C l inhibitor and surface activation of FXII.
The observation that individuals deficient in FXII, PK or FXI do not suffer
consistently with associated clinical bleeding disorders suggests that the
significance of the contact system of activation in the maintenance of normal
physiological haemostasis is minimal (Hattersley & Hayse, 1970). However,
contact activation of coagulation may be important in some conditions associated
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COAGULATION
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( ProUK )
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Figure 1.2 Contact activation of coagulation and interaction of the contact system
with other proteolytic pathways.
The shaded area represents activating surface. Zymogens are represented by circles,
cofactors by rectangles and active enzymes by triangles. Activated species (a),
fragm ents (f). Bradykinin (BK), factor VII (FVII) factor IX (FIX), factor XI
(FXI), factor XII (FXII), high molecular weight kininogen (HK), kallikrein (Kal),
plasmin (Plsn), plasminogen (Plsgn), prekallikrein (PK), prourokinase (ProUK),
throm bin (Thr), urokinase (UK), first com ponent o f com plem ent ( C l) , first
component of complement activated (C la), third component of complement (C3a)
fifth component of complement (C5a).

Activation;
►Cascade

■—

^► Conversion; — — ►
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Translocation

1.2 Antiphosphoiipid antibodies
1.2.1 Historical perspective
Laboratory measurement of aPAs began in 1907, when Wasserman introduced a
diagnostic test for syphilis (Wasserman, 1907). The antigenic component of the
W asserman test was later identified as cardiolipin, an anionic phospholipid
(Pangbom, 1941). Subsequently all syphilis tests were performed using a reagent
containing cardiolipin extracted from bovine heart. With the wide scale introduction
of this test, it soon became apparent that there were a large number of patients
whose sera contained antibodies that reacted with the reagent, but who had no
clinical evidence of syphilis (Moore & Mohr, 1952). This phenomenon was termed
the biological false positive serological test for syphilis (BFP-STS). These cases
included a large number of subjects with transient infections unrelated to syphilis,
in whom the positive reaction disappeared after resolution of the infection. In the
remainder of cases, the positive test persisted over months or years. The two
groups were accordingly classified as acute and chronic BFP-STS. With further
study of patients with chronic BFP-STS, a high incidence of autoimmune disease,
particularly systemic lupus erythematosus (SLE) was noted (Moore and Lutz,
1955).
Prior to this, Mueller et al (1951) and Conley and Hartmann (1952) had
described three patients with SLE and BFP-STS whose plasma contained a unique
acquired inhibitor of coagulation which prolonged the whole blood clotting time and
prothrombin time. In two patients, an association with a haemorrhagic disorder was
reported (Conley & Hartmann, 1952), and in the third, a history of thrombosis was
reported. Similar reports continued to appear in the following years. An association
between the acquired inhibitor of coagulation and BFP-STS was later
demonstrated, when it was shown that the anticoagulant activity could be adsorbed
by the reagent used in the syphilis test (Laurell & Nilsson, 1957).
Contrary to the laboratory evidence of inhibition of in vitro coagulation, it
soon became apparent that this atypical inhibitor was associated with clinical events
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of a thrombotic nature (Bowie et a/, 1963). It was later found that if bleeding did
occur in the face of this atypical inhibitor, it was almost always due to a specific
prothrombin deficiency or thrombocytopenia (Feinstein & Rappaport, 1972).
Further reports of large patients series have confirmed the associations between the
presence of aPAs and a history of venous and arterial thrombosis (Vermylen et al,
1986). An association was also established between the presence of aPAs and a
history of recurrent fetal loss, intra-uteri ne death and intra-uterine growth
retardation (Nilsson et al, 1975).
As a result of its frequent detection in patients with SLE, this atypical
coagulation inhibitor was termed the lupus anticoagulant (LA) (Feinstein &
Rappaport, 1972). However, LA activity has also been detected in large numbers of
individuals with no evidence of SLE. Such subjects include patients with other
autoimmune diseases, malignancies and infections, patients receiving particular
drug therapies and individuals with no apparent risk factor for aPAs. Schleider et al
(1976) found that of 58 patients with LA activity, only half had SLE or SLE-like
illnesses.

1.2.2 Laboratory identification of aPAs
aPAs are currently detected in plasma or serum by prolongation of phospholipid
dependent coagulation tests (LA antibodies) or antibody binding in solid phase
immunoassays employing phospholipid antigens (anticardiolipin antibodies (aCL)).
LA Antibodies LA comprise a heterogeneous group of immunoglobulins with
varying specificities. The most recent guidelines issued by the Scientific and
Standardisation Committee Subcommittee for the Standardisation of Lupus
Anticoagulants recommends the following three step approach for LA identification
(Exner et al, 1991): (i) Prolongation of a phospholipid coagulation test should be
first demonstrated; (ii) The prolongation should then be demonstrated to be the
result of an inhibitor rather than coagulation factor deficiency, by ensuring that it
cannot be corrected by addition of normal control plasma and; (iii) The inhibitor
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should be characterised as phospholipid dependent, by correction on addition of
lysed washed platelets or phospholipid liposomes containing phosphatidylserine or
hexagonal phase phospholipids. However, no conclusive agreement has been
reached about the phospholipid dependent coagulation tests that should be
employed for LA identification. The current guidelines recommend at least one of
the following: kaolin clotting time (KCT); dilute Russell's Viper venom time
(DRVVT); tissue thromboplastin inhibition test (TTI) or a modified activated partial
thromboplastin time (APTT) (The Lupus Anticoagulant Working Party of The
British Society For Haematology, 1990).
aCL antibodies In 1983, Harris et al (1983) developed a solid phase
radioimmunoassay (RIA) to replace the syphilis screening test for the measurement
of aCL. Two years later an enzyme-linked immunosorbent assay (ELISA) with
comparable sensitivity to the RIA was introduced (Loizou et at, 1985). Further
developments in standardisation of the assay and the widespread availability of
reference sera have continued to improve the inter-laboratory variability of results
(Harris, 1990).

1.2.3 Conditions associated with antiphosphoiipid antibodies
S ystem ic

lupus

erythem atosus

and

other

autoim m une

disorders

Antiphosphoiipid antibodies were first recognised in patients with SLE, and it
remains the most common condition in which aPAs are found (Derksen & Kater,
1985). SLE is a multi-system autoimmune disease with many potential clinical
features. The aetiology of this disease, which predominantly affects women during
child bearing years, is unknown. There is some evidence for a viral aetiology and
there may be a genetically determined susceptibility to the development of SLE in
appropriate environmental conditions, as there is an increased prevalence of the
disease in families of patients with SLE.
SLE is perhaps best described as a clinical syndrome, with a complex
multifactorial aetiology characterised by inflammation and involvement of most of
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the body's organs or systems. It is subject to remissions and exacerbations and
though the mucoskeletal system and skin are invariably affected, it also frequently
gives rise to manifestations in the kidney, heart, lungs and central nervous system.
The American Rheumatism Association has published a set of criteria that have been
widely adopted for the classification of the disease (table 1 . 1 ).
The diversity of the clinical features of SLE is matched by an apparent
diversity among the autoantibodies detectable in the serum from the patients. The
various autoantibodies have specific associations with certain clinical findings and
outcomes. The presence of antinuclear antibodies is detected by indirect
immunofluoresence in approximately 95% of SLE patients. Antinuclear antibodies
that are directed against double stranded DNA are closely associated with renal
disease, and antibodies against Ro (a combination of protein and a small
cytoplasmic RNA) are associated with a photosensitive subset of SLE patients.
Antiphosphoiipid antibodies are detected in approximately 35% of SLE patients
and are associated with a high prevalence of venous and arterial thrombosis and
fetal loss in these patients (Love & Santorro, 1990).
Harris et al (1985a; 1985b) have reported associations between the presence
of aPAs and other autoimmune diseases including Sjorgen's syndrome, mixed
connective tissue disease, rheumatoid arthritis, Bechet's syndrome and immune
thrombocytopenia. They also reported more tenuous links with multiple sclerosis
and scleroderma.
Infection The spectrum of infections associated with aPAs includes viral,
bacterial, parasitic and treponemal infections (Moore & Mohr, 1952). The
development of aPAs in patients with infection may represent an transient immune
response to antigenic material of the organism, or alternatively the organism may
cause host cell membrane damage that leads to exposure or modification of cell
membrane phospholipids, such that they become antigenic. Generally, aPAs
occurring in infection are not considered to be associated with thrombosis (Love &
Santoro, 1990).
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Table 1,1 American Rheumatism Association criteria for the classification of SLE
(Tan era/, 1982).______________________________________________________
CRITERION
Malar rash

DEFINITION
Rxed erythema, flat or raised, over the maiar eminences, tending to
spare the nasolabial folds.

Discoid rash

Erythematosus raised patches with adherent keratotic scaling and
follicular plugging; atrophic scarring may occur in older lesions

Photosensitivity

Skin rash as a result of unusual reaction to sunlight, by patients
history or physician observation

Oral ulcers

Oral or nasopharangeal ulceration, usually painless, observed by a
physician

Arthritis

Non erosive arthritis involving two or more peripheral joints,
characterised by tenderness, swelling or effusion

Serositis

a) Pleuritis (convincing history of pleuritic pain or rub heard by a
physician or evidence of pleural effusion) OR b) P e ric a rd itis
(documented by EGG or rub or evidence of pericardial effusion)

Renal disorder

a) Persistent proteinuria greater than 0.5 g/day or greater than 3+ if
quantitation not performed OR b) Cellular c a sts (can be red cell,
haemoglobin, granular, tubular or mixed).

Neurological

a) Seizures (in absence of offending drugs or known metabolic
derangements: eg uraemia, ketoacidosis, or electrolyte imbalance)

disorder

OR b) Psychosis (in absence of offending drugs or known metabolic
derangements: eg uraemia, ketoacidosis, or electrolyte imbalance)

Haematological

a) Haemolytic anaem ia (with reticuiocytosis) OR b) Leucopenia
(<4x10^/1) on 2 or more occasions OR c) Lymphopenia (<1.5x10^/1)

disorder

on 2 or more occasions OR d) Thrombocytopenia (<100x10^/1) in
the absence of offending drugs.

Immunological

a) Positive LE ceil preparation OR b) Anti-DNA antibody to native
DNA in abnormal titre OR c) Anti-Sm: presence of antibody to Sm

disorder

nuclear antigen OR c) BFP-STS for at least 6 months and confirmed
by Treponem a pallidum immobilisation or fluorescent treponem al
antibody adsorption test

Antinuclear

An abnormal titre of antinuclear antibody by immunofluorescence or
an equivalent assay at any point in time and in the absence of drugs

antibody

known to be associated with 'drug induced lupus' syndrome________
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D rugs Many drugs are associated with the development of aPAs, including
hydralazine, procainamide, quinidine, amoxycillin and propanalol, although
chlorpromazine is by far the most common cause (Derksen & Kater, 1985).Lupus
anticoagulant and aCL have been detected in over 30% patients treated with
chlorpromazine for more than one year (Canoso & Sise, 1982; Canoso & Oliviera,
1988). The rationale for development of aPAs in patients receiving chlorpromazine
therapy is unclear but is probably related to the lipid binding properties of the
compound (Mori et al, 1980).
N orm al subjects Antiphospholipid antibodies have also been detected in
subjects with no known underlying disease with reported incidences for LA and
aCL as high as 8 % and 11%, respectively (Shi et al, 1990). Interestingly, the
majority of positive LA tests in this series were found in young females, the same
subject group that predominates among SLE patients.

1.2.4 Clinical associations of antiphospholipid antibodies
Since the early identification of an association between the presence of aPAs and
thrombosis, large retrospective studies have confirmed these findings. Similar
studies have also identified associations between the presence of aPAs and recurrent
fetal loss and thrombocytopenia.
Analysis of the results of 21 studies of SLE patients between 1979 and
1989, showed that of a total of 1428 patients, thrombotic events were much more
frequent in patients with aPAs (42%) than in those without (13%) (McNeil et al,
1991). Analysis of patients identified as aPA positive and then investigated for
previous history of thrombosis, showed that of 1147 patients with aPAs, 31% had
a history of one or more thrombotic events (McNeil et al, 1991). Recently, the use
of assays for markers of thrombin generation such as the prothrombin fragment
(F I4-2) and fibrinopeptide A, have allowed the demonstration of hypercoagulability
in patients with SLE and aPAs (Ginsberg et al, 1993).
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Retrospective studies of fetal loss in patients with SLE have also identified a
strong association between aPAs and recurrent fetal loss. In a recent study of 42
consecutive patients with SLE, 122 pregnancies and a history of at least one
pregnancy loss, pregnancy loss occurred in 24 of the 55 pregnancies in patients
with persistently positive LA tests, compared with 8 of 67 pregnancies in LA
negative patients (Ginsberg et al, 1992). A similar trend was seen with aCL
positivity in this group with 10 of 14 pregnancies in aCL positive patients resulted
in pregnancy loss compared to 22 of 108 pregnancies in aCL negative patients. In
patients without SLE, an association between fetal loss and the presence of aPAs
has not been established (Infante-Rivard et al, 1991). The cause of fetal wastage in
patients with aPAs is thought to be due to thrombosis of placental vessels, with
resultant ischaemia and infarction (de Wolf et al, 1982).
Antiphospholipid antibodies are also associated significantly with mild
thrombocytopenia, particularly in patients with SLE. In a review of 13 studies
encompassing 869 SLE patients, it was shown that thrombocytopenia occurred
more frequently in the 406 patients with aPAs (38%) than those without (11%)
(Lechner et at, 1985).
In addition to these highly significant clinical associations with aPAs, livedo
reticularis and haemolytic anaemia have also been frequently reported in subjects
with aPAs (Alcaron-Segovia & Sanchez-Guerrero, 1989; Asherson, 1991).
Antiphospholipid syndrom e The term 'antiphospholipid syndrome' (aPS)
was proposed originally by Harris et al (1987) in order to describe the concomitant
occurrence of aPAs and clinical thrombotic events. Antiphospholipid syndrome is
characterised by venous and / or arterial thrombotic events, recurrent fetal losses,
which are accompanied frequently by mild thrombocytopenia, in the presence of
LA, elevated aCL levels, or both. The IgG aCL isotype is the most commonly
detected in aPS, with IgM occurring less frequently and IgA detected occasionally
(Gharavi et al, 1987). Antiphospholipid syndrome is most commonly found in
patients with greatly increased levels of IgG aCL levels (Harris et al, 1986).
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In addition to its frequent occurrence in patients with SLE, aPS is also
encountered in patients with no clinical or laboratory evidence of SLE or any
definable autoimmune disease. Such patients are classified as having primary
antiphospholipid syndrome (PaPS) (Asherson, 1988). The original criteria for
classification of PaPS are shown in table 1.2. A few patients with PaPS have
subsequently evolved probable or full blown SLE (Asherson et al, 1991; Andrews
et al, 1993) and for this reason, annual year follow-up of PaPS patients is
recommended in order to rule out subsequent development of autoimmune disease.

Table 1.2 Criteria for classification of PaPS (Asherson et al, 1988).___________
CLINICAL

ven o u s throm bosis
arterial throm bosis
recurrent fetal loss
throm bocytopenia

LABORATORY IgG aCL (m oderate / high level)
IgM aCL (m oderate / high level)
positive LA test
CONDITIONS

(I) patients should have at least on e clinical and on e
laboratory finding during their illness
(ii) laboratory test must be positive on at least two
o ccasions > 3 m onths apart
(iii) follow-up of >5 years is recom m ended to rule out
su b seq u en t developm ent of autoim m une d is e a s e

The criteria defined for the classification of SLE cannot satisfactorily distinguish
between patients with PaPS and aPS secondary to SLE, as some of the SLE
criteria could be fulfilled as a result of pathogenic mechanisms unrelated to SLE.
For this reason, Piette et al (1992) proposed a set of exclusion criteria to distinguish
PaPS and aPS secondary to SLE (table 1.3).
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Table 1,3 Proposed empirical exclusion criteria to distinguish primary and SLE
related aPS (Piette et al, 1992).___________________________________________
CRITERIA

Malar rash
Discoid rash
Oral or pharyngeal ulceration, excluding nasal septum
ulceration or perforation
Frank arthritis
Pleuritis in a b se n c e of heart failure or PE
Pericarditis in ab sen ce of Ml or uraem ia
Persistent proteinuria (0.5g/day), due to biopsy proven
im m une com plex related glom erulonephritis
Lym phopenia (<1x109/1)
antibodies to native DNA by RIA or Crithidia
fluorescence
Anti-extractable nuclear antigen antibodies
Anti-nuclear antibodies of m ore than 1 :320
Treatm ent with drugs known to induce aP A s

CONDITIONS T he p resen ce of any of the above criteria excludes the
diagnosis of P aP S
A follow-up of >5 y ears is n ecessary to rule out
_______________ su b seq u en t developm ent of SLE_______________________

Anim al models Recent studies in experimental animal models have begun to
provide direct evidence of a pathogenic role for aPAs. Several models for aPS have
been described. The MRL/lpr autoimmune strain of mice was the first reported
animal model of aPS (Gharavi et at, 1989). After the age of two months, MRL/lpr
mice develop high levels of autoantibodies, including IgG aPAs, in association with
thrombocytopenia. Recently, another mouse model for aPS has been reported.
NZW X BXSB Fi male mice develop systemic lupus-like disease and produce aCL
with similar antigenic specificity to that observed in humans (Hashimoto et at,
1992). These mice also develop myocardial infarctions and coronary vascular
disease (Hang et at, 1981).
In addition to animal models for spontaneous aPS, some investigators have
induced aPS in normal mice by passive transfer or active immunisation with patient
plasma derived aPAs. Branch et at (1990) showed that pregnant BALB/c mice
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aborted within 24 hours following immunisation with IgG from patients with
recurrent fetal loss associated with aPAs. A reduced yield of live offspring has also
been demonstrated in ICR mice following immunisation with aCL (Blank et al,
1991).

1.2.5 Treatment of aPS
Arterial and venous throm bosis Acute thrombotic episodes are treated by
thrombolytic and / or anti coagulation in the conventional way. The duration of
treatment and the requirement for prophylaxis remains ill defined as there are as yet
no published controlled trials on the management of thrombosis in aPS. There are
many case reports of thrombotic recurrence following cessation of antithrombotic
therapy in aPS patients (Asherson et al, 1985) so the perceived risk : benefit ratio
should be considered for each individual patient. The decision is usually based on
the nature, severity and predisposing conditions of the presenting thrombotic event.
Oral anticoagulant therapy is generally employed for the prophylaxis of venous
thrombosis and anti-platelet drugs, such as aspirin and dipyrimadole, for
prophylaxis of arterial thrombosis.
Recurrent feta l loss The management of recurrent fetal loss in aPS is also
based upon evidence from individual reports. Good results have been claimed for
the use of corticosteroids, aspirin, heparin and intravenous gamma globulin
(Greaves & Preston, 1991).
Thrombocytopenia Treatment of thrombocytopenia in aPS is not necessary if
the degree of thrombocytopenia is mild and no danger of bleeding exists. If
treatment is required, corticosteroid therapy, immunosuppressives, intravenous
gamma globulin or splenectomy may be employed.
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1.3 Im m unological specificity of antiphospholipid
an tib od ies
1.3.1 Phospholipid specificities of aCL and LA antibodies
The heterogeneity of aCL and LA activities has long been suggested by the disparity
of activities in different patient plasmas. It was confirmed when it was shown that
in most cases, aCL could be separated from LA antibodies (Exner et al, 1988;
McNeil et al, 1989). The two groups used similar methods for separation of aCL
and LA IgGs, incorporating phospholipid affinity chromatography techniques.
Analysis of the two IgG fractions showed that aCL IgG were able to bind to several
anionic phospholipids in solid phase ELIS As but did not express anticoagulant
activity, and LA antibodies could prolong phospholipid coagulation tests but
showed no binding to phospholipids in the solid phase ELISA (McNeil et al,
1989). Further evidence for the existence of separate antibody populations was
provided when it was demonstrated that aCL and LA activities are the result of
different immunoglobulin isotypes in some patients (McNeil et al, 1989).
This concept was accepted widely and investigations of immunological
specificities of aCL and LA antibodies were regarded as separate areas of study.
Then in 1991, LA activity was demonstrated in aCL IgGs isolated from the plasma
of five out of 16 patients with concomitant aCL and LA activities (Severs et al,
1991). Severs proposed the terms aCL types A and S to denote aCL IgGs with and
without anticoagulant activity, respectively. It now considered that, whereas in
approximately 60 - 70% patients LA and aCL activities are the result of different
antibody populations, in the remainder a single antibody population can express
both activities. Therefore at least three different aPAs have been recognised: aCL
type A, which have intrinsic anticoagulant activity, aCL type S , which have no
detectable Einticoagulant activity, and LA antibodies, which possess anticoagulant
activity but which show no binding in solid phase assays.
Anticardiolipin antibodies Anticardiolipin antibodies detected in patients with
aPS cross-react with other anionic phospholipids but show no reaction with
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zwitterionic phospholipids (Harris et aly 1985c). In some cases the cross-reactivity
extended to DNA, and some anti-DNA antibodies were shown to bind to cardiolipin
(Lafer et a/, 1981). For this reason, it was considered likely that aCL antibodies
were polyreactive with anionic phospholipids and recognise epitopes consisting of
repeating single negatively charged phosphodiester groups with neutral or anionic
variable head groups. More recently, it has been shown that aCL cross react with
oxidised low density lipoproteins (Vaarala et al, 1993)
L u pu s

a n ticoagu lan t. The specificity of LA antibodies for anionic

antiphospholipids was first demonstrated in 1980 when a monoclonal IgM with LA
activity was purified from the plasma of a patient with Waldenstrom's
macroglobulinaemia (Thiagarajan et aly 1980). Reactivity of the immunoglobulin
with several anionic phospholipids was demonstrated using immunprecipitation
techniques. The antibody was also shown to inhibit the calcium-dependent binding
of coagulation factors II and X to a an anionic procoagulant phospholipid surface.
Studies with human monoclonal antibodies with LA activity suggested that
the biophysical configuration of the lipid may be important for LA specificity.
Rauch's group demonstrated that LA activity of monoclonal antibodies could be
neutralised by addition of hexagonal phase PE, but not lamellar PE (Rauch et a/,
1986) (figure 1.3). This work was confirmed using plasma derived LA antibodies
(Rauch et a/, 1989).

1.3.2 Protein cofactors for antiphospholipid antibody binding
fi2Glycoprotein-I In 1990, three groups reported independently the requirement
of a protein cofactor for the binding of aCL antibodies from patients with
autoimmune disorders to anionic phospholipids in solid phase ELISA (McNeil et a/,
1990; Galli et a/, 1990; Matsuura et a/, 1990). It was reported originally that aCL
antibodies isolated by ion exchange chromatography or phospholipid affinity
chromatography, failed to bind to phospholipid affinity columns in the absence of
native or bovine plasma (McNeil et a/, 1989). This suggested the requirement of a
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s a;
Figure 1.3 Schematic representation of (a) the bilayer phase forming PE and (b)
the hexagonal II phase egg PE.
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cofactor present in human or bovine plasma and serum for binding to the
phospholipid. McNeil et al (1990) identified the cofactor required for aCL binding
as

62

Glycoprotein-I (6 2 GPI). This new finding explained the previous observation

that the use of 10% adult bovine serum improved the reliability of aCL assays
(Loizou et al, 1985), as the serum provides an exogenous source of
Although the

62

6 2

GPI.

GPI requirement of aCL binding has been confirmed by several

laboratories, some investigators have reported that fî2 GPI is not an absolute
requirement for, but enhances aCL binding (Pierangeli et al, 1992; Sammaritano et
al, 1992). It is possible that the concentration of aCL IgG used in these studies was
so high, or as the authors suggest, the antibody avidities for aCL so great, as to
preclude the 8 2 GPI requirement.
Galli et al (1992) identified the cofactor requirement of the anticoagulant
activity of aCL type A IgG as

6 2 GPI.

In a series of experiments, she showed that

prolongation of the DRVVT by aCL type A IgG was abolished using

62

GPI

deficient plasma, but could be restored upon addition of 6 2 GPI. In contrast, the LA
antibodies caused prolongation of the DRVVT irrespective of the presence or
absence of 6 2 GPI. Oosting later confirmed that 6 2 GPI was a cofactor requirement
for LA activity in some patients when she demonstrated that the anticoagulant
activity of four out of six plasmas with LA activity was abolished after depletion of
62

GPI from the plasma and restored after addition of exogenous

62

GPI (Oosting et

al, 1992).
P roth rom bin In some patients, LA activity requires prothrombin for its
expression. Severs et al (1991) investigated the cofactor requirement of LA
antibodies in patients with aCL type B antibodies. Using IgG fractions, they
showed that prolongation of phospholipid dependent coagulation tests was only
observed with normal plasma of human origin, not with bovine, rat or sheep
plasma. Whilst investigating thrombin generation using purified proteins and
phospholipid vesicles, they then went on to show that a dose dependent inhibition
by LA antibodies was observed only when human prothrombin was used as a
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substrate. No similar species specificity was demonstrated with factors V or X,
indicating that these LA antibodies were most likely directed against an epitope
exposed on binding of prothrombin to phospholipid. The involvement of
prothrombin in LA activity was not a new concept as it had previously been
postulated to be a cofactor for LA activity as early as 1959 (Loeliger, 1959). In a
more recent study. Reck et al (1988) demonstrated anti-prothrombin antibodies in
74% of patients with LA, and showed that the LA activity could be removed by pre
incubation with prothrombin.
O ther cofactors Whilst investigating whether other phospholipid binding
haemostatic proteins could serve as cofactors for aPAs, Oosting et a/(1993a)
identified protein C and protein S as aPA cofactors. They demonstrated inhibition
of the protein C mediated inactivation of factor Va by IgG fractions of seven out of
22 patients with aPAs and a history of thrombosis. This inhibitory activity could be
adsorbed by protein C coated vesicles in three of these patients and by protein S
coated cardiolipin vesicles in the remaining patients. Using a solid phase ELISA
technique, antibodies directed against protein C were identified in 11% of patients
with SLE (Ruiz-Arguelles et al, 1993).
Phospholipase A% has also been implicated as a possible aPA cofactor. As
early as 1981, aPAs were shown to inhibit prostacyclin production by endothelial
cells and this inhibition was postulated to be the result of inhibition of
Phospholipase A 2 activity (Carreras et al, 1981). The inhibition of phospholipase
A 2 activity by IgG from patients with aPAs was later confirmed (Schorer et al,
1992). As a result of these findings, it has been postulated that some aPAs are in
fact directed towards phospholipid-phospholipase A2 complexes (Vermylen &
Amout, 1992).
The antigenic target Most of the work studying the antigenic target of aPAs
with protein cofactor requirements has been performed using aCL antibodies and
B2 GPI. Several groups have demonstrated binding of antibodies to

62

GPI in the

absence of phospholipid in solid phase ELISA systems (Galli et al, 1990; Arvieux
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et al, 1991; Viard et al, 1992; Keeling et al, 1992; Matsuda et al, 1994), whereas
other groups have failed to show reactivity to

6 2 GPI

alone (Gharavi et al, 1993).

Recently, Matsuura et al (1994) reported that aCL antibodies reacted with

62

GPI

coated on electron or y-irradiated ELISA plates, but not standard polystyrene
microtitre plates, and that the degree of binding depended on the irradiation dose.
The finding that the type of microtitre plate affects antibody binding could therefore
account for the discrepancies between results of different investigators.
Y irradiation acts to partially oxidise the surface, which renders the plate
more anionic and enhances protein binding capacity significantly (Onyiriuka et al,
1990). The requirement for y irradiation of microtitre plates for demonstration of
antibody binding to

62

GPI, therefore suggests that either the antibodies require a

high density of immobilised antigen which cannot be achieved with standard
polystyrene plates, or the antibodies are specific for a neo-epitope on

62

GPI that is

only exposed after binding to an anionic surface. The work of Roubey et al ( 1994)
supports the first hypothesis as they demonstrated that the binding of antibodies
was dependent on

62

GPI density, but the results of Matsuura et al (1994) suggest

that a conformational change of B2 GPI occurs and facilitates antibody binding.
The study of the specificities of aPAs, and in particular the identification of
cofactor requirements for their binding, has highlighted the inadequacy of the
nomenclature for their classification. Vermylen & Amout (1992) have proposed that
the term 'antiphospholipid antibodies' should be replaced by 'antiphospholipidprotein antibodies'. However, because antibody binding to

6 2 GPI

and prothrombin

has been observed in the absence of phospholipid, the term 'antibodies to
phospholipid-binding plasma proteins' has also been suggested (Roubey, 1994).
Interestingly, the requirement for 6 2 GPI for binding seems to be limited to
aPAs associated with autoimmune conditions and / or antiphospholipid syndrome.
Conversely,

62

GPI appears to inhibit phospholipid binding of aPAs occurring in

association with infectious disease, presumably by acting as a competitive inhibitor
for the phospholipid (Hunt et al, 1992).
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1.3.3 Immunogenicity of antiphospholipid antibodies
The demonstration of reactivity of an antibody with phospholipid, or a
phospholipid binding plasma protein, in vitro, does not prove that the antigen
induces the production of autoantibodies, nor that it serves as the target antigen in
vivo. In order to assess the nature of the true target antigen, examination of
antigenicity or pathogenicity of the antigen is required. Accordingly, many groups
have investigated the antigenicity of various phospholipids and phospholipid
binding plasma proteins in animal models.
The original work of Rauch & Janoff (1990) demonstrated that hexagonal II
phase phosphatidylethanolamine (PE) but not bilayer PE was immunogenic and
induced the production of antibodies to PE in BALB/c mice. Interestingly, the
antibodies were cross-reactive with cardiolipin and had LA activity. The same
investigators later immunised the mice with cardiolipin alone, cardiolipin in
com bination with

62

GPI and

62

GPI alone. The results of these studies

demonstrated that mice immunised with cardiolipin mixed with B2 GPI produced
antibodies to cardiolipin and %GPI, and that mice immunised with cardiolipin
alone did not produce any phospholipid antibodies (Rauch & Janoff, 1992). The
mice immunised with

62

GPI produced antibodies to B2 GPI. These results suggest

that cardiolipin undergoes a conformational change on binding to

62

GPI and that

the resultant neo-epitope(s) provide the antigenic stimulus.
In contrast to these results, Gharavi et al ( 1992) reported the development
of aPAs and anti-6 2 GPI antibodies in mice and rabbits immunised with human and
bovine

62

GPI. The binding of the aPAs was shown to be specific for anionic

phospholipids and enhanced by
contamination of the

6 2 GPI

6 2

GPI. The authors state that p o ssib le

preparation had been excluded, and postulate that the

aPAs were produced in response to the foreign

6 2 GPI

bound to host phospholipid.

This work has since been reproduced by Pierangeli & Harris (1993).
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1.4 B2 G ly co p ro tein -I

62

Glycoprotein-I was first described in 1961 (Schultze et al, 1961) but its

physiological role has yet to be determined. This plasma protein is mainly
synthesised by the liver parenchymal cells (Cohnen, 1970).

62

GPI has been

reported in all the major lipoprotein fractions and accordingly, was assigned the
name apolipoprotein H (Nakaya^r al, 1980). A role in lipoprotein metabolism has
been proposed but remains unconfirmed.

62

GPI can bind several anionic

macromolecular structures including DNA (Kroll et al, 1976), heparin (Polz,
1979), platelets (Schousboe, 1980) and phospholipid vesicles (Wurm, 1984). A
possible role in the regulation of haemostasis has been widely investigated since the
demonstration of in vitro anticoagulant activities (Schousboe, 1985; Nimpf et al,
1986; Nimpf et al, 1987). Research interests in

62

GPI have escalated since its

identification as a cofactor for the binding of some aPAs in 1990 (Galli et al, 1990;
McNeil et al, 1990; Matsuura et al, 1990).

1.4.1 Structure
62

GPI is a single chain polypeptide of 326 amino acids, with an apparent molecular

weight of 50 kDa. It is highly glycosylated, with the reported carbohydrate content
being approximately 18% of the molecular weight (Schultze et al, 1961). The
primary structure of the molecule was first reported in 1984 (Lozier et al, 1984).
62

GPI cDNAs have been cloned from human liver and a human hepatoma cell line

(HepG2) (Mehdi et al, 1991). Both cDNA sequences predict a protein of 345 amino
acids in length. This sequence includes a 19 amino acid hydrophobic, N-terminal
sequence which is not present in the mature protein. Analysis of

62

GPI cDNA

products, led to revision of the amino acid sequence (Matsuura et al, 1991). In the
revised sequence, two amino acid residues were altered. The cysteine at position
102 and asparagine at position 169 were replaced by serine and cysteine.
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260

Figure 1.4 Proposed model of bovine B2 GPI (Kato & Enjyoji, 1991). CHO
denotes N-iinked glycosylation sites, 1 denotes N-terminal end and 326 denotes Cterminal end.
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respectively. This revision allowed construction of five repeating domains of some
60 amino acids each with a highly conserved pattern of cysteine residues (figure 1 ).
Within each repeat, it is possible to recognise the consensus sequence of the
complement control protein molecule putting
(SCR) superfamily. Whilst the first four

62

6 2 GPI

in the short consensus repeat

GPI domains are typical examples of

this SCR superfamily, the fifth domain is unusual in that it contains two additional
cysteine residues and a long C-terminal tail.

62

GPI also differs from the majority of

SCR proteins in that the gene for human 6 2 GPI has been assigned to chromosome
17, rather than chromosome 1 where the majority of these proteins are clustered
(Steinkasserer e/a/, 1992).
Analysis of a G2 GPI preparation lacking aPA cofactor activity has allowed
some elucidation of the lipid binding area of this molecule (Hunt et al, 1993). The
molecule demonstrated a single band on SDS PAGE, but had a slightly lower
molecular mass than that usually associated with 6 2 GPI. This preparation was
unable to bind to anionic phospholipids. Amino acid analysis of the preparation
indicated that the molecule had been cleaved between Lys 317 and Thr 318 in the
fifth domain (figure 1.3a). Investigation then focused on this part of the molecule
for identification of the lipid binding site.
Work using synthetic peptides showed that the sequence Glu 274-Cys 288
(figure 1.3b) inhibited both the binding of purified aCL antibodies to cardiolipin,
and the binding of radio-labelled B2 GPI to cardiolipin, in a dose dependent manner
(Hunt et al, 1994). Using additional peptides, the lipid binding area of 6 2 GPI was
further localised to Cys 281-Cys 288 (figure 1.3c). This sequence is highly
positively charged and computer generated models predict that it is surface exposed,
while being linked to the main molecule by the flanking cysteines (Steinkasserer et
al, 1992).
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f E ^ I k K]

Figure 1.5 Fifth domain of

6 2 GPI:

(a) Cleaved

6 2 GPI

binding property; (b) Peptide sequence mediating

62

preparation lacking lipid

GPI lipid binding property

indicated by white circles; (c) Further localisation of the peptide sequence mediating
lipid binding property.
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1.4.2 Genetic studies
The normal plasma concentration of

6 2 GPI

in serum is approximately 200 mg/1

(Cohnen, 1969). However, genetically controlled quantitative variation has been
observed and attributed to the occurrence of a deficiency allele (Cleve, 1968). It
was proposed that quantitative variation of

62

GPI was controlled by two co-

dominantly expressed alleles, normal (Bg^) and deficient (Bg^). Bg^Bg^
homozygous individuals were found to have a concentration of 160 - 3(X) mg/1;
Bg^BgD heterozygote individuals, 60 - 140 mg/1; and B g^B g^ homozygous
individuals, <50 mg/1).
Using lEF techniques, several isoforms of the
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GPI molecule have been

identified (Kamboh et al, 1988). Variations within individual plasma samples seem
to be post-synthetic in nature and related to the sialic acid content of the molecule.
Variation between individual plasmas has revealed structurally different isoforms
with different isoelectric points, presumably representing altered polypeptide chains
resulting from amino acid substitutions. The following four alleles have been
proposed to explain the observed genetic variation: APO H* 1; APO H*2; APO H*3
and APO H*4. The distribution pattern of these alleles varies in different ethnic
groups. Although the frequencies of APO H* 1 and H*3 are identical in whites, the
frequency of APO H* 1 is greatly reduced in blacks, whereas APO H*4 is found in
blacks only.

1.4.3 Non-genetic factors affecting B2 GPI levels
Cleve (1968) reported slightly higher serum G2 GPI in males than females, although
other investigators have since failed to confirm this (Cohnen, 1970).
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GPI is

reported to vary with age, in that the 6 2 GPI level of newborn infants is about half
that of the adult level (Cleve et al, 1968; Ganrot 1972). This however is probably a
reflection of the immature liver function of the newborn.
Studies of 6 2 GPI in patients with acute inflammation indicate that it is not
an acute phase reactant (Ganrot, 1970). Work performed using cell culture

41

techniques confirm that 6 2 GPI is not up regulated by inflammatory mediators and
indicate that down regulation occurs (Mehdi et al, 1991).

1.4.4 6 2 GPI and plasma lipoproteins
Burstein and Legman (1977) first recognised the association between
lipoproteins when they identified

6 2 GPI

6 2 GPI

and

as a serum factor necessary for the

quantitative precipitation of triglyceride rich lipoproteins such as chylomicra and
very low density lipoproteins (VLDL) by SDS. It was then shown that 6 2 GPI could
be found in all human serum lipoprotein fractions, with the relatively highest
proportion in high density lipoprotein (HDL), followed by low density lipoprotein
(LDL) then chylomicra and VLDL fractions. However, the major proportion of
serum

6 2 GPI

was demonstrated to be present in the lipoprotein free serum fraction

(Polz & Kostner, 1979). These conclusions however, were based on the analysis
of serum from only two normal healthy human volunteers. B2 GPI was later
assigned the name apolipoprotein H as a result of its association with plasma
lipoproteins (Nakaya et al, 1980). The secondary, tertiary and quaternary structure
of

6 2 GPI

is, however, quite different from that of other well characterised

lipoproteins (Lee et al, 1982).
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GPI levels were reported to be elevated in post-prandial plasma as a result

of limited investigation of normal healthy human volunteers (Polz & Kostner,
1979). The investigators suggested that this increase was due either to

6 2 GPI

was newly formed and / or secreted during chylomicron synthesis, or that

that

6 2 GPI

was transferred to the peripheral circulation from the lymph by newly formed
chylomicra. This observation has implications for investigation of
other subject groups. In a later publication by the same group,

6 2 GPI

6 2 GPI

levels in

was reported

to have a very high affinity for Intralipid, an artificial triglyceride emulsion
employed in parenteral feeding regimens (Polz & Kostner, 1979b). These findings
prompted an investigation of a role for

6 2 GPI

as a possible component of

lipoprotein metabolism and in 1980, G^GPI was shown to enhance the enzymatic
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activity of lipoprotein lipase (LPL) in the presence of apolipoprotein C (Nakaya et
al. 1980). However, a direct role for 6 2 GPI in lipoprotein metabolism was deemed
less likely after it was shown that patients with a deficiency of B2 GPI did not
demonstrate aberrant lipoprotein metabolism (Hoeg et al. 1985).

1.4.5 R2 GPI and haemostasis
6 2 GPI

has been shown to modulate several haemostatic reactions in vitro and has

therefore been considered as a possible haemostatic regulator in vivo. There is no
evidence for reduced 6 2 GPI levels being an independent risk factor for thrombosis,
but the data is limited (Bancsi et a/, 1992). Evidence for an in vivo role of B^GPI in
haemostasis has come from the observation that levels are reduced in disseminated
intravascular coagulation, indicating consumption (Schousboe 1986; Matsuda et al,
1993).
The evidence for an in vitro role in haemostasis is less limited and indicates
that 6 2 GPI may play a regulatory role at several different points in the haemostatic
pathways. The reactions modulated by 6 2 GPI in vitro have all been demonstrated,
or postulated, to occur on the surface of triglyceride rich lipoproteins. The observed
association of

6 2 GPI

and lipoproteins suggest that

6 2 GPI

may be an important

regulator of haemostatic reactions occurring on the lipoprotein surface.
Contact activation o f coagulation Possibly the best studied effect of

6 2 GPI

on haemostasis is its role in the inhibition of contact activation of coagulation.
Schousboe first reported the inhibition of contact activation of coagulation by
62

GPI after investigating its effect on kaolin activation in whole p lasm a

(Schousboe, 1985). It was later demonstrated, using purified FXII, that

6 2 GPI

specifically inhibits the autoactivation of FXII (Henry et al, 1988). In the same
year, Schousboe reported that 6 2 GPI also inhibits the FXIla mediated activation of
prekallikrein (Schousboe, 1988). Recent evidence has suggested that large
lipoprotein particles may provide the contact surface that induces the activation of
FXII in vivo (Mitropoulos & Esnouf, 1991; Mitropoulos et al, 1992).
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Platelet function The first report of a platelet-6 2 GPI interaction was in 1980,
when it was shown that B2 GPI binds specifically to washed platelets isolated by
centrifugation (Schousboe, 1980). Nimpf confirmed the 6 2 GPI binding property of
platelets isolated by centrifugation, but demonstrated that platelets isolated by gel
filtration show no specific binding of 6 2 GPI (Nimpf et a/, 1985). The

6 2 GPI

was

shown to inhibit ADP induced aggregation of the platelets and the authors
suggested that B2 GPI interacts with the fibrinogen receptor.
Prothrombinase activity Nimpf also described

6 2 GPI

inhibition of platelet and

phospholipid vesicle prothrombinase activity (Nimpf et al 1986).

6 2 GPI

was

shown to inhibit the prothrombinase in a dose dependent manner, with the
maximum effect being observed after one hour. This inhibition however, could be
abolished by increasing the concentration of factors V and X, and prothrombin,
therefore suggesting that B2 GPI acts as a competitive inhibitor for the binding sites
of these coagulation factors on platelets and phospholipid vesicles. When
phospholipid vesicles are incubated with
rearrangement, suggesting that

6 2 GPI

6 2 GPI,

they undergo a structural

reduces the surface area available for the

assembly of the prothrombinase complex.

6 2 GPI

has also been shown to inhibit the

generation of factor Xa on platelets (Shi et at, 1993). Thrombin generation has also
been demonstrated to occur on modified lipoprotein surfaces (Barrowcliffe et al,
1991) and it seems likely that

6 2 GPI

may play a role in the regulation of this

reaction.
Protein C activation

6 2 GPI

has been shown to inhibit the thrombin mediated

activation of protein C on phospholipid vesicles (Keeling et al, 1993). However,
Oosting et al (1991) found no effect of 6 2 GPI on endothelial cell mediated protein C
activation, using a more physiological in vitro system.
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1.5 The possible role of antiphospholipid antibodies in
throm bosis
The close association between aPAs and thrombosis has suggested a direct
pathogenic role of aPAs in inducing thrombotic events. Although no single
mechanism has been yet been attributed to these events, investigations have
highlighted abnormalities of many different aspects of haemostasis in patients with
aPAs.

1.5.1 aPAs and the endothelium
The normal maintenance of an undamaged, and therefore non-thrombogenic,
endothelial lining of blood vessels is dependent on the metabolic activity of the
endothelial cells. Any mechanism causing disturbance of the normal functions of
these cells may therefore predispose to a thrombotic process. Purified aPAs have
been shown to bind to endothelial cells (Cines et al, 1984) and modulate many
aspects of endothelial cell function. However, aPA binding to endothelium is not a
consistent finding. Adsorption studies with phospholipid micelles have shown that
although adsorption completely eradicated aPA binding, endothelial binding was
not always inhibited (Del Papa et at, 1992). These results indicate that aPA and antiendothelial activities may belong to different antibody populations in some patients.
Tissue factor synthesis. Tissue factor (TF) is a small transmembrane surface
receptor that serves as the major activator of coagulation in vivo (Nemerson, 1988).
The regulation of this system depends on control of expression of TF and activity
of the tissue factor pathway inhibitor. Endothelial cells express very little TF on
their surface under normal conditions. Inflammatory mediators such as interleukin1 (IL-1), endotoxin and tumour necrosis factor (TNF) can induce endothelial cells
to synthesise and express TF (Nawroth & Stern, 1986). Some workers have
shown that whole IgG from patients with LA activity can induce endothelial cells to
express TF (Tannenbaum et al, 1986; Rustin et al, 1988).
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Prostacyclin release Prostacyclin (PGI2 ), a potent vasodilator and inhibitor of
platelet aggregation (Weksler & Jaffe, 1986), is secreted by endothelial cells and is
considered to play a major role in the maintenance of vessel patency in vivo. In
1981 it was reported that plasma with LA activity inhibited prostacyclin production
of endothelial cells (Carreras et aZ, 1981). This inhibition could be overcome by the
addition of exogenous arachidonate, suggesting that the reduced production of
prostacyclin was due to inhibition of arachidonate liberation. Inhibition of
prostacyclin activity by aPAs is not a consistent finding (Hasselar et al, 1988) and
as yet, no significant correlation between the presence of a prostacyclin inhibitory
activity and a history of thrombosis has been demonstrated.
Protein C activation Protein C is activated by thrombin in association with the
endothelial receptor thrombomodulin (TM). It has been shown that IgG fractions
from patients with aPAs inhibit the generation of aPC by TM in the presence of
phospholipid vesicles and endothelial cell cultures (FreyssineteZa/, 1986; Cariou et
al, 1988, Keeling et al, 1993). However, other groups have failed to confirm the
inhibitory activity of aPAs on PC activation (Oosting et al, 1991). The presence of
anti-TM antibodies in patients with aPAs has been demonstrated recently (Oosting
et al, 1993) and the authors postulated that this may account for the reduced TM
activity in the presence of whole IgG fractions from patients with aPAs.
Fibrinolysis Fibrinolysis plays a crucial role in the maintenance of blood vessel
patency. Plasmin is formed from the zymogen plasminogen by the action of the
plasminogen activators (PA) tissue PA (tPA) and urokinase (uPA) (Collen &
Lijnen, 1991). Both tPA and uPA are synthesised by endothelial cells, together
with their main inhibitor, plasminogen activator inhibitor-1 (PAI-1). It has been
reported that fibrinolysis, as measured by the euglobulin fraction lysis time is
impaired in patients with SLE (Angles-Cano et al, 1979). More specific assays have
allowed demonstration that increased PAI-1 levels were associated with SLE (GlasGreenwalt et al, 1984). However, no correlation has been demonstrated between
the presence of aPAs and increased PAI-1 activity in SLE patients, and
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investigation of the effect of aPA plasmas on tPA and PAI-1 release from cultured
endothelial cells have failed to demonstrate an inhibitory effect (Francis & Neely,
1989). Increased PAl-1 in SLE may therefore reflect an acute phase response in
patients with autoimmune disease.
von W illebrand fa c to r

von Willebrand factor (vWF) is synthesised by

endothelial cells and megakaryocytes and plays a prominent role in the procoagulant
response of platelets. Increased vWF levels have been reported in patients with SLE
and statistical associations between increased vWF, the presence of aPAs and
thrombosis have been reported (Angles-Cano et al, 1979). However, increased
plasma levels of vWF are indicative of endothelial cell injury, so the demonstration
of elevated levels of vWF in patients with aPAs does not imply a causal
relationship.

1.5.2 aPAs and platelets
The frequent finding of thrombocytopenia in patients with aPAs has led to the
investigation of interactions between aPAs and platelets. The thrombocytopenia in
association with aPAs results from an autoimmune destruction of platelets by
antiplatelet antibodies. While most anti-platelet antibodies bind recognisable platelet
antigens and not phospholipids, antibodies with aPA specificity can bind to platelets
(Rauch et al, 1987).
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GPI has been shown to bind to activated platelets, possibly

via the GPIIb/IIIa receptor (Nimpf, 1985), and the earlier finding by Khamashta et
al (1988) that aPAs bind to platelet membranes in vitro after disruption, may
reflect the binding of aPAs to platelet membrane bound
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GPI. G2 GPI has been

demonstrated to be a requirement for aPA IgG binding to platelets (Shi et al,
1993b). Platelet antibodies directed against the GPIIb/IIIa and/or GpIb/IX
complexes have also been identified in approximately 40% patients with aPAs
(Galli et al, 1994), although an association of 6 2 GPI with these receptors was not
excluded in these experiments.
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Increased platelet activation, as indicated by reduced platelet concentrations
and increased plasma concentrations of B-thromboglobulin ( 6 TG), has been
reported in patients with LA activity (Galli et al, 1988). The same group showed
that binding of IgG from plasma with LA activity, induced secretion of 6 TG from
normal platelets, although other investigators have since failed to confirm this (Shi
e ta l, 1993).

1.5.3 aPAs and phospholipid dependent coagulation reactions
Phospholipid dependent coagulation complexes represent the in vitro target of
antiphospholipid antibodies, and the effect of the antibodies on each of the reactions
has been investigated widely. Anionic phospholipid vesicles consisting o f
phosphatidylcholine and phosphatidylserine, activated platelets, cultured endothelial
cells and phospholipid tissue extracts have all been used for the investigation of the
effects of aPAs on phospholipid dependent coagulation reactions.
Thrombin generation It was shown recently that affinity purified aCL interfere
with the inhibitory effect of B2 GPI on the generation of FXa on activated gel
filtered platelets (Shi et al, 1993). The authors also report that LA antibodies inhibit
FXa generation in a similar manner to 6 2 GPI.
Inactivation o f factors Va and V illa by APC Several groups have reported
the inhibition of the aPC mediated inactivation of FVa by aPAs (Marciniak &
Romond, 1989; Malia et al, 1990; Borrell et al, 1992). This inhibitory effect has
been demonstrated using whole plasma systems and purified protein systems and a
variety of phospholipid sources. A recent investigation reported that IgGs with aPC
inhibitory activity were directed against a combination of PC with phospholipids or
PS with phospholipids (Oosting et al, 1993a).
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1.6 Aim of the study

The aims of the studies reported in this thesis were to investigate whether altered
levels of

6 2 GPI

and / or altered
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GPI activity were associated with a history of

thrombosis in patients with antiphospholipid syndrome, either primary or
secondary to SLE, and to examine the in vitro effect of 6 2 GPI and aPAs on contact
activation of coagulation occurring on plasma lipoproteins.
The first aim was approached initially by establishing and evaluating
methods for measurement of 6 2 GPI antigen, aPA cofactor activity and antibodies
directed against
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GPI (Chapter 3). Investigation of the effects of pre-analytical

variables on these assays identified an effect of heparin anticoagulation on
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GPI

aPA cofactor activity, and the heparin-6 2 GPI interaction was then investigated
further in Chapter 4. The assays were used for investigation of plasma samples
obtained from patients with antiphospholipid syndrome and appropriate controls
(Chapter 6 ).
Whole IgG fractions and cardiolipin affinity purified IgGs were then
isolated from plasma of patients with aPS, in order to examine the specific effects
of these antibodies and B2 GPI on haemostasis. Having established a relationship
between
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GPI levels and serum triglyceride levels (Chapter 5), contact activation

of coagulation occurring on very low density lipoprotein was selected for further
investigation (Chapter 7).
The overall aim was therefore to investigate the role of 6 2 GPI in patients
with aPAs and to investigate the in vitro effects of aPAs on the regulation of a
haemostatic reaction (generation of factor Xlla) by 6 2 G P I.
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— CHAPTER 2 —

METHODS

2.1

Collection and Separation O f Blood Sam ples

Blood collection tubes Plain glass blood collection tubes and tubes containing
dipotassium ethylenediamine tetra-acetic acid (EOTA) (1.0 mg/ml final
concentration in blood) and lithium heparin (12 lU/ml blood) were obtained from
Becton Dickinson Ltd, Cowley, Oxford.
0.106 M tri-sodium citrate (Merck Ltd, Poole, Dorset) was prepared and added to
plastic tubes for collection of citrated blood (1 part anticoagulant to 9 parts blood).
Samples^Xooà. samples were obtained from healthy human subjects and from
patients attending thrombophilia, systemic lupus erythematosus and hyperlipidaemia
clinics.
Unless otherwise specified, blood samples were collected between 10 and
12 am, at random times before and after food. Fasting samples were collected
between

8

and

10

am, after a

12

hour fasting period, during which only water was

taken. Postprandial samples were collected two hours after ingestion of a standard
milkshake drink containing 100 g fat, prepared using one banana, 3 g Duocal
(Scientific Hospital Supplies, Liverpool) and 200 mis double cream.
Collection Blood samples were obtained from the ante-cubital fossa with minimal
stasis, using a 21-gauge needle and plastic disposable syringe. Unless otherwise
specified, plasma or serum was separated within two hours of collection.
Separation. SERU M Non-anticoagulated blood was allowed to clot for 30
minutes at 37°C and then centrifuged at ISOOxg for 10 minutes at room
temperature. Serum was removed with a plastic pasteur pipette and gently mixed by
inversion in a plastic tube before aliquoting into polypropylene tubes. Serum was
stored at 4°C for measurement of plasma lipids and at -70°C for all other
investigations.
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PLATELET RICH PLASMA (PRP) Blood samples anticoagulated with tri-sodium
citrate were centrifuged at 170xg for 10 minutes at room temperature. PRP was
removed with a plastic pasteur pipette and stored at room temperature in a capped
tube. The residual platelet depleted blood was then used for preparation of platelet
poor plasma.
PLATELET POOR PLASMA (PPP) Anticoagulated blood samples and platelet
depleted blood were centrifuged at 2000xg for 15 minutes at room temperature.
Plasma was removed with a plastic pasteur pipette, placed in polypropylene conicalbottomed centrifuge tubes and centrifuged for a further 15 minutes at 3000xg. PPP
was removed and gently mixed by inversion before being aliquoted into
polypropylene tubes and frozen at -70°C.

2.2 Measurement O f Serum Lipids
2.2.1 Triglycerides
Reagents All reagents were from Sigma Chemical Co, Poole, Dorset.
* Triglyceride GPO-Trinder Reagent reconstituted with deionised water according
to manufacturer's instructions.
* 250 mg/dl standard glycerol solution.
* Lipid Control-N quality control material.
M ethod Serum triglycerides were measured using a modification of the method of
McGowan et al (1983) in which triglycerides are hydrolysed by lipase to glycerol
and free fatty acids. The glycerol produced is then measured by coupled enzyme
reactions catalysed by glycerol kinase, glycerol phosphate oxidase and peroxidase.
10 ;<1 of test serum, standard solution or distilled water were added to 1.0 ml GPOTrinder Reagent in a plastic spectrophotometer cuvette and gently mixed by
inversion. After incubation at room temperature for 15 minutes, the absorbence at
540 nm was measured using distilled water as the reference solution. The quality
control material was assayed on each occasion to ensure reliability of test.
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Calculation The absorbence of the distilled water blank was subtracted from the
absorbencies of tests and standard to obtain the change in absorbence (AA) due to
triglycerides.

Serum triglycerides (mg/dl) =

AA TEST

X concentration of standard

AA STANDARD
The triglyceride concentration was then multiplied by 0.0113 to obtain the value in
mmol/1.

2.2.2 Cholesterol
Reagents All reagents were from Sigma Chemical Co.
* Cholesterol Reagent reconstituted with sterile water according to manufacturer's
instructions.
*

200

mg/dl cholesterol calibrator.

* Upid Control-N quality control material.
Method Serum cholesterol was measured using a modification of the method of
Allain et al (1974) in which cholesterol esters are first hydrolysed by cholesterol
esterase to cholesterol. The cholesterol produced is then measured by coupled
enzyme reactions catalysed by cholesterol oxidase and peroxidase.
10

}i\ test serum, standard solution or distilled water were added to

1 .0

ml

Cholesterol Reagent in a plastic spectrophotometer cuvette and gently mixed by
inversion. After incubation at room temperature for 15 minutes, the absorbence at
500 nm was measured using distilled water as the reference solution. The quality
control materid was assayed on each occasion to ensure reliability of test.
Calculation The absorbence of the distilled water blank was subtracted from the
absorbencies of tests and standard to obtain the change in absorbence (AA) due to
cholesterol.
Serum cholesterol (mg/dl) = _______ AA TEST
AA STANDARD
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X concentration of standard

The cholesterol concentration was then multiplied by 0.0259 to obtain the value in
mmol/1.

2.2.3 HDL Cholesterol
Reagents All reagents were from Sigma Chemical Co.
* HDL Cholesterol Reagent.
* Cholesterol Reagent reconstituted with sterile water according to manufacturer's
instructions.
* 50 mg/dl cholesterol calibrator.
* HDL Cholesterol Control Mid Range quality control material.
Method HDL cholesterol was measured after precipitation of the LDL and VLDL
fractions of serum using phosphotungstic acid and magnesium chloride (Assman et
al, 1983).
0.1 ml HDL Cholesterol Reagent was added to 0.5 ml of serum in a plastic tube,
mixed with a vortex mixer and left to stand for 5 minutes at room temperature. The
tubes were then centrifuged at 2000xg for 5 minutes. The cholesterol concentration
of the supernatant was then determined using the cholesterol assay described in
section 2 .2 .2 .

2.3 Preparative Lipoprotein U ltracentrifugation
Principle Lipoproteins have lower hydrated densities than the other plasm a
proteins, permitting their isolation from plasma by flotation ultracentrifugation. The
density of the plasma is increased by the addition of potassium bromide and during
ultracentrifugation, lipoproteins will float to the surface depending on their density
and the prevailing small-solute density of the solution. Individual lipoprotein classes
can be isolated by sequentially increasing the plasma density.
Reagents All reagents were from Merck Ltd unless otherwise stated.
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* 1.33 g/ml salt solution - 0.262 M sodium chloride, 2.97 M potassium bromide
containing 0.34 piM EDTA.
* 1.006 g/ml sait solution - 0.15 M sodium chloride.
These stock solutions were used to make up the following salt density solutions:
*

1.019 g/ml - 2.09 ml 1.33 g/ml solution + 95.99 ml 1.006 g/ml solution.

*

1.071 g/ml - 20.06 ml

1.33 g/ml solution +79.94 ml 1.006 g/mlsolution.

*

1.125 g/ml - 36.72 ml

1.33 g/ml solution +63.28 ml 1.006 g/mlsolution.

*

1.239 g/ml - 71.91 ml

1.33 g/ml solution +28.09 ml 1.006 g/mlsolution.

Method 3 ml 1.006 g/ml salt solution were gently overlaid on 2 ml EDTA plasma
in polyallomer centrifuge tube (Beckman Ltd). The tubes were then centrifuged at
100,000g in a 50.3 Ti fixed angle rotor (Beckman Ltd) for 16 hours. The
supernatant (VLDL) was removed using a tube sheer (Spine Tube Sheer, Beckman
Ltd), transferred to a 2 ml volumetric flask and the volume was returned to 2 ml by
addition of 1.006 g/ml salt solution. The pelleted material was discarded and the
infranatant was transferred to a 4 ml volumetric flask and the volume adjusted to 4
ml with 1.019 g/ml salt solution. This solution was then transferred to a further
centrifuge tube and 1 ml of 1.239 g/ml salt solution was added to make a final
density of 1.063 g/ml for isolation of LDL. After mixing, the tubes were
centrifuged at 100,000g for 20 hours. The supernatant (LDL) was transferred to a 2
ml volumetric flask and the volume was returned to 2 ml by addition of 1.063 g/ml
salt solution. The infranatant (HDL) was transferred to a 4 ml volumetric flask and
the volume adjusted to 4 ml with 1.063 g/ml salt solution.

2.4 Coagulation Assays
2.4.1 Prothrombin time
R ea g en ts
* Thromboplastin - Diagen Phenolysed Suspension of rabbit brain (International
Sensitivity Index (ISI), 1.4) (Diagnostic Reagents Ltd, Thame, Oxon).
* 0.025 M Calcium chloride (Merck Ltd).
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Method A one stage prothrombin time was performed using the Coag-A-Mate X2
automated coagulometer (Organon Teknika, Cambridge). 0.1 ml test or control PPP
were added to the wells of a disposable carousel. The instrument then delivers 0.1
ml thromboplastin and the mixture is incubated at 37®C. After allowing the mixture
to warm, the instrument delivers 0 . 1 ml of calcium chloride and the clotting time is
determined by changes in optical density of the mixture. All plasmas were tested in
duplicate and pooled normal plasma prepared from the citrated plasma of 2 0 normal
healthy donors was used as control plasma. For International Normalised Ratio
(INR) calculation, patient clotting times were divided by the geometric mean of the
clotting times of 2 0 normal subjects and the resulting ratio was raised to the power
of the ISI value.

2.4.2 Thrombin time
Reagents All reagents were from Merck Ltd unless otherwise stated.
* Saline - 0.145 M sodium chloride
* Bovine thrombin (Diagnostic Reagents Ltd) - reconstituted according to
manufacturer's instructions with distilled water and then diluted to approximately

8

U/ml with saline. The concentration of this reagent was then adjusted to give a
clotting time of 13 - 15 seconds with pooled normal plasma.
M ethod 0.1 ml test or control PPP were added to 0.1 ml saline in 10 x 75 mm
rimless glass tubes incubated at 37°C in a waterbath. After allowing the mixture to
warm, 0.1 ml of bovine thrombin was added and the clotting time measured. All
plasmas were tested in duplicate and pooled normal plasma prepared from the
citrated plasma of 2 0 normal healthy donors was used as control plasma.

2.4.3 Activated Partial thromboplastin Time (APTT)
R ea g en ts
* Micronised silica APTT reagent (Instrumentation Laboratories Ltd, Warrington,
Cheshire).
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* 0.025 M calcium chloride (Merck Ltd.)
Method The APTT was measured using the ACL 300R automated coagulometer
(Instrumentation Laboratories Ltd), which performs a 5 minute incubation of PPP
with APTT reagent before the addition of calcium chloride and measurement of
clotting time. All plasmas were tested in duplicate and a pooled normal plasma
prepared from the citrated plasma of 2 0 normal healthy donors was used as control
plasma.

2.4.4 Preparation of washed platelet reagent
Reagents All reagents were from Merck Ltd unless otherwise stated.
* Calcium-free Tyrode's buffer, pH 7.4 - 13.69 mM sodium chloride, 2.68 mM
potassium chloride, 0.36 mM disodium hydrogen orthophosphate dihydrate, 2.04
mM magnesium chloride hexahydrate, 11.90 mM sodium bicarbonate, 5.55 mM Dglucose, 0.2% (w/v) bovine serum albumin (BSA, A7030, Sigma Chemical Co).
* Disodium EDTA: 0.1 M in Tyrode's buffer.
* Prostacyclin analogue (lloprost; Sobering Chemicals, Munich, Germany): 100
/<g/ml in 0.154 M sodium chloride.
* Imidazole buffer, pH 7.3 with BSA - 0.05 M imidazole containing 0.1 M sodium
chloride and 1% (w/v) BSA (A7030, Sigma Chemical Co).
M ethod PRP was diluted 1: l(v/v) with Tyrode's buffer at room temperature in a
plastic conical-bottomed centrifuge tube, and 10 /<g/ml lloprost and 10 mM EDTA
(final concentrations) were added. The diluted PRP was centrifuged at 850xg for 10
minutes at room temperature. The supernatant was discarded and the pellet
resuspended in buffer containing inhibitors. The platelets were again centrifuged.
The process was repeated a further two times. The platelets were finally
resuspended in imidazole buffer with BSA at a count of approximately 400 x 10^/1,
aliquoted and stored at -70°C.
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2.4.5 Dilute Russell's Viper venom time (DRVVT)
Principle Russell's viper venom (RVV) activates factor X directly, and the
resultant FXa activates prothrombin in the presence of factor V, phospholipid and
calcium ions. The lupus anticoagulant inhibits the ability of the phospholipid to bind
factor X and prothrombin and causes a prolonged clotting time. The use of a
correction procedure with a lysed washed platelet reagent confers specificity to the
test as this reagent corrects the prolongation caused by lupus anticoagulant but has
no effect on prolongation that is the result of a factor deficiency or a specific
coagulation factor inhibitor.
Reagents All reagents were from Merck Ltd unless otherwise stated.
* Imidazole buffer, pH 7.3 - 0.05 M imidazole, 0.1 M sodium chloride.
* BSA/imidazole buffer - imidazole buffer pH 7.3 containing 3% (w/v) BSA
(A7030, Sigma Chemical Co).
* Russell's viper venom (RVV) (Diagnostic Reagents Ltd) reconstituted according
to the manufacturer's instructions and then diluted approximately 1/300 in
BSA/imidazole buffer.
* Phospholipid reagent ("Bell and Alton" Platelet Substitute, Diagnostic Reagents
Ltd) reconstituted according to manufacturer's instructions and then diluted 1/4 in
BSA/imidazole buffer. Aliquots were stored at -7CPC.
* Washed platelet reagent (method 2.4.4).
* 0.025 M calcium chloride.
Preparation o f RVV reagent 0.1 ml normal PPP were added to 0.1 m l
undiluted phospholipid reagent in a rimless 75 x 10 mm glass tube incubated at
37°C in a waterbath. 0.1 ml RVV were added and incubated for 30 seconds. 0.1 ml
calcium chloride were then added and the clotting time measured. The concentration
of the RVV was altered accordingly to yield a clotting time of 30 - 40 seconds in
this test system.
M ethod The DRVVT was performed according to the recommendations of The
Lupus Anticoagulant Working Party of The British Society For Haematology
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(1990). 0.1 ml test or control plasma were added to 0.1 ml diluted phospholipid
reagent in a rimless 75 x 10 mm glass tube incubated at 37°C in a waterbath. 0.1 ml
RVV were added and incubated for 30 seconds. 0.1 ml calcium chloride were then
added and the clotting time measured. The test was repeated replacing the
phospholipid reagent with washed platelet reagent. The ratio of test / control clotting
times were calculated for both the phospholipid and washed platelet reagents. All
plasmas were tested in duplicate and a pooled normal plasma prepared from the
citrated plasma of 20 normal healthy donors was used as control plasma. A well
characterised lupus anticoagulant positive plasma was tested on each occasion to
ensure reliability of the test.

2.4.6 Taipan Snake Venom Time (TSVT)
Principle Taipan snake venom (TSV) activates prothrombin in the presence of
phospholipid and calcium ions (Walker et al, 1980). The lupus anticoagulant
inhibits this reaction and produces a prolonged clotting time. The TSVT is less
sensitive to the effects of factor deficiency induced by oral anticoagulant therapy
than the DRVVT, as it relies only upon adequate levels of prothrombin and
fibrinogen (Rooney et at, 1994). The use of a correction procedure with a lysed
washed platelet procedure confers specificity to the TSVT.
Reagents All reagents were from Merck Ltd unless otherwise stated.
* Imidazole buffer, pH 7.3 - 0.05 M imidazole containing 0.1 M sodium chloride.
* BSA/imidazole buffer - imidazole buffer pH 7.3 containing 3% (w/v) BSA
(Fraction V, A3070, Sigma Chemical Co).
* 0.025 M calcium chloride.
* Taipan snake venom (TSV) (Diagnostic Reagents Ltd) reconstituted according to
manufacturer's instructions and then diluted with an equal volume of calcium
chloride.
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Phospholipid reagent ("Bell and Alton" Platelet Substitute, Diagnostic Reagents
Ltd) reconstituted according to manufacturer’s instructions and then diluted 1/4 in
BSA/imidazole buffer.
Washed platelet reagent (method 2.5.4),
M ethod The TSVT was performed according to the method of Rooney et al
(1994). 0.1 ml test or control plasma were added to 0.1 ml diluted phospholipid
reagent in a rimless 75 x 10 mm glass tube incubated at 37°C in a waterbath. 0.1 ml
TSV were added and the clotting time measured. The test was then repeated
replacing the phospholipid reagent with washed platelet reagent. The ratio of test /
control clotting times were calculated for both the phospholipid and washed platelet
reagents. All plasmas were tested in duplicate and a pooled normal plasma prepared
from the citrated plasma of 20 normal healthy donors was used as control plasma. A
well characterised lupus anticoagulant positive plasma was tested on each occasion
to ensure reliability of the test.

2.5 Polyacrylam ide Gel Electrophoresis (PAGE) and
W estern Blotting
2.5.1 PAGE
R ea g en ts All reagents were from Merck Ltd unless otherwise stated. A ll
electrophoresis equipment, pre cast electrophoresis gels and buffer strips were from
Pharmacia Biotech Ltd, Milton Keynes, Bucks.
* 10-15% Phastsystem gradient electrophoresis gel.
* Phastsystem SDS or native electrophoresis buffer strips.
* SDS sample buffer, pH 8.0 - 10 mM tris containing 1 mM EDTA and 2.5%
(w/v) SDS.
* SDS reducing sample buffer - SDS sample buffer, pH 8.0, containing 0.1 M
dithiothreitol (DTT).
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* Molecular weight markers (30 - 200 kDa, Sigma Chemical Co) reconstituted to a
final concentration of 1 mg/ml in SDS sample buffer and stored in aliquots at
-7ÇPC. Colour molecular weight markers were used on gels intended for Western
blotting procedures (Rainbow markers - 14.3 - 200 kDa, Amersham International
PLC, Little Chalfont, Bucks).
* Phastgel Blue R stain - 0.2% (w/v) stock solution prepared by dissolving 1 tablet
in 60% (v/v) methanol in distilled water.
* Coomassie stain - 0.1% (w/v) Phastgel Blue R stain prepeu-ed by diluting 1 part
filtered stock solution in

1

part 2 0 % (v/v) acetic acid in distilled water.

* Destain solution - 30% (v/v) methanol and 10% (v/v) acetic acid in distilled
water.
* Preserving solution - 5% (v/v) glycerol in 10% (v/v) acetic acid in water.
Sam ple and molecular weight m arker preparation Test material and
molecular weight markers were diluted in SDS sample buffer at concentrations
between 0.5 and 1.0 mg/ml in polypropylene eppendorf tubes with tightly fitting
caps. The tubes were incubated for 10 minutes in a boiling waterbath in order to
allow solubilisation of the protein to occur.
M ethod An SDS PAGE electrophoresis procedure based on the method of Jovin
(1973) was performed using the Phastsystem electrophoresis unit. The
electrophoresis bed of the Phastsystem unit was first pre-cooled to 15°C and a
gradient electrophoresis gel was placed on its surface. SDS or native electrophoresis
buffer strips were then inserted in the buffer strip holder and this was positioned on
top of the gel.

1

p\ of sample was placed in each lane position of the sample

applicator strip and the applicator strip was then set in the applicator apparatus of the
electrophoresis unit. Electrophoresis was started and proceeded according to the
following programme of voltage conditions defined in the manual produced by the
manufacturers (table 2 . 1 ).
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Table 2.1 Electrophoresis conditions for SDS PAGE
S am p le applicator down at:

1.1

1 Vh

S am p le applicator up at:

1.1

10 Vh

S e p 1.1

250 V

10.0 mA 3.0 W

1500

60 Vh

S e p 1.2

50 V

0.1 mA

0.5 W

150C

0 Vh

The gel was then transferred to the staining chamber which was maintained at 50°C
throughout the staining procedure. The gel was first incubated with Coomassie stain
for

8

minutes, then washed 3 times with the destain solution for 5,

8

and 10

minutes respectively, and finally incubated with the preserving solution for 5
minutes, before being removed and allowed to dry at room temperature.

2.5.2 Western blotting
R e a g e n ts All regents were from Merck Ltd unless otherwise stated, all
electrophoresis equipment, pre-cast electrophoresis gels and buffer strips were from
Pharmacia Biotech Ltd.
* Phastgel electrophoresis gel after electrophoresis had been carried out as
described in section 2.4.1
* Hybond C nitro cellulose membrane (Amersham International, Little Chalfont,
Bucks).
* Filter paper - Whatman's No 1 (Whatman Ltd, Maidstone, Kent).
* Transfer buffer - 0.192 M glycine, 0.025 M tris, pH 8.3, containing 20% (v/v)
methanol.
* Tns buffered saline (TBS) - 0.145 M sodium chloride, 0.02 M tris, pH 7.4.
* Blocking solution - 5% (w/v) skimmed milk (Marvel, C adbury's Ltd,
Boumville, Birmingham) in TBS.
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* Antibody diluent - 0.1% (w/v) gelatine in TBS containing 0.05% (v/v) Tween

20 .
* Primary antibody solution - antibody directed against protein of interest, diluted
in antibody diluent.
* Secondary antibody solution - horse radish peroxidase conjugated antibody
directed against primary antibody species, diluted in antibody diluent.
* Development solution - 50% (w/v) 3,3'-diaminobenzidine (Sigma Chemical Co)
in 0.05 M tris-HCl buffer, pH 7.6, containing 0.03% (v/v) hydrogen peroxide.
M eth od Electrophoretic transfer of protein based on the method of KhyseAnderson (1984) was performed using the PhastTransfer system. In this method
the electrophoresis gel is first removed from its plastic backing using a wire device
supplied by the manufacturer. The nitro cellulose membrane, cut to gel size and pre
soaked in transfer buffer, was then placed on top of the gel, ensuring no air bubbles
were present. This was then laid, gel side uppermost, on top of 3 layers of filter
paper, cut to gel size and pre-soaked in transfer buffer, on the transfer bed of the
unit. Three further layers of pre-soaked filter paper were then placed on top of the
gel before the cathode unit was finally placed on the surface. Electroblotting was
started and performed according to the following voltage conditions defined in the
manual produced by the manufacturer (table 2 .2 )

Table 2.2 Electroblotting conditions for Western blotting____________________
S am ple applicator down at:

1.0

0 Vh

S am p le applicator up at:

1.1

0 Vh

S e p 1.1

20 V

25.0m A

1.0 W

150c

0 Vh

After electroblotting, the membrane was washed in TBS for 3 minutes and then
incubated in the skimmed milk solution for 1 hour at room temperature. After this
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time, the membrane was again washed in TBS and then transferred to the primary
antibody solution and incubated for 2 hours at room temperature. The membrane
was washed 4 times in TBS before being transferred to the secondary antibody
solution and incubated for a further 2 hours. The membrane was again washed 4
times in TBS before application of the development solution and finally washed in
tap water after visualisation of the brown insoluble product.

2.6 B2 G lycoprotein-I P urification
R eagen ts All reagents were from Merck Ltd unless otherwise stated. All
chromatography media were obtained from Pharmacia Biotech Ltd.
* 0.05 M imidazole buffer, pH 6.5, containing 0.1 M sodium chloride.
* 0.05 M acetate buffer, pH 4.8, containing 0.05 M sodium chloride.
* 0.05 M acetate buffer pH 5.3, containing 0.138 or 0.55 M sodium chloride.
* 0.01 M phosphate buffer, pH 7.2, containing 0.05, 0.145 or 1.0 M sodium
chloride.
* Polyethylene glycol (PEG) 6000.
* QAE Sephadex A5 0 packed in a 2.5 x 40 cm column.
* Sepharose Fast Flow Mono S packed in a 1 x 18 cm column.
* High-trap Heparin Sepharose packed in a 1 x 20 cm colunrn.
* High-trap Protein G Sepharose packed in a 1 x 12 cm column.
* Sephacryl HR 200 packed in a 1.5 x 100 cm column.
M ethod B2 GPI was purified using a modification of the method described by
Oosting et al (1991). PEG was added to 200 ml time expired fresh frozen plasma
collected into citrate phosphate dextrose to give a final concentration of 7% (w/v).
After mixing by inversion at room temperature for 1 hour, the plasma w as
centrifuged at 2500xg for 30 minutes and the resulting supernatant made to 20%
(w/v) PEG and mixed at room temperature for a further hour. After this time, the
preparation was again centrifuged at 2500xg for 30 minutes and the precipitate
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resuspended in imidazole buffer, pH 6.5. This protein was applied to a QAE
Sephadex A50 column pre-equilibrated with imidazole buffer. Protein concentration
of the flow through fraction was monitored using measurement of absorbence at
A280- Protein containing fractions were collected and dialysed to acetate buffer, pH
4.8. All dialysis and concentration procedures were performed using an Amicon
Concentrator and PM30 membrane (Amicon Ltd, Stonehouse, Gloucestershire).
The protein was then applied to a Sepharose Fast Row Mono S column pre
equilibrated with acetate buffer, pH 4.8. Acetate buffer, pH 5.3, containing 0.138
M sodium chloride was used to step elute and the remaining bound proteins were
than eluted using acetate buffer pH 5.3 and linear gradient from 0.138 to 0.55 M
sodium chloride (total volume 400 ml) and collected in 10 ml fractions. Protein
containing fractions were examined for the presence of

6 2 GPI

using the

6 2 GPI

ELISA (section 2.9.1) or 6 2 GPI aPA cofactor activity assay (section 2.9.5).

6 2 GPI

containing fractions were pooled, dialysed to phosphate buffer containing 0.05 M
sodium chloride and applied to a Hi-Trap Heparin Sepharose column pre
equilibrated with the same buffer. Bound protein was eluted with phosphate buffer
containing 1.0 M sodium chloride and then dialysed back to phosphate buffer
containing 0.05 M sodium chloride. The protein was then applied to a High-trap
Protein G Sepharose column using the same buffers and the fall through
concentrated to approximately 10 ml, and finally applied to a Sephacryl HR 200 gel
filtration column equilibrated with the same buffer. Four millilitre fractions were
collected and those containing ^ G P I were identified by

6 2 GPI

assay and then

pooled and analysed by SDS PAGE electrophoresis and Western blotting. Protein
concentration was determined by measuring the absorbence at 280 nm with a
light path and extinction coefficient

1

cm

9.4 (Haupt & Heide, 1968). After

concentration to 2.3 mg/1, the protein was aliquoted and stored at -70°C.
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2.7 Im m unoglobulin Isolation
2.7.1 Whole IgG
Reagents, All reagents were from Merck Ltd unless otherwise stated.
* Hi-Trap Protein G Sepharose (Pharmacia Biotech Ltd) packed in 1 x 12 cm
column.
* Phosphate buffered saline, pH 7.2 (PBS) - 0.01 M phosphate, 0.145 M sodium
chloride.
* Glycine buffer - 0.1 M glycine, pH 2.8.
* 1.0 M Tris.
M ethod Plasma samples were diluted 1 in 5 in PBS and then applied to the
Protein G Sepharose column pre-equilibrated with PBS. After washing the column,
bound protein was eluted with glycine buffer and collected in 4 ml fractions into
plastic tubes containing 0.6 ml 1.0 M tris. The protein was then dialysed to PBS
and concentrated using an Amicon concentrator and PM30 membrane (Amicon
Ltd.). Protein concentration was determined by measuring the absorbence at 280
nm with a 1 cm light path and extinction coefficient

13 5

(Johnstone et al,

1987) and the protein was then aliquoted and stored at -70°C.

2.7.2 Cardiolipin affinity IgG
Reagents All reagents were from Merck Ltd unless otherwise stated.
* Cardiolipin from bovine heart (ethanol solution. Sigma Chemical Co).
* Cholesterol (Sigma Chemical Co).
* Dicetyl phosphate (Sigma Chemical Co).
* Chloroform.
* Ethanol.
* 15% (w/v) Acrylamide / 5% (w/v) Bisacrylamide mixture in distilled water
(Sigma Chemical Co).
* Ammonium persulphate (140 mg/ml).
* N,N,N',N-tetramethylethylene diamine (TEMED) (Sigma Chemical Co).
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* 0.01 M phosphate buffer, pH 7.2, containing 0.05 M sodium chloride.
* 0.01 M phosphate buffer, pH 7.2, containing 1.0 M sodium chloride.
* Hi-Trap Heparin Sepharose (Pharmacia Biotech Ltd) packed in a 1 x 20 cm
column.
* Hi-Trap Protein G Sepharose (Pharmacia Biotech Ltd) packed in 1 x 12 cm
column.
* PBS, pH 7.2 - 0.01 M phosphate, 0.145 M sodium chloride.
* Glycine buffer - 0.1 M glycine, pH 2.8.
* 1.0 M Tris.
Preparation o f cardiolipin chromatography column A cardiolipin affinity
column was prepared according to the method of McNeil et al (1990). 75 mg
cardiolipin was placed in a glass vial and the solvent was evaporated under a stream
of nitrogen. 31 mg cholesterol and 5.9 mg dicetyl phosphate were added to the vial
and the lipids were then redissolved in chloroform. The solvent was again
evaporated and then

6

ml ethanol were added and the vial was capped and the

mixture gently swirled in a boiling water bath until the lipids had dissolved. 60 ml
of the acylamide/bis-acylamide mixture were then added and the mixture was
vigorously mixed on a vortex mixer before being rapidly polymerised by the
addition of 1.5 ml ammonium persulphate and 35 p\ TEMED. The mixture was left
overnight at room temperature. The rigid gel was homogenised to a fine powder
using a mortar and pestle and then made into a slurry in column buffer. The
acrylamide was allowed to settle and the supernatant was discarded in order to
remove any 'fines'. After degassing, the gel was packed in a 2.5 x 30 cm
chromatography column and equilibrated with 500 ml phosphate buffer, pH 7.2
containing 0.05 M sodium chloride.
MethodPX^smdi was diluted 1 in 5 in phosphate buffer containing 0.05 M sodium
chloride before application to the cardiolipin column. After washing with this
buffer, bound protein was eluted with phosphate buffer containing 1.0 M sodium
chloride. The protein was then dialysed back to starting buffer and applied to a
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Heparin Sepharose column equilibrated with the same buffer. Fall through fractions
were collected and applied to a Protein G Sepharose column equilibrated with the
same buffer. After washing with this buffer, bound protein was eluted with glycine
buffer and collected in 4 ml fractions into plastic tubes containing 0.6 ml 1.0 M tris.
The protein was then dialysed to PBS and concentrated using an Amicon
concentrator and PM30 membrane (Amicon Ltd). Protein concentration was
determined by measuring the absorbence at 280 nm and the protein was then
aliquoted and stored at -70°C.

2.7.3 B2 Glycoprotein-I affinity IgG
Reagents All reagents were from Merck Ltd unless otherwise stated.
* CNBr-activated Sepharose 4B (Pharmacia Biotech Ltd).
*

6 2 GPI

(see section 2 .6 ).

* 1 mM hydrochloric acid.
* Coupling buffer - 0.1 M sodium bicarbonate, pH 8.3 containing 0.5 M sodium
chloride.
* Blocking solution - 1.0 M ethanolamine, pH 8.0.
* 0.1 M acetate buffer, pH 4.0, containing 0.5 M sodium chloride.
* 0.1 M tris-HCl buffer, pH 8.0, containing 0.5 M sodium chloride.
* PBS, pH 7.2 - 0.01 M phosphate, 0.145 M sodium chloride.
* Elution buffer - 2 M guanidine-HCl, pH 7.0.
* IgG fraction (see section 2.7.1).
Preparation o f fi2 GPI column 1.5g of freeze dried CNBr-activated Sepharose
4B were swollen in hydrochloric acid. The gel was then washed in a scintered glass
funnel with 1 litre of hydrochloric acid. 5.5 ml

6 2 GPI

(2.3 mg/ml) were dialysed to

the coupling buffer in an Amicon concentrator using a PM30 membrane (Amicon
Ltd). The

6 2 GPI

(1.4 mg/ml in coupling buffer) was then added to the gel in a

capped plastic tube and gently mixed by inversion for 2 hours at room temperature.
After this time, the gel was washed with 100 ml of coupling buffer in a scintered
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glass funnel, and then left to stand for 2 hours at room temperature in the blocking
solution. The gel was then washed with 100 ml acetate buffer and then 100 ml trisHCl buffer. The gel was washed with a further 3 cycles of alternating acetate and
tris-HCl buffers before being finally suspended in PBS. After degassing, the gel
was packed into a 1 x 10 cm chromatography column and equilibrated with PBS.
M ethod 5 ml IgG (2 mg/ml in PBS) were applied to the

6 2 GPI

column. After

washing the column with PBS, bound protein was eluted with 2 M guanidine-HCl,
pH 7.0. The protein was then dialysed back to PBS and concentrated to 1 mg/ml
using a PM30 membrane. Protein concentration was determined by measuring the
absorbence at 280 nm and the protein was then aliquoted and stored at -70°C.

2.8 Im m unoelectrophoresis Techniques
2.8.1 Preparation of electrophoresis gels
Reagents All reagents were from Merck Ltd unless otherwise stated.
* 0.02 M barbitone buffer, pH 8 .6 .
* Agarose LE (Flowgen Instruments Ltd, Sittingboume, Kent).
* GelBond Film (Flowgen Instruments Ltd).
M ethod f o r preparation o f stock agarose gel Agarose LE was added to
barbitone buffer in a conical flask to give a final concentration of 1% (w/v). This
was then heated, whilst stirring, on a magnetic hot plate until just dissolved.

20

ml

aliquots of gel were then placed in glass universal bottles, left to cool to room
temperature and then stored at 4®C.
M ethod f o r preparation o f agarose electrophoresis gels Agarose gel was
dissolved by placing the glass universal bottle in a boiling waterbath. After
completely dissolving, the agarose was transferred to a 56°C water bath. 22 ml of
the agarose was gently poured onto a 10 x 10 cm piece of GelBond on a level
surface and left to set. The gel was then stored in a moist chamber at 4°C for 30
minutes. After this time the gel was transferred to the cooling platten of a flat bed
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electrophoresis tank (Multiphor II, Pharmacia Biotech Ltd) and 1 litre of barbitone
buffer was added to each buffer reservoir. Electrophoresis wicks were soaked in
buffer and attached to each side of the gel and placed in the buffer reservoirs.

2.8.2 Crossed immunoelectrophoresis (CIE)
Reagents All reagents were from Merck Ltd unless otherwise stated.
* 0.02 M barbitone buffer, pH 8 .6 .
* Agarose LE, 1% (w/v) in barbitone buffer, pH 8 .6 .
* Rabbit anti-human 6 2 GPI serum (Dako Ltd, High Wycombe, Bucks).
* Saline - 0.154 M sodium chloride.
* Bromophenol blue dye.
* Coomassie stain - 0.5% (w/v) PAGE Blue "Electran", 45% (v/v) methanol and
10%

(v/v) glacial acetic acid in distilled water.

* Destain, prepared as stain but without PAGE Blue.
Method CIE was performed using a modification of the method of Laurell (1965).
Two wells were cut in the two comers of the gel, 1.5 cm from the cathodal edge,
using a 2.5 mm well cutter. 6.5/<I plasma sample was applied to one well and 6.5//I
of a

1

in

10

dilution of sample in 0 . 1 % (w/v) bromophenol blue solution was

applied to the second tracking well. Electrophoresis was performed at lOV/cm and
10°C and, unless otherwise stated, was terminated when the bromophenol blue
bound albumin in the tracking well reached the anodal edge of the gel. The gel was
then cut

1

cm above the migration area of the sample and the major area of gel,

including the tracking dye area was removed from the GelBond. 17 ml of agarose
gel cooled to 56°C and containing rabbit anti-human 6 2 GPI semm was then gently
poured onto the empty area of the GelBond and left to set on a level surface. The
exact volume of antisera required was determined for each batch, but was usually in
the region of 0.5% (v/v). After firming the gel at 4°C, electrophoresis was carried
out in the second dimension into the antisera containing agarose, and was run
overnight at 16®C and 3 V/cm. The gel was then soaked in a large volume of saline
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for 30 minutes before pressing fiat with filter paper, flat board and a 1 kg weight.
After drying at 37^C and then staining with Coomassie stain for 10 minutes, the gel
was destained and left to dry at room temperature.

2.8.3 Laurell rocket immunoelectrophoresis
Reagents All reagents were as for CIE unless otherwise stated.
Method\js\xT&\\ rocket immunoelectrophoresis was performed using a modification
of the method of Laurell (1966). 17 ml agarose LE containing rabbit anti-human
B2 GPI serum was poured gently onto a 10 x

8

cm piece of GelBond. 2.5/<m wells

were cut in the gel 1.5 cm from the cathodal edge and 6.5pi\ volumes of standard
and test dilutions of plasma in barbitone buffer were added to the wells. The assay
was standardised using pooled normal plasma (PNP) (calibrated against purified
6 2 GPI)
8

at four dilutions from 1 in 4 to 1 in 32 and test plasmas were assayed at 1 in

and 1 in 16 dilutions. Electrophoresis was performed overnight at 16°C at 3

V/cm. After washing, pressing and drying, the gel was stained with Coomassie
stain. The height of each rocket was measured from the edge of the well to the tip of
the rocket and the concentration of antigen in unknown samples derived from a log
linear standard curve.

2.9 Enzym e Linked Im m unosorbent Assays (ELISA)
2.9.1 B2 GPI ELISA
Reagents All reagents were from Merck Ltd unless otherwise stated.
* PBS, pH 7.2 - 0.01 M phosphate, 0.145 M sodium chloride.
* PBS with Tween - PBS containing 0.1% (v/v) Tween 20.
* Anti- 6 2 GPI IgG (6.5 mg/ml in PBS), prepared from whole rabbit anti-human
6 2 GPI

serum (Dako Ltd) using affinity chromatography on protein G (section

2.7.1).
* Horse radish peroxidase (HRP) conjugated anti-6 2 GPI IgG (1.5 mg/ml IgG).

70

* 0.05 M phosphate citrate buffer with urea hydrogen peroxide (Sigma Chemical
Co).
* 3,3',5,5'-tetramethylbenzidine (TMB) (Sigma Chemical Co) - 0.1 mg/ml in
phosphate citrate buffer.
* 2 M sulphuric acid.
* Horse radish peroxidase (HRP) (Sigma Chemical Co).
* 0.1 M sodium phosphate, pH 7.0.
* 0.02% (v/v) gluteraldehyde in sodium phosphate, pH 7.0.
* Sephadex G25 (Pharmacia Biotech Ltd) packed in 1 x 60 cm column.
Conjugation o f peroxidase to anti-fi2 GPI IgG HRP conjugation of anti6 2 GPI

IgG was performed according to the method of Johnstone and Thorpe

(1987). Anti- 6 2 GPI IgG was dialysed to 0.1 M sodium phosphate, pH 7.0, and
then concentrated to 2 mg/ml using an Amicon concentrator and PM30 membrane
(Amicon Ltd). 1.0 ml of this solution was then added to an equal volume of 10
mg/ml HRP in 0.1 M sodium phosphate, pH 7.0. 2 ml of gluteraldehyde was then
added and the solution mixed at room temperature for 1 hour. After this time, the
mixture was applied to the Sephadex G25 column pre-equilibrated with PBS and
the column was washed with PBS. Elution yielded a single protein peak and these
fractions were pooled and concentrated to 1 ml using a PM30 membrane. The
material was stored in 100 pX aliquots at -70°C.
Method The following conditions for the 6 2 GPI ELISA were defined on the basis
of results of preliminary optimisation experiments (section 3.3). The assay was
standardised using pooled normal plasma from
6 2 GPI.

20

donors calibrated against purified

180 p\ of anti-6 2 GPl diluted 1 in 1000 in PBS were added to each well of a

microtitre plate (Nunc Maxisorp, Life Technologies, Paisley). The plate was
covered and left at 4°C overnight. The unbound antibody was then removed by
washing 3 times with 200 p\ volumes of PBS with Tween. Test and standard
plasmas were diluted in PBS with Tween and 180 p\ volumes were added to the
wells and incubated at room temperature for 2 hours. The assay was standardised
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using pooled normal plasma from

20

donors calibrated against purified

6 2 GPI.

Standard plasma was assayed at 7 doubling dilutions from 1:1600 to 1:102400 and
test plasmas were assayed at 4 doubling dilutions from 1:6400 to 1:51200.
Unbound antigen was removed by washing 4 times with PBS with Tween and then
I 8 O/4 I volumes of HRP conjugated anti-6 2 GPI diluted 1 in 500 were added to the
wells and incubated for a further 2 hours at room temperature. After washing 3
times with PBS with Tween, 200 pi\ volumes of TMB were added. Colour
development was stopped by addition of 2M sulphuric acid. Absorbence was
measured at 450 nm using a Dynatech MR 700 automated plate reader (Dynatech
Laboratories Ltd, Billinghurst, Sussex). B2 GPI concentrations of test samples were
derived from a log/log standard curve. A plasma with known

6 2 GPI

concentration

was assayed on each occasion to ensure reliability of assay.

2.9.2 Free B2 GPI ELISA
Reagents All reagents were from Merck Ltd unless otherwise stated.
* PBS, pH 7.2 - 0.01 M phosphate, 0.145 M sodium chloride.
* PBS with Tween - PBS containing 0.1% (v/v) Tween 20.
* Anti- 6 2 GP1 IgG (6.5 mg/ml in PBS), prepared from whole rabbit anti-human
6 2 GPI

serum (Dako Ltd)using affinity chromatography on protein G (section

2.7.1).
* Horse radish peroxidase (HRP) conjugated anti-6 2 GPl IgG (1.5 mg/ml IgG)
(section 2.9.1).
* 0.05 M phosphate citrate buffer with urea hydrogen peroxide (Sigma Chemical
Co).
* 3,3',5,5'-TMB (Sigma Chemical Co) - 0.1 mg/ml in phosphate citrate buffer.
* Centrifugal microconcentrator tubes (Microcon 100 MWCO, Amicon Ltd,
Stonehouse, Gloucs).
M ethod The following conditions for separation of free and bound

6 2 GPI

were

defined on the basis of results of preliminary optimisation experiments performed
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using normal PNP and plasmas collected from six nonnal healthy controls (section
3.3). Only once frozen samples were used for assay as repeatedly freeze / thawed
samples were unsuitable. Citrated plasma was diluted 1 in 4 in PBS and 300 pt\ of
this preparation were then placed in the sample reservoir of a microconcentrator
tube. The tube was centrifuged at 650xg in a fixed angle m icrocentrifuge
(Microfuge 11, Beckman Ltd, High Wycombe, Bucks) for 15 minutes. The filtrate
was then assayed for B2 GPI:Ag. The assay was standardised using pooled normal
plasma from 20 donors calibrated against purified

6 2 GPI.

Standard plasma was

assayed at 7 doubling dilutions from 1:1600 to 1:102400 and test filtrates were
assayed at 3 doubling dilutions from 1:200 to 1: 800.

2.9.3 Cardiolipin Antibody Assay
Reagents All reagents were from Merck Ltd unless otherwise stated.
* Cardiolipin from bovine heart (ethanol solution. Sigma Chemical Co).
* Ethanol.
* PBS, pH 7.2 - 0.01 M phosphate, 0.145 M sodium chloride.
* 10% (v/v) adult bovine serum (ABS) (Sigma Chemical Co) in PBS.
* Alkaline phosphatase conjugated goat anti-human IgG (y chain specific) or IgM
(p chain specific) (Sigma Chemical Co).
* 0.92 M diethanolamine buffer, pH 9.8, containing 0.5 mM magnesium chloride
hexahydrate.
* Substrate -1 mg/ml p-nitrophenyl phosphate disodium hexahydrate phosphatase
(Sigma Chemical Co) in diethanolamine buffer.
* 3 M sodium hydroxide.
M e th o d IgG and IgM anticardiolpin antibodies were measured using a
modification of the method of Loizou et al (1985). 30/d of a 50 /<g/ml solution of
cardiolipin were added to the wells in rows A, B, E and F of a microtitre plate
(Nunc Maxisorp, Life Technologies, Paisley). 30 }4\ of ethanol were added to the
wells in the remaining rows of the plate. The plate was left uncovered at 4°C
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overnight in order to allow the ethanol to evaporate. After washing 3 times with 100
]â\ volumes of PBS, 75 /<1 of ABS was added to each well and the plate was
incubated at room temperature for 1 hour. After this time, the plate was washed
once in PBS. Test and standard sera were diluted in ABS and 50pt\ volumes were
added to duplicate test wells and duplicate blank wells and incubated at room
temperature for 3 hours. The assays were standardised using standard serums
calibrated against appropriate International Reference Samples (Harris et al, 1987).
Standard serum was assayed at

6

doubling dilutions from 1:50 to 1:1600 and test

plasmas were assayed at a 1:50 dilution. The plate was then washed 3 times with
PBS and 50

ja\

of 1:1000 dilution of alkaline phosphatase conjugated secondary

antibody were added and incubated at room temperature for 90 minutes. After a
further 3 washes with PBS, 50 /d volumes of the substrate were added and the plate
was incubated at 37°C in the dark for approximately 15 minutes, until suitable
colour development had occurred. The reaction was then stopped by the addition of
50 J4\ volumes of sodium hydroxide and the absorbence was measured at 405 nm
using a Dynatech MR 700 automated plate reader (Dynatech Laboratories Ltd). The
mean absorbence of the blank wells was subtracted from that of the test wells. The
anticardiolipin levels of test serums were derived from a log/log standau’d curve. A
plasma of known anticardiolipin concentration was assayed on each occasion to
ensure the reliability of the assay.

2.9.4 62 G PI Antibody Assay
Reagents All reagents were from Merck Ltd unless otherwise stated.
* PBS, pH 7.2 - 0.01 M phosphate, 0.145 M sodium chloride.
* Blocking solution - 1% (w/v) BSA in PBS.
*

6 2 GPI

1 mg/ml in PBS (purification described in section 2.6)

* PBS with Tween - PBS containing 0.1% (v/v) Tween 20.
* Peroxidase conjugated goat anti-human IgG (y chain specific) (Sigma Chemical
Co).
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* 0.05 M phosphate citrate buffer with urea hydrogen peroxide (Sigma Chemical
Co).
* 3,3',5,5'-tetramethylbenzidine (Sigma Chemical Co): 0.1 mg/ml in phosphate
citrate buffer.
* 2 M sulphuric acid.
M ethod Antibodies to

6 2 GPI

were measured using a modification of the method

of Matsuura et al (1994). 100 jÀ of 6 2 GPI diluted 1 in 100 in PBS were added to
each well of row A, B, E and F of a microtitre plate (Nunc Maxisorp, Life
Technologies, Paisley). 100 pi\ of 10 ><g/ml BSA were added to the remaining wells
of the plate. The plate was covered and left at 4°C overnight. The unbound protein
was then removed by washing 3 times with I50jd\ volumes of PBS with Tween and
125 ]a \ volumes of blocking solution were added to all wells and incubated at room
temperature for 1 hour. After this time, the plate was washed once with PBS with
Tween and 100 j4\ volumes of test and standard plasmas diluted in PBS with Tween
containing 1% (w/v) BSA were added to duplicate test wells and duplicate blank
wells and incubated at room temperature for 2 hours. The assay was standardised
using a plasma with a known high concentration of anti- 6 2 GPI calibrated against
affinity purified anti-^G PI. Standard plasma was assayed at 6 doubling dilutions
from 1:100 to 1:3200 and test plasmas were assayed at a dilution of 1:100.
Unbound protein was removed by washing 4 times with PBS with Tween and then
100 pi\ volumes of peroxidase conjugated anti-human IgG diluted 1 in 2500 in PBS
with Tween containing 1% (w/v) BSA were added to the wells and incubated for a
further 2 hours at room temperature. After washing 3 times with PBS with Tween,
100 ;d volumes of TMB were added. Colour development was stopped by addition
of 2M sulphuric acid. Absorbence was measured at 450 nm using a Dynatech MR
700 automated plate reader (Dynatech Laboratories Ltd). The anti-6 2 GPI levels of
test serums were derived from a log/log standard curve. A plasma with known anti6 2 GPI

concentration was assayed on each occasion to ensure reliability of assay.
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The specificity of this assay for

6 2 GPI

that had been structurally modified by

binding to the irradiated microtitre plate was assessed by performing competitive
binding experiments employing the
experiments,

6 2 GPI

6 2 GPI

preparation in fluid phase. In these

(14.4 - 460 mg/1, final concentration) was added to positive

sera before assay.

2.9.5 62 GPI antiphospholipid antibody cofactor activity (fi2 GPI:Cof)
Reagents All reagents were from Merck Ltd unless otherwise stated.
* Chloroform : methanol mixture (1:3).
* Phosphatidylserine from bovine brain (Sigma Chemical Co) - 100 ptg/m\ in
chloroform: methanol mixture.
* PBS, pH 7.2 - 0.01 M phosphate, 0.145 M sodium chloride.
* IgG isolated from the plasma of a patient with primary anti phospholipid
syndrome - 18 mg/ml in PBS (see section 2.7.1).
* 0.5% (w/v) gelatine in PBS.
* Blocking reagent - 1% (w/v) skimmed milk (Marvel, Cadbury's Ltd) in 0.5%
(w/v) gelatine.
* 0.1% (w/v) BSA (A3070, Sigma Chemical Co) in PBS.
* Alkaline phosphatase conjugated goat anti-human IgG (y chain specific) (Sigma
Chemical Co).
* 0.92 M diethanolamine, pH 9.8, containing 0.5 mM magnesium chloride
hexahydrate.
* Substrate - 1 mg/ml p-nitrophenyl phosphate disodium hexahydrate phosphatase
(Sigma Chemical Co) in diethanolamine buffer.
* 3 M sodium hydroxide.
Method A further modification of modified anticardiolipin antibody immunoassay
described by McNeil et al (1990) was used for measurement of

6 2 GPl:Cof.

The

following conditions for the assay were defined on the basis of results of
preliminary optimisation experiments (section 3.3). The assay was standardised
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using pooled normal plasma from 20 donors. 30/<l of the chloroform:methanol
mixture were added to the wells in columns 3 , 6 , 9 and 12 of a microtitre plate
(Nunc Maxisorp, Life Technologies, Paisley). 30 }4\ of phosphatidylserine were
added to the remaining wells. The plate was left uncovered at 4°C overnight. After
washing 3 times with 100 }i\ volumes of PBS, 75 }A of blocking reagent were then
added to each well and incubated at room temperature for 1 hour. After this time,
the plate was again washed with PBS and 50

ja\

volumes of standard and test

plasma dilutions containing the isolated IgG (2 mg/ml, final concentration) were
added to duplicate wells coated with phosphatidylserine and the adjacent 'blank
well' coated with only the chloroform:methanol mixture. Standard and test plasmas
were diluted in 0.5% (w/v) gelatine. The assay was standardised using pooled
normal plasma from 20 donors. Standard plasma was assayed at six doubling
dilutions from 1:16 to 1:51200 and test plasmas were assayed at 3 doubling
dilutions from 1:6400 to 1: 25600. Only once frozen samples were used for assay
as repeatedly freeze / thawed samples were unsuitable. The plate was then incubated
at room temperature for 2 hours. Following this incubation step, the plate was
washed 4 times with PBS and then 50/<l volumes of alkaline phosphatase
conjugated mouse anti-human IgG diluted 1 in 1000 in BSA were added and
incubated for 90 minutes at room temperature. Finally, after a further 3 washes, 50
}4\ volumes of substrate were added. Colour development was allowed to proceed in
the dark at 37®C and was then stopped by the addition of 50 /<1 of 3 M sodium
hydroxide. Absorbence was measured at 405 nm using a Dynatech MR 700
automated plate reader (Dynatech Laboratories Ltd). The

6 2 GPI:Cof

levels of test

serums were derived from a log/log standard curve. A plasma with known
6 2 GPI:Cof

concentration was assayed on each occasion to ensure reliability of

assay.
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2.10 M easurement O f Factor XII Activation On
L ipoprotein
Reagents All reagents were from Merck Ltd unless otherwise stated.
* 0.5 M Hepes, pH 7.4.
* Acetate buffer, pH 5.3 - 4 mM sodium acetate, 2 mM acetic acid, 0.15 M sodium
chloride and 1 mM EDTA.
* Washing buffer - 1 part hepes buffer, 6 parts acetate buffer and 2 parts distilled
water containing 0.5 % (w/v) ovalbumin (Sigma Chemical Co).
* 0.1 M tris buffer, pH 8.3, containing 0.15 M sodium chloride and 0.1 % (w/v)
ovalbumin (Sigma Chemical Co).
* Sterile water containing 0.35 % (w/v) ovalbumin.
* Human factor XII (FXII) (80 U/mg, Enzyme Research Laboratories, Swansea)
reconstituted to starting volume with sterile water and then diluted to 16 U/ml with
acetate buffer and stored in aliquots at -70°C.
* Very low density lipoprotein (VLDL) (1.1 mg protein / ml. Sigma Chemical Co).
* Lipoprotein lipase

(Sigma Chemical Co) - Reconstituted according to

manufacturer's instructions then diluted to 10 u/ml and stored in aliquots at -70°C.
* FXII amidolytic substrate - 2AcOH.H-D-CHT-Gly-Arg-pNA (Unitrate XII,
Unicom Diagnostics Ltd, London, UK) reconstituted to 1 mM with sterile water.
Method The following method for measurement of FXII activation, based on that
described by Tans et al (1983) was established on the basis of the optimisation
experiments described in section 7.2. 2 ml polypropylene tubes (Becton Dickinson
Ltd) and teflon coated stir bars were placed in a large beaker containing washing
buffer and left to gently agitate in this buffer overnight at room temperature. The
tubes and stirrers were then rinsed twice in distilled water and left to dry at 37°C.
\5 ] à\ VLDL were added to a polypropylene eppendorf tube containing 15 )A hepes
buffer, 30 }4\ sterile water containing ovalbumin, 54 pi\ acetate buffer and 6 pi\
lipoprotein lipase and this mixture was incubated at 37°C for 5 minutes. 12.5 /<1
factor XII were added to 25 y \ sterile water containing ovalbumin, 12.5 }û hepes
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buffer and 50 pi\ acetate buffer in 2 ml polypropylene tubes. The polypropylene
tubes were then transferred to the incubated stirring block of a Model 540
impedence aggregometer (Chronolog Corp, Havertown, PA, USA) and warmed to
37°C. A teflon coated stir bar was included and the sample stirred at 500 rpm. 100
}d\ of the pre-incubated VLDL mixture were then added and 15 jA aliquots of the
mixture was removed at recorded time intervals. These aliquots were added to 85 pt\
tris buffer and 200 /d FXII amidolytic substrate in the wells of a microtitre plate
(F96 Microplate, Alpha Laboratories Ltd, Eastleigh, Hampshire), mixed and
incubated at 37°C for a further 15 minutes. 50 ;<1 of 1 M citric acid were then added
and the absorbence was measured at 405 nm using a Dynatech MR 700 automated
plate reader (Dynatech Laboratories Ltd).

2.11 Statistical analysis

Statistical analysis was performed using The Statgraphics software package (STSC
Inc, Rockville, USA). Results with non-Gaussian distribution were analysed by
non-parametric tests (Wilcoxon signed rank test or Mann-Whitney U test).
Probability values with p<0. 05 were taken as statistically significant.
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CHAPTER 3 -

DEVELOPMENT OF METHODS FOR THE STUDY OF
B2 GLYCOPROTEIN-I IN CLINICAL SAM PLES

3.1 Introduction
The results of previous studies of 6 2 GPI antigen (6 2 GPI:Ag) levels in patients with
antiphospholipid antibodies (aPA) have been conflicting; both normal and increased
levels have been reported in these patients (De Benedetti et al, 1992; Galli et al,
1992).
6 2 GPI

is known to bind to negatively charged surfaces and molecules such

as DNA (Kroll et al, 1976), platelets (Schousboe, 1983), mitochondria,
phospholipid vesicles (Wurm, 1984) and heparin (Polz, 1979). It is reported in all
the major lipoprotein fractions, with about 30% total B2 GPI being lipoprotein
associated and 70% free plasma protein (Polz & Kostner, 1979). The relative
concentrations of free 6 2 GPI and

6 2 GPI

complexed with other plasma constituents

in normal and pathological samples is unknown.
The

6 2 GPI

cofactor requirement of aPAs seems to be specific to those aPAs

associated with autoimmune conditions. Conversely,

6 2 GPI

appears to inhibit

phospholipid binding of aPAs occurring in association with infectious disease,
presumably by acting as a competitive inhibitor for the phospholipid (Hunt et al,
1992). Several authors have recently reported the binding of autoimmune aPAs to
6 2 GPI

in the absence of phospholipid (Viard et al, 1992; Keeling et al, 1992;

MaXsuda. et al, 1994).
This chapter reports the development and evaluation of methods for the
study of
62

6 2 GPI

and antibodies to

6 2 GPI

in clinical samples. The specificity of the

GPI antiserum was first investigated, together with the electro p h o retic

characteristics of purified

6 2 GPI

and

6 2 GPI

in normal plasma, using PAGE and

CIE techniques. Immunoelectrophoresis (lEP) and enzyme linked immunosorbent
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assay (ELISA) techniques for the measurement of i^GPI:Ag were evaluated and
compared. In addition, methodology for measurement of free

62

GPI was

investigated and a technique based on centrifugal filtration reported. An assay for
measurement of antibodies to

6 2 GPI

(a 6 2 GPI) was established and its ability to

discriminate between 6 2 GPI dependent and independent aPAs evaluated. A method
for estimation of
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GPI activity, based on B2 GPI aPA cofactor function

(B2 GPI:Cof), was developed and evaluated. These techniques were established for
the purpose of investigating

6 2 GPI

in normal samples and samples from patients

with primary hyperlipidaemia, SLE and PaPS.

3.2 Characterisation O f B2 GPI Antiserum And Purified
And Plasma B2 GPI

3.2.1 Introduction
As

6 2 GPI

is known to circulate free in plasma and also in association with other

plasma constituents, it was necessary to first confirm the affinity of the anti serum
employed for G2 GPI measurement, for both free and complexed 6 2 GPI.
Previous studies investigating B2 GPI levels in normal and patient
populations have used pooled normal plasma for standardisation of assays.
Comparisons between the results of different laboratories are improved if standard
plasma calibrated against purified material is used. The normal plasma should
ideally be calibrated against a reference material already calibrated against a widely
available standard. However, there is no standard material available for the
calibration of 6 2 GPI assays. For this reason it was necessary to purify

6 2 GPI.

The

purity of the material was first checked and the characteristics of the protein were
studied before its employment as a calibrant material.
Triton XlOO and deoxycholate micelles can be included in the
electrophoresis buffers in order to eliminate variations in l^GPl migration which
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result from electrostatic differences of different 6 2 GPI subfractions (Schousboe,
1982). The detergent micelles act by standardising the electrophoretic mobilities, so
that the

6 2 GPI

migrates as a homogeneous protein. This technique was used to

study the CIE characteristics of purified and plasma 6 2 GPI.

3.2.2 Methods
fi2GPI purification See section 2.6. Purity of the product was determined using
scanning densitometry of a Coomassie stained PAGE gel.
Western blotting See section 2.5.2. Pooled normal plasma and purified

6 2 GPI,

diluted 1 in 10 and 1 in 50 respectively, and separated on a 10-15% PAGE gel
under normal and reducing conditions were analysed by Western blotting.
Crossed Immunoelectrophoresis See section 2.8.2. Either 0.75% or 1% (w/v)
agarose LE was used in the first dimension. Where detergent modified CIE was
used, Triton XlOO and sodium deoxycholate were included in the first dimension
gel and running buffers at 0.5 (v/v) and 0.2% (w/v), respectively.

3.2.3 Results
Purification and Characterisation o ffi 2 GPI B2 GPI was purified to greater
than 95% purity from 200 ml citrated human plasma with a mean yield o f
approximately 18% (n=3). Purified

6 2 GPI

was analysed on 10-15% SDS PAGE

under both non-reducing and reducing conditions. The protein had a molecular
weight of approximately 50 kDa non-reduced and 70 kDa reduced (figure 3.1).
Western Blotting o f Purified fi2GPI and PNP Single bands were obtained
when non-reduced and reduced purified

6 2 GPI

were analysed, corresponding to

molecular weights of 50 and 70 kDa respectively. Bands corresponding to the same
molecular weights were obtained with PNP. Five additional bands corresponding to
molecular weights of 87, 106, 170, 212 and 230 kDa were observed with nonreduced PNP but no additional bands were observed with reduced PNP (figure
3.2).
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Figure 3.1 PAGE of non-rcduccd (NR) and reduced (R) purified B2 GPI: lane 1
MW markers; lane 2, P2 GPI (l.Omg/ml) (NR); lane 4, P2 GPI (l.Omg/ml) (R); lane 5,
MW markers.
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Figure 3.2 Western blot of purified

6 2 GPI

and PNP: lane 1,

6 2 GPI

(R); lane 2,

pooled normal plasma (R); lane 3, B2 GPI (NR); and lane 4, pooled normal plasma
(NR).
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Crossed Immunoelectrophoresis CIE performed with 1% agarose in the first
dimension yielded a single precipitin arc with both purified

6 2 GPI

and normal

plasma (figure 3.3). When 0.75% agarose was used in the first dimension, a single
arc was again obtained with purified

6 2 GPI,

but normal plasma yielded an arc with

a shoulder at the trailing edge (figure 3.4). CIE with 0.75% agarose and detergent
modification in the first dimension yielded only a single arc with purified material
but the shoulder was again observed with plasma (figure 3.5). The height of the
precipitin arcs was increased with the incorporation of detergent.

3.2.4 Discussion
It has been demonstrated previously, using radiolabelled
techniques, that

6 2 GPI

62

GPI and CIE

binds many biological substances by different mechanisms

including hydrophilic and electrostatic interactions (Schousboe, 1983), and that
30% of

6 2 GPI

is lipoprotein bound (Polz & Kostner, 1979). PNP yielded

6

bands

under non-reducing conditions which corresponded to the MW of 6 2 GPI and higher
molecular weight products. Only a single band was observed after reduction of
PNP, suggesting that in the non-reduced system the additional bands represent
6 2 GPI

complexed with other material, rather than reaction of impurities in the

antisera with other plasma proteins. It is possible that the extra bands observed with
plasma under non-reducing conditions, which are absent under reducing conditions,
represent 6 2 GPI complexed to lipid debris as lipid moieties are known to co-mi grate
with other apolipoproteins. The lipid binding area of 6 2 GPI is in the fifth domain of
the molecule (Steinkasserer et al. 1992) and experiments employing synthetic
peptide sequences have allowed further localisation of the lipid binding site to an
oligopeptide containing two flanking cysteine residues (Hunt & Krilis, 1994). It is
therefore likely that the lipid-6 2 GPl complexes would be disrupted under reducing
conditions as the cysteine bridges forming an integral part of the lipid binding site
would be disrupted. The purified

6 2 GPI
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however showed only one band in the

Figure 3.3 CIE wiih 1% agarose and B2 GPI and serum of: (a) purified B2 GPI
and (b) pooled normal plasma.
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Figure 3.4 CIE with 0.75% agarose and B2 GPI antiserum of: (a) purified
and (b) pooled normal plasma.

1

87

6 2 GPI;

Figure 3.5

D etergent modified CIE of PNP with 0.75% agarose and

anti serum.
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6 2 G PI

non-reducing as well as the reducing Western blotting system, which would
suggest that the purification schedule included conditions for dissociation of the
B2 GPI complexes in plasma or was selective for free 6 2 GPI.
CIE studies performed with 1% agarose in the first dimension yielded a
single arc with both purified material and PNP, which is in agreement with
previously published results (Schousboe, 1983). However, employment of 0.75%
agarose in the first dimension allowed demonstration of a slower moving shoulder
with PNP, which was presumed to be either a
complexed with other material. Purified

6 2 GPI

62

GPI subfraction or

62

G PI

again only yielded one arc under

these conditions. CIE was performed with 0.75% agarose and the Triton and
deoxycholate modification in order to determine whether the shoulder was a
subfraction of

6 2 GPI.

Using this technique, the shoulder was again observed,

indicating that it is most likely 6 2 GPI complexed with other material, rather than a
B2 GPI subfraction, and that these detergent conditions do not dissociate these
6 2 GPI

complexes. Demonstration of

6 2 GPI

complexed with other material, was

therefore possible by PAGE electrophoresis, followed by Western blotting, and
CIE with 0.75% agarose. These techniques have allowed demonstration that the
antiserum employed recognises both free and complexed

6 2 GPI,

and that the

material isolated using the purification schedule reported, is most likely
predominantly free B2 GPI only and does not contain complexed material.

3.3 Techniques For M easurement O f B2 GPI A ntigen

3.3.1 Introduction
Previous investigations of 6 2 GPI levels in normal and patient blood samples have
employed radial immunodiffusion (RID), Im m unoelectrophoresis (lE P ),
radioimmunoassay (RIA) or latex immunoassay (LIA) techniques for

62

GPI

estimation (Ganrot, 1972; Galli et al. 1992; Vlachoyiannopoulos et al. 1992; and De
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Benedetti et al. 1992, respectively). Each of these techniques has inherent
advantages and disadvantages and is uniquely suitable for given situations. For the
purposes of the present study, a sensitive, rapid and economical technique was
desirable. RID was not considered because of its poor sensitivity and the extended
time requirement associated with this technique. Similarly, the LIA technique was
not considered because of its poor sensitivity, as well as the expense of the
reagents. The RIA technique was not considered because of the safety
considerations associated with the use of radionuclides and the requirement of
expensive instrumentation for radioactivity counting. Consequently, only the 1ER
technique was selected for evaluation. A standard 1ER technique and the detergent
modified 1ER method reported by Schousboe (1982) were evaluated.
However, 1ER is also a lengthy procedure and has significant antisera
requirements. It was therefore considered that an enzyme linked immunosorbent
assay (ELISA) might be more suitable, and so an ELISA was developed for
measurement of

6 2 GRI

and compared with the 1ER techniques. The influence of

several pre-analytical variables on

62

GRI measurement by ELISA was also

assessed.
This assay was then used for the measurement of free

6 2 GRI

after its

separation from the complexed material. Several different methods have been used
for the separation of free and complexed material, including differential precipitation
techniques employing salts or other compounds. A disadvantage of these techniques
is that didysis of the material back to physiological pH and osmolality may be
required before biological assays can be performed. Separation can also be achieved
using filtration if an appropriate membrane is used. Centrifugal filtration was
selected for use for separation of free 6 2 GRI, because of the relative ease, speed and
low cost of the technique.

6 2 GRI

has a molecular weight of approximately 50 kDa

and is known to associate with phospholipid vesicles and plasma lipoproteins. HDL
is the smallest plasma lipoprotein having a diameter of approximately 5 - 1 2 nm
(Mackness & Durrington, 1992) and so the smallest 6 2 GRI-HDL complex should
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be in excess of 5 nm. A membrane with a pore size of approximately 5 nm or 100
kDa cut off was therefore selected for use as it was anticipated that this would
achieve separation.

3.3.2 Methods
Sample collection See section 2.1. Blood samples were collected from up to 46
normal healthy subjects and 12 patients receiving oral anticoagulant therapy. Serum
and sodium citrate, EDTA or sodium heparin plasma samples were prepared.
Laurell Rocket Immunoelectrophoresis See section 2.8.3. Where detergent
modified lEP is reported, Triton XlOO and sodium deoxycholate were included in
the gel and running buffers at 0.5% (v/v) and 0.2% (w/v), respectively.
Standard lEP was used to measure

6 2 GPI

in citrated plasma samples

obtained from 46 normal healthy subjects, 17 males aged 23-63 years, and 29
females, aged 23-35 years. Detergent modified lEP was used to measure

6 2 GPI

levels in citrated plasma obtained from 27 normal subjects, 10 males, aged 2 3 -6 3
years, and 17 females, aged 2 3 -3 5 years.
fi2G P I antigen (fi2GPI:Ag) ELISA See section 2.9.1. A chequerboard
titration of anti- 6 2 GPI IgG and peroxidase conjugated anti-6 2 GPI IgG, diluted
sequentially from 1 in 500 to 1 in 4000 was performed, maintaining a constant
concentration of antigen

(1

in

10

pooled normal plasma).

6 2 GPI

was measured in

citrated plasma samples obtained from 42 individuals ( 17 males, aged 23-63 years;
25 females, aged 23-35 years) by ELISA.
The ELISA technique was used to measure

6 2 GPI:Ag

levels of sodium

citrate, EDTA and heparin plasma and serum samples obtained at the same
venepuncture from six normal healthy subjects.
The effect of freeze / thawing on
6 2 GPI

6 2 GPI

levels was assessed by assaying

by ELISA in citrated plasma samples obtained from six normal healthy

subjects and subjected to 1, 2,3 and 4 freeze / thaw cycles.
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6 2 GPI

was measured by ELISA in citrated plasma samples obtained from

six normal healthy subjects at the following times during the course of one eight
hour period: 8.00; 10.00; 12.00; 14.00 and 16.00 hours.
This assay was also used to assess the effect of oral anticoagulant therapy
on plasma 6 2 GPI levels.

6 2 GPI

was measured in citrated plasmas from 12 patients

receiving warfarin therapy (Intemationeil Normalised Ratios between 2.0 and 5.0).
Patients were selected so that only those receiving therapy for treatment of
ischaemic heart disease were included.
Free fi2 GPI ELISA See section 2.9.2. Varying conditions for separation of free
6 2 GPI

from complexed material by centrifugation were investigated. Centrifugation

of plasma diluted 1 in 4 in PBS for 15 minutes provided effective separation whilst
requiring small plasma volumes. The separation of the free and complexed B2 GPI
by this method was confirmed using CIE techniques (section 2.8.2). Free

6 2 GPI

was measured in the filtrate by ELISA. Free 6 2 GPI was measured in citrated plasma
samples obtained from 30 healthy normal subjects (9 males, aged 23-63 years; 21
females, aged 23-35 years).
This assay was used to investigate the effect of freeze / thawing on free
6 2 GPI

levels.

Statistics Spearman's rank correlation test was used for analysis of correlation.
Either the Mann-Whitney U test or Wilcoxon's signed rank sum test were used to
determine the significance of differences between samples and p<0.05 was taken as
significant.

3.3.3 Results
Laurell Rocket Immunoelectrophoresis The standard lEP technique yielded
sharp precipitin lines and a second shaded inner arc (figure 3.6a). Only the sharper
precipitin lines were measured and good linearity on plasma dilution from

10

to

100

mg/1 was observed with log transformed data. The detection limit of the assay was
determined to be 5 mg/1. Intra-assay precision was assessed using measurement of
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6 2 GPI

in a normal plasma at 1 dilution 10 times, and the coefficient of variation

(CV) was determined as 7.5%. The reference range (mean +/- 2SD) shown in Table
3.1 is derived from the results of 44 individuals as 2 subjects were identified as
having outlying

6 2 GPI

levels (90 and 135 mg/1) and were therefore excluded from

the reference range. No difference was observed between the sexes (males, 211.5
+/- 39.0 mg/1; females 198.5 +/- 34.0 mg/1).
The detergent modified lEP technique yielded single arcs (figure 3.6.1b).
The detection limit for this method was 2.0 mg/1 and good linearity was observed
with a plasma dilution range of 5 to 100 mg/1. Intra-assay precision was assessed
using the method described above and was determined as 3.7 %. The inter-assay
variation was evaluated over a period of 3 months, using the same plasma which
was stored at -70°C, and the CV was determined as 5.8 %. The mean, SD and
reference range for this technique are shown in Table 3.1. Again no differences
between the sexes was observed (males, 195.0 +/- 38.0 mg/1; females 198.4 +/32.0 mg/1).
fi2GPI antigen (fi2 GPI:Ag) ELISA The minimum concentrations for excess
anti- 6 2 GPI IgG coating antibody and peroxidase conjugated anti-6 2 GPI IgG were
determined to be 1 in 1000 to 1 in 500 respectively. Assays performed when
omitting either the capture antibody or the antigen showed that non-specific binding
of antigen to solid phase only occurred at concentrations well above those used in
the assay and that non-specific binding of the conjugated antibody to both the
solid phase and the capture antibody was negligible.
The detection limit of the assay was determined to be 2.0 ;<g/l. Good
linearity was obtained with log transformed data over the range of

2 .0

|/g/l to 126

//g/1. Intra-assay precision was assessed using measurement of 6 2 GPI in a normal
plasma at 4 dilutions 10 times, and the CV was determined as 7.9%. The inter
assay precision was evaluated over a period of

1

month using the same plasma

which was stored at -7CPC. The inter-assay CV was 9.1%. There was no difference
between the sexes (males, 205.0 +/- 43.4 mg/1; females 197.2 +/- 36.6 mg/1). The
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F igure 3 .6 lEP assay of B2 GPI in plasma samples: (a) standard lE P; (b)
detergent modified lEP.
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mean, SD and reference range are shown in Table 3.1.
Comparisons of the results obtained for plasmas assayed by each technique
are shown in figure 3.7.
The effect o f sample type on fi2GPI:Ag levels There were no significant
differences between the %GPI:Ag of the different sample types (table 3.2).

Table 3 J Means, SDs and reference ranges for the lEP and ELISA techniques

Technique

number of
subjects

mean
(mg/l)

SD
(mg/l)

Reference range (mg/l)

lEP

46

205.0

36.5

143.8-271.4

modified iEP

27

196.7

34.9

134.4.-264.5

ELISA

42

2 0 1 .1

40.0

126.4 - 272.8

Table 3.2 The effect of sample type on

6 2 GPI:Ag

levels (n=6 ).

sam ple type

mean level (mg/l)

standard error (mg/l)

sodium citrate

250.4

15.0

EDTA

249.6

12.3

heparin

265.3

14.7

serum

246.2

14.6

The effect o f free ze Ithaw ing on fi 2 G PI:Ag
significant differences between the

6 2 GPI:Ag

numbers of freeze / thaw cycles (Table 3.3).
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levels There were no

levels measured after varying
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Figure 3.7 Comparison of the

6 2 GPI

results (mg/l) obtained by the different

assay methods: (a) standard and modified IEP; (b) modified IEP and ELISA; and
(c) standard IEP and ELISA.
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Table 3.3 The effect of freeze / thawing on B2 GPI:Ag levels (n=6)
freeze/ thaw cycle

mean level (mg/l)

standard error (mg/l)

1

202.3

16.4

2

205.7

19.5

3

198.5

14.9

4

194.8

16.5

The effect o f sample collection tim e There were no significant differences
between the 6 2 GPI: Ag levels measured in samples collected at different time points
in one day (table 3.4).

Table 3.4 The effect of sample collection time on B2 GPI:Ag levels (n=6 ).
TIME (hours)

MEAN LEVEL (mg/l)

STANDARD ERROR
(mg/l)

8 .0 0

174.2

7.4

1 0 .0 0

176.4

5.4

1 2 .0 0

177.6

9.5

14.00

192.3

6 .6

16.00

184.7

9.7

Effect o f oral anticoagulant therapy on plasm a fi2G P I:A g

levels

There were no significant differences between the I32 GPI:Ag levels of the patients
receiving warfarin therapy (table 3.5) and normal controls.
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Table 3,5 B2 GPI:Ag levels in patients receiving warfarin therapy.
No subjects
(males; females)

median age (yrs)
(range)

median INR
(range)

mean BpGPI (mg/l)
(SE)

12
(6; 6)

59.5
(44 - 84)

3.2
(2.0 - 4.8)

173.3
(12.9)

Free fi2 GPI ELISA When the dilution of starting plasma was increased from 1
in

8

to 1 in 16 in PBS, an increase in the filtrate concentration of B2 GPI was

observed (figure 3.8a). A 1 in 4 dilution of plasma in PBS was selected for further
experiments as this required small sample volumes whilst remaining on the initial
plateau of the curve. Increasing the centrifugation speed had no significant effect on
filtrate

6 2 GPI

concentrations (figure 3.8b). 650xg was selected for future

experiments as this produced reasonable filtrate volumes within a reasonable time
period. Increasing the centrifugation time whilst maintaining a constant
centrifugation speed and plasma concentration had no effect on

6 2 GPI

filtrate

concentrations (figure 3.8c).
CIE demonstrated several precipitin arcs with starting plasma. The filtrate,
however, yielded only a single arc, with the maximum anodal migration observed
with plasma. The retained material also demonstrated several arcs, but all
corresponded to material of higher molecular weight than that observed with the
filtrate (figure 3.9).
The assay for free
6 2 GPI

6 2 GPI

demonstrated good linearity from 4 to 100 pg/1

on log transformed data. Intra-assay precision was assessed by assay of a

single plasma 10 times and the coefficient of variation was determined as 8.1%. The
inter-assay precision was evaluated over a period of five weeks using the same
plasma which was stored in aliquots at -70°C and determined to be 12.5%. The
mean and SD of free

6 2 GPI

measurements of 32 normal subjects were 19.9 and 8.4

mg/l, respectively. The normal reference range for free
therefore taken to be 3.1 - 36.7 mg/l.
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6 2 GPI:Ag

levels was
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Figure 3,8 Effect of: a) starting plasma concentration; b) centrifugation speed;
and c) centrifugation time on

6 2 GPI:Ag

levels measured in filtrate (mg/l). Results

indicate the mean and SEM of 3 experiments.
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Figure 3.9 CIE of B2 GPI in: a) plasma; b) filtrate; and c) material retained in the
reservoir during the filtration period.
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The effect o f freeze / thawing on free fi2GPI:Ag levels

Repeated freeze

thawing of samples produced increased filtrate 6 2 GPI levels (figure 3.10).

50

40-

Î

OD 30 -

iK
^

10-

2

1

3

4

Freeze / thaw cycle
Figure 3,10 The effect of freeze / thawing on free

6 2 GPI:Ag

levels.

Results indicate the mean and SEM of 6 normal subjects. A statistically significant
increase was observed after 4 freeze / thaw cycles compared to one cycle
(*pcG.G5).

3.3.4 Discussion
A standard IBP technique and lEP including the detergent modification suggested
by Schousboe (1982) were compared for assay of 6 2 GPI. A second smaller internal
arc was observed within the precipitin peak on the gels without the detergent. The
results of the CIE suggest that 1% agarose does not allow distinction between free
and complexed

6 2 GPI

and the different arcs are most likely therefore to represent

different subfractions of 6 2 GPI. This idea is further supported by the absence of the
internal peak when deoxycholate and Triton XlOO are incorporated, as these
detergents eliminate the differences in peak heights of the different subfractions.
Interestingly, the smaller internal arc was absent when the purified

101

6 2 GPI

was

assayed, indicating that the purification schedule employed had subfraction
selectivity. As seen before in the CIE experiments, the peak heights were greatly
increased when the detergents were included. This can be explained by the fact that
as all

6 2 GPI

fractions migrate together as a homogeneous protein under these

conditions, a greater distance is travelled before equivdence with antisera is
achieved. The greater peak height also confers greater sensitivity to the assay and
the detection limit of the assay was increased by

100%

with detergent modification.

Although the precipitin line was less sharp when detergent was included, the intra
assay CV proved to be smaller, indicating greater precision with the modification.
The calibration values of the PNP for the unmodified and modified lEPs
were 242mg/l and 201 mg/1 respectively. When we compared the results obtained
by assay by these two techniques, no significant difference was demonstrated and a
good correlation was obtained (r = 0.829). However, when the results were
expressed as percent of pooled normal plasma, a systematic bias was observed such
that the results obtained by the unmodified technique were consistently lower, and
the difference between the results by the two techniques was significantly different
(pcO.005). These differences are most likely to be attributable to differences in
subfraction levels.
Plasma concentration of

8 2 0

PI was found to be neither sex or age

dependent by both techniques, which is in agreement with previously published
reports (Cleve, 1968). Using the unmodified technique, the first employed, two
individuals with B2 GPI levels below the 95% confidence limits, presumably
representing heterozygote deficiency states, were identified. This corresponds to a
frequency of heterozygote deficiency of 4.3% which is below the 7-12% frequency
previously reported (Cleve, 1968).
The same calibration value for PNP was obtained by ELISA and modified
lEP and although no significant differences were demonstrated between the results
by these methods, the correlation was less than that observed between the
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unmodified and modified lEPs. This is attributable presumably to the difference in
techniques.
However, the variation in calibration values for PNP between the
unmodified and modified lEPs and the indication on the unmodified lEP that the
purified material had some degree of subfraction selectivity, introduces some
concern about the use of different standard materials. Subfraction selectivity in these
purified proteins may lead to error when comparing results standardised against
different materials. A widely available standard material for the calibration of 6 2 GPI
assays is therefore desirable.
As expected, the poorest correlation (r = 0.462) was observed between the
unmodified lEP and ELISA results. This results from a combination of errors
introduced by different subfraction levels and the employment of different methods.
The antisera requirement for assay of a single plasma dilution in duplicate by
ELISA was 5% of the lEP requirement. For this reason, plasmas were assayed at
four dilutions by ELISA, whereas only two were used in the lEP method. This
enables those plasmas that exhibit non-parallelism phenomena to be identified more
readily by the ELISA method. The ELISA also had the advantage that the time
requirement was only 4 hours when precoated plates were used, as opposed to the
overnight requirement of the IBP techniques. The ELISA was therefore selected for
measurement of 6 2 GPI in this study.
No significant differences were demonstrated between B2 GPI levels
measured in serum and sodium citrate and EDTA plasma samples and so all of these
materials may be considered suitable for this assay if dilution variations are
considered. A slightly higher value was obtained with heparin plasma but statistical
significance was not achieved. However, comparison of results obtained with
heparin and other sample types would be unsuitable because of the heparin binding
properties of

6 2 GPI.

Freeze/thawing of plasma had no effect on plasma

6 2 GPI

levels. This protein must therefore be considered as a robust protein for assay as it
has been demonstrated previously to be stable for up to
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2

years when stored at

-70°C (Norden et al, 1991). No significant differences were observed between
62GPI levels of samples collected at different time points during the day. This
suggests that comparison of levels of patient samples collected at different times
during the day may be made safely. Warfarin was also shown to have no effect on
plasma %GPI levels, indicating that patients receiving oral anticoagulant therapy
may be included in the study.
62GPI has an apparent molecular weight of 50 kDa and so the use of a
centrifugal microconcentrator tube with a 100 kDa MW cut off should therefore
allow separation of free 62GPI from 62GPI bound to most 62GPI binding plasma
constituents. The results of the CIE experiments support this theory as only one
62GPI arc was observed with the filtrate material. In addition, the filtrate 62GPI arc
demonstrated the maximum anodal migration observed in pleisma 62GPI, which
would be consistent with the lowest molecular weight.
Measurement of filtrate 62GPI concentration by ELISA revealed that only
approximately 10% of plasma 62GPI is apparently in the free form. The
concentration of %GPI in the filtrate was influenced by the starting concentration of
the plasma. When the starting concentration of plasma was reduced to below 1 in 8
in PBS, the 62GPI concentration in the filtrate increased approximately threefold.
This presumably is a result of disruption of weakly bonded 62GPI complexes by
dilution. A 1 in 4 dilution of plasma in PBS was selected for further experiments as
this required small sample volumes whilst avoiding disruption of 62GPI complexes.
The centrifugation speeds investigated for this method were all within the
recommended limits of the filter. Increasing the centrifugation speed had no
significant effect on filtrate 62GPI concentrations. However, increasing
centrifugation speed resulted in increasing filtrate volumes, and 650xg was selected
for use as this produced adequate filtrate volumes (results not shown). Similarly,
increasing the centrifugation time had no effect on 62GPI filtrate concentrations but
resulted in increased filtrate volumes.
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Results of the CIE experiments and estimation of the intra and inter- assay
coefficients of variation for the assay described indicate that this technique is
suitable for investigation of free

6 2 GPI

levels in clinical samples. The estimated

precision is poorer than that obtained with the total

6 2 GPI

ELISA, but reflects an

increased variation associated the separation procedure. Repeat freeze thawing of
samples produced increased filtrate
that some

6 2 GPI

6 2 GPI

concentrations. These results suggest

complexes are disrupted by freeze/thawing. Plasma lipoprotein

structure is modified by freezing (Mackness & Durrington, 1992) and so it is likely
that 6 2 GPI-lipoprotein structures would be disrupted by repeated freeze/thawing.
For this reason, only once frozen plasmas can be considered suitable for
measurement of free

6 2 GPI.

3.4 M easurement O f Antibodies To B2 G P I

3.4.1 Introduction
Anticardiolipin antibodies have been detected in patients with syphilis (Pangbom,
1941) and other infections (Cohen et al, 1989; Misra et al, 1987), drug-induced
conditions (Canosa & de Obviera, 1988) and in a percentage of the population
having no predisposing factors (Shi et al. 1990), as well as in patients with
autoimmune conditions (Love & Santorro, 1990). The presence of aCL in some
patients confers an increased risk of arterial and venous thrombosis (Harris et al,
1983), recurrent fetal loss (Ginsberg et al, 1992) and thrombocytopenia (Harris et
al, 1985). However, these clinical features are not associated with aCL occurring in
syphilis or other infections (Love & Santorro, 1990). This suggests a difference
between aCLs associated with thrombosis and infection. Some investigations of the
antigen specificities of the two groups have highlighted differences. Recently,
Matsuura et al (1990), using a modified aCL ELISA performed in the absence and
presence of purified human 6 2 GPI, reported that aCL from patients with syphilis, in
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contrast to aCL from SLE patients, showed binding to cardiolipin in the absence of
a plasma cofactor. Later Hunt et al (1992) confirmed that binding of aCL from
patients with infection, unlike those from patients with SLE, was not

6 2 GPI

dependent.
Several investigators have now reported the binding of aCL derived from
autoimmune patients to the B2 GPI molecule coated on microtitre plates (Galli et al,
1990; Arvieux et al, 1991; Viard et al, 1192; Keeling et al. 1992). More recently,
Matsuura et al (1994) demonstrated that such antibody binding is specific for 8 2 GPI
that has undergone a conformational change on binding to ay irradiated polystyrene
surface.
Identification of aCL is clinically important in order to identify an increased
risk of subsequent thrombotic events. Any test that can discriminate between those
aCL associated with thrombosis and those that are not (ie 6 2 GPI dependence) may
therefore have value in the clinical laboratory. The anti-6 2 GPI antibody was selected
as a suitable candidate assay. The assay was first evaluated in a group of patients
with infection before being used to investigate patients with SLE and PaPS.

3.4.2 Methods
Sample collection See section 2.1. Serum was prepared from blood samples
collected from 31 normal healthy subjects (10 males, aged 23 - 63 years; 21
females, aged 23 - 35 years) and 114 patients with infection with no evidence of
autoimmune disease (70 males, aged 18 - 70 years; 44 females, aged 20 - 70 years).
Of these patients, 63 had active tuberculosis, 42 had a klebsiella urinary tract
infection and

11

had active syphilis.

Cardiolipin Antibody Assay See section 2.9.3. Anticardiolipin antibodies were
measured in serum from the 31 normal healthy subjects and 114 infection patients.
fi2 glycoprotein~I Antibody Assay See section 2.9.4. Antibodies to

6 2 GPI

were also measured in serum from the 31 normal healthy subjects and 114 infection
patients.
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3.4.3 Results
Anticardiolipin assay Intra-assay precision was assessed by assay of an aCL
IgG positive plasma (70 GPLu) 17 times and the CV was estimated to be 11.8 %.
The inter-assay precision was evaluated over a period of three months using the
same plasma which was stored in aliquots at -70°C and was determined to be
14.4%. The mean and SD of IgG aCL levels of 31 normal subjects were 0.88 and
1.25 GPLu, respectively. The normal reference range was derived from log
transformed data (the distribution is skewed) and taken as <5 GPLu. The incidences
of anticardiolipin antibodies in serum of patients with tuberculosis, Klebsiella
infection and syphilis were 6.0, 5.0 and 64.0%, respectively (table 3.6).
fi2 glycoprotein~I antibody assay Specificity of the assay for

6 2 GPI

that had

been structurally modified by binding to the microtitre plate was confirmed by the
results of competitive inhibition experiments which showed no difference in
0 CB2 GPI

binding in the presence and absence of fluid phase

(X6 2 GPI assay demonstrated good linearity from

0 .0 1

-

6 2 GPI

1 1 .2

(table 3.7). The

g/1 a 6 2 GPl on log

transformed data. Intra-assay precision was assessed by assay of a positive plasma
(1.23 g/1) 10 times and the CV was estimated to be 9.7%. The inter-assay precision
was evaluated over a period of five months using the same plasma which was
stored in aliquots at -70°C and was determined to be 10.1%. The mean and SD of
IgG oB2 GP 1 levels of 31 normal subjects were 0.02 and 2.11 g/1, respectively. The
normal reference range was derived from log transformed data (the distribution is
skewed) and taken as <0.043 g/1. All the infection patients were negative for
(X62GPI.

3.4.4 Discussion
The aCL assay investigated was that normally employed in a routine laboratory for
identification of patients with antiphospholipid syndrome and had similar precision
to that usually obtained with this assay (Harris et at. 1990). This assay which
includes adult bovine serum, is unable to distinguish between 6 2 GPI dependent and
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Table 3.6 Incidence of IgG aCL in patients with infection
anticardiolipin levei

Tuberculosis

Kiebsiella

Syphilis

aCL negative

59 (94%)

83 (95%)

4 (36%)

5 -1 0 PLu

2 (3%)

-

2 (18%)

11-30 PLu

2 (3%)

2 (5%)

4 (36%)

>31 PLu

-

-

1 (10%)

Table 3.7 Results of (X6 2 GPI experiments in the presence of fluid phase

6 2 GPI

(n=3)
Free B2 GPI
conc. (mg/1)

0

14.4

28.8

57.5

115.0

230.0

460.0

A 405 (nm)
(SE)

0.410
(0.024)

0.424
(0.037)

0.443
(0.021)

0.447
(0.017)

0.443
(0.042)

0.449
(0.027)

0.461
(0.029)

6 2 GPI

independent anticardiolipin activities. It is therefore likely that some positive

aCL results in routine clinical practice are the result of infection. For this reason,
repeat testing of patients is recommended in order to confirm persistence of
positivity and identify those transiently positive sera which are the result of
infection. However repeat testing is not always discriminating as the antibody may
persist for some time in patients with infection.
The incidence of IgG aCL in the Klebsiella and tuberculosis infection
patients tested was 5.5%, which is lower than that previously reported for these
bacterial infections (McNeil etal, 1991). 64% of patients with syphilis were found
to be positive for IgG aCL, which is lower than that expected, but may reflect the
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result of inhibition of antibody binding by

6 2 GPI

in the ABS employed in the

assay.
The specificity of the aB 2 GPI antibody assay for bound

6 2 GPI

confirmed by competitive binding experiments with fluid phase

was first

6 2 GPI.

The

antibodies were then measured in 114 patients with infection on order to assess
whether this assay has a potential value in discriminating between aCLs of infection
and autoimmune conditions.
The a 6 2 GPI assay demonstrated intra and inter-assay CVs of 9.7 and
10.1% respectively, which indicates better precision than that obtained with the aCL
assay in this study, and indeed better than that usually reported with the aCL assay
(Harris et al, 1990). One of the main reasons for the superior precision of the
a 6 2 GPI assay is that antigen concentration is probably more reliable in the 0 6 2 GPI
assay as it is applied in an aqueous phase, compared to the solvent antigen
application of the aCL assay.
All the patients with infection tested were negative for a ^ G P I indicating
that this assay may have a role in discriminating between aCL of autoimmune
conditions and infection. For this reason, together with the satisfactory precision,
the (X6 2 GPI assay was selected for further investigation in patients wi t h
autoimmune conditions, in order to determine whether there is any association
between oB2 GPI levels and clinical events including thrombosis and recurrent fetal
loss.

3.5 M easurement Of B2 GPI aPA Cofactor Activity

3.5.1 Introduction
Although first described in 1961 (Schultze et at, 1961), the physiological role of
6 2 GPI

remains uncertain. B2 GPI has been demonstrated to possess in vitro

anticoagulant properties including the inhibition of contact activation of coagulation
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(Schousboe, 1985), platelet prothrombinase activity (Nimpf et al, 1986) and ADP
induced platelet aggregation (Nimpf et al, 1985). However, reports of 6 2 GPI levels
in subjects with an increased risk of thrombosis are limited and have failed to
identify a direct relationship between B2 GPI levels and thrombosis (Bancsi et al,
1992). Commonly, coagulation protein deficiencies can be classified into two types:
Type I ('classical') defects are characterised by parallel reductions of both antigenic
and functional protein assays; and in Type II ('variant') defects a reduced functional
concentration is associated with a normal level of immunoreactive protein. All
previous investigations of 6 2 GPI levels have focused on the antigenic levels of the
protein, and no estimation of ^G P I function has been made. In addition to its in
vitro anticoagulant properties,

6 2 GPI

possesses aPA cofactor activity (McNeil et al,

1990). The aPA cofactor activity in solid phase ELISA was a suitable in vitro
activity of

62

GPI for study. Although aPA cofactor activity is not a normal

physiological function, but a pathological function, the specific nature of this
activity makes it a suitable candidate for the basis of an assay of 6 2 GPI activity. A
62

GPI aPA cofactor activity assay (6 2 GPI:Cof) based on a modified

antiphosphatidylserine ELISA was therefore developed and evaluated for use with
clinical samples. The influence of several pre-analytical variables on

6 2 GPI:Cof

measurement was also assessed.

3.5.2 Methods
Sam ple collection S qq section 2.1. Blood samples were collected from 38
normal healthy subjects (14 males, aged 23 -6 3 years); 24 females, aged 23 - 35
years). Twelve patients receiving oral anticoagulant therapy (INRs between 2.0 and
5.0) were also studied. Warfarin patients were selected so that only those receiving
therapy for treatment of ischaemic heart disease were included in the study. Serum
and plasma from samples collected into sodium citrate, EDTA or sodium heparin
were prepared.
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fi 2 G lycoprotein~I antiphospholipid antibody cofactor activity assay
(fi2 GPI:Cof) See section 2.9.5. The whole IgG used in the assay was isolated
from a patient with a high titre anticardiolipin antibody (157 GPLu) and strong
lupus anticoagulant activity. Varying concentrations of this IgG were tested in the
assay, maintaining a constant concentration of pooled normal plasma ( 1 in 2 ), and
the minimum concentration for excess IgG was determined to be 2 mg/1.
The effect of sample type, freeze / thawing and oral anticoagulant therapy on
6 2 GPI:Cof

activity was assessed using methods reported in section 3.3.2.

Statistics Spearman's rank correlation test was used for analysis of correlation.
Either the Mann-Whitney U test or Wilcoxon's signed rank sum test were used to
determine the significance of differences between samples and pcO.05 was taken as
significant.

3.5.3 Results
Assays performed when omitting plasma showed that there was minimal binding of
the IgG used for the assay in the absence of plasma (À4 0 5 nm <0.02 U). The
6 2 GPI:Cof

assay demonstrated good correlation between plasma dilution and IgG

binding on a log/log standard curve over the dilution range of 1 in 16 to 1 in 512
(r:0.995). Intra-assay precision was assessed using measurement of %GPI:Cof in a
normal plasma at 3 dilutions

8

times, and the CV was determined as 7.4%. The

inter-assay precision was evaluated over a period of 3 months using the same
plasma which was stored in aliquots at -70°C. The inter-assay CV was 12.0%. The
detection limit of the assay was determined to be 1 in 512 which is equivalent to
approximately 0.5 mg/1 B2 GPI. The mean and SD of 6 2 GPI:Cof measurements of
38 normal subjects were 95.9 and 24.8 %PNP, respectively. The normal reference
range for 6 2 GPI:Cof levels was therefore taken to be 46.3 - 145.5 %PNP.
The effect o f sample type on fi2G P I:C of levels The sodium heparin
samples had significantly increased levels of 6 2 GPI:Cof compared to the serum and
citrated and EDTA plasma samples (figure 3.11).

Ill

The effect o f freeze I thawing on fi 2 G P I:C of levels R epeated

freeze

thawing of samples produced increased 6 2 GPI:Cof levels (figure 3.12).
Effect o f oral anticoagulant therapy on plasma fi 2 G PI:Cof levels T here
were no differences between the 6 2 GPI:Ag levels of the patients receiving warfarin
therapy (Table 3.8) and normal controls.

Table 3.8 ^G P IiC of levels in patients receiving warfarin therapy
No subjects
(males; females)

median age (yrs)
(range)

median INR
(range)

mean B2 GPI:Cof
(%PNP) (SE)

12

59.5
(44 - 84)

3.2
(2.0 - 4.8)

98.2
(7.4)

(6 ; 6 )

3.5 .4 D iscussion
6 2 GPI

aPA cofactor activity was measured using a modification of the solid phase

antiphosphatidylserine ELISA. Phosphatidyl serine was selected as the antigen in
this assay as the non-specific binding obtained with the chloroform:methanol
mixture was found to be significantly lower than that obtained with ethanol, the
solvent normally employed in anticardiolipin assays. Minimal binding of the whole
IgG preparation was observed in the absence of plasma, indicating that binding of
the antibody was
6 2 GPI:Cof

6 2 GPI

dependent. Good correlation between plasma dilution and

was demonstrated, and activity was detected in the

1

in 512 plasma

dilution, which corresponds to a plasma level of 6 2 GPI of approximately 0.5 mg/1.
This is in agreement with the work of McNeil (1990) who showed that binding of
affinity purified aCL was enhanced by concentrations of 1 mg/1 6 2 GPI. The assay
was standardised against plasma pooled from
purified

6 2 GPI

20

normal donors rather than a

preparation, because different B2 GPI preparations may have

different lipid binding affinities. It must be noted that the reference range derived
from the normal data reflects a large spread, but this is to be expected as the
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Figure 3.11 The effect of sample type on

6 2 GPI:Cof

levels. Results indicate the

mean and SEM of 6 normal subjects. Heparin samples had significantly increased
6 2 GPI:Cof

levels (* p<0.05).
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Freeze / thaw cycle
Figure 3.12 The effect of freeze / thawing on

6 2 GPI:Cof

levels. Results indicate

the mean and SEM of 6 normal subjects. Statistical significance compared to one
freeze / thaw cycle is indicated by * (pcO.05) and ** (PcO.Ol).
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reference range for protein levels of 6 2 GPI is also wide.
Sodium heparin samples were found to have significantly higher levels of
6 2 GPI:Cof
6 2 GPI:Ag

than the other plasma samples tested and serum. As plasma levels of
were unaffected by the anticoagulant used, the increased

6 2 GPI:Cof

levels observed in heparin samples are most likely to be a result of functional
modification of

6 2 GPI. 6 2 GPI

is known to bind to heparin (Polz, 1979) and this

interaction may affect the affinity of

6 2 GPI

for lipid and / or antiphospholipid

antibody. Heparin samples must therefore be considered unsuitable for estimation
of 6 2 GPI:Cof activity.
Repeated freeze thawing of samples produced increased

6 2 GPI:Cof

levels.

This is possibly the result of disruption of B2 GPI complexes and increased levels
amounts of free

6 2 GPI.

For this reason, only once frozen samples can be

considered suitable for assay of 6 2 GPI:Cof in clinical samples.
Warfarin was shown to have no effect on plasma

6 2 GPI

levels, indicating

that patients receiving oral anticoagulant therapy may be included in the study.
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— CHAPTER 4 -

THE INTERACTION OF 6 2 GPI AND HEPARIN AND ITS
EFFECT ON B2 GPI ANTIPHOSPHOLIPID ANTIBODY
COFACTOR FUNCTION

4.1 Introduction
Certain aPAs are closely associated with venous and arterial thrombotic events and
recurrent fetal loss (Bowie et al. 1963; Nilsson et al. 1975) but their precise roles in
the pathophysiology of thrombosis remains unclear. Many therapeutic agents,
including warfarin, heparin and aspirin, are currently used for the treatment and
prophylaxis of thrombosis in patients with aPAs (Greaves & Preston, 1991) but it
is not known how these agents interact with aPAs.
It was shown in Chapter 3 that 6 2 GPI aPA cofactor activity (6 2 GPI:Cof) is
increased significantly in venous blood collected into sodium heparin, compared to
that containing no anticoagulant, or collected into EDTA or citrate. A previous study
reported inhibition of aPA binding in solid phase ELIS As by high concentrations of
unfractionated and low molecular weight heparins (Wagenknecht & McIntyre,
1992), but there is little information about the effect of therapeutic doses of these
substances. Similarly, little is known about the effect of therapeutic doses of
heparin on

6 2 GPI,

the heparin binding aPA cofactor. In this chapter, the in vitro

effects of therapeutic concentrations of different pharmaceutical heparin preparations
and dermatan sulphate (a naturally occurring anticoagulant glycosaminoglycan
(GAG) molecule similar to heparin) on
62

6 2 GPI

antigen levels, and the ability of

GPI to facilitate the binding of aPA in a solid phase ELISA have been

investigated. The purpose of this study was to examine the interactions between
GAGs and

8 2 GPI,

and the influence of heparin on measurement of 6 2 GPI related

parameters in clinical studies.
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4.2 Methods
Sample Collection See section 2.1. Platelet poor plasma was prepared from
venous blood obtained from six normal healthy volunteers (3 males; 3 females) into
a one tenth volume of 0.106 M sodium citrate containing the heparin under
investigation (0.1, 0.5, 1.0, 5.0 or 10.0 lU/ml final concentration in plasma),
dermatan sulphate (0.55, 2.75, 5.50, 27.5 or 55 //g/ml final concentration) or
isotonic saline. The following preparations were investigated.
Three unfractionated (UF) pharmaceutical heparin preparations:
* Monoparin (MON) - CP Pharmaceuticals Ltd, Wrexham, UK;
* Calciparine (GAL) - Sanofi Pharma, Manchester, UK;
* Liquemin (LIQ) - Hoffman La Roche, Switzerland.
Two low molecular weight (LMW) heparin preparations:
* Fragmin (FRAG) - Kabi Pharmacia Ltd, Milton Keynes, UK;
* Enoxaparin (ENOX) - Rhone-Poulenc Rorer UK Ltd, Dagenham, UK.
* Dermatan sulphate (DS) reagent (heparin free) prepared for laboratory use
(Unicom Diagnostics Ltd, London, UK) was also investigated.
fi 2 GPI antigen Assay See section 2.9.1. The assay was standardised against
pooled normal plasma prepared from 2 0 normal healthy subjects.
fi2 G P I antiphospholipid cofactor (fi2 GPl:Cof) A ssay See section 2.9.5.
Experiments were performed in order to determine whether any observed effect of
heparin on

6 2 GPI:Cof

was exerted via

6 2 GPI

or IgG binding. In these experiments

the B2 GPI:Cof assay was performed as described previously but the plasma and
IgG reagent were added in two stages. In this way, plasma containing 10 lU/ml
Monoparin was added to the wells of a phosphatidylserine coated plate and
incubated for 2 hours; then after washing, IgG without heparin was added and
incubated for a further 2 hours. Similarly the effect of plasma without heparin and
then IgG containing an equivalent concentration of Monoparin could be examined.
Controls in which no heparin was added to plasma or IgG were included on each
plate.
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Crossed Im m unoelectrophoresis See section 2.8.2. 7.0 p i of control plasma
and 10 lU/ml heparin / 55 /<g/ml dermatan sulphate plasmas were applied to parallel
2.5 mm wells and electrophoresis was carried out at 10 V/cm and 1 0 ^ for 3 hours.
The gel was then split in order to allow electrophoresis of the different samples in a
second dimension. 3.5% (v/v) polyclonal rabbit anti-human ^ G P I IgG (Dako Ltd)
in 1% agarose LE was used for the second dimension which was run overnight at 3
V/cm and 1 ^ .
Statistics The Wilcoxon's signed rank sum test were used to determine the
significance of differences between samples and p<0.05 was taken as significant.

4.3 R esults
fi2GPI Antigen No differences were demonstrated between B2 GPl:Ag levels of
the controls and samples containing heparin or dermatan sulphate (table 4.1).
fi2 GPI Cofactor Activity Plasma

6 2 GPI:Cof

activity increased with increasing

concentration of Monoparin, Calciparine and Liquemin. Plasmas containing 0.5
lU/ml or more Monoparin, 10.0 lU/ml Calciparine and 5.0 lU/ml Liquemin had
significantly increased

6 2 GPI:Cof

compared to the respective control plasmas

(figure 4.1a). The experiments performed in order to determine whether heparin
mediated increased %GPI:Cof was effected through
significantly increased

6 2 GPI:Cof,

6 2 GPI

or IgG, demonstrated

compared to control, when heparin was added

together with plasma (p= 0 .0 0 1 , paired t-test) but unchanged
addition of heparin with IgG (p=0.360).

6 2 GPI

6 2 GPI:Cof

on

cofactor activity was unaffected by

the LMW heparins tested or dermatan sulphate (figure 4. lb).
Crossed Immunoelectrophoresis The anodal migration distances of G2 GPI in
the samples (table 4.2) were measured using the leading edge of the precipitin peak
(figure 4.2) and results were expressed as % saline control plasma run on the same
gel. Electrophoretic mobility was increased in the samples containing the three UF
heparins but this increase was not observed in the plasmas containing LMW heparin
or DS.
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Table 4,1 Mean plasma
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GPI antigen levels (% normal plasma) of samples

heparin conc.(IU/ml)
DS conc. (^g/mi))

0
0

0.55

0.5
2.75

5.5

5.0
27.5

55.0

Monoparin

95.5
(12.7)

93.4
(14.8)

95.1
(1 2 .8 )

96.2
(13.8)

104.2
(15.4)

102.9
(15.7)

8 8 .2

92.5
(11.4)

86.1

(13.3)

(11.4)

84.7
(9.8)

82.2
(8 .8 )

91.8
(11.7)

107.0
(1 2 .0 )

102.3
( 1 1 .8 )

98.9
(9.8)

1 0 2 .8

(1 1 .2 )

105.6
(1 0 .0 )

99.8
(13.1)

78.9
(7.4)

82.8
(10.9)

82.4
(11.7)

89.1
(9.3)

78.0
(8.4)

( 1 0 .1 )

100.3
(6 . 1 )

1 0 1 .1

1 0 1 .1

(8.5)

108.5
(8.7)

1 0 0 .8

(5.2)

(7.2)

112.9
(14.9)

86.7
(13.2)

89.6
(12.9)

87.9
(12.9)

83.7
(12.7)

85.2
(12.9)

86.4
(13.5)

Enoxaparin

Fragmin

Calciparine

Liquemin

DS

0.1

1 .0

1 0 .0

8 6 .2

mean levels with SE shown in parentheses. DS = dermatan sulphate.

Table 4,2 The influence of heparin and DS on anodal migration distances of
6 2 GPI

in plasma samples containing 10 lU/ml heparin or 55 ;<g/ml DS (n=3)

% Anodal
migration of
control

MON

CAL

LIQ

FRAG

ENOX

D.S.

171.8
(10.5)

145.8

133.2
( 1 .8 )

1 1 0 .8

1(11.4)

(14.8)

97.7
(4.0)

109.1
(3.4)

mean levels shown with SE in parentheses. MON = M onoparin; CAL =
Calciparine; LIQ = Liquemin; FRAG = Fragmin; ENOX = Enoxaparin; and DS =
dermatan sulphate.
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Figure 4,1a The effect of unfractionated heparin preparations on
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activity. The results represent the mean and SEM of 6 experiments and * indicates
p<0.05.
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Figure 4.2

•

CIE of (a) control plasma and (b) plasma containing 10.0 lU /m l

Monoparin. The black line indicates anodal migration distances measured.
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4.4 Discussion
A

6 2 GPI

- heparin interaction has long been recognised and indeed this property has

been used in purification schedules for isolation of

6 2 GPI

(Polz et al. 1980).

However the nature of the interaction is not well studied and the effect of heparin
binding in the purported biological actions of

6 2 GPI

is unknown. In this chapter,

the binding of different pharmaceutical heparin preparations and purified dermatan
sulphate to

6 2 GPI

in plasma was examined by crossed immunoelectrophoresis and

the in vitro effect of these preparations on plasma levels and the aPA cofactor
function of 6 2 GPI was investigated.
Heparin was investigated at doses ranging from 0.1 lU/ml to 10.0 lU/ml.
This range was selected in order to reflect the spectrum of therapeutic levels
commonly employed, which range from 0.3 - 0.5 lU/ml for treatment o f
thromboembolic disorders (Hirsh, 1986) to > 3.0 lU/ml for anticoagulation during
cardiopulmonary bypass surgery (Ireland et at. 1989). Dermatan sulphate was
tested at concentrations of 0.55 to 55.0 /<g/ml which was similar to the mass
concentrations at which the UF heparins were tested. LMW heparins were tested at
slightly higher mass concentrations.
The results of the CIE studies confirm the heparin binding property of B2 GPI
and demonstrate that calcium heparin (Calciparine) and sodium heparin (Monoparin
and Liquemin) both have a B2 GPI binding property. Alteration of electrophoretic
mobility of 6 2 GPI was not demonstrated in the presence of the LMW heparins and
DS but this cannot exclude an interaction between 6 2 GPI and these agents.
6 2 GPI

has been demonstrated to bind to platelets (Schousboe, 1980) and it is

possible that 6 2 GPI binds to other cell types if exposure of anionic phospholipid on
the cell surface occurs. Plasma levels of

6 2 GPI:Ag

determine whether any observed differences in
corresponding changes in
displacement of

6 2 GPI

6 2 GPI:Ag

were measured in order to

6 2 GPI:Cof

were attributable to

levels that may have resulted from uptake or

from blood cell membranes by heparin. No differences
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between the control and heparin samples were observed under these experimental
conditions.
All the

6 2 GPI:Cof

results presented were obtained using IgG obtained from

one patient but the effects observed with Monoparin were reproduced with an IgG
preparation prepared from plasma obtained from a further PaPS patient by
anticardiolipin affinity chromatography (results not shown). No significant
differences were demonstrated between the l^GPliCof of the controls and samples
containing DS or LMW heparin. The increased 6 2 GPI:Cof observed in the samples
containing the UF heparins suggests that 6 2 GPI is somehow influenced by heparin,
either directly through heparin binding, or indirectly through other plasma
constituents, and that this leads to enhanced aPA cofactor activity. Wagenknecht &
McIntyre (1993) demonstrated conformational changes in
phospholipid binding using monoclonal antibodies to

6 2 GPI

6 2 GPI.

induced by

Experim ents

performed in this study in order to investigate whether heparin altered
antigenicity, showed that the binding of polyclonal rabbit anti-human

6 2 GPI

6 2 GPI

IgG

was unaffected by heparin (results not shown). This cannot however rule out
conformational changes, as similar results were obtained by Wagenknecht &
McIntyre when polyclonal antisera was employed.
6 2 GPI:Cof

was increased by lower concentrations of Monoparin than the

other UF heparins tested. This is not attributable to the heparin salt used, both
Liquem in and M onoparin are sodium salts, nor to differences in mass
concentration, Monoparin was investigated at slightly lower mass concentrations
than the other UF heparins, and is most likely a result of an affinity characteristic of
the Monoparin molecule. Heparin is an anionic macromolecule and it seemed likely
that the binding of

6 2 GPI

to heparin would preclude its subsequent binding to the

anionic phospholipid. However, binding to lipid is an absolute requirement for
6 2 GPI:Cof

activity (Hunt et a l 1993), so these data demonstrate that heparin

binding does not prevent lipid binding by
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6 2 GPI

at the concentrations tested and

may in fact result in a structural change in
binding.
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6 2 GPI

that leads to increased lipid

-C H A P T E R 5 -

AN INVESTIGATION OF THE ASSOCIATION OF B2 G P I
W ITH PLASMA LIPOPROTEINS

5.1 Introduction
62

glycoprotein-I was designated as apolipoprotein H when it was recognised to be

a component o f plasma lipoproteins (Nakaya et al, 1980). Burstein and Legman
(1977) first recognised the association between
identified

6 2 GPI

6 2 GPI

and lipoproteins when they

as a serum factor necessary for the quantitative precipitation of

triglyceride rich lipoproteins such as chylomicra and very low density lipoproteins
(VLDL) by SDS. Later 6 2 GPI was identified as normal constituent of human VLDL
(Polz et a l 1979). It was then shown that B2 GPI could be found in all human serum
lipoprotein fractions. However, the major proportion of serum
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GPI was

demonstrated to be present in the lipoprotein free serum fraction (Polz & Kostner,
1979).
6 2 GPI

was reported to have a very high affinity for Intralipid, an artificial

triglyceride emulsion employed in parenteral feeding regimens (Polz & Kostner,
1979b). This finding led to the investigation of 6 2 GPI as a possible component of
lipoprotein metabolism. In 1980,

GPI was reported to be a regulator of
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lipoprotein lipase activity in triglyceride metabolism (Nakaya et al, 1980).
However, a direct role for 6 2 GPI in lipoprotein metabolism was deemed less likely
after it was shown that patients with a deficiency of

6 2 GPI

did not demonstrate

aberrant lipoprotein metabolism (Hoeg et al. 1985).
Although a role in lipoprotein metabolism has not been established for
6 2 GPI,

and

it seems evident that a close association exists between plasma lipoproteins

6 2 GPI.

It was therefore necessary to examine this relationship before study of

any association between

6 2 GPI

and thrombosis could be undertaken. In this

chapter, the effects of fasting status on

6 2 GPI:Ag,
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free

6 2 GPI:Ag

and %GPI:Cof

levels have been investigated. Patients with primary hyperlipidaemia were also
studied in order to examine the effect of chronically elevated plasma lipid levels.
Finally, the distribution of

6 2 GPI

among the different lipoprotein fractions was

determined.

5.2 M ethods
Sample collection. See section 2.1. Serum was prepared from fasting samples
collected from 34 normal healthy subjects. This group included 11 males and 23
females and the median age was 41 years (range 21 -

6 6 ).

Postprandial samples

were collected from 10 of these subjects (5 males; 5 females). Serum was also
prepared from fasting samples collected from 47 patients with prim ary
hyperlipidaem ia.

This

group

consisted

of 20 patients with severe

hypercholesterolaemia (total fasting serum cholesterol ^ 7.8 mmol/1); 9 severe
hypertriglyceridaemia (serum fasting triglycerides ^ 5.6 mmol/1); tmd 18 mixed
hyperlipidaemia (serum fasting triglycerides ^ 1.9 and cholesterol ^ 6.9 mmol/1).
There were 32 males and 15 females and the median age was 50.0 years (range 27 73). The patients were not receiving any drug therapy at the time of study. Fasting
blood was collected from

12

normal healthy subjects, 6 males and 6 females with a

median age of 39 years (range 21 - 44), and 9 patients with hyperlipidaemia,

6

males and 3 females with a median age of 46 years (range 40 - 57) for separation of
lipoprotein fractions.
Serum lipid m easurem ent See section 2.2. Serum triglycerides and total
cholesterol levels were measured in the fasting and postprandial samples of

10

normal healthy subjects. Fasting serum triglyceride, total cholesterol and HDL
cholesterol were measured in 34 normal healthy volunteers and 47 patients with
primary hyperlipidaemia, and in plasma collected for preparation of lipoprotein
fractions. The LDL cholesterol level was calculated in patients where the serum
triglyceride level was less than or equal to 2.3 mmol/1 using the Friedewald equation
(Friedewald gf a/. 1972).
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fi2GPI antigen ELISA See section 2.9.1. The assay was standardised against
pooled normal plasma prepared from
purified

6 2 GPI. 6 2 GPI:Ag

20

normal healthy subjects calibrated against

levels were measured in fasting and post-parandial

serum samples obtained from 10 normal healthy volunteers. Fasting samples from
24 additional normal healthy volunteers and 47 patients w ith prim ary
hyperlipidaemia were also studied. Plasma and VLDL, LDL and HDL lipoprotein
fractions obtained from the 12 normal healthy subjects and 9 prim ary
hyperlipidaemia patients were also assayed for 6 2 GPI: Ag levels. HDL was assayed
at 3 dilutions from 1 in 1600 to 1 in 6400, and LDL and VLDL were assayed at 1 in
100 to 1 in 400.
Free P2 GPI antigen ELISA See section 2.9.2. Free

6 2 GPI:Ag

measured in the fasting and postprandial samples obtained from

10

levels were

normal healthy

subjects.
fi2 G P I antiphospholipid cofactor (fi2GPI:Cof) Assay See section 2.9.5.
This assay was used to measure

6 2 GPI:Cof

in fasting and post-parandial serum

samples obtained from 10 normal healthy volunteers. Fasting serum samples from
12 additional normal healthy volunteers and 13 patients w ith prim ary
hyperlipidaemia were also studied.
Preparative lipoprotein separation See section 2.3. HDL, LDL and VLDL
fractions were isolated from fasting plasma obtained from

12

normal healthy

controls and 9 patients with primary hyperlipidaemia.
Statistics Spearman's rank correlation test was used for analysis of correlation.
Either the Mann-Whitney U test or Wilcoxon's signed rank sum test were used to
determine the significance of differences between samples and p<0.05 was taken as
significant.

5.3 R esu lts
E ffect o f fasting status on assay o f fi2 G PI

Postprandial triglyceride levels

were significantly increased compared to fasting levels but there was no significant
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increase in cholesterol levels in normal subjects (figure 5.1). There were no
significant differences between the fasting and post prandial levels of

6 2 GPI:Ag,

free 6 2 GPl;Ag or 6 2 0 PI:Cof activity of the normal hezilthy subjects (figure 5.2).
fi 2 GPI in prim ary hyperlipidaemia The results of serum lipid assays of
patients and controls are shown in table 5.1.

subject group

triglycerides
(mmd/l)

cholesterol
(mmol/1)

HDL
cholesterol
(mmol/1)

LDL
cholesterol
(mmol/l)

controls
(n=34)

1 .1 0

(0.5 - 2.2)

5.30
(3.9 - 7.0)

1.30
(0.9 - 2.5)

3.75
(1.0-5.5)

total patients
(n=47)

2.40
(0.5-23.0)

8 .2 0

1 .0 0

-

(5.5 -14.3)

(0.3-2.4)

hypercholesterolaemia
(n= 2 0 )

(0.5 - 2.3)

9.60
(7.9-11.1)

1.25
(0.7 - 2.4)

hypertriglyceridaemia
(n=9)

8 .0 0

8 .1 0

(5.7 - 23.0)

(5.5 - 8.9)

0.70
(0.3- 1.2)

mixed hyperlipidaemia
(n=18)

2.80
(1.9- 5.1)

7.75
(7.2 -14.3)

0.95
(0.8-1.3)

1 .2 0

8.15
(6.3 - 9.9)
-

-

Median value with range shown in parentheses

Mean

6 2 GPI

levels were increased significantly when the total patient group was

compared to normal controls (288.0 versus 199.6 mg/1; p<0.001). Mean

6 2 GPI

levels were increased significantly in hypercholesterolaemia, hypertriglyceridaemia
and mixed hypertriglyceridaem ia patients (302.3, 272.9 and 299.1 mg/1,
respectively) compared to the control group (p< 0 .0 0 1 , p< 0 . 0 1 and p< 0 .0 0 1 )
(figure 5.3).

6 2 GPI

levels were correlated significantly with cholesterol, triglyceride

and LDL cholesterol in the normal control group and correlated inversely with HDL
cholesterol in this group (Table 5.2). B2 GPI levels were correlated significantly
with total serum cholesterol levels in the total patient group. No correlations were
demonstrated between

6 2 GPI

and other plasma lipid measurements in this group or
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F igure 5.1 (a) Total serum triglyceride and (b) total serum cholesterol levels in
fasting and postprandial samples of 10 normal healthy subjects.
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6 2 GPI

postprandial

in fasting and postprandial samples of 10 normal healthy

subjects: (a) ^G PIiA g; (b) free

6 2 GPI:Ag;
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and (c)

6 2 GPI:Cof.

Table 5,2 Correlations between
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GPI levels and serum lipid levels in patient

SERUM LIPID
subject group

cholesterol

triglycerides

HDL
cholesterol

LDL
cholesterol

controls
(n=34)

0.559
(0 .0 0 1 )

0.387
(0.024)

-0.426
(0 .0 1 2 )

0.545
(0 .0 0 1 )

total patients
(n=47)

0.328
(0.024)

-0.009
(0.952)

0.028
(0.852)

hypercholesterolaemia
(n=2 0 )

0.048
(0.842)

0.080
(0.737)

-0.023
(0.923)

hypertriglyceridaemia
(n=9)

-0.359
(0.343)

-0.235
(0.542)

0.283
(0.461)

mixed hyperlipidaemia
(n=18)

0.408
(0.093)

0 .2 0 2

(0.421)

-0.321
(0.195)

-

0.088
(0.713)
-

-

Spearman's Rank correlation value with statistical significance in parentheses.

between

6 2 GPI

and any plasma lipid levels when the individual patient groups were

analysed.
Samples obtained from 22 normal healthy subjects and 13 patients with
primary hyperlipidaemia were available for assay of 6 2 GPI:Cof.
were correlated significantly with

6 2 GPI: Ag

6 2 GPI:Cof

levels

levels in the normal subjects (r=0.64;

p=0.015) but no correlation was observed between 6 2 GPI:Cof and Ag levels in the
hyperlipidaemic patients (figure 5.4).

6 2 GPI:Ag

were elevated significantly in the

hyperlipidaemia patients compared to normal subjects (mean +/- SD: 132.8 +/- 32.0
and 95.9 +/- 19.0, respectively).

6 2 GPI:Cof

levels were reduced significantly in the

hyperlipidaemia patients compared to the normal controls (55.9 +/ 25.8 and 83.6
+/- 20.4, respectively) (figure 5.5). These results suggest that the specific activity
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of B2 GPI with respect to B2GPI aPA cofactor function is reduced in hyperlipidaemia
patients compared to normal controls.

400

**

300 -

1

~ -

g

100

-

Figure 5.3 Mean 62GPI:Ag levels in normal controls and hyperlipidaemia
patients. Error bars represent SD measurement, * indicates p<0.01 and **
p< 0 .0 0 1 .
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Figure 5.4 Comparison of 62GPI:Ag and 62GPI:Cof assay results in: a) normal
subjects; and b) hyperlipidaemic patients.
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Figure 5.5

6 2 GPI:Ag

and Cof levels in normal subjects and hyperlipidaemia

patients. o 6 2 GPI;Ag, a

6 2 GPI:Cof

fi2 G PI in isolated lipoprotein fractions Triglyceride and cholesterol levels
of the plasma used for separation of lipoprotein fractions are shown in Table 5.3.
No B2GPI: Ag was detected in the VLDL or LDL fractions isolated from the plasma
of the normal controls or hyperlipidaemia patients.

6 2 GPI

was present in the HDL

fractions of normal controls and hyperlipidaemia patients. A significantly higher of
proportion of total plasma

6 2 GPI

was present in the HDL fraction of the

hyperlipidaemia patients compared to normal controls (mean +/- SD: 80.3 +/- 24.0
and 59.5 +/- 15.4%, respectively) (table 5.4).
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SERUM LIPID LEVELS
subject group

cholesterol

triglycerides

rx)rmal controls
(n=12)

6.11
(3.9 - 7.3)

1.93
(1.6-2.4)

1.76
(1.2-2.9)

5.21
(4.2 - 5.6)

hyperlipidaemia
patients (n=9)

6.57
(2.9 - 7.7)

2.76
(1.2-5.3)

1.10
(0.5-1.7)

4.64
( 3.9 - 5.3)

HDL cholesterol LDL cholesterol

median value with range shown in parentheses

Table 5.4

6 2 GPI:Ag

levels measured in the starting plasma and isolated

lipoprotein fractions from patients with hyperlipidaemia and normal controls._____
(32GPI:Ag measured in fraction
SUBJECT GROUP
starting
HDL
LDL
VLDL
_________________________ plasma___________________________________
normal controls (n=12)

203.4
(47.2)

120.8
(42.0)

hyperlipidaemia patients
(n=9)

239.0
(36.2)

188.9
(49.6)

mean values with SD shown in parentheses

5.4 Discussion
Although an eissociation of

6 2 GPI

with plasma proteins has long been recognised

(Burstein & Legman, 1970), the nature of the interaction is not well defined, Polz
and Kostner (1979) reported that serum levels of

6 2 GPI

were increased in

postprandial samples and suggested that this increase was due either to

6 2 GPI

that

was newly formed and / or secreted during chylomicron synthesis, or that G^GPI
was transferred to the peripheral circulation from the lymph by newly form ed
chylomicra. These conclusions were based upon experiments performed on one
occasion with two normal healthy volunteers. It was necessary to investigate this
further, in order to clarify whether fasting status was an important consideration
when estimating plasma 8 2 GPI levels. Accordingly, fasting and postprandial
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6 2 GPI

levels were measured in 10 normal healthy subjects. Polz and Kostner demonstrated
a two to three fold increase in serum triglyceride levels with little change in
cholesterol levels and accompanying increases of

8 .6

and 8 .2 % in

6 2 GPI

levels.

The subjects investigated in the present study also demonstrated a two fold increase
in triglycerides with little increase in cholesterol, but there was no significant
increase in

6 2 GPI

levels. However, there was variation in the differences observed

and the individual pre and postprandial changes in

6 2 GPI

levels ranged from -32.8

to + 32.4 mg/1. The work of Polz and Kostner also suggested that redistribution
from the lipid free fraction of plasma to lipids may occur. They later demonstrated
that there was a specific uptake of B2 GPI by Intralipid, the triglyceride emulsion
(Polz & Kostner, 1979b). In the present study, there were no significant differences
between free

6 2 GPI:Ag

of fasting and postprandial sera. These results do not

however, preclude a redistribution of

6 2 GPI

between the different lipoprotein

fractions, nor between the lipoprotein fractions and
constituents.

6 2 GPI

6 2 GPI

bound to other plasma

aPA cofactor activity was also unaffected by fasting status. The

results therefore indicate that fasting status is not an important consideration for
measurement of free and total

6 2 GPI:Ag

levels or estimation of 6 2 GPI aPA cofactor

activity.
It has been shown previously that patients with a deficiency of 8 2 GPI do not
demonstrate aberrant lipoprotein metabolism (Hoeg et al, 1985). However, there are
no reports of

8 2 GPI

levels in patients with aberrant lipoprotein metabolism. The

results of the assays of

62

GPI:Ag in patients with primary hyperlipidaemia

demonstrated elevated levels of

6 2 GPI

in association with hyperlipidaemia. This

elevation was com m on

to patients

hypercholesterolaemia.

correlated positively with triglyceride, total and LDL

6 2 GPI

with

hypertriglyceridaem ia

and

cholesterol levels but correlated negatively with HDL cholesterol levels in the
control subjects. Only a correlation with cholesterol and

6 2 GPI

total patient group and there were no correlations between

was observed in the

6 2 GPI

and plasma lipid

levels when the different hyperlipidaemias were analysed separately. These results

135

indicate a direct relationship between G^GPI and plasma lipids in normal subjects
and suggest that the distribution of 6 2 GPI between the lipoprotein fractions and / or
plasma fractions is altered in patients with hyperlipidaemia.
Polz and Kostner (1979) reported that approximately 30% of plasma 6 2 GPI
was associated with plasma lipoproteins in the human. These investigators reported
that of the total plasma 6 2 GPI, approximately 10% was found in the VLDL fraction,
2% in the LDL fraction and 18% in HDL. In the present study,

6 2 GPI

was

demonstrated in the HDL fraction only, and higher concentrations of

6 2 GPI

were

found in the HDL fractions of hyperlipidaemics compared to normal subjects. The
discrepancy between the results obtained in the present study and the work of Polz
and Kostner ( 1979) may be attributable to the different starting material used for the
preparation of the lipoprotein fractions. In the study by Polz and Kostner,
lipoproteins were prepared from serum that had been allowed to clot at room
temperature for four hours, and the lipoproteins may therefore have been modified
during the process, whereas in the present study, all lipoproteins were prepared
from EDTA plasma, in order to reduce the risk of lipoprotein m odification.
Alternatively,

6 2 GPI

may have been present on the native VLDL and LDL but

introduction of EDTA may have caused dissociation of 6 2 GPI from these fractions.
The observation that

6 2 GPI

rapidly combines with Intralipid (Polz & Kostner,

1979b) may also be a be a consequence of lipid modification. During the incubation
of serum with Intralipid, a great variety of proteins are transferred to the triglyceride
rich droplet (Polz & Kostner, 1979b). The authors make no mention of the
inclusion of inhibitors to prevent lipid modification in these experiments, and it is
therefore possible that B2 GPI binds to the Intralipid after its modification by other
plasma proteins, possibly lipoprotein lipase. HDL is considered to be a circulating
reservoir for many proteins including some with no recognised role in lipid
metabolism (Mackness & Durrington, 1992). It is possible that HDL is a carrier
molecule for 62GPI. HDL is the carrier molecule for apolipoprotein C (apo C).
After newly secreted or nascent chylomicra or VLDL receive Apo C from HDL,
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they are then capable of activating lipoprotein lipase. The lipase releases
triglycerides from the core of the VLDL or chylomicra by hydrolysing them to fatty
acids and glycerol. As the core shrinks, its surface material becomes crowded and
there is transfer of this, including Apo C, back to HDL. It is tempting to speculate
that there is transfer of 62GPI to VLDL in the face of excessive lipolysis, as would
be expected with rapid infusion of Intralipid, in order to neutralise excessive
negative charge on tlie core surface.
The results of this study therefore demonstrate that fasting status is not an
important consideration for measurement of B^GPI, but that hyperlipidaemia is
associated with elevated levels of 6 2 GPI. Previous reports of associations of 6 2 GPI
levels and the presence of antiphospholipid antibodies have included patients with
SLE who may have had secondary hyperlipidaemia as a result of steroid therapy
(MacGregor et al, 1992). The present study indicates that hyperlipidaemia should be
excluded before investigating B2 GPI levels in patients with antiphospholipid
antibodies. Conelations were observed between triglyceride and cholesterol levels
and

6 2 GPI,

suggesting a direct relationship between plasma lipoprotein and

6 2 GPI

levels in normal subjects. However, analysis of the lipoprotein fractions isolated
from plasma of normal healthy volunteers and hyperlipidaemia patients, revealed
6 2 GPI

in the HDL fraction only. It is possible that

6 2 GPI

either directly or indirectly, by lipoprotein metabolism.
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levels are influenced,

— CHAPTER 6 -

AN INVESTIGATION

OF B2 GPI AND B2 GPI BIN D IN G

ANTIBODIES IN PATIENTS W ITH SLE AND PRIM ARY
ANTIPHOSPHOLIPID SYNDROM E

6.1 Introduction
Antiphospholipid antibodies are associated with a variety of clinical problems
including thrombosis (Bowie et al, 1963), recurrent fetal loss (Nilsson et al, 1975)
and thrombocytopenia (Lechner & Pabinger-Fasching, 1985), but the pathogenic
mechanisms are undetermined. aPAs are identified in the laboratory by their ability
to prolong phospholipid dependent coagulation assays, the so called lupus
anticoagulant (LA) (Feinstein & Rapaport, 1972), and / or their ability to bind
anionic phospholipids such as cardiolipin in solid phase ELISA, the anticardiolipin
antibody (aCL) (Harris et al, 1983). The term antiphospholipid syndrome (aPS) is
used to describe those patients with a clinical history of thromboembolic
complications, fetal loss or thrombocytopenia and a laboratory finding of aCL (IgG
or IgM) and / or LA (Harris, 1987).
Recent evidence has suggested that the antigenic target of aPAs may in fact
be a form of phospholipid in association with a protein cofactor.

6 2 GPI

was

identified as a cofactor for the binding of aCL in 1990 (McNeil et al, 1990; Galli et
al, 1990; Matsuura et al, 1990) and has also been identified as a cofactor for LA
activity in some patients (Costing et al, 1992; Galli et al, 1992). The

6 2 GPI

requirement for aCL binding was found to be specific for the binding of aCL
associated with aPS and was not a feature of aCL associated with infection
(Matsuura et at, 1990).

6 2 GPI

is known to inhibit contact activation of the intrinsic

blood coagulation pathway (Schousboe, 1985), platelet prothrombinase activity
(Nimpf et al, 1986) and ADP induced platelet aggregation (Nimpf et al, 1987) in
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vitro.

6 2 GPI

levels are reduced in disseminated intravascular coagulation (Matsuda

et al, 1993), suggesting its participation in the haemostatic reactions in vivo, but
studies have failed to identify

6 2 GPI

deficiency as an independent risk factor for

thrombosis (Bansci et at, 1992).
Several groups have now reported increased

6 2 GPI

antigen ( 6 2 GPI:Ag)

levels in patients with aPAs (Galli et at, 1992; Vlachoyiannopoulos et al, 1992) but
there have also been conflicting reports of reduced G2 GPI levels in such patients (De
Benedetti et al, 1992). In this chapter total and free
activity levels and antibodies to

6 2 GPI

6 2 GPI

antigen levels,

6 2 GPI

were measured in patients with SLE and

primary antiphospholipid syndrome and normal healthy controls, and correlated
with a previous history of thrombosis or recurrent fetal loss, in order to determine
whether alterations in 6 2 GPI are associated with thromboembolic complications in
patients with aPAs.

6.2 Methods
Sample collection See section 2.1. Serum and sodium citrate blood samples
were obtained from 44 patients SLE. There were 43 females and 1 male and the
median age was 41 years (range 19 - 87). Patients were selected for investigation on
the basis of consecutive attendance at regular follow up appointments in The
Bloomsbury Rheumatology Unit Lupus Clinic. We also studied 20 consecutive
patients with primary antiphospholipid syndrome (PaPS). This group included 17
females and 3 males and the median age was 36 years (range 20 -

68

). Some

patients were receiving steroid therapy (prednisolone ^15 mg/day; azathioprine ^
150 mg/day) and / or oral anticoagulant therapy. Twenty two normal healthy
subjects were also studied. This normal control group comprised 21 females and 1
male and had a median age of 29 years (range 22 - 55).
M easurem ent o f plasm a lipids See section 2.2. Serum triglyceride and
cholesterol levels were measured in serum samples from all patient and normal
control subjects investigated.
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Coagulation screen See section 2.4. Plasmas demonstrating prolonged APTT
results were repeated using a

1 :1

mix of test and normal control plasma.

Identification o f Lupus A nticoagulant See section 2.4. Patients were
considered positive for LA on the basis of The British Society for Haematology
guidelines on testing for the lupus anticoagulant - that is, on the basis of the result
of the APTT and DRVVT with platelet correction procedure. The Taipan snake
venom test (TSVT) was performed as an additional confirmatory test on all plasmas
with positive DRVVT results. Patients were defined as LA positive if the DRVVT
and TSVT ratios with phospholipid reagent were ^1.1 but decreased to <1.1 or by
greater than

10%

when lysed washed platelet reagent was employed.

A nticardiolipin Antibody M easurem ent See section 2.9.3. IgG and IgM
anticardiolipin antibodies were measured. The normal reference range was derived
from log transformed data of the normal healthy control group (the distribution is
skewed) and positive aCL values were taken as t 5 GPLu and ^ MPLu.
P 2Q P I Antigen Measurement See, section 2.9.1. The assay was standardised
using pooled normal plasma from 20 donors calibrated against purified

6 2 GPI.

Free fi 2Q P I Antigen M easurement See section 2.9.2.
M easurement o f fi 2 GPI aPA cofactor activity See section 2.9.5.
M easurem ent o f A ntibodies A gain st fi 2 G P I See section 2.9.4. IgG
antibodies directed against 6 2 GPI (o 6 2 GPI) were measured. The normal reference
range was derived from log transformed data of the normal healthy control group
(the distribution is skewed) and taken as <0.043 g/1.
Statistical Analysis Comparisons between subject groups was made using The
Mann-Whitney U test. Analysis of correlations was performed using Spearman's
rank correlation test. Statistical associations were determined using Fisher's exact
probability test.
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6.3 Results
All patients included in the analysis had normal serum triglyceride and cholesterol
levels (triglyceride ^ 2.3 mmol/l and total cholesterol ^ 6.9 mmol/l) (table 6 .1).
Eight patients had levels above these limits and were not investigated further. One
patient had an elevated triglyceride level (2.9 mmol/l), but repeat testing on a
subsequent occasion demonstrated a triglyceride level within normal limits and the
patient was included on the second occasion. Non-fasting plasma lipid levels were
measured so that subjects with disorders of lipid metabolism could be identified and
excluded, as primary hyperlipidaemia had been shown to be associated with
elevated

6 2 GPI:Ag

levels (chapter 5).

Subjects were considered to have aPAs if positive results were obtained on
at least two occasions separated by at least 12 weeks. None of the normal healthy
control subjects had evidence of aPAs and 25 SLE patients were also negative for
aPAs. Nineteen SLE patients and 20 PaPS patients had aPAs and the numbers with
positive LA and aCL tests are shown in Table 6.2.
Several individuals were determined to have

6 2 GPI:Ag

levels below the

reference range (126.4 - 272.8 mg/1) and this corresponded to 8.0, 10.5 and 15.0
% frequency rates for heterozygote defiency in the SLE aPA negative and positive
and PaPs groups, respectively. One SLE patient with LA was found to have levels
<1 mg/1
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GPI, suggestive of a homozygous deficiency state. Family studies

confirmed the

6 2 GPI

deficiency and this patient was not included for the purposes

of statistical analysis. The pedigree of the family is shown in Figure 6.1 and the
laboratory data are shown in Table 6.3.
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Table 6.1 Non-fasting serum triglyceride and cholesterol levels of subjects
included in study
Subject group

number

Total cholesterol

Triglycerides

normal controls

22

4.5
(2.0 - 6.7)

0.7
(0.3 -1.6)

SLE patients

44

4.8
(2 .8 - 6 .2 )

(0 .2 - 2 .2 )

4.5
(1.3-6.7)

0.9
( 0 .4 - 2 .1 )

PaPs patients

20

1.1

Median level with range shown in parentheses

Table 6.2 Results of aCL and LA tests in study subjects
subject group

aPA negative

LA only

aCL only

aCL + LA

rx)rmal controls
(n=2 2 )

22

-

-

-

SLE patients
(n=44)

25

5

6

8

PaPS patients
(n=2 0 )

-

2

4

14

Table 6.3 Family with hereditary B2 GPI deficiency
Pedigree
No

Age
(years)

sex

1-1

70

male

not tested

none

1-2

67

female

118.2

yes -DVT 42 yrs

11-1

33

female

<

11-2

29

11-3
11-4

8 2 GPI

(mg/l)

thrombotic disease

1 .0

none

male

76.4

none

30

female

56.9

none (thrombocytopenia)

31

female

<

yes - PE (SLE, LA pos)
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1 .0

Total

6 2 GPI:Ag

levels were significantly increased in SLE patients with

aPAs compared to normal healthy controls and SLE aPA negative patients (figure
6.2).

6 2 GPI:Ag

levels were also increased in the PaPS patients compared to

controls although statistical significance was not achieved in this case. However,
there were no significant differences between the free

6 2 GPI:Ag

levels of the

different groups (figure 6.3).
There were no significant differences between BaGPIrCof activity levels of
the different groups (table 6.4) but when the results were expressed as a ratio of
6 2 GPI:Cof

/

6 2 GPI:Ag,

SLE patients with aPAs were demonstrated to have

significantly reduced ratios as compared to SLE aPA negative patients (figure 6.4).

Table 6.4
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GPI:Cof activity levels (% normal control plasma) in different

normal control

SLE aPA neg

SLE aPA pos

PaPS

MEAN

85.9

85.5

90.4

101.1

SD

20.6

25.6

33.4

43.5
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3

4

5

Figure 6.1 Pedigree of a family with hereditary

6 2 GPI

6
deficiency: II, 6 , proband;

0 , 0 , heterozygotes; # , homozygotes; X, not investigated.
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Figure 6.2
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S L E aP A
neg

S L E aP A
pos

PaPS

GPI:Ag levels of normal controls, SLE aPA negative and positive

patients and PaPS patients. Error bars indicate mean +/- SD.
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60-
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s

40-

20-

10-

normal
controls

Figure 6.3 Free

82

SLEaPA SLEaPA
neg
pos

PaPS

GPI:Ag levels of normal controls, SLE aPA negative and

positive patients and PaPS patients. Error bars indicate mean +/- SD.
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pxO.Ol
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1.25-

0.75-

r
0.25-

normal
controls

SLE aPA
neg

SLE aPA
pos

PaPS

Figure 6,4 GzGPLCof / Ag ratios of normal controls, SLE aPA negative and
positive patients and PaPS patients. Error bars indicate mean +/- SD.
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Three SLE patients negative for aPAs were positive for a 6 2 GPI and of the
19 SLE aPA positive patients, 10 were also positive for a 6 2 GPI (fig 6.5). Twelve
PaPS patients were positive for (X6 2 GPI. 19 out of 24 (80%) patients with aCL IgG
also had a 6 2 GPI IgG and

6

out of 45 (13%) patients with no detectable aCL IgG

had a 6 2 GPI IgG. a 6 2 GPI were significantly correlated with

6 2 GPI:Ag

and aCL

levels in all patients and inversely correlated with B2 GPI:Cof / Ag ratios in the SLE
patient group (table 6.5)

Table 6.5 Statistical correlations between a 6 2 GPI levels and aCL levels and
other B2 GPI measurements.
SLE patients

Total patients

aCL

0.338 (0.028)

0.482 (<0.001 )

B2 GPI:Ag

0.425 (0.005)

0.333 (0.008)

32GPI:Cof

NS

NS

G2 GPI:Cof / Ag ratio

-0.353 (0.022)

NS

Results indicate Spearman's rank correlations with significance levels in
parentheses.

Patient histories were evaluated critically, by both questionnaire and
interview , for evidence of previous thrombosis, recurrent fetal loss or
thrombocytopenia. Patients were considered to have a positive history of recurrent
fetal loss after two spontaneous abortions and a positive history of thrombosis was
defined by documented episodes of venous or arterial thrombosis or stroke. The
patient numbers in each group are shown in Table 6 .6 . The associations between
history of thrombosis or recurrent fetal loss and the results of laboratory assays are
shown in Table 6.7. Results for the SLE patients demonstrate that the presence of a
LA but not aCL was associated with thrombosis and / or fetal loss. Elevated
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10.00

5 .0 0 -

1. 0 0 -

%

I

0.50-

0 . 10 -

0.05-

%
0.01

normal
controls

SLEaPA
neg

SLEaPA
pos

Figure 6.5 a 6 2 GPI levels of normal controls, SLE aPA negative and positive
patients and PaPS patients.
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Table 6,6 Numbers of patients in each group with previous histories of

Patient Group

Thrombosis

Fetal Loss

Thrombosis +
Fetal loss

SLE aPA neg
(n=25)

3

-

SLE aPA pos
(n=19)

6

3

2

1

RaPs
(n=20)

13

2

4

1

Thrombocytopenia

-

Table 6,7 Statistical associations of thrombosis and / or fetal loss with laboratory
findings.
Laboratory finding

SLE patients
(n=44)

Total patient group
(n=64)

LA

<0.001

<0.001

aCL

0.074

<0.001

anti-B2 GPI

<0.002

<0.001

increased B2 GPI:Ag

0.003

0.001

D ecreased B2 GPI:Ag

1.000

0.730

D ecreased B2 GPI:Cof

0.415

0.053

decreased B2 GPI:Cof/Ag ratio

0.018

0.610

Results indicate p value of Fishers exact test. p<0.05 was taken as significant.

6 2 GPI:Ag,

decreased

6 2 GPI:Cof/Ag

ratio and the presence of antibodies to

6 2 GPI

are also associated with these clinical findings. LA, aCL, increased ^G P liA g , and
antibodies to

6 2 GPI

are also demonstrated to be significantly associated with

thrombosis and fetal loss when the entire patient group is examined.
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6.4 Discussion
The identification of %GPI as a cofactor for the binding of some aPAs to anionic
phospholipid has generated a great deal of interest in the possible role of

6 2 GPI

in

the pathogenic mechanism of thrombosis associated with aPAs. The demonstration
that this cofactor is specific to aCL associated with autoimmune disease and / or
antiphospholipid syndrome, and is not required for binding of transient aCL
demonstrated in infectious disease added to this speculation (Matsuura et al, 1990).
6 2 GPI

inhibits contact activation of coagulation and platelet aggregation by ADP in

vitro (Schousboe, 1985; Nimpf et al, 1985) and it was therefore considered
possible that aPAs could induce a prothrombotic state through interference with
haemostatic regulatory properties of G2 GPI in vivo. However, the role of 8 2 GPI as
a haemostatic regulator in vivo has not been confirmed, although consumption of
6 2 GPI

has been reported in disseminated intravascular coagulation (Matsuda et al,

1993).
The incidence of decreased

6 2 GPI:Ag

levels in the patient population studied

here was 9.3%, which is in agreement with the 7 - 12% reported previously for the
general population (Cleve et al, 1968). A decreased 6 2 GPI: Ag level was not shown
to have any association with an increased risk of thrombosis.
The results of previous studies investigating

6 2 GPI:Ag

levels in patients

with aiPAs have been conflicting, with both normal and elevated levels reported (De
Benedetti et al, 1992; Galli et al, 1992). In the present study,

6 2 GPI:Ag

levels were

increased significantly in SLE patients with aPAs compared to SLE aPA negative
patients and normal healthy controls.

6 2 GPI:Ag

levels were also increased in PaPS

patients, although statistical significance was not demonstrated in this case.
Increased

6 2 GPI:Ag

levels were associated with a clinical history of thrombosis and

/ or fetal loss in these patients. Previous studies have failed to demonstrate
association between

6 2 GPI:Ag

levels and a history of thrombosis. However, only

patients with a normal plasma lipid profile were included in the present study, so
that elevated

6 2 GPl:Ag

levels occurring in association with hyperlipidaemic states
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could be excluded. It is possible that patients included in previous studies had
altered %GPI:Ag levels associated with disturbed lipid metabolism, particularly in
view of the fact that many patients would have been receiving steroid therapy. It is
possible that the elevated

6 2 GPI:Ag

determined and that increased

6 2 GPI

level in patients with aPAs is genetically
provides the immunogenic stimulus for aPA

production. Alternatively, increased l^GPI may represent a compensatory response
to the involvement of 6 2 GPI in immune complexes.
There were no significant differences between free

6 2 GPI

levels of the

normal control subjects and aPA negative and positive SLE, or PaPS patient
groups. This suggests that there are increased amounts of complexed
patients with aPAs. It is possible that the increased complexed
immune complexed

6 2 GPI.

demonstrated between

6 2 GPI

6 2 GPI

in

represents

This idea is supported by the significant correlation

6 2 GPI:Ag

and (X6 2 GPI levels. Alternatively, the aPAs may

be a response to increased amounts of

6 2 GPI

associated with other plasma

constituents.
6 2 GPI

aPA cofactor activity was measured in these subjects in order to

provide an estimate of B2 GPI function. The results demonstrated no significant
differences between

6 2 GPI:Cof

of the different groups. However, when the results

were expressed as a ratio of B2 GPI:Cof / Ag, SLE aPA positive patients were
demonstrated to have significantly reduced ratios, which suggests that the ^ G P l in
these patients is somehow functionally modified. Such functional modification
could be a result of direct protein structural alteration, or more likely, and as
suggested by the results of total and free
6 2 GPI

6 2 GPI

levels, a result of the influence of

binding plasma constituents. The reduced ratio was significantly associated

with a history of thrombosis and/or recurrent fetal loss in SLE patients.
Results for the SLE patients show that LA but not aCL was associated with
a history of thrombosis and / or recurrent fetal loss. This was the case when both
IgG and IgM aCL isotypes were considered together and when IgG aCL was
assessed separately (results not shown). o 6 2 GPI were more closely associated with

152

a history of thrombosis and / or fetal loss than aCL in the SLE patient group. aCL
were significantly associated with these clinical findings when the PaPS patients
were included in the analysis, but this is hardly surprising as positive aCL or LA
results were used together with a positive history of thromboembolic complications
as the selection criteria for PaPS patients. a 6 2 GPI were also significantly
associated with these thromboembolic complications when the entire patient group
was examined. A superior precision and greater specificity of the afi 2 GPI assay
compared to the aCL assay were reported in Chapter 3. The close association of
a 6 2 GPI and a positive history of thromboembolic complications reported here,
indicates that a 6 2 GPI assay may be of use as a laboratory screening test for aPS
and to assess thrombotic risk.
In summary, elevated

6 2 GPI:Ag

levels and the presence of a 6 2 GPI were

associated with a history of thrombosis and / or recurrent fetal loss in patients with
SLE and PaPs. a 6 2 GPI in particular, was associated with these clinical findings
and has potential value as a screening test for identification of patients with
increased risk of thrombosis. Although 6 2 GPI deficiency is not an independent risk
factor for thrombosis in the general population, this may be because other
haemostatic regulatory pathways can compensate in these individuals. It is possible
that modification of B2 GPI in patients with aPAs is associated with thrombosis
because the antibodies or immune complexes exert a profound pro coagulant
stimulus and other haemostatic regulatory pathways are also compromised.
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CHAPTER 7 -

THE INFLUENCE OF B2 GPI AND ANTIBODIES FROM
PLASM A OF PATIENTS W ITH APS ON FACTOR XII
ACTIVATION ON TRIGLYCERIDE RICH
LIPO PROTEINS

7.1 Introduction
Prior to its identification as a cofactor for the binding of some aPAs,

6 2 GPI

was

demonstrated to possess in vitro anticoagulant properties. Consequently, B2 GPI
attracted interest as a possible component of the pathogenic mechanism o f
thrombosis in patients with aPAs. It was shown in Chapter 6 that modified
activity and antibodies to

6 2 GPI

6 2 GPI

are associated with a history of thromboembolic

complications in patients with aPAs. It is possible that B2 GPI regulates haemostatic
reactions in vivo and any mechanism which disrupts
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GPI function causes

profound effects on the control of haemostatic pathways, and in some cases leads to
a thrombosis.
One of the best studied anticoagulant properties of

6 2 GPI,

is its ability to

inhibit contact activation of blood coagulation (Schousboe, 1985). Contact
activation relies upon the interaction of factor XII (FXII), prekallikrein (PK), high
molecular weight kininogen (HK) and factor XI (FXI). Using purified FXII, Henry
et al. (1988) demonstrated that B2 GPI specifically inhibits the activation of FXII.
Schousboe reported that

6 2 GPI

also inhibits the FXIIa mediated activation of

prekallikrein (Schousboe, 1988). Investigation of B2 GPI and contact activation has
been studied using kaolin, dermatan sulphate, ellagic acid and sulphatides
(Schousboe, 1985; Henry et al, 1988). Most of the surfaces that are known to
support in vitro contact activation are either absent from blood, or are present in
mammalian membranes at low concentrations. The natural counterpart for these in
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vitro contact surfaces is unclear, but recent studies have suggested that large
lipoprotein particles carrying appropriate free fatty acid at a sufficient density of
negative charge could provide the contact surface that induces autoactivation of
FXII (Mitropoulos & Esnouf, 1991; Mitropoulos etal, 1992).
6 2 GPI

has been shown to associate with triglyceride rich lipoproteins in

vivo (Polz & Kostner, 1979) and it is therefore tempting to speculate that
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GPI

regulates haemostatic reactions occurring on the lipoprotein surface. In this chapter,
the ability of VLDL isolated from normal plasma to support FXIIa generation was
studied, using purified human FXII and an amidolytic substrate assay. The ability
of purified human B2 GPI to inhibit this reaction was investigated and the influence
of IgGs isolated from patients with aPAs and normal controls was studied. Affinity
purified aCL (APuCL) from patients with aPS, were also studied in this test system.

7.2 Methods
Sample collection See section 2.1. Sodium citrate blood samples were collected
for preparation of whole IgG, AP aCL and a 6 2 GPI IgG.
Anticardiolipin Antibody Measurement See section 2.9.3. IgG aCL levels of
affinity purified IgG, aCL and a 6 2 GPI were measured.
M easurem ent o f Antibodies A gainst fi2 G P I See section 2.9.4. C1 6 2 G P I
levels of affinity purified IgG, aCL and oB2 GPI were measured.
P 2 GPI Antigen M easurem ent See section 2.9.1.

6 2 GPI

levels were measured

in the purified FXII (16 U/ml), lipoprotein lipase (LPL) (100 u/ml) and purified
VLDL (1.0 g/1) reagents. The FXII, LPL and VLDL were tested at dilutions of 1 in
50 to 1 in 200. The assay was standardised using pooled normal plasma from 20
donors calibrated against purified 6 2 GPI.
Western blotting See section 2.5.2. Purified FXII (1 U/ml), LPL (1 u/ml) and
purified VLDL (0.1 g/1), separated on 10-15% PAGE gels under normal conditions
were analysed by Western blotting using antisera directed against FXII.
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M easurem ent o f FXIIa generation on lipoprotein surface See section
2.10. The effect of various concentrations of purified human

6 2 GPI

on this reaction

were investigated. The influence of whole IgG isolated from plasma from ten
patients with aPAs and six normal controls on the inhibition induced by 200 mg/1
B2 GPI was also studied. Six APaCL preparations isolated from patient plasmas
were also investigated. Whole IgG was tested at 2.5 mg/1 and APaCL at 10 GPLu.
When

6 2 GPI

and IgGs were included, they were preincubated with lipase at 37°C

for 60 seconds before addition of the lipoprotein and then incubated for a further
60s before addition of this mixture to the FXII.
Statistical Analysis See section 2.11. Results were expressed as the mean and
SEM. Student's t-test was used to determine the significance of differences between
samples and p<0.05 was taken as statistically significant.

7.3 Results
FXIIa generation on VLDL 6 2 GPI:Ag assay of the VLDL, LPL and FXII
reagents used for the investigation, demonstrated that these reagents contained less
than 0.1 mg/1

6 2 GPI.

Western blotting of the reagents with FXII antisera yielded a

single band at 76 kOa for FXII, the molecular weight of native FXII, but no bands
were observed with the other reagents. These results therefore excluded
contamination of reagents with FXII or 6 2 GPI.
VLDL was demonstrated to support FXI la generation only after
pretreatment of the lipid with lipoprotein lipase. Maximum FXIIa generation was
obtained on addition of 0.23 U/ml LPL in the test system used (figure 7.1) and this
LPL concentration was selected for use in further experiments.
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Figure 7,1 The effect of lipoprotein lipase concentration on FXII activation on
VLDL under the following conditions: 1 U/ml FXII; 0.075 g/1 VLDL; and 0.67
mM FXII amidolytic substrate. —O— 0.46 u/ml; —O— 0.23 u/ml; —O — 0.12
U/ML ; and —A— 0.023 u/ml lipoprotein lipase. The results represent the mean and
SEM of 3 experiments. Where no error bars are shown, the error is less than the
symbol size.

The rate of substrate cleavage was found to vary with substrate
concentration when a constant concentration of FXIIa (generated by fixed
concentration of FXII and kallikrein) was used (figure 7.2).
The rate of FXIIa generation was also shown to be dependent on FXII and
VLDL concentrations (figures 7.3 and figure 7.4, respectively). 1.0 U/ml FXII and
0.075 mg/ml VLDL were selected for further experiments as they were within their
respective physiological ranges.
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Figure 7.2 The effect of amidolytic substrate concentration on the reaction rate
with FXIIa (2u/ml). —O — 0.17 mM; —O — 0.34 mM; —O — 0.67 mM; and —
^

1.34 mM substrate. The results represent the mean and SEM of 3 experiments.

Where no error bars are shown, the error is less than the symbol size.
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Figure 7.3 The effect of FXII concentration on FXII activation on VLDL under
the following conditions: 0.075 g/1 VLDL; 0.23 u/ml LPL; and 0.67 mM FXII
amidolytic substrate. —A— 3.0 U/ml; —o — 2.0 U/ml; —O — 1.0 U/ml; and —
D- 0.50 U/ml FXII. The results represent the mean and SEM of 3 experiments - the
error is less than the symbol size.
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Figure 7,4 The effect of VLDL concentration on FXII activation on VLDL under
the following conditions:

1 U/ml FXII; 0.23 u/ml LPL; and 0.67 mM FXII

amidolytic substrate. —D— 0.15 g/1; —

0. 075 g/1; —O — 0.038 g/1 ; and —

^ 0.019 g/1 VLDL. The results represent the mean and SEM of 3 experiments.
Where no error bars are shown, the error is less than the symbol size.

The effect o f purified human P 2 GPI on FXIIa generation on VLDL
B2GPI inhibited the activation of FXII on the VLDL surface in a dose dependent
manner (figure 7.5). The Lineweaver-Burk plot of rate of generation of FXIIa and
varying FXII concentration indicates that 6 2 GPI is a competitive inhibitor for the
activation of FXII by the VLDL surface and the Ki is approximately 2 mM (figure
7.6).
Patient Characteristics The patient characteristics together with results of aCL,
0 1 6 2 GPI

and

6 2 GPI

assays of the ten patients selected for investigation of plasma

derived IgGs are shown in Table 7.1. All patients had positive LA tests. Whole IgG
preparations were also isolated from plasmas obtained from six normal healthy
female subjects with a median age of 23 years (range 21 - 32).
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Figure 7,5 (a) FXIIa generation in the presence of varying concentrations of
6 2 GPI.

The results represent the mean and SEM of 3 experiments. (*pc0.05,

**p<0.01) (b) The degree of inhibition of FXIIa generation produced by these
concentrations of %GPI.
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Figure 7.6 Lineweaver-Burk plot of the generation of FXIIa from FXII on the
VLDL surface. —O — uninhibited; —O— 4-200 mg/1 6 2 OPI.

patient
number

sex

1

F

49

SLE-T

2

F

35

3

M

4

age
(yrs)

Clinical
features

aOL
(GPLu)

8 2 GPI:Ag 8 2 GPI:Cof

aB 2 GPI

/ Ag ratio

77

255.3

0.30

6 .1 0

PaPS-T, FL

33.2

337.9

0.26

0.70

68

PaPS-T, Ml

26.8

373.9

0.89

0.70

F

35

PaPS-T. FL

157.8

281.4

1 .1 0

0.23

5

F

46

PaPS-T

31.4

2 1 0 .2

0.95

2.36

6

F

37

PaPS-T, FL

79.8

287.9

0.96

0.63

7

F

36

PaPS-T. FL

56.9

174.9

1.16

0.07

8

F

45

PaPS-T

66.3

281.4

0.97

0 .0 0

9

F

51

SLE-T, FL

31.4

392.0

0.67

0.30

10

F

45

SLE-FL

42.7

273.4

0.46

0.13

Table 7.1 Patient characteristics. T = previous history of DVT ; FL = previous
history of recurrent fetal loss, MI = previous history of myocardial infarction.
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C haracteristics o f plasma derived aPAs

62

GPI:Ag levels of all IgG

preparations were measured and found to be less than 1 mg/1. The aCL and o 6 2 GPI
levels of the IgG fractions prepared from plasma collected from ten patients with
aPS are shown in Table 7.2.
The effect o f whole IgGs on FXIIa generation on VLDL The whole IgG
fractions prepared from normal control plasmas had no effect on FXIIa generation
on VLDL compared to reaction mixtures containing an equivalent volume of buffer
(figure 7.7a). The mean level of activation in the presence of normal IgGs was
101.7% buffer control and the SD was 7.65, giving a reference range of 86.4 117.0%. When the effect of the whole IgG preparations was investigated in the
presence of 200 mg/1 G2 GPI (figure 7.7b), the normal subjects showed a mean level
of FXIIa generation of 69.2% buffer control, with an SD of 5.2%, giving a
reference range of 58.7 - 79.6%.
Patient
number

aCL
(10 GPLu)

whole IgG
(2.5 mg/ml)

a 8 2 GPI
(0.1 g/1)

aCL

a 8 2 GPi

aCL

aOgGPI

aCL

a02GPI

1

12.5

0.30

10.0

0.70

0.25

0.10

2

6.2

0.11

-

-

0

0

3

4.5

0.05

10.0

0.80

0.3

0

4

5.1

0.12

10.0

0.07

64.3

0.25

5

15.5

0.12

-

-

0

0

6

4.7

0.03

10.0

0.08

0

0

7

10.3

0.09

-

-

-

-

8

5.5

0.01

-

-

-

-

9

-

-

10.0

0.10

-

-

10

-

-

10.0

0.00

-

-

Table 7,2 Characteristics of the plasma derived Igs.
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Figure 7.7 The effect of whole IgG fractions from normal healthy subjects on
FXIIa generation on VLDL in: (a) the absence of 6 2 GPI; (b) and the presence of
200 mg/1 6 2 GPI. The results represent the mean and SEM of 3 experiments. Where
no error bars are shown, the error is too small to be indicated. The dotted lines
represent normal ranges derived from the mean +/- 2SD.
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FXIIa generation was decreased (<86.4%) compared to normal IgG
controls in the presence of four of the eight patient IgGs tested (patient nos. 1,6,7
and 8 ), suggesting that the IgG fraction inhibited FXII activation (figure 7.8a).
Examination of the aCL and oB2 GPI levels of these IgG preparations did not reveal
higher levels of either activity than in some of the non-inhibiting preparations.
Western blotting of the purified FXII with the whole IgGs isolated from these eight
patients did not identify a specific anti-FXII IgG in any of the preparations.
In the presence of 200 mg/1

82

GPI and IgGs isolated from three patients

(patient nos. 2,4 and 5), FXIIa generation was significantly greater than that with
62

GPI alone (figure 7.8b), indicating that these IgG preparations contained

something that was preventing the inhibitory action of

62

GPI. The IgG from

patient 1 had also been identified as inhibiting FXIIa generation, but the mean levels
of FXIIa generation in the absence and presence of

6 2 GPI

were similar (mean 4 -/-

SEM: 80.4 +/- 2.1 and 80.9 +/- 5.3% buffer control, respectively) indicating that
the expected additional inhibitory effect of

62

GPI was absent. Patient 7 also

showed similar FXIIa generation in the presence and absence of 62GPI (75.7 and
74.3% buffer control, respectively), indicating inhibition of the inhibitory effect of
62

GPI. Examination of the aCL and a 6 2 GPI levels of the IgG preparations of

patients 1 ,2 , 4, 5 and 7, indicated that these preparations contained the highest
concentrations of o 6 2 GPI activity.
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Figure 7.8. The effect of aPS patient derived whole IgG fractions on FXIIa
generation on VLDL in: (a) the absence of %GPI; (b) and the presence of 200 mg/1
B2 GPI. The results represent the mean and SEM of 3 experiments. Where no error
bars are shown, the error is too small to be indicated. The dotted lines represent
normal ranges derived from IgGs from

**p<0.01).
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6

normal healthy subjects (*p<0.05,

The effect o f APaCL IgGs on FXIIa generation on VLDL

The mean

level of FXIIa generation in the presence of 10 GPLu APaCL was 103.0% buffer
control and the SD was 11%. FXIIa generation was greater than the normal range
obtained with normal IgG in the presence of aCL of patient number 10 (figure 7.9).
In the presence of 200 mg/1 6 2 GPI, the mean level of FXIIa generation was
72.3% buffer control and the SD was 11.8%. APaCL from patient 10 exhibited
significantly elevated levels of FXIIa generation in the presence of 6 2 GPI, but the
difference between the FXIIa generation in the absence and presence of 6 2 GPI was
comparable to the other subjects, indicating that the inhibitory property of

62

GPI

was unimpaired in the presence of the aCL of patient 10.
Results of aCL and a 6 2 GPI assays of the

62

GPI affinity purified IgGs

(table 7.2) indicate that the isolation method was inefficient and greater yields of
a 6 2 GPI IgG were achieved on the cardiolipin affinity column. For this reason, a
cardiolipin affinity purified IgG with a high level of a 6 2 GPI activity was selected
for investigation of the effect of varying concentrations of C1 6 2 GPI on FXIIa
generation on VLDL. A 5.0 mg/ml APaCL IgG preparation isolated from the
plasma of patient 3, with estimated aCL and 0 L6 2 GPI activities of 72 GPLu and 5.4
g/1, respectively, was used for these studies.
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Figure 7,9 The effect of aCL IgG (10 GPLu) on FXIIa generation on VLDL in:
(a) the absence of

6 2 GPI;

(b) and the presence of 200 mg/I
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GPI. The results

represent the mean and SEM of 3 experiments. Where no error bars are shown, the
error is too small to be indicated. The dotted lines represent normal ranges derived
from IgGs from

6

normal healthy subjects (**p<0.01)
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Increasing C1 6 2 GPI concentrations from 0.09 to 0.74 g/1 were included in
the FXlla generation system. a 6 2 GPl had no significant effect on FXlla generation
at the concentrations tested. When a 6 2 GPl was included in the system at
concentrations of 0.09 and 0.17 g/1, in the presence of 200 mg/1

62

GPI, FXlla

generation was significantly increased compared to that obtained with 62GP1 alone,
indicating that these concentrations of antibody were able to block the inhibitory
effect of

62

GPI. However, as the concentration of a62G Pl was increased,

inhibition of FXlla generation was again observed.
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Figure 7.10 FX lla generation in the presence of Vcuying concentrations of
a62G Pl IgG in the —O —absence and —O — presence of 200 mg/1
**p<0 . 0 1 compared to buffer control.
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82

GPI.

7.4 Discussion
FXIIa generation was measured by an amidolytic substrate assay for FXIIa. An
amidolytic substrate assay was selected rather than a clotting assay because it
allowed specific measurement of FXIIa, rather than relying upon a series of
reactions leading to the end-point of thrombin generation, and was therefore less
susceptible to additional influences. The amidolytic assay also had the advantage
that relatively smaller volumes of reaction mixture were required and therefore the
assay was more economical.
Experiments performed omitting each of the reaction constituents separately,
confirmed that FXII activation was dependent on the presence of VLDL and LPL,
and was not a result of contact activation on the surfaces of the reaction vessels
used. Indeed, in order to prevent contact activation by and / or adsorption of FXII
to the reaction vessels, all tubes were pre-washed with buffer containing
ovalbumin, and ovalbumin was included in the reaction mixture. The albumin also
served to bind any fatty acids liberated from VLDL by LPL and thereby prevented
inhibition of LPL by these fatty acids.
In vitro activation of FXII after LPL treatment of plasma has previously
been demonstrated in plasma from patients with LPL deficiency and elevated
triglyceride levels (Mitropoulos et al, 1992). The results presented in this study
confirm this LPL requirement using a test system comprising purified FXII, VLDL
and LPL. The results suggest that the LPL treatment of VLDL causes a change on
the surface of the lipoprotein such that it can provide a suitable surface for contact
activation of FXII. It has been shown previously that micellar long chain fatty acids
such as stearic acid promote the autoactivation of FXII, but that oleic acid and other
unsaturated fatty acids were ineffective in this respect (Mitropoulos & Esnouf,
1991). It is possible that the liberation of unesterified fatty acids by the LPL
treatment of VLDL causes increased density of saturated fatty acids on the surface
of the lipoprotein particle and thereby creates a suitable contact surface.
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As expected, the rate of FXIIa generation was shown to be dependent on the
concentration of FXII present 1.0 U/ml was selected as the concentration for use in
further experiments as this represented the physiological level of FXII, and
produced reasonable changes in OD within a suitable time period. Similarly the rate
of FXII activation was dependent upon the concentration of VLDL present. The
normal physiological concentration range, expressed in terms of protein, for VLDL
is 0.01 - 0.6 g/I (Hassall et al, 1983). 0.075 g/l VLDL was selected for further
experiments as this represented physiological concentration and produced
reasonable OD changes.
62

GPI was found to inhibit FXIIa generation on the VLDL surface in a dose

dependent manner. 200 mg/1

62

GPI, the normal physiological level, was found to

cause inhibition of approximately 30% of the FXIIa generation. It must however be
noted that this does not represent the normal physiological degree of lipolysis of
VLDL. LPL release from tissue is stimulated by heparin and the physiological levels
of LPL measured in plasma after continuos infusion of heparin (5.0/Kg/hr) is
approximately 0.16 mU/1 (Zaidan e/ at, 1982). Therefore the lipase concentration
used in this test system represents almost a two fold greater concentration than
possible physiological levels. It is therefore likely that physiological levels of
62

GPI could adequately inhibit contact activation occurring on VLDL surfaces after

lipolysis in vivo. The Lineweaver-Burk plots of FXII activation on the VLDL
surface in the presence and absence of

62

GPI indicate that

62

GPI acts as a

competitive inhibitor of the FXII for the VLDL surface. This suggests that the
62

GPI binds to the VLDL at the same site as the FXII. In this way,

62

GPI prevents

binding of FXII to the VLDL and thereby inhibits FXII activation.
FXII activation was reduced in the presence four of the patient IgGs tested,
indicating that the IgG fraction contained an inhibitory property. All patient IgGs
were tested for specific FXII inhibitors and none were identified, so this inhibition
was not the result of an anti-FXII IgG. Although one of these IgG fractions (patient
1) had a notably high aCL and afî 2 GPI activity, the remaining three did not.
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therefore suggesting that it was not the aCL or a

62

GPI activity causing the

inhibition. When the cardiolipin affinity purified IgG fraction of patient 1 was tested
in the system, no inhibition was observed, even though the aCL and a 6 2 GPI
activities of the aCL fraction were similar to the whole IgG fraction. This result
therefore supports the view that it was not the aCL or a 6 2 GPI fraction causing
inhibition. The results of

6 2 GPI:Ag

inhibition was not due to

62

assays of these fractions indicated that the

GPI. It is possible that another lipid binding IgG is

present in the plasma of these patients and that this antibody has no affinity for the
cardiolipin employed for APaCL isolation.
The inhibitory effect of

62

GPI was reduced in the presence of five whole

IgG fractions (patient nos. 1,2,4,5 and 7). These patients exhibited the highest
(X6 2 GPI activities, therefore suggesting that the a
responsible for the reduced

62

6 2

GPI activity may be

GPI activity. However, when the aCL IgG fractions

were tested, no reduction of the

62

GPI activity was observed even though the

concentration of a 6 2 GPI in the aCL of patients 1 and 3 was greater than that of
whole IgG fractions found to inhibit 6 2 GPI. These results indicate that the

6 2 GPI

inhibitory property is not contained within the aCL fraction or that the concentration
of the antibody is critical.
A dose response study of antibody concentration on FXIIa generation in the
presence and absence of B2 GPI, revealed that the concentration of antibody is
indeed critical. The 6 2 GPI inhibitory property was decreased in the presence of low
concentrations of antibody (0.09 and 0.17 g/1). This effect was not observed when
the antibody concentration was increased and this is possibly a result of interference
by high antibody concentration, the so called prozone effect. In this case, high
antibody concentrations may cause stearic hindrance of FXII binding to VLDL.
This may partly explain the disparity of results obtained with the whole and APaCL
IgG fractions, as it is likely that the patient derived antibodies are only effective at a
particular concentration in this test system. Examination of the results obtained with
the different whole IgGs, APaCL IgGs and the dose response curve of one APaCL
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IgG, indicate that an inhibitory effect on

6 2 GPI

is observed at concentrations of

approximately 0.09 g/1 to 0.30 g/1 a 6 2 GPl IgG. These results highlight the need to
perform dose response studies when examining the effects of aPAs in in vitro test
systems.
Previous work has shown that a b 2 GPl antibodies are unable to bind to
6 2

GPI in fluid phase. One possible explanation for the observed results is

demonstrated in figure 7.11. In this model: (b)

62

GPI prevents binding of FXII to

the VLDL surface by altering the anionic density of the surface; (c) binding of
antibody to B2 GPI on the VLDL surface masks this charge alteration and allows the
FXII to approach the surface and become activated and; (d) in conditions of excess
antibody, the density of antibody bound to
of FXII to the VLDL.
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8 2 GPI

by afî 2 GPI on the surface of

— CHAPTER 8 —

SUM MARY AND CONCLUSION

B2 GPI serves as a cofactor for the binding of aPAs in patients with aPS. In addition
to this pathological role,

6 2

GPI has been demonstrated to possess in vitro

anticoagulant properties. It is conceivable that interference with in vivo haemostatic
regulatory properties of 6 2 GPI, possibly resulting from altered binding to plasma
constituents including aPAs, may lead to thrombosis.
62

GPI is known to bind to many biological anionic macromolecules and in

Chapter 3, Western blotting techniques were used to demonstrate that

62

GPI

circulates in plasma in complexes with different plasma constituents. Western
blotting of reduced plasma yielded a single band only, indicating that the

62

GPI

complexes are dependent on the integrity of the disulphide bonds within the

62

GPI

molecule. B2 GPI complexes were also demonstrated using CIE techniques with
0.75% agarose. Having established that the anti serum recognised both free and
complexed B2 GPI, it was used in the development of an ELISA for measurement of
total plasma

62

GPI. The ELISA technique was compared to lEP assay of

62

GPI

and was found to have similar precision, whilst requiring only 5% of the amount of
antiserum and 2 0 % of the time needed to perform the latter assay.
A method for separation of free

6 2

GPI, based upon filtration by

centrifugation, was developed for measurement of free

6 2 GPI

by ELISA. The

results of this assay in normal subjects revealed that only approximately

10%

of

total plasma B2 GPI is apparently in the free form, and that the amount of free
62

GPI increases after repeated freeze / thawing of plasma, presumably as a result of

complex disruption.

An assay for measurement of 62GPI aPA cofactor activity, based on a
modified antiphosphatidylserine ELISA, was developed in order to allow an
estimation of 62GPI activity levels.
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Although aPAs are detected frequently in patients with syphilis and other
infections, thrombosis does not appear to be a feature of their presentation. The
62GPI requirement for binding appears to be specific for aPAs occurring in patients
with an increased risk of thrombosis. An a62GPI antibody assay was selected as a
candidate assay for discrimination of aPAs associated with 62GPI dependence, ie
those aPAs with an association with thrombosis. The a62GPI assay demonstrated
better precision than that usually reported with the aCL assay and was found to be
negative in 114 patients with infection, of whom 11% were identified as aPA
positive by aCL assay. These results indicated that the assay may be of value in
identifying patients with increased risk of thrombosis.
Many therapeutic agents, including warfarin, heparin and aspirin, are
currently used for the treatment and prophylaxis of thrombosis in patients with
aPAs. A 62GPI - heparin interaction has long been recognised but the effect of
heparin binding in the purported biological actions of 62GPI is unknown. In chapter
4, the binding of different pharmaceutical heparin preparations and purified
dermatan sulphate to 62GPI in plasma was examined by CIE, and the in vitro effect
of therapeutic doses of these preparations on plasma antigen levels and aPA cofactor
activity levels of 62GPI were investigated. The results of the CIE studies confirmed
the heparin binding property of 62GPI. Plasma levels of 62GPI were unaffected by
heparin but 62GPI cofactor activity levels were increased in the presence of UF
heparin preparations. The increased 62GPI:Cof activity observed in the presence of
UF heparins suggests that 62GPI function is somehow influenced by heparin, either
directly through heparin binding, or indirectly through other plasma constituents.
62GPI was designated as apolipoprotein H when it was first recognised to
be a component of plasma lipoproteins, but the nature of the relationship between
62GPI and plasma lipoproteins remains ill defined. In Chapter 5, 62GPI:Ag levels
were shown to be unaffected by fasting status, but elevated in patients with
disorders of lipid metabolism and chronically elevated lipid levels. These patients
also exhibited reduced 62GPI aPA cofactor activity. In normal subjects, 62GPI was
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correlated positively with triglyceride, total and LDL cholesterol levels and
correlated negatively with HDL cholesterol levels, but such correlations were not
observed in hyperlipidaemic patients. These results indicate a direct relationship
between 62GPI and plasma lipids in normal subjects and suggest that this
relationship is altered in hyperlipidaemic patients. Greater than 50% of plasma
B2GPI was shown to be lipoprotein associated and was demonstrated in the HDL
fraction only.
It is possible that aPAs induce a prothrombotic state through interference
with haemostatic regulatory properties of 62GPI in vivo. The incidence of decreased
62GPI:Ag levels in a group of SLE and PaPS patients studied was 9.3%, which is
in agreement with that reported previously in the general population. A decreased
62GPI:Ag level was not shown to have any association with an increased risk of
thrombosis. 62GPI:Ag levels were increased significantly in SLE patients with
aPAs compared to SLE aPA negative patients and normal healthy controls.
62GPI:Ag levels were also increased in PaPS patients, although statistical
significance was not demonstrated in this case. Increased 62GPI:Ag levels were
associated with a clinical history of thrombosis and / or fetal loss.
There were no significant differences between free 62GPI levels of the
normal control subjects and aPA negative and positive SLE or PaPS patient groups.
This suggests that there are increased amounts of complexed 62GPI in patients with
aPAs. There was a significant correlation between 62GPI:Ag and oB2GPI levels in
these patients.
There were no significant differences between the 62GPI cofactor activities
of the different groups, but when the results were expressed as a ratio of 62GPI:Cof
/ Ag, SLE aPA positive patients were demonstrated to have significantly reduced
ratios. These results suggest that the 62GPI in these patients is somehow
functionally modified. The reduced ratio was significantly associated with a history
of thrombosis and/or recurrent fetal loss.
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LA and a62GPI, but not aCL, were associated with a history of thrombosis
and / or recurrent fetal loss in SLE patients. The identification of the association
between modified 62GPI aPA cofactor activity, and a62GPI, with thrombosis in
patients with aPAs, indicates that modified %GPI function may indeed contribute to
thrombosis in vivo. In order to examine this more specifically, the influences of
B2GPI and aPAs, isolated from patients with aPS, on contact activation of FXII
were examined (chapter 7). Previously, kaolin, dermatan sulphate, ellagic acid and
sulphatides have been used as contact surfaces to study this reaction. Recent studies
have suggested that large lipoprotein particles carrying appropriate free fatty acid at
a sufficient density of negative charge may contact activate coagulation in vivo. It
therefore seemed appropriate to study the effects of 62GPI and aPAs on FXII
activation occurring on the surface of triglyceride rich lipoproteins. FXIIa
generation on the surface of VLDL was studied using a test system comprising
purified VLDL and FXII and an amidolytic substrate for FXIIa.
The results demonstrated that LPL treatment of VLDL was required before
FXIIa generation could occur on the VLDL surface. The rate of FXIIa generation
was shown to be dependent on both VLDL and FXII concentration.
62

GPI was found to inhibit FXIIa generation on the VLDL surface in a dose

dependent manner and was shown to act as a competitive inhibitor of the FXII for
the VLDL surface.
FXII activation was reduced in the presence four out of eight of aPS patient
derived whole IgG fractions, indicating that the IgG fraction contained an inhibitory
property. Negative results of assays for specific FXII inhibitors and

62

GPI in the

IgG fractions demonstrated that they were not responsible for this inhibitory
activity. The inhibitory IgGs did not show consistently high aCL and a 6 2 GPI
activities, indicating that it was not aCL or a6 2 GPI activity causing inhibition.
Addition of cardiolipin affinity purified IgG to the test system, caused no inhibition
of FXIIa generation, even in the face of greater levels of afi 2 GPI and aCL than
those in whole IgGs tested. These results support the view that it was not the aCL
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or a62GPI fraction causing inhibition. It is possible that another lipid binding IgG
is present in the plasma of these patients and that this antibody has no affinity for
the cardiolipin employed in the purification schedule. Alternatively, these fractions
may contain antibodies with specificity for activated FXII.
The inhibitory effect of B2GPI was reduced in the presence of five out of
eight whole IgG fractions. These IgG fractions exhibited the highest 01B2GPI
activities, therefore suggesting that the a62GPl IgG may be responsible for the
inhibition of B2GPI activity. However, when the aCL IgG fractions were tested, no
reduction of the 62GPI activity was observed, even though the concentration of
C1B2GPI in some aCL fractions was greater than that of whole IgG found to inhibit
B2GPI. Dose response studies demonstrated that a critical concentration of oB2GPl
was required in order to show inhibition of the 62GPI function. At low
concentrations of a62GPl, no effect was observed and at high concentrations, the
effect was removed, possibly as a result of stearic hindrance by the antibody.
The results presented in Chapter 7 go some way to explaining the central
paradox of the in vitro anticoagulant properties of aPA, and the in vivo thrombotic
consequences. These results demonstrate that the relative concentrations of
phospholipid, 62GPI and a62GPl are critical. At low concentrations of antibody, a
procoagulant in vitro effect was demonstrated, whereas at high concentrations, the
converse was true. It is possible that the in vitro systems used for detection of
anticoagulant activity by aPAs, actually reflect the situation observed in this model
at high antibody concentrations, and the lower antibody concentrations reflect the in
vivo situation.

The results of this study therefore demonstrate an association between the
presence of aB2GPl and modified B2GPI function with a history of thrombosis in
vivo. In vitro studies showed binding of B2GPI to triglyceride rich lipoprotein after

modification and demonstrated inhibition of the anticoagulant property of B2GPI on
this surface by patient derived aPAs, and as such support the hypothesis that
disturbance of the haemostatic regulatory properties of B2GPI by aPAs may
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contribute to the thromboembolic complications observed in patients with aPS. It is
possible that the production of antibodies reactive with 62GPI is in response to the
stimulus of increased amounts of 62GPI bound to modified plasma proteins or
damaged endothelium and are therefore a marker of a pre-existing pro-thrombotic
state (figure 8.1).
Although 62GPI deficiency is not an independent risk factor for thrombosis
in the general population, this may be because other haemostatic regulatory
pathways can compensate in these individuals. It is possible that inhibition of
B2GPI in patients with aPAs is associated with thrombosis because the antibodies
or immune complexes exert a profound procoagulant stimulus and other haemostatic
regulatory pathways are also compromised.
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Figure 8.1
Proposed model for immune lesponse
directed against B2GPI bound to
exposed anionic surface
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