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Abstract

I aimed to assess the involvement of ‘phospholipid antibodies’ (aPL) in the pathology of
antiphospholipid syndrome (aPS), with an emphasis on pregnancy complications and
placental pathology. Using an immunofluorescent technique I demonstrated binding of
affinity purified aPL to normal term placenta; further experiments suggested binding to
placental proteins.

I established assays for prothrombin (aPT) and B,Glycoprotein-1 (a-3,GPI)
antibodies, and studied a variety of non pregnant patients (PAPS, SLE, and infection).
An associations between IgG and IgM a-3,GPI with aPS was demonstrated, but aPT
were less specific. In serial samples from aPS patients with thrombotic/ neurological
events, a-f,GPI levels were reasonably constant. In pregnant aPS patients, the antibody
levels fluctuated. Women who became aPL negative before 12 weeks, proceeded with
normal pregnancies. Other women having mixed pregnancy outcomes, had a peak in aPL
levels, and the overall trend was that aPL remained positive at =20 weeks gestation.

In a low risk pregnant population, the prevalence of aCL was approximately 3%,
a-B,GPI 3.5% and aPT 3-6%. aPL were not always associated with an adverse outcome
and are unsuitable preclinical markers of pregnancy complications in general obstetric
populations. Women with persistent abnormal uterine artery Doppler in mid-gestation,
were more likely to express aCL than healthy controls. There was no increase in the
prevalence of aPL in pregnancies with unexplained biochemical markers of obstetric
problems.

In non-pregnant PAPS and SLE patients, thrombin generation, FVIIa and FXIla
were significantly increased, and this was ameliorated by oral anticoagulants (except
FXIlIa). Increased activation markers were observed in normal and aPS pregnancies,
despite heparin and aspirin prophylaxis.

B,GPI and annexin V (AV) were expressed by the placenta, from the 7th week,
and throughout gestation, in normal, and aPS pregnancies. The immuno localisation of 3
,GPI and AV in term aPS pregnancies was similar to normal, but abnormal staining
patterns were detected in aborted first trimester aPS placentas. Extractable ,GPI was
reduced in term aPS placentas. The villous placenta and placenta bed are both exposed to
maternal circulation during pregnancy, thus allowing access of aPL to target antigens.

aPL are associated with coagulation activation, and are capable of binding to
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cellular antigens. In pregnancy, the aPL antibody spectrum, individual cellular response
to challenge, and the procoagulant environment probably interact to determine the

clinical consequence of aPL.
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General Introduction.

1.1 General Historical Perspective

When embarking on this research, a link between antiphospholipid antibodies (aPL),
recurrent thrombosis, recurrent miscarriage and intrauterine death had been established.
In addition, a pathogenic role for aPL in fetal loss had been implicated by a small number
of in vivo animal studies, while evidence from human placental morphology suggested a
thrombotic mechanism. aPL had been identified as a risk factor for thrombosis in non
pregnant subjects. However neither the identity of the immunogen for aPL, nor the
process of immunological disregulation leading to aPL production had been identified.
aPL are described as heterogenous with respect to antigen specificity and clinical
presentation. Despite a flood of publications pertaining to aPL, the definitive antigens
for these antibodies and their pathogenic mechanisms remain largely unascertained.

The prevailing hypothesis was that a ‘second hit’ phenomenon exists, which
precipitates the presentation of a clinical event. Pregnancy is a time of dynamic
physiological change, which appears to defy many immunological, and haemostatic
principles and as such may present the conditions that reveal the pathogenic nature of
aPL. The placenta is the site of biochemical exchange between the mother and fetus, and
continuity of blood flow is central to fetal viability. This feto-maternal interface is a
likely site of aPL interference which may result in obstetric complications.  The
maternal immunological adaptations at the feto-maternal interface had been elucidated to
some extent at the outset of this thesis. In order to approach an investigation of the role
of aPL in mediating obstetric complications, an understanding of haemostasis, pregnancy

and the feto-maternal interface (the placenta) must be attained.
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1.2.1 The Endothelium
The endothelium plays a pivotal role in haemostasis. It promotes both blood fluidity and

coagulation, forms a barrier between procoagulant proteins localised in the
subendothelial layers of the vessel wall, and can be unregulated to express intregins,
procoagulant proteins and adhesion molecules which are important for cellular migration,
coagulation and wound healing. The anticoagulant properties of the endothelium are
achieved by surface proteins such as thrombomodulin and glycosaminoglycans such as
heparan sulphate. Modulation of fibrinolysis is attained by synthesis and secretion of
tissue plasminogen activator and plasminogen activator inhibitor. Enothelial cells
synthesise and secrete basement membrane and extracellular matrix proteins, some of
which are adhesive (collagen, fibronectin and VWF). The endothelium also checks
unbridled platelet activation on the endothelial surface by producing PGI,, nitric oxide
and ADPases. Vascular tone is modulated by endothelins, which induce vasoconstriction,
while prostacyclin and nitric oxide promote vasodilation. The number of endothelial
components involved in haemostasis is ever expanding (Table 1.1). Haemostasis is a
complex interplay of vascular activities and counter-responses to circulating, cytokines,
hormones, lipids and procoagulants, which act in concert with platelets, plasma

coagulation and fibrinolysis.
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Cellular

Product ) Properties
Expression
Prostacyclin (PGL,) Secreted Inhibitor of platelet
aggregation; Vasodilator
Nitric oxide Secreted Inhibitor of platelet
[Endothelium derived aggregation, adhesion ;
relaxing factor] (NO) Vasodilator
Platelet activating factor Secreted Cell surface-associated platelet
(PAF) and leukocyte stimulant
Ectonucleotidases (ADPase)  Surface Platelet and vasoactive
regulatory enzymes, Destroys
ADP
von Willebrand factor (vWF)  Secreted Cofactor for platelet adhesion
and Factor VIII
Thrombomodulin (TM) Surface Anticoagulant (modulates
thrombin reactivity)
Tissue Factor (TF) Surface (after Procoagulant
induction)
Tissue plasminogen activator ~ Secreted Regulator of fibrinolysis
(tPA)
Plasminogen activator Secreted Circulating and matrix-bound
inhibitor (PAI) inhibitor of tPA
E Selectin Surface
(after
induction)
Heparan sulfate (HS) Surface cofactor for antithrombin
Tissue Factor Pathway Surface Inhibition of TF:FVIla
Inhibitor (TFPI) associated complex

Table 1.1: Haemostatic products of the endothelium

1.2.2 Platelets

The involvement of platelets in haemostasis is fundamental to the limitation of blood loss
and eventual wound healing. The formation of the platelet plug is an important early
stage in haemostasis, which subsequently requires participation of the coagulation system
for fibrin formation. Initially, platelets adhere and spread to exposed vascular
subendothelium, and if the presence of platelet agonists exceeds the threshold for full
activation, they secrete their granule contents, thus promoting the formation of large

platelet aggregates.
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Platelet receptors are capable of binding to von Willebrand factor (vWF), fibronectin,
vitronectin, collagen and laminin uncovered during exposure of the subendothelium.
vWF may bridge the subendothelium to the platelet membrane receptor GPIb, enhancing
adhesion. Further platelet activation induces platelet shape change and exposure of the
platelet receptor GPIIb/ Illa. The GPIIb/IIla receptor forms a secondary binding site with
fibrinogen or vWF, thus promoting platelet -platelet interactions. Collagen or thrombin
binding to specific platelet receptors causes the secretion of platelet granule contents
such as ADP, serotonin, fibrinogen, Factor V, high molecular weight kininogen
(HMWK), B-thromboglobulin (BTG) and platelet factor 4. Platelet activation exposes
both receptors for specific plasma clotting factors such as activated factor Va, and
provides a reaction surface capable of accelerating phospholipid dependent coagulation
reactions, by exposing anionic phospholipids such as phosphotidylserine on the outer
surface of the platelet membrane. Thereby enhancing and consolidating the primary
platelet plug in a mesh of fibrin. Many regulatory platelet and endothelial substances

control inappropriate activation.

1.2.3 Blood coagulation

The contribution of the plasma proteins (identified by Roman numerals: Table 1.2) in the
formation of a localised stable fibrin clot, is both rapid and critical for the survival of
species with a vascular blood system. The plasma protein system is primed to respond in
an explosive manner, triggering a cascade response which is amplified and culminates in
the formation of a fibrin clot. Concurrent with the promotion of clot formation, is the
inhibition and restriction of coagulation, which is essential for the localisation of clot

formation and blood fluidity.
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Factor Synonym Molecular Plasma Half-Life
Weight Concentration (hours)

I Fibrinogen 340,000 1.5-4.0 g/l 96-100

II Prothrombin 72,000 100-150 mg/1 72

I1I Tissue Factor 43,000 N/A N/A

v Proaccelerin 330,000 10 mg/1 12-15

VII Proconvertin 50,000 0.5 mg/l 4-6

VI Anti-haemophilic 330,000 0.1 mg/l 10-18
Factor

IX Christmas Factor 56,000 5-10 mg/1 36

X Stuart-Power 58,000 10 mg/1 10-20
Factor

XI Thromboplastin 160,000 5 mg/l 50-70
Antecedent

XII Hageman Factor 80,000 40 mg/1 50-70

XIII Profibrinoligase 320,000 10 mg/1 100-200

Prekallikrein  Flecher Factor 86,000 50 mg/l N/A

HMW Fitzgerald Factor 110,000 70 mg/1 N/A

kininogen

Table 1.2: Molecular weight, plasma concentration and plasma half-life of coagulation

factors.

Most coagulation proteins circulate in an inactive zymogen form and are activated on
proteolytic cleavage by enzymes, many of which are serine proteases. In general,
reactions within the coagulation cascade require the formation of an activation complex
comprising an enzyme, a lipid surface, a cofactor and a substrate. In the absence of a
suitable surface these reactions occur inefficiently.

Anionic phospholipids exposed during cell membrane damage, cell activation,
cell differentiation, or programmed cell death are pivotal for the localised, explosive
nature of the haemostatic response. Anionic phospholipids provide a surface which
promotes the formation of coagulation protein complexes, reducing the K, and increasing
the efficiency of the reaction many fold, thereby greatly accelerating the response to
tissue damage. Cofactors such as FVa act as catalysts, which further accelerate the

reaction by increasing the V,,,, (see Figure 1.2).
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1.2.3.1 Tissue Factor Pathway (extrinsic pathway)

The central precipitating event in vivo is the exposure of tissue factor (TF) during
endothelial activation, which triggers the extrinsic pathway. TF forms a complex with
circulating FVII, which then becomes extremely sensitive to activation. In the absence
of TF the single chain zymogen form of FVII possesses a small amount of proteolytic
activity. The TF/FVIla complex activates FX and FIX of the intrinsic pathway. Further
FVII is activated by FXa and FIXa creating a positive feedback loop. FXa binds to and
accentuates the inhibitory potential of the tissue factor pathway inhibitor (TFPI), which
then binds to the TF:FVIIa complex and blocks further reactivity, limiting the generation
of thrombin. TF requires phospholipid for full activity and is tethered to membrane of
the cell in which it is produced, by a large transmembrane domain, thereby localising

coagulation.

1.2.3.2 Contact Activation (intrinsic pathway)

The intrinsic pathway consists of FXII, prekallikrein (PKK), FXI, high molecular weight
kininogen (HMWK). This pathway is triggered by the exposure of blood to negatively
charged surfaces, which bind FXII leading to activation and production of oFXIla.
Alternatively FXII may be activated by cellular or complement proteases, or plasmin.
PKK and FXI circulate separately as complexes with HMWK, which has a binding site
for negatively charged surfaces. They are cleaved by aFXIlla to kallikrein (KK) and
FXIa. KK can activate FXII, amplifying FXII activation, KK also causes further
proteolysis of aFXIla, forming the low molecular weight BFXIla, which has reduced
activity on FXI, but is able to activate PKK and possibly FVII. KK cleaves HMWK,
reducing it’s cofactor activity and liberating bradykinin a vasoactive peptide. It has
recently been suggested that thrombin may be an important activator of FXI, in a
mechanism independent of FXII, but requiring glycosaminoglycan cofactors.

The intrinsic pathway has many points of interaction with other physiological
systems. PFXIla activates the complement system, while KK, FXIla and FXIa can
activate plasminogen directly. KK activates single chain urokinase, and bradykinin
initiates tissue plasminogen activator release (see section 1.2.4).

Several inhibitors of the contact system circulate in plasma and include; C1
inhibitor, AT-III, o,,-macroglobulin and a,-antitrypsin. C1 inhibitor is the major inhibitor
of FXIla and KK.
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which is converted by plasma activators (tissue plasminogen activator [tPA], urokinase
[uPA], a contact factor dependent mechanism and neutrophil proteases e.g. elastase) to
the active enzyme plasmin. Plasmin cleaves fibrin and cross-linked fibrin, liberating
fibrin degradation products, D-dimers or X-oligomers.

The main inhibitor of plasmin is a,-antiplasmin. The FXII dependent activation
of plasminogen is limited by the inhibition of kallikrein by Cl-inhibitor. tPA and uPA
are secreted as a single polypeptide chain (sctPA and scuPA [pro-uPA]) which is
proteolytically cleaved to an active two chain form (tstPA and tcuPA). Both tPA and
uPA are inhibited by plasminogen activator inhibitors (PAI-1, PAI-2 and PAI-3) which
act in solution or when associated with the cell surfaces. PAI-1 is inhibited by activated
protein C (APC) in the presence of protein S (Prt.S). PAI-1 is derived from the
endothelium, while PAI-2 is primarily a placental protein, which can also be produced by
monocytes (Ritchie & Booth, 1998). Detectable in maternal circulation during

pregnancy, PAI-2 is known to be involved in tissue remodelling during implantation.

1.2.5 Natural anticoagulants

The ingenious design of the haemostatic system allows a localised explosive response to
vessel damage, while maintaining blood fluidity. These features are achieved in part by
fibrinolysis and anticoagulant pathways. The coagulation system has a variety of
inhibitors and inactivators with varying specificity, which assist in maintaining the

haemostatic balance (see Table 1.3).
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Inhibitor Abbrev  Target Procoagulant

Antithrombin III ATIII Thrombin, FXa, FIXa, FXIa, Kallikrein,
TF:FVIla
Heparin co-factor I  HCII Thrombin, Meizothrombin, Cathepsin G

Cl-esterase inhibitor CI1-INH  FXIIa, Kallikrein, Cls

Protein C inhibitor 1  PCI-1 APC, Kallikrein, tPA

o,-antiplasmin Plasmin

o,-antitrypsin FXIa, Neutrophil elastase
o,-macroglobulin Kallikrein, FXIIa, FXa, Thrombin, Plasmin
Plasminogen PAI-1, tPA, uPA

activator Inhibitor PAI-2

Tissue Factor TFPI FXa, TF:FVIla

Pathway ihibitor

Table 1.3: Inhibitors of Haemostasis and their targets

Other proteins such as annexin V (AV) and B,Glycoprotein I (,GPI) which have a high
affinity for anionic phospholipids display inhibitor like activity by competing for the
anionic phospholipid.

One major anticoagulant mechanism involves plasma proteins, which inhibit the
procoagulant serine proteases. Of these serine protease inhibitors, or serpins,
antithrombin III is of prime importance in thrombin inhibition and is potentiated by
heparin, whose natural counterpart is probably heparan sulphate. HCII also inhibits
thrombin on cell surfaces where its cofactor dermatan sulphate is abundant.

A second major anticoagulant mechanism involves the inactivation of the
cofactors VIIla and Va by the protein C/ protein S system. Thrombin binds
thrombomodulin, which is expressed on the endothelial cell surface, thereby blocking the
procoagulant interaction of fibrinogen and platelets. The thrombin-thrombomodulin
complex binds protein C which is cleaved by thrombin forming activated protein C

(APC). Protein S is a cofactor for APC inactivation of FVa and FVIIla. In addition, the
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endothelium can synthesise prostacyclin and nitric oxide, both potent inhibitors of
platelets.

C1 inhibitor, o,-macroglobulin, AT-III and o,-antitrypsin are the major inhibitors
of the contact activation system. Tissue factor pathway inhibitor (TFPI) is associated
with plasma lipoproteins and the endothelium, and when associated with FXa inhibits the
TF/FVIla complex. Individuals with congenital TFPI deficiency have not been identified
(Novotny et al, 1991) however the offspring of mice homozygous for TFPI gene deletion
die in utero, suggesting that TFPI deficiency is incompatible with life (Huang & Broze,
1997).

Plasminogen activator inhibitors (PAI 1-3) are responsible for the control of

fibrinolysis. PAI-3 is mainly involved in the inhibition of activated protein C.

1.2.6 Interacting systems ‘

The complement system is a protease system involved in the inflammatory and immune
response, which interacts closely with haemostasis and is fundamental to the survival of
the fetal allograft during pregnancy. The complement system consists of both plasma
(Table 1.4) and membrane associated proteins (Table 1.5). Similar to coagulation
proteins, many circulating complement proteins exist as zymogens, which when
activated, function in a cascade of reactions. As with the coagulation system inhibitors
and cofactors exist. Two pathways initiate the complement system: the classical pathway

and the alternative pathway, which is antibody independent.
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Activation Regulation

Classical Pathway Cl-inhibitor

First component (C1)-Clq, Clr, Cls C4 binding protein
Second component (C2) Factor I

Fourth component (C4) Factor H

Alternative Pathway Vitronectin (s protein)
Factor B Clusterin (SP40-40)
Factor D Carboxypeptidase N
Factor P

Terminal Sequence

Third, Fifth, Sixth, Seventh, Eight, Ninth
components [(C3), (C5), (C6), (C7), (C8),
(C9) respectively]

Table 1.4: Plasma proteins of the complement system

Complement activation results in the release of anaphylotoxins which bind to the surface
of microrganisms and assist with phagocytosis. A multimeric cytolytic membrane attack
complex is assembled on the cell membrane and results in the direct killing of micro-

organisms.

Receptors Regulation

Complement receptor 1 (CR1, C3b/C4bR) CD59 (Membrane Inhibitor of Reactive
Lysis [MIRL]) Inhibits C9 insertion.

Complement receptor 2 (CR2, C3dR) Decay-accelerating factor (DAF)

Complement receptor 3 (CD3, iC3bR) Membrane cofactor protein (MCP)

C3a/C4areceptor Homologous recognition factor (HRF)
(C8bp: inhibits C5-9 assembly)

C5a receptor

C1q receptor

Table 1.5: Membrane associated proteins of the complement system
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Host cells are protected against complement mediated destruction by membrane bound
proteins which regulate complement activation and assembly of the membrane attack
complex.

C3 is the pivotal protein in the complement cascade. Immune complexes of IgG
or IgM antibodies bound to antigens, certain viruses and gram negative bacteria activate
the Cl component of the classical complement pathway initiating C3-convertase

generation (Figure 1.4).

Clg
Aghb %
Ciq
Clt —~ 5 Clr
A J/ . C4
Cl—3Cls—>
L_ZC4a
C3
<~ C4b —
|y C4bla—> c5
C2 > C3
Caa . —> C4ba3b %;,CS&
C3b
3
C5b-9

Membrane Attack Complex

Figure 1.4: The Classical Pathway of Complement Activation

The binding of immune complex to Clq results in conformation change, allowing
activation of Clr, which culminates in the assembly of the membrane attack complex.
Activators of the alternative complement pathway are present on the surface of pathogens
(lipopolysaccharides and teichoic acid) and cause hydrolysis of C3, which has C3b-like
properties. Control of the complement system is achieved by a number of approaches:
inhibition of assembly of the membrane attack complex on cell surfaces by membrane
associated proteins, circulating inhibitory proteins, intrinsic decay of various enzyme
complexes and consumption of complement proteins. C1 inhibitor (C1-INH) binds to the
active sites of Cls and Clr, thereby blocking the activation of C4 and C2 (Harpel &
Cooper, 1975).

There are many inter connections between the coagulation cascade and the

complement system. C1-INH is a major regulator of contact activiation, while BFXIIa
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can activate the classical complement pathway (Ghebrehiwet et al, 1983). Furthermore,
FXII can interact with C3, Kallikrein can cleave both C5 producing C5a (Wiggins et al,
1981), and C1. Plasmin has been shown to activate Cls (Ratnoff & Naff, 1967) and
cleave C3. The C5b-9 membrane attack complex causes increased prothrombinase
activity on endothelial cells (Hamilton et al, 1990), increased cytosolic calcium and
secretion of VWF from intracellular storage granules (Hattori et al, 1989). Finally,
protein S binds C4b binding protein anchoring it to the cell surface. Antibodies to Clq
have been demonstrated in SLE and are associated with hypocomplementemia
(Fremeaux-Bacchi et al, 1996), while antibodies to complement regulatory proteins have

been demonstrated in antiphospholipid syndrome patients (Guerin ef al, 1998a).

1.3 Thrombophilia

It is unknown why nature has allowed two coagulation pathways to develop. It has been
suggested that the contact system, although capable of thrombin generation, is more
directed to maintaining an anticoagulant milieu of the intravascular environment
(Schmaier, 1997). The ability to resist thrombus formation, while maintaining the
capacity to limit blood loss after physical trauma is central to longevity of life. Many
factors predisposing to thrombosis have been identified and include; familial
predisposition, post operative period, pregnancy, puerperium, cancer, chronic
inflammation, congestive heart failure, prolonged bed rest, obesity, oral contraception,
diabetes, atheroma and ageing. The Virchow Triad describes the three main contributors
to disruption of the haemostatic system: changes to the vessel wall, blood flow rate, and
blood coagulability. The lack of uniformity of patient responses to challenges of the
haemostatic system demonstrates the multifactorial and multigenic nature of thrombosis.
The term thrombophilia describes a specific inherited or acquired disturbance of
haemostasis, which results in recurrent thrombosis and may play a role in obstetric
complications. Familial thrombophilias have identified some of the main players in
thrombosis and include deficiencies or mutations of natural anticoagulants such as anti-
thrombin III, protein C, and protein S. Three thrombophilic gene mutations have been
identified in recent years; factor V Leiden, prothrombin and methylenetetra-hydrofolate
reductase. aPL are frequently associated with an acquired thrombophilia of unknown

aetiology.
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1.4 Antiphospholipid Syndrome

1.4.1 Autoimmunity

Autoimmunity is a poorly understood immunological state. Autoimmune diseases are
conditions whereby the immune system damages self components. The aetiology and
clinical expression of autoimmunity is multifactorial. Autoantibodies are
immunoglobulins which bind to self antigens. The specificity of an autoantibody is
conveyed by the variable region of immunoglobulin heavy and light chains. The
biological properties (e.g. complement fixation, binding to Fc receptors) are dictated by
the constant region of the heavy chains. These biological effects depend on the
immunoglobulin isotype (IgM, IgG, IgA, IgD, IgE) and subclass (IgG1-4, IgA1-2). The
autoantigen may be a protein, nucleic acid, carbohydrate, lipid, or a multimolecular
complex.

Although any self antigen that is bound by an antibody is an antigen, it does not
imply that the antigen is an immunogen (the molecule that induced the production of the
antibody). Some autoantibodies are specific for antigens present on only one tissue, and
therefore result in organ specific disease, as is the case of anti-thyroglobulin antibodies,
which cause Hashimoto's thyroiditis. =~ Multi-system autoimmune diseases have
autoantibodies specific for a more ubiquitous antigen, such as nucleic antigens,
membrane glycoproteins or glycolipids, these result in a systemic disease state, of which
systemic lupus erythematosus (SLE) is a prime example.

The important features of an antibody are its isotype, valency, titre, clonality and
affinity. In general, IgM antibodies reflect a primary response and are pentavalent; in
contrast, bivalent IgG antibodies indicate persistent stimulation analogous to a secondary
infection. IgG antibodies are prominent in most multi-system and organ specific
autoimmune diseases. The significance of an autoantibody should be evaluated by
considering the antibody, the antigen, and the assay used for detection.

aPL are autoantibodies with an apparent specificity for negatively charged
phospholipids, and occur in a variety of acute and chronic infections, but which usually
resolve on disappearance of the disease, for example 'reagin ' the aPL present in syphilis
(Catterall, 1973). aPL are detected in many autoimmune diseases and may persist for
long periods of time, they may also precede the onset of clinical symptoms by several

years (Catterall, 1973). However it has been known for some time that aPL are
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associated with thrombosis (Bowie et al, 1963) and fetal loss (Feinstein & Rapaport,
1972) in SLE patients.

1.4.2 Phospholipids

Phospholipids are structural components of the cell membrane bilayer. The functional
state of phospholipids is dependent on their type and physical state, which is due to lipid
organisation and polymorphism (Bowie, 1992). Phospolipids are divided into two main
groups: (1) phosphoglycerides; are derivatives of the glycerol-3-phosphate molecule
(Figure 1.5) containing a glycerol back bone and (2) sphingophospholipids which contain

a sphingosine back bone.

0 Figure 1.5 Glycerophospholipids
E:;ngoup > 0:;!;:0__)( Two different fatty acid chains which
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The more commonly detected phospholipids are: phosphatidylcholine (PC),
phosphatidylethanolamine (PE), phosphatidylserine (PS), phosphatidylinositol (PI),
phosphatidylglycerol (PG), and diphosphatidylglycerol (cardiolipin [CL]). PC and PE
are quantitatively the most abundant in membranes and are structurally zwitterionic at
neutral pH. PS, PI, PG, CL are anionic and located on the internal surface of
membranes. PG is a biosynthetic precursor of cardiolipin, and both are present in minor
amounts in cell membranes, but form a major component of mitochondrial membranes.
In 1987 Gharavi et al used a quantitative ELISA to determine the distribution of
immunoglobulin isotype and phospholipid specificity’s of aCL antibodies (aCL)
associated with disease, demonstrating a predominance of IgG which bound anionic
phospholipids, but not the =zwitterionic phospholipids (Gharavi et al, 1987).
Phospholipids (PL) in an aqueous environment adopt different configurations (Figure

1.6) which are important for antibody binding. Some lupus anticoagulants (LA) have the
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ability to distinguish between hexagonal and lamellar PE (Rauch er al, 1987).
Monoclonal aPL are specific for unique biophysical configurations of lipids, some of
which may react specifically with liposomal lipids. This specificity may be lost, and
extensive cross reactivity can occur when purified lipids are employed as non liposomal
antigens in solid phase immunoassays (Fogler et al, 1987). These phase changes must be

taken into account when investigating aPL.

Az M MA
ms s W

Where 8 =headgroup, ** =hydrophobic tail

Figure 1.6: Phospholipid configurations in an aqueous environment

The lamellar configuration is found in most cellular and subcellular membranes. In a
physiological setting the phase of phospholipids are influenced by external and internal
factors such as pressure, temperature, pH, and ionic composition. Changes in lipid phase
within a membrane effect the lipid bilayer, thereby modulating the dynamics and
function of integral proteins, whose activity can be correlated to the physical state of
membrane lipids.

The maintenance of transbilayer lipid asymmetry is dependent on two main
cellular activities. Translocase is an aminophospholipid-specific transporter activity,
which is ATP-dependent and shuttles PS and PE inwards (Williamson & Schlegel,
1994). Floppase acts in concert with translocase promoting the outward movement of
the amino and choline-phospholipids in an ATP dependent manner (Connor et al, 1992).

The exposure of PS in the outer plasma membrane is a specific and early sign of
cellular commitment to apoptosis, and is a signal to phagocytes (Fadok et al, 1992;
Fadok et al, 1998). Apoptosis (programmed cell death) is a subtle progression of a
sequential cellular processes which results in the self elimination of senescent cells

without the release of internal cellular components (Evan, 1994). Apoptosis plays a
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pivotal role in the negative selection of autoreactive cells in the lymphoid system
(Osborne, 1996) and the sculpturing of tissues such as the placenta. Apoptosis is one of
the mechanisms proposed in the induction of aPL (Casciola-Rosen et al/, 1996). It has
been proposed that the extrusion of intracellular antigens to the surface of apoptotic cells

expressing anionic phospholipids may be a stimulus/immunogen for aPL.

1.4.3 Historical background to aPL

aPL were first described in 1906, when Wassermann developed a complement fixation
test to detect reagin, as a test for syphilis. Serum from syphilitic patients reacted with
saline extracts from livers of fetuses with congenital syphilis. This test was further
developed as alcoholic normal tissue extracts were shown to be sources of the same
antigen.

It became apparent in 1938, during a mass syphilis screening programme in the
US, that many individuals testing positive for reagin had no clinical signs of syphilis.
These false positives became known as biologically false positive serological tests for
syphilis (BFP-STS). In 1942, Pangborn isolated the antigen bound by reagin (Pangborn,
1942), and identified it as an acidic phospholipid, which was subsequently called
cardiolipin (CL). The development of the treponeal immobilisation test resulted in a
distinction between true reagin tests and the BFP-ST, which in a retrospective study of
BFP-ST allowed the identification of two groups of false positive patients; those
transiently associated with certain infections, and those association with autoimmune
disease.

In 1952, Conley and Hartman reported two patients with SLE having a circulating
antibody which inhibited phospholipid dependent coagulation tests. One of these two
patients had a bleeding tendency and the term "Lupus anticoagulant "(LA) was coined.
LA is not exclusively associated with SLE, and only approximately 10% of SLE patients
have a LA. An association was noted between BFP-ST and LA, and it was shown that a
LA was not found in patients with syphilis (Johansson & Lassus, 1974). In SLE, a
patient with a BFP-ST was a frequent finding and it was eventually recognised as an aPL
detection method. It was not until 1983, when Harris et al developed a radioimmune
assay for the detection of aCL that the significance of these antibodies gained renewed

interest.
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Evidence of an association between the clinical features of thrombosis, abortion
and cerebral disease with the presence of the LA or aCL increased (Boey et al, 1983;
Hughes, 1983). The term ‘antiphospholipid syndrome’ (aPS) was proposed by Harris in
1987 to describe the concomitant occurrence of aPL and clinical thrombotic events
(Harris, 1987). This syndrome was later identified in patients without an underlying
autoimmune disease and described as the Primary Antiphospholipid Syndrome [PAPS]
(Mackworth-Young et al, 1989; Alarcon-Segovia et al, 1989; Asherson et al, 1989).

In 1990 a major advance in the understanding of aPS was established when three
research groups independently reported that aPL were directed towards a protein cofactor
(Galli et al, 1990) (McNeil et al, 1990b, Matsuura et al, 1990). The anionic
phospholipid binding protein was identified as Beta 2-Glycoportein I (3,GPI) (McNeil et
al, 1990b).

1.4.4 Diagnostic Criteria

Clinical and laboratory diagnostic criteria have been defined for the identification
patients with the antiphospholipid syndrome (aPS), which include the clinical
manifestations (thrombosis, recurrent miscarriage or thrombocytopenia) in the presence
of antiphospholipid antibodies (Exner et al, 1991). The diagnostic criteria for use
primarily in clinical trials are currently being revised by the international community
(Piette, 1998). The guidelines for aPL testing (1991) are currently being updated by the
British Committee for Standardisation in Haematology (BCSH) in response to continued

scientific advances.

1.4.5 Characterisation of aPL antibodies
1.4.5.1 Phospholipid specificity
Heterogeneity of clinical presentation and in vitro antibody activity is the dominant
mannerism of aPL. Disparity of antibody activity has both aided and hampered the
characterisation of aPL. Despite our current understanding of the involvement of anionic
phospholipid binding proteins in the binding of aPL, there remains to be a great deal of
debate as to the contribution of various anionic phospholipids.

In 1988 (Exner et al, 1988; McNeil et al, 1989) aCL and LA were shown to be
distinct immunoglobulin populations. aCL were capable of binding anionic phospholipid

in solid phase ELISAs but did not prolong phospholipid dependent coagulation assays.
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In 1989 it was demonstrated in a subgroup of patients, that aCL and LA activity were
mediated by different immunoglobulin isotypes (McNeil et al, 1989). However this
issue was to become confused when LA activity was demonstrated in aCL IgG’s in five
out of 16 patients (Bevers et al, 1991a). A complicated nomenclature was proposed
which distinguished aCL types according to intrinsic anticoagulant activity.

Reports of aCL cross-reactivity with other anionic phospholipids (Harris et al,
1985) and with DNA (Lafer et al, 1981) already existed. Cardiolipin is a component of
mitochondrial membranes and it has been suggested that due to it’s limited physiological
expression, it is unlikely to contribute to the production of aPL. Unlike CL, PS is a
component of plasma cells and has been employed as capture antigen in numerous
studies (Falcon et al, 1990; Berard et al, 1996). The prevalence of PS antibodies in
autioimmune patients is variable (Berard et al, 1996; Branch et al, 1987). The
prevalence of antibodies to PE is also variable (Branch et al, 1987; Pengo et al, 1987)
and their significance poorly defined, although an association with thrombosis has been
suggested (Berard et al, 1996).

More recently, cross reactivity between aCL and oxidised low density
lipoproteins (oxLLDL) has been identified (Vaarala ef al, 1993). Monoclonal aCL’s have
demonstrated cross reactivity with oxLDL, some of which were [,GPI dependent
(Mizutani et al, 1995). However recent findings also suggest that most aPL are directed
to neoepitopes generated when phospholipids on the ELISA plates have undergone lipid
peroxidation (Horkko et al, 1996).

The specificity of LA for anionic phospholipids was first demonstrated in 1980
(Thiagarajan et al, 1980) when a monoclonal IgM with LA activity demonstrated
reactivity with several anionic phospholipids. Studies with monoclonal and patient
antibodies suggested that the configuration of the lipid may be important for LA
specificity (Rauch et al, 1986; Rauch et al, 1989).

Since the revelation that aPL require proteins for binding in solid phase ELISA,
there have been a flurry of publications describing aPL-protein interactions and
associations. This finding explained the previous observation that the use of 10% bovine

serum improved the reliability of aCL assays (Loizou et al, 1985).
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1.4.5.2 Phospholipid binding proteins
Beta 2 Glycoprotein I (3,GPI)

In 1990 the serum protein which accentuated the detection of aCL in patients with
autoimmune disease was identified as 3,GPI (Galli et al, 1990), (McNeil et al, 1990b;
Matsuura et al, 1990). A plethora of information exists regarding B,GPI a serum
glycoprotein also referred to as apolipoprotein H.  B,GPI is found in plasma at a
concentration of approximately 200 B,GPI pg/ml, 40% of which is associated with
lipoproteins of various classes (Polz & Kostner, 1979b). The role of B,GPI in lipid
metabolism is unclear, but it has been shown to enhance the enzymatic activity of
lipoprotein lipase (Nakaya et al, 1980). It is a highly glycoslyated single chain
polypeptide of 326 amino acids with a relative molecular mass (Mr) of SOkD when not
reduced and 58kD when reduced (Lozier ef al, 1984). Structurally it is composed of five
short consensus repeats (SCR) or ‘Suchi domains’ (Hunt et al, 1992) and is classified as
complement control protein superfamily (Reid & Day, 1989). The first four domains are
identical, while the fifth domain contains an additional disulphide bond and a long C-
terminal tail. A region on the fifth ‘suchi’ domain has been proposed as a phospholipid
binding site (Steinkasserer ef al, 1991), (Hunt & Kirilis, 1994), (Kertesz et al, 1995).

In vitro, B,GPI inhibits thrombin formation by acting at two different points of
the coagulation cascade: contact activation (Schousboe, 1985) and prothrombinase
activity (Nimpf ef al, 1986). This anticoagulant activity is thought to occur when 3,GPI
binds to phospholipid and reduces it’s availability for coagulation reactivity. [,GPI has
also been shown to inhibit ADP dependent platelet aggregation (Nimpf et al, 1987).
Despite these anticoagulant functions, 3,GPI deficiency has not been identified as a risk
factor for thrombosis (Bancsi ef al, 1992).

Although the primary physiological function of ,GPI is unknown, is has been
shown to bind negatively charged substances, such as phospholipids (Wurm, 1984),
activated platelets (Nimpf et al, 1986) and heparin (Sheng et al, 1998). A role in
apoptosis has recently been proposed (Levine & Koh, 1999), and an anti-atherosclerotic
function may be feasible via a macrophage-oxLDL interaction (Matsuura et al, 1998).

A number of studies have evaluated the (3,GPI antigen levels in aPS, producing
conflicting results with normal, elevated and decreased levels reported (Ichikawa et al,
1992);Vlachoyiannopoulos et al, 1992; Vlachoyiannopoulos et al, 1993; McNally et al,

1995a). In women with recurrent miscarriage [3,GPI levels were found to be normal, and
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conformationally changed B,GPI. It has been reported that such conformational changes
reveal cryptic epitopes on the fourth domain of B,GPI (Koike et al, 1998), which are
bound by pathogenic aCL..

A number of publications reported the presence of antibodies to B,GPI (a-B,GPI)
in aPS (Arvieux et al, 1991), which had a strong correlation with aCL. More recently
aCL have been shown to bind directly to B,GPI (Keeling et al, 1992; Matsuura et al,
1994; Roubey et al, 1995) under appropriate conditions. fy-irradiation of the microtitre
plate, results in the oxidation of the plate surface, which allows B,GPI binding in a
conformation amenable to aPL binding (Matsuura ef al, 1994). Other plate
manipulations have been described, which facilitate aPL binding (Cabral et al, 1995;
Pengo et al, 1995). It has also been proposed that the binding of aPL is not dependent on
the formation of a neoepitope, but is facilitated by an increased antigen concentration
which enables the binding of low affinity antibodies. (Roubey et al, 1995).

In 1991 the presence of a-p,GPI was reported to be associated with thrombosis in
SLE patients (Viard ef al, 1992). IgG a-B,GPI have been reported to be more strongly
associated with the clinical manifestations of aPS that aCL (McNally et al, 1995b;
Cabiedes et al, 1995) but this is contrary to the findings of Ogasawara (Ogasawara et al,
1996) in relation to recurrent pregnancy loss. However, 1gG a-B,GPI have been
associated with recurrent fetal loss (Balestrieri et al, 1995; Ogasawara et al, 1996) and

IgM a-B,GPI with thrombosis and thrombocytopaenia (Balestrieri ef al, 1995).

Prothrombin

Prothrombin was first proposed as a ‘cofactor’ in LA testing in 1959 (Loeliger, 1959).
Hypoprothrombinaemia has been described in LA patients at risk of bleeding, such
patients have antibodies to prothrombin [aPT](Fleck et al, 1988; Edson et al, 1984;
Bernini et al, 1993). At least two cofactors for LA activity have been described (Bevers
et al, 1991a; Oosting et al, 1993), which are B,GPI and prothrombin, and they act
independently of each other. These antibodies are a frequent occurrence in LA patients
(Fleck et al, 1988; Hasselaar er al, 1989a). Antibodies to prothrombin have recently
been reported in patients with myocardial infarction, which cross react with the
conserved kringle in plasminogen (Puurunen et al, 1998). It is possible that antibodies

with cross-reactivity to prothrombin and plasminogen may explain the long standing

44



observation of in vitro prolongation of clotting with the concomitant in vivo tendency to

thrombose.

Other protein antigens associated with aPL

Characterisation of antigens to aPL has been difficult, as aPL are a heterogeneous
population of immunoglobulins with variable specificity’s. It was first suggested in 1985
by Harris (Harris et al, 1985) that the polyspecificity of aCL antibody for different
negatively charged phospholipids may be explained by the involvement of a co-factor.
Many proteins other than B,GPI and prothrombin have been implicated in the
interactions of aPL, these are summarised in Table 1.6. Indeed, it is expected that further

antigenic targets will be identified in an effort to explain the broad heterogeneity of aPL

antibodies.
Possible antigen Author and year cited
B,GPI McNeil et al 1990, Galli ef al 1990, Matsuura et
al 1990
Prothrombin Bevers ef al 1991
Protein C Oosting et al 1993
Protein S Oosting et al 1993
Phospholipase Ap Vermylen and Arnout 1992
Annexin V Matsuda et al 1994
Thrombomodulin Oosting et al 1993
TFPI personnel communication Bevers 1998
Kininogen Sugt et al 1995
Plasminogen Puurunen ef al 1998
FXII Jones et al 1998

Complement Regulatory Proteins  Guerin et al 1998

Table 1.6: Protein antigens implicated in the antiphospholipid syndrome

1.4.6 Laboratory identification of aPL
The accurate laboratory identification of aPL has been a major cause for concern, as the

antibodies are heterogeneous and therefore difficult to standardise. The LA is an
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immunoglobulin which prolongs phospholipid dependent coagulation assays; 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
LA is usually identified when patient’s plasma is mixed with normal plasma, but fails to
correct a prolonged clotting time in a phospholipid dependent test. A solid phase enzyme
linked immunsorbent assay (ELISA), using CL as the antigen is used for the detection of
aCL. Guidelines for LA testing have been published (Exner ef al, 1991) and have
identified criteria of diagnosis of LA to include:
(1) identification of a prolonged phospholipid dependent clotting time,
(2) demonstration that the prolongation is caused by an inhibitor and not a factor
deficiency, and
(3) Demonstration that the inhibitor is phospholipid dependent.
There is no agreement as to which phospholipid dependent coagulation tests should be
used for the identification of LA. But it is recommended that at least one of the
following tests should be included a: KCT, DRVVT, TTI or an APTT. Further tests
using snake venom have been introduced which are sensitive for LA (Triplett et al,
1993). The Taipan venom time has been shown to be of particular use when patients are
undergoing oral anticoagulant therapy (Rooney et al, 1994). In recent years it has
become apparent that the instrument used may effect the sensitivity of the method and
that a local reference range must be established for each instrument and technique
(Lawrie et al, 1999).

In 1983 a solid phase radioimmunoassay (RIA) for aCL was developed (Harris et
al, 1983). An ELISA was subsequently developed by Loizou (Loizou et al, 1985), which
was less laborious but equally sensitive. However, recognition of the requirement for
protein cofactors in the detection of autoimmune type aCL has resulted in the use of
bovine serum in the blocking solution and sample diluent buffer. Bovine serum provides
a source of ,GPI, although there have been reports of a-p,GPI which recognise human
but not bovine B,GPI. The use of bovine serum albumin or gelatin as a blocking reagent
does not provide the required additional B,GPI and render the assay unreliable. A
number of a-B,GPI assays have been described in a phospholipid free system, using y-
irradiated microtitre plate. Due to the strong correlation between a-B,GPI IgG and
thrombosis, the use of a-p,GPI assays may become a more routine test in thrombophilia

screening.
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There have been reports of high degree of variability between centres in the
detection of aPL (LA, aCL and a-B,GPI). However, the scientific community is
currently addressing the absences of internationally standardised methods, standards and

control preparations.

1.4.7 Antiphospholipid antibodies and disease associations

The term LA is a misnomer, as the anticoagulant effect is an in vitro phenomenon whose
presence is not restricted to SLE. In general, patients with a LA remain free of bleeding,
unless associated with a second haemostatic defect. aPL have been detected in conditions

other than SLE (see Table 1.7).

aPL Associated Diseases Example

Autoimmune disorders SLE, Rheumatoid arthritis, Behcet’s disease
Lymphoproliferative disorders Lymphoma, Paraproteinaemias

Infection Hepatitis C, HIV, Syphilis, Malaria

Drug associated penicillin, hydralazine, chlorpromazine
Miscellaneous Sickle cell disease, diabetes

Table 1.7: aPL associated disease states

It is unknown whether aPL are causative, coincident to, or a consequence of clinical
events (Triplett & Brandt, 1988; Triplett, 1993). However, animal studies have
suggested a causative role for thrombosis (Pierangeli et al, 1994) and fetal loss (Branch
& Scott, 1990). Clinical studies have also reported predictive associations between aPL
and clinical events (Hamsten et al, 1986; Ginsberg et al, 1992). Thrombosis, fetal loss
and thrombocytopenia are the major clinical feature associated with the aPS, yet other
features have been associated with the syndrome. Table 1.8 outlines the main clinical
associations of aPL. However, it should be remembered that the presence of aPL is not
always associated with clinical complications (Freyssinet & Cazenave, 1987; Creagh &
Greaves, 1991a) and large studies indicate a prevalence of 1-3% for aPL in normal

populations (Shi et al, 1990; Lockwood et al, 1989).
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Clinical Associations Example

Venous thrombosis DVT, Pulmonary embolism, renal / hepatic/ retinal,

Arterial thrombosis leg / axillary/ cerebral/ visceral/ retinal

Obstetric Complications Recurrent miscarriage, intrauterine death

Thrombocytopenia
Dermatological Livedo reticularis
Miscellaneous Migraine, transverse myelitis

Table 1.8: Clinical features of the anti phospholipid syndrome, where DVT = deep vein

thrombosis.

It has been suggested that a bleeding diathesis is not the result of aPL, as at sites of major
injury, platelet aggregates produce vast amounts of anionic phospholipid which
neutralises aPL antibodies. In the event of superficial vessel injury, which is sufficient to
initiate a thrombotic reaction, limited amounts of phospholipid are exposed and are
swamped by aPL antibodies, resulting in inadequate antithrombotic reactions (de Groot

et al, 1993).

1.4.8 Treatment of the antiphospholipid syndrome

1.4.8.1 Arterial and venous thrombosis

The treatment of acute thrombotic episodes is by thrombolytic therapy and / or
anticoagulation. Due to the recurrent nature of thrombosis in aPS, long term
antithrombotic therapy with or without antiplatelet drugs is prescribed. The treatment is
generally based on the nature of the presenting thrombotic event and in all cases the
avoidance of other risk factors such as smoking, oral contraceptives, etc are encouraged.
High-risk situations such as surgery or pregnancy are covered by subcutaneous heparin.
Long term oral anticoagulation is advocated, and a retrospective study has concluded that
intensive anticoagulation (International normalised ratio [INR]>3.0) was the most
effective therapeutic option (Khamashta et al, 1995), but this regime is controversial and

has to be balanced against the risk of serious bleeding events.
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1.4.8.2 Recurrent fetal loss

Anticoagulation with heparin and aspirin is the preferred treatment, although there have
been reports describing the successful use of cortiosteroids and intravenous gamma
globulin (Greaves & Preston, 1991). Current practice favours the use of aspirin, heparin,
or heparin and aspirin, with treatment starting after demonstration of a positive
pregnancy test or detection of a fetal heart. Two prospective studies (Kutteh & Ermel,
1996; Rai et al, 1997) have compared the efficacy of aspirin versus aspirin plus heparin
in this setting, and found the combination of aspirin plus heparin to be superior, with an
80% success rate. Low molecular weight heparin (LMWH) is being used increasingly in
pregnancy with effective results (Hunt ef al, 1997) and has the advantage of being
administered once daily. The use of warfarin during the first trimester is counter

indicated, as it is a teratogen, which crosses the placenta.

1.4.8.3 Thrombocytopenia

When thrombocytopenia is the only manifestation of aPS, then the degree of
thrombocytopenia and the risk of bleeding dictate the treatment. If the patient is at risk
of bleeding then corticosteroids, immunosuppressives, intravenous gamma globulin or
splenectomy are indicated. However, thrombocytopenia does not necessarily protect
against thrombosis. In cases with a history of thrombocytopenia accompanying
thrombosis, then oral anticoagulation is also indicated (Galli et al, 1996). Immune
thrombocytopenia (ITP) should be distinguished from aPL associated thrombocytopenia,

as the antibodies mediating ITP have a distinct antigen specificity.

1.4.9 The origin of Antiphospholipid antibodies

The identity of antigens to which aPL react remains uncertain. ,GPI has been proposed
as an immunogen. In 1992 it was observed that when normal mice were immunised
with a mixture of cardiolipin and 3,GPI that high titre aPL resulted, however cardiolipin
alone was not immunogenic (Rauch & Janoff, 1992).

Interestingly, a higher incidence of aPL have been detected in relatives and
spouses of SLE and PAPS patients. The affected relatives of SLE patients had other
immunological abnormalities and specific HLA antigens, thus implicating both genetic
and environmental factors (Mackie ef al, 1987, Matthey et al, 1989). However, the

antigen binding pattern and the heavy chain variable region (VH) DNA sequence of
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MoAb’s derived from patients with APS and normal controls, indicate that aPL comprise
a heterogeneous population. Antibodies derived from aPS or control patients did not
differ for antigen recognition or VH gene usage. Thus suggesting the necessity of
additional predisposing factors in the pathogenesis of aPS (Shan et al, 1998).

It is thought that some aPL occur as a result of tissue damage (Hamsten et al,
1986), as evidenced by the development of aPL after myocardial infarct or bypass
surgery and the presence of aPL in sickle patients. It has also been proposed that aPL
arise as part of the immune response to infection. The association between BFP-ST and
aCL in syphilis is likely to be due to cross-reactivity of aPL. However, the presence of
increased aPL in haemophiliacs with human immunodeficiency virus (HIV) (Cohen et al,
1989) suggests a response to viral infection. A role of apoptotic cell antigens as
immunogens for aPL has received increased attention in recent years (Levine & Koh,

1999).

1.4.10 Pathophysiology of antiphospholipid antibodies

Understanding the pathogenicity of aPL. has been improved dramatically by the
discovery that aPL are directed towards phospholipid binding proteins. Transient aPL
associated with infection are not pathogenic (Long ef al, 1991) and 3,GPI dependent aCL
and a-B,GPI assays can discriminate between infection associated aPL and autoimmune
type antibodies. Numerous reports suggest that aPL modulate phospholipids in pro- and
antithrombotic reactions, by a variety of mechanisms. The clinical manifestation of aPL
appears to be a ‘two hit’ phenomenon and in many cases the second hit has remained
illusive. However, in some women pregnancy creates an environment in which aPL
become physiologically disruptive and result in obstetric complications.

Until recently evidence for a pathogenic role of aPL was circumstantial or
indirect. Animal models have provided direct evidence of a pathogenic role for aPL in
fetal loss (Branch et al, 1990) and thrombosis (Pierangeli et al, 1994; Pierangeli et al,
1996).

Phospholipids are integral components of cell membranes such as endothelial
cells, which have a major role in the maintenance of haemostasis. It has been shown that
isolated aPL can bind to endothelial cells (Hasselaar et al, 1990; Cervera et al, 1991) in a
B,GPI dependent manner (Del Papa et al, 1998), causing increased endothelial cell

procoagulant activity (Oosting et al, 1992). It is now evident that a number of
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pathological pathways may be triggered. The implication of ‘cofactors’ in the binding of
aPL has resulted in the proposal of new pathogenic mechanisms for aPL. Indeed, some
of the implicated target antigens, such as prothrombin are proteins involved in
haemostasis. There is increasing evidence that the antigens for aPL are present in plasma
or on cells accessible to circulating antibodies. The patho-physiological outcome of aPL
is probably dependent on the phospholipid-cofactor combination to which it is directed,
and a number of different mechanisms have been suggested, some of which are described

below.

1.4.10.1 Inhibition of prostacyclin synthesis.

Prostacyclin is a potent physiological inhibitor of platelet aggregation. It is produced by
the action of cyclo-oxygenase on arachidonic acid released from the cell membrane
phospholipid by the action of phospholipase A,. The inhibition of prostacyclin
production is a possible mechanism for recurrent thrombotic events. In 1981 Carreras
demonstrated that the IgG fraction from a LA patient inhibited prostacyclin synthesis in
endothelial cells of rat aorta or human myometrium (Carreras & Vermylen, 1982). This
was the first report, which implicated an aPL mediated cellular effect.

More recently it has been suggested that the aPL are directed towards the
phospholipid-phospholipase-A, complex (Vermylen & Arnout, 1992), as purified IgG
from patients with LA activity and aCL have been shown to inhibit both prostacyclin
release and phospholipase A, activity (Schorer et al, 1992). In the same study the
purified IgG also inhibited endothelial cell synthesis of platelet activating factor (PAF),
another phospholipase A, dependent product. It has also been suggested that inhibition
of prostacyclin is by an anti-endothelial cell antibody (Lindsey et al, 1994). Such
antibodies have been demonstrated in patients with a variety of autoimmune diseases
including patients with aPL (Hashemi et al, 1987); (Creagh & Greaves, 1991a), and may
be a marker for thrombosis (McCrae, 1996). Inhibition of prostacyclin synthesis is not a
feature of all aPL;(Hasselaar et al, 1988), reported heterogeneity in the inhibition of
prostacyclin and thromboxane A, by the serum of LA positive patients.

Interference of LA at the platelet-endothelial cell level may have relevance for
thrombosis. Increased platelet derived thromboxane metabolites have been reported in
LA patients with evidence of platelet activation (Lellouche ef al, 1991). Interestingly,

aspirin treatment reduced the excretion of these metabolites.
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Anti-thrombomodulin antibodies have been detected in sera of patients with aPL.
These anti-thrombomodulin antibodies inhibit thrombomodulin activation of protein C in
the presence of soluble thrombomodulin, but are ineffective with the membrane bound
thrombomodulin (Oosting et al, 1993). It has been suggested that if thrombomodulin is a
cofactor for antiphospholipid reaction that steric hindrance may explain the membrane
bound response (de Groot ef al, 1993). Protein S has also been implicated as a target
antigen for aPL and an acquired deficiency is frequently observed in aPS patients (de
Groot et al, 1993). In a recent study employing a monoclonal aCL, binding of the
antibody to protein S occurred in the presence of B,GPI and inhibited the downregulation

of binding between protein S and C4b binding protein (Atsumi et al, 1997).

1.4.10.3 Tissue factor synthesis.

Tissue factor (TF) causes the physiological induction of coagulation in vivo. It is a
protein readily identified in cells surrounding blood vessels, organ capsules, cells of
epithelial surfaces and is present in particularly high levels in brain and placental tissues.
TF expression in cells within the vasculature occurs in the subendothelium, however
endothelial cells can be induced to express TF in response to interleukin-1(IL-1) and
tumour necrosis factor alpha (TNFa). Monocytes can be stimulated to synthesise and
express TF in response to cytokines, growth factors, lipopolysaccharides, antigen-
antibody complexes, anaphylotoxin and platelet activation. Monocyte TF expression
may be directly involved in the pathogenesis of thrombotic complications in patients
with aPS (Cuadrado et al, 1997).

In Tannenbaum et al 1986 showed that sera from patients with LA activity
induced TF expression in endothelial cells (Tannenbaum et al, 1986). This finding was
confirmed by Branch et a/ (Branch & Rodgers, 1993). Further studies in this area have
identified the synergistic affect between TNF and aPL IgG's in inducing TF expression
on the luminal surface of endothelial cells (Oosting et al, 1992). The development of
thrombosis may be related the induction and regulation of TF in aPS patients. Tissue
factor pathway inhibitor (TFPI) is a major inhibitor of TF/ FVIIa activation of FXa
(Bowie, 1992). TFPI is found in the lipoprotein fraction of plasma and is produced by
endothelial cells and platelets activated by thrombin. Antibodies to B,GPI have been
reported to reduce the inhibitory activity of TFPI on FX activation (Salemink et al, 1998)
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and antibodies to TFPI have been implicated (personal communication Bevers et al

1998).

1.4.10.4 Other endothelial cell functions possibly effected by aPL antibodies

In recent years the interaction between aPL and the endothelium has been intensely
researched. Heparan sulphate is associated with the surface of the endothelium, where it
interacts with ATIII. IgG fractions from aPL patients have been shown to interfere with
ATIII activity (Shibata et al, 1994). Indeed, heparan sulphate has been reported to
facilitate the binding of B,GPI to endothelial cells (Meroni et al, 1998).

The presence of anti-endothelial cells antibodies (AECA), in patients with aPS
has been known for many years (Walker et al, 1988), and are now considered to coexist
with aPL (McCrae et al, 1991; Matsuda et al, 1997b). Immunoblotting experiments have
demonstrated multiple endothelial antigens recognised by antibodies from aPS patients
(Hill et al, 1995a), although phenotypic variation due to the origin of endothelial cells
has been reported (Hill et al, 1998). AECA have been implicated in the generation of
endothelial cell procoagulant activity (Hasselaar et al, 1989b; Oosting et al, 1992).
Increased plasma vWF has been detected in aPS patients (Mackworth-Young et al,
1995), but a relationship between increased vWF and thrombosis in aPS has not been
made.

aPL binding to endothelial cells via B,GPI has been reported to induce the
expression of adhesion molecules (Simantov et al, 1995), and the release of cytokines
(Del Papa et al, 1997), which may disrupt normal cell function. Indeed, recent in vivo
experiments, in a mouse model have demonstrated increased numbers of WBC adhering
to the endothelium, and enhanced thrombus formation in the presence of AECA
(Pierangeli et al, 1999).

Fibrinolysis plays a major role in the maintenance of haemostasis. Both tPA and
uPA are produced by endothelial cells as is plasminogen activator inhibitor (PAI-1).
PAI-1 is also synthesised in megakaryocytes and liver. Despite the frequently proposed
possible role of impaired fibrinolysis in the pathophysiology of the aPS, there is little
evidence to substantiate such a mechanism. Increased levels of PAI-1 have been
reported in SLE and other autoimmune conditions, but were not associated with aPL
(Keeling et al, 1991; Jurado ef al, 1992). Defective fibrinolysis has also been described

in women with recurrent spontaneous abortion (Doig ef al, 1994; Gris et al, 1997), which
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is not related to aPL status (Patrassi et al, 1994). However, a recent report describing an
association between elevated Lp(a) and reduced fibrinolytic activity in patients with aP§S,
suggest that Lp(a) has a negative effect on fibrinolysis which, may contribute to a

thrombotic tendency (Atsumi et al, 1998).

1.4.10.5 Antiphospholipid antibodies and platelets

The frequent finding of thrombocytopenia in patients with aPL has led to the
investigation of any interactions between aPL and platelets. It has been suggested that
the binding of aPL results in activation, aggregation and/ or destruction of platelets (Lin
& Wang, 1992). LA may act by stimulating platelet receptors, which trigger activation
of platelet internal cell messengers and results in platelet activation. Platelet aggregation
is known to initiate arterial thrombosis; this is thought to be a role in the pathogenesis of
LA. The phospholipid of platelet membranes like other plasma membranes is
asymmetrical, with anionic phospholipids in the inner leaflet. aPL antibodies react with
these negatively charged phospholipids. In 1988 it was reported that aCL could bind
platelet membranes in vitro, if at first, they had been disrupted (Khamashta et al, 1988).
After activation there is a strong expression of anionic phospholipids on the external
leaflet.

The involvement of platelets in the pathogenesis of aPL has been related to
increased thromboxane A, (TXA,) production from exogenous arachidonic acid. TXA, is
a potent inducer of platelet aggregation and vasoconstriction. It is a natural antidote for
endothelial PGI,. There appears to be an imbalance in the production of TXA, and PGI,
in patients with LA (de Groot et al, 1993) which does not correlate with thrombosis. As
with the production of PGI, in endothelial cells, interference of aPL in the regulation of

phospholipases in platelets may be pathogenic.

1.5 Antiphospholipid antibodies and Pregnancy

1.5.1 Pregnancy loss

Successful pregnancy involves a multitude of dramatic and subtle changes to maternal
physiology, many of which are poorly understood. In an attempt to decipher the causes
of pregnancy loss one must consider that the mechanisms may be multifactorial. The
balance of the immune system and its cytokines, shifts to allow the growth and

development of the genetically distinct fetus, while maintaining maternal immunity.
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Autoimmunity in pregnancy is poorly understood, but has been implicated in a small but
significant proportion of recurrent pregnancy losses.

10-15% of recognised human pregnancies and 30-60% of unsuspected
pregnancies (miscarried in the first month of pregnancy) are aborted (Johnson &
Ramsden, 1988). Of pregnancy losses between the fifth and 14"™ weeks post
menstruation; 30% have no embryo, 25% are morphologically abnormal and a further
40% have chromosomal abnormalities (Branch, 1994). In cases of recurrent miscarriage
30% are aembryonic and 65% are morphologically or chromosomally abnormal (Branch,
1994). A high proportion (30%) of miscarriages between 14 to 24 weeks gestation are
chromosomally abnormal, most of which are also morphologically abnormal (Warburton,
1987). In morphologically and chromosomally normal miscarriages, hormonal disorders,
uterine malformations, infection, immune factors and aPL are implicated in the

pathology.

1.5.2 aPL and pregnancy loss

An association between aPL and pregnancy loss has been recognised for more than 20
years (Nilsson et al, 1975a; Firkin et al, 1980; Lubbe e al, 1984). As for thrombosis, the
clinical association was first noted in SLE. In 1988 the estimated incidence of
spontaneous abortion as between 11-46% in SLE pregnancies (Taylor, 1988). Fetal loss
associated with the primary antiphospholipid syndrome is more common and may be the
only clinical presentation of the syndrome (Barbui et al, 1988);(Birdsall & Pattison,
1993). The prevalence of aPL antibodies in a normal pregnant population has been
estimated as between 0.2%-2.2% by Lockwood (Lockwood et al, 1989, Pattison et al,
1993). Investigation of aCL and LA status has become standard practice in the care of
recurrent miscarriage patients. Despite the strong association of a-B,GPI with
thrombosis, the prevalence and significance of these antibodies in a normal pregnant
population is unknown.

Fetal loss or miscarriage is the most extreme obstetric complications associated
with aPL. It has become evident that a spectrum of clinical obstetric presentations exists
which are associated with aPL; Infertility, pre-eclampsia, intrauterine growth restriction,
miscarriage and intrauterine fetal death (Branch ef al, 1989) (Pattison et al, 1993; Aoki
et al, 1995).
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Repeated positivity for aPL is more strongly associated with fetal loss than is
transient positivity (Feinstein, 1992). High titre aCL IgG but not IgM were shown to be
associated with miscarriage (Pattison ef al, 1993). [,GPI dependent IgG to cardiolipin
and LA are the best immunological predictors of fetal loss, but prior fetal loss is an even
more powerful predictor than aPL (Ramsey-Goldman et al, 1993).

However, it is possible that miscarriage may occur in aPS patients as a result of
other underlying pathologies, and it is therefore important that the products of conception

are analysed, so that genetic anomalies are ruled out.

1.5.3 Evidence of aPL related placental pathology

Friedman and Rutherford in 1956 noted an abortion rate of 15.8% in SLE patients
compared with the national average of 7.9% and prematurity was increased likewise.
These results were confirmed by Maud et al in 1963 (Maud et al, 1963). A thrombotic
mechanism has been suggested to explain the pathophysiology of aPL associated
pregnancy loss based on histology reports of placental infarction. Carreras proposed that
placental infarction observed in cases with recurrent abortion in associated with aPL,
may result from the interaction of aPL with the endothelial cells of placental vessels
(Carreras et al, 1981).

The first histological report came from Abramowsky et al in 1980 (Abramowsky
et al, 1980); ten placentas from patients with SLE and one with discoid lupus
erythematosus were studied. Examination revealed evidence of decidual vascular lesions
of a necrotizing or inflammatory nature in five placentas. Gross examination in two
placentas showed extensive infarcts, others revealed areas of discoloration. Microscopic
examination of placentas from recurrent miscarriage patients, displayed necrotic fibrinoid
lesions similar to those detected in eclampsia, diabetes, and maternal hypertension. The
primary placental pathology of fetal loss in SLE was one of decidual vasculopathy
(Taylor, 1988; Bulmer, 1988). The characteristic features of placentas from aPS
pregnancies have recently described, to include inflammation and vascular occlusion
(Salafia & Cowchock, 1998).

In 1990 Branch et al provided direct evidence of a pathogenic role for aPL in
fetal loss (Branch et al, 1990). They demonstrated that the injection of the IgG fraction
from women with aPL resulted in fetal death in pregnant mice. Histological examination

of uteroplacental interface showed decidual necrosis (Branch et al, 1990). In the
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placentas of SLE patients an absence of arterial physiological changes normally observed
during pregnancy was reported (Labarrere et al, 1986).

Despite histological and animal evidence of aPL mediated obstetric
complications, little is known of the pathogenic concatenation of events which occur in
the placenta. aPL have been eluted from placental of aPS (Katano et al, 1995), which
suggests that the antigen to which these antibodies are directed is present on placental
tissue of aPS patients. It is likely that many of the pathological mechanisms proposed for

aPL mediated thrombosis are relevant for placental pathology.

1.5.4 Antibodies to annexin V

In the placenta, trophoblast cells are in direct contact with circulating blood and must
therefore provide a non-thrombogenic surface if blood fluidity is to be maintained. Little
is known about the anticoagulant mechanisms of trophoblasts, but a thrombotic placental
pathology has been implicated in aPL associated fetal loss.

A protein with potent anticoagulant properties has been isolated from the placenta
and is called placental anticoagulant protein or annexin V (AV). It is a member of the
lipocortin family. AV can inhibit the intrinsic and extrinsic pathways of coagulation.
AV has been identified by SDS-PAGE to exist in both a monomeric and dimeric form,
whose molecular weights are 35kD and 69kD respectively. AV binds anionic
phospholipid with a high affinity in the presence of CaCl, (Funakoshi ef al, 1987). The
interaction of AV with phospholipids may prolong coagulation reactions by competing
for anionic phospholipids. It is possible that other placental anticoagulant proteins may
exist and their interactions with aPL should be investigated. There have been reports of
antibodies to AV in a small number of SLE patients (Matsuda et al, 1994b) and patients
with fetal loss (Matsuda et al, 1994a). AV has been reported to be reduced in the
placental tissue of aPS patients (Rand et al, 1994b).

1.6 Placenta General

The human placenta is unique morphologically and immunologically and for this reason
a good animal model does not exist. It is an extra embryonic organ, which lies in
intimate contact with maternal tissue and is critical for the maintenance of pregnancy

from implantation to delivery. The human placenta is discoid, villous and hemichorial in
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function occur, then fetal damage, intrauterine demise or pregnancy loss can occur.

In cases of poor pregnancy outcome, microscopic examination of the placenta often
reveals the pathological mechanism responsible for the fetal complication presented. The
major pathologic processes observed in the placenta which can adversely affect
pregnancy outcome include intrauterine bacterial infections, decreased blood flow to the
placenta from the mother, placental thrombosis and immunologic attack of the placenta
by the mother's immune system. Both chronic and acute decreases in blood flow to the

placenta can cause severe fetal damage and even death.

1.6.1 Placental morphology

At term the placenta is a localised disc shaped thickening of the membranous sac, having
a diameter of 15-20cm, is 2.5-3.0cm thick and weighs 400-450g (excluding membranes).
At the placental site the membranes are divided into two distinct sheets, the chorionic
plate and the basal plate separated by the intervillous space, which is perfused with
maternal blood. The tree like structure or cotyledon, project from the chorionic plate into
the intervilous space. A number of villi (anchoring villi) are attached to the

endometerium at the basal plate (Figure 1.10).
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The chorion has two layers: an outer syncytium and the inner cytotrophoblast or
Langhans cells. Cytotrophoblast cells have distinct intracellular membranes, a
homogenous cytoplasm and large nuclei. These cytotrophoblasts differentiate giving rise
to syncytiotrophoblast, which lack intracellular membranes and have clumped nuclei.
During early pregnancy the chorionic villi are penetrated by mesoderm, within which
smooth muscle cells, fetal blood vessels, blood cells and Hofbauer cells are formed.
Hofbauer cells are macrophages particularly adapted for protein ingestion and
pinocytosis. The blood vessels of terminal villi are of capillary size, but their calibre
increases as they progress to the chorionic plate and the umbilical cord. The terminal
villi are the areas of metabolic exchange between mother and fetus. The surface area for
interaction is maximised by the development of microvilli on the apical surface of the
syncytiotrophoblast. At term the mesoderm in the villi is minimal and the villi are

crowded with dilated capillaries adjacent to the trophoblast surface.

1.6.3 Placental function

The placenta protects the fetus from immune attack by the mother, removes waste
products from the fetus, induces maternal physiological changes which increase the
blood supply to the placenta, and near the time of delivery, produces hormones which
mature fetal organs in preparation for birth and unassisted life. Placental trophoblasts,
which are of fetal origin, manage to evade or modulate the maternal immune system and
prevent the rejection of the genetically disparate fetus.

Placental hormones are critical for maintaining pregnancy and adapting the
maternal physiology so that the fetus is supplied with the necessary nutrients and oxygen.
The placenta enables the transfer of protective IgG to fetus by binding placental Fc
receptors. Fc receptors are a heterogeneous group of integral membrane glycoproteins,
with specific localisation patterns and are specific for different subclasses of
immunoglobulin. Fc receptors have many functions: endocytosis, triggering the release
cytotoxic and inflammatory mediators, regulation of B-cell development and transcytosis

of Ig.

1.6.4 Trophoblasts
The trophoblast is the predominant cell type of the placenta, which is derived from the

outer layer of the blastocyst and mediate implantation and placentation (Kliman &
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trophoblast plugs are dislodged and maternal blood flows along uterine spiral arteries,

entering the intervillous space (Hustin, 1992).

1.6.5 Physiological changes to the uterine arteries

The uterine arteries have branches which extend into the myometrium and which, when
adjacent to the uterus, subdivide extensively forming a dense vascular mesh encircling
the uterus. Smaller branches of arteries, the radial arteries emanate from this network.
These arteries become the endometrial spiral arteries on passing the myometrial-
endometrial junction (Ramsey & Donner, 1980).

The conversion of uterine arteries to the utero-placental arteries has been termed
'physiological changes'. In normal pregnancy EVT’s infiltrate the decidua and spiral
arteries. EVT’s destroy the musculoelastic tissue in the media of the uterine spiral
arteries as they migrate along the spiral arteries towards their origin in the inner
myometrium. By 10-12 weeks gestation EVT’s have infiltrated to the decidua-
myometrial junction, reaching the myometrial segments and radial arteries by early in the
second trimester. This invasion is necessary for the destruction of the musculoelastic
tissue in the media of the uterine spiral arteries, which results in vasodilatation,
converting the spiral arteries into distended, low-resistance uteroplacental arteries (see
Figure 1.13). This physiological process is hampered in pregnancies complicated by pre-
eclampsia (PE), where trophoblast invasion into myometrium is not observed (Robertson
et al, 1976). The association of pre-eclampsia and aPL suggest that disruption of
“normal” physiological changes to the uterine arteries may be a feature of aPL mediated

obstetric complications. Pre-clinical reduction of utero-placental blood flow has been

identified in PE (Gant et al, 1976).
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used to monitor LA positive women during pregnancy (Bower et al, 1993). Similarity,
unexplained elevated maternal serum alpha fetoprotein (AFP) and beta human chorionic
gonadotrophin (BhCG) have been identified as perclinical markers of underlying
placental insufficiency and have been associated with PET and IUGR (Jauniaux et al,

1996).

67



1.7 Aims of this thesis

The heterogeneity of the aPS is well recognised and the clinical presentation of patients
cannot be predicted by LA or aCL results. The primary emphasis of this thesis was to
investigate the relationship between aPL and obstetric complications. Antibodies to
B,GPI had been associated with a history of thrombosis and I aimed to assess this
association with respect to miscarriage. A role for other phospholipid binding proteins,
such as prothrombin and annexin V had been implicated. I therefore aimed to establish
IgG and IgM assays for the detection of these sub-categories of aPL and to correlate the
aPL profile with clinical presentation. My hypothesis was that different antibody profiles
may be associated with specific clinical presentations.

aPL have been detected in apparently normal, healthy individuals, but the
prevalence of a-f,GPI in normal pregnancy had not been established. The treatment of
aPS patients with heparin and aspirin has resulted in a dramatic improvement in
pregnancy outcome and it is important to identify patients at risk. However, heparin
prophylaxis during pregnancy is associated with a small but noteworthy risk of
osteoporotic vertebral collapse and should be avoided if not indicated. Recent advances
in the preclinical diagnosis of obstetric complications may identify patients who would
benefit from anticoagulant treatment. I aimed to assess both the prevalence of a-f3,GPI
(IgG and IgM), anti-prothrombin [aPT] (IgG and IgM) and anti annexin V (anti-AV), and
to assess the presence of these antibodies with maternal and fetal well being, and
preclinical markers of placental dysfunction.

I considered that indicators of placental dysfunction may identify a high risk
population of pregnant women with underlying aPL. and whom may benefit from aspirin
and or aspirin and heparin treatment. To test this hypothesis I aimed to assess the
prevalence of aPL in a population pregnant women with abnormal uterine artery Doppler
and in a further population with elevated unexplained maternal serum biochemical
markers (AFP and hCQG).

For aPL to have a direct effect on placental function I hypothesised that the
antigen to which these antibodies are directed must be present in the vicinity of the
placenta. I aimed to assess the binding of aPL to normal placental tissue. Miscarriage in
aPS occurs in all three trimesters and I hypothesised that relevant proteins should
therefore be present from the first trimester. I aimed to assess the placental expression of

B,GPI and AV throughout normal gestation and in aPS pregnancies.
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A thrombotic pathology has been proposed for the placental pathology observed
in aPS pregnancies. I aimed to assess markers of coagulation activation and thrombin
generation in both pregnant and non pregnant aPS patients and to compare these with

normal pregnant and non pregnant cohort.
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Methods

Suppliers: A list of companies supplying reagents, equipment and consumables is given

in appendix 1

2.1 Ethical Approval

Ethical Committee approval was obtained for the collection and investigation of patient

samples.

2.2 Collection and Separation of Blood Samples

2.2.1 Blood Collection

All blood collection tubes were Vacutainer® tubes from Becton Dickinson Ltd. Blood
was collected into plain glass tubes (serum samples); dipotassium ethylenediamine tetra-
acetic acid (EDTA) [1.0 mg/ml final concentration in blood] or a 0.106 M tri-sodium
citrate (one part anticoagulant to nine parts blood). Blood samples were obtained from
the ante-cubital fossa with minimal stasis, using a 21-guage needle and plastic disposable
syringe. Serum and plasma were separated within 2 hours of collection, unless otherwise

stated.

2.2.2 Serum Separation

Non-anticoagulated blood was allowed to clot for 30 minutes at 37°C, centrifuged at
2000g for 10 minutes at ambient temperature and transferred to a plastic tube using a
pasteur pipette, where it was mixed by inversion and aliquoted into polypropylene tubes.

Samples were stored at -70°C until required.

2.2.3 Platelet Poor Plasma (PPP)
Anticoagulated blood samples were centrifuged at 2000g for 15 minutes at room

temperature. The top 2/3 of plasma was removed with a plastic pasture pipette,
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transferred to a polypropylene tube and centrifuged for a further 15 minutes. Again the
top 2/3 was removed, mixed and aliquoted into polypropylene tubes before being stored

at -70°C until required.

2.3 Coagulation Assays

All coagulation assays described in this section were performed on the Sysmex CA-6000
(Sysmex UK) coagulometer unless otherwise stated. Citrated PPP were used for all
coagulation assays performed. Reference ranges for all parameters were established

using at least 30 healthy, non pregnant normal subjects.

2.3.1 Prothrombin Time (PT):

The PT was performed using Innovin (Dade-Bering Diagnostics Ltd), a recombinant
human thromboplastin containing calcium chloride. The normal range for the assay is 10
to 12.5 seconds. Calibrating the thromboplastin against an international reference
preparation had previously derived the ISI (International Sensitivity Index). The
International Normalised Ratio (INR) was calculated by the coagulometer using the

formula;

INR = (Test PT result/ Control PT result)™s".

2.3.2 Thrombin Time (TT):
The thrombin time was performed using Thromboclotin (Dade-Bering Diagnostics Ltd),

and the normal range for the coagulometer is control + two seconds.

2.3.3 Activated Partial Thromboplastin Time (APTT):

The APTT was performed using Pathromtin SL (Dade-Bering Diagnostics Ltd),
formulated from silicon dioxide particles and vegetable phospholipids. The normal
range for the coagulometer is 22 to 36 seconds. Prolonged APTT’s were repeated at a

50:50 mixture of test and control plasma.

2.3.4 Clauss Fibrinogen
A Clauss fibrinogen assay was performed using Dade Thrombin and Immuno Reference

plasma. Various dilutions of standard plasma and a dilution of test plasma are clotted
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with an excess of thrombin. The fibrinogen level and the clotting time are linear over a

large range of concentrations. The normal range is 1.5 to 4.5 g/l.

2.3.5 Dilute Russell’s Viper Venom Time (DRVVT)

Principle: Russell’s viper venom (RVV) contains a number of enzymes one of which
activates factor X. In the presence of phospholipid, factor V and calcium ions the Xa
cleaves prothrombin and results in fibrin clot formation. If the phospholipid is suitably
diluted, a lupus anticoagulant inhibits this reaction and produces a prolonged clotting
time. The phospholipid suspension can be replaced by a preparation of freeze-thawed
normal platelets in a correction procedure, which confers the specificity of the test, as
this reagent by passes the lupus anticoagulant effect. In the presence of factor deficiency
or specific coagulation factor inhibitors there is no correction of the clotting time with

the washed platelet reagent.

Reagents: Kit from Unicorn Diagnostic Ltd., containing RVV, phospholipid, platelet

neutralizing reagent, and normal control plasma.

Automated method: A DRVVT method was established on the CA6000 which was in
accordance with the recommendations of the Lupus Anticoagulant Working party for
The British Society for Haematology. An in-house control (a well characterized lupus
anticoagulant positive plasma) and a control supplied by the manufacturers were tested

on each occasion to ensure the reliability of the test.

Calculation of Results: The clotting time of test plasma using DRVV and dilute
phospholipid is reported as a ratio to that with pooled normal plasma and if prolonged
(>1.1) it is suggestive of a LA. The presence of a LA was confirmed by a >10%
correction or correction to within the normal range of the ratio when using platelet

neutralizing reagent.

2.3.6 Factor VIla Assay using soluble tissue factor
Principle: Modification of the method of Morrisey ef al, 1993 using a mutant
recombinant form of human tissue factor (TF-219) which was not capable of promoting

FVII activation but functioned as a cofactor for the FVIIa catalysed activation of FX
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(Morrissey et al, 1993). TF-219 was mixed with phospholipid and the test sample was
added. Recalcification initiated the coagulation reaction. Dilution of test plasma (1/10) in
VII deficient plasma ameliorated the variable contribution of other haemostatic factors
on the clotting time. The assay was standardised using human recombinant FVIIa.
Assays were performed on the ACL-300° analyser (Instrumention Laboratory Ltd.).
Performed according to the method optimized by Dr R Cardigan (Haemostasis Research
Unit, Dept. of Haematology, UCL). Heparin neutralization was not required in samples

from patients receiving LMWH.

Reagents/ Equipment: All Reagents were from Merck Ltd. unless otherwise stated.

e Tissue factor mutant-219 (TF-219) stock solution at 47 pg/ml stored at -70°C (a gift
from Prof. EDG Tuddenham, RPMS Hammersmith).

e Phospholipid reagent (‘Bell and Alton’ Platelet Substitute, Diagnostic Reagents Ltd.)
reconstituted according to manufacturer’s instructions.

e TBSA,; tris buffered saline, pH 7.4 containing 1% bovine serum albumin (fraction V;
A-7030 Sigma-Aldrich Chemical Co.).

e Human recombinant FVIIa (Novo Nordisk Ltd.) stock solution at 6 pg/ml in TSBA
stored at -70°C.

e FVII deficient plasma (Diagnostic Reagents Ltd.).

e In house QC plasma prepared by cold activating citrated normal plasma for 18 hours
at 4°C.

e 0.025 M calcium chloride.

e ACL-300° analyser (Instrumentation Laboratory Ltd)

Method: Citrated samples were thawed and stored at room temperature until assayed. A
tissue factor working solution was prepared by adding 500ul phospholipid to 900pul
TBSA and 100pl of TF-219. A working solution of FVIIa standard (10ng/ml) was
prepared by diluting the stock solution TBSA. This working solution was serially
diluted to prepare a range of standards (6.02, 3.63, 2.18, and 1.32 ng/ml FVIIa). 10ul
plasma and rFVIla standards were diluted with 90ul FVII deficient plasma in
microvolume analyser sample cups. TF-219 and calcium chloride working solutions
were located in reagent reservoirs 2 and 3 respectively. Analysis was performed using

the instrument research mode, using the following settings: sample volume 50ul, reagent
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volume 75pul from position 2 (TF-219), reagent volume 50pul from position 3 (calcium
chloride), activation time of 64 seconds, inter ramp interval of 1 second, delay time 0
seconds, acquisition time of 250 seconds and a rotor speed of 1200rpm. Data analysis
was carried out on windows software provided by the manufacturer. A standard curve
was prepared by plotting the log FVIla against the clotting time obtained and test/control

FVIIa concentrations were read from the standard curve.

2.4 Collection and Preparation of Placental Tissue

2.4.1 Collection, processing and storage

Materials:

e Freshly delivered placental tissue.

e Liquid nitrogen and container.

e Cutting equipment; scalpel, forceps and cutting block.
e Aluminum foil.

e 4% Formal saline.

Time of Tissue Collection: Placentae were obtained immediately after elective
termination, vaginal delivery or caesarian section, from pregnancies at different

gestations; seven to 16+ weeks, preterm and term.

Tissue Collection: Tissue blocks were snap frozen or fixed in 4% formal saline. If a
sufficient volume of tissue was available multiple adjacent tissue blocks (1 cm x 1 ¢cm)
were collected (preterm and term placentas) from various placental locations; adjacent to
the point of cord insertion, midway between cord and edge, from the periphery, basal
plate and cord. One of each pair of tissue blocks were fixed in 4% neutral buffered

formaldehyde solution for paraffin embedding, the other block of a pair was snap frozen.

Tissue processing: Tissue processing was performed by the Histology Department using

an automated system.

2.4.2 Slide treatment

The coating of microscope slides with adhesive substances reduces the tendency for
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tissue sections to float off the slide, during staining procedures.

Reagents: All Reagents were from Merck Ltd. unless otherwise stated.

e High quality acid washed glass slides.

e Vectabond reagent ; diluted according to manufactures instructions (Vector
Laboratories).

e Metal slide racks.

e Glass staining dishes.

e Acetone.

e Deionized H,O.

Method: Pre-washed slides were immersed in acetone for 5 minutes, drained and placed
in the vectabond solution for 5 minutes. The slides were again drained and excess reagent
removed by dipping several times over 30 seconds in deionized water (avoiding
bubbles). Slides were then gently agitated to detach droplets and left to dry at 37°C.

Dried slides were stored in a box at room temperature before use.

2.4.3 Section Preparation and Storage

2.4.3.1 Frozen sections

Reagents/ Equipment

e Frozen tissue

o Cryostat (Bright Instrumentation Co. Ltd).

e OCT

e Vectabond coated microscope slides (section 2.4.2).
e Acetone.

e Cryospray (Bright Instrumentation Co. Ltd).

¢  Aluminum foil.

Method: Frozen tissue blocks to be sectioned were attached to a chuck using OCT
without-delay; if indicated rapid freeze spray was used. ~Sections wefe cut at a“sefting'of ™ ~ ~
7 um and placed directly onto a vectabond coated slide. Sections were then allowed to
air dry at room temperature for 1 hour, foil wrapped and stored at -70°C until required.
On the day of staining sections were allowed to come to room, before being unwrapped.

After fixing for 10 minutes in acetone sections were allowed to dry before being stained.
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2.4.3.2 Paraffin Sections

Reagents/ Equipment

e Processed and paraffin embedded tissue in plastic cassettes.

e Vectabond coated microscope slides (section 2.4.2).

e Microtome (Bright Instrumentation).

e Water bath.

Method: Tissue blocks were placed on ice for 5 minutes to improve cutting. Serial
sections were cut a 3um from all paraffin blocks, floated onto vectabond coated slides in
a 45°C water bath. Sections were air dried and heated at 56°C for 2 hours. Dried sections

were stored at room temperature until required.

2.5 Placental Immunohistochemistry

Immunohistochemistry is a technique for the identification of cellular and tissue
constituents (antigens) by means of antigen-antibody interactions. The site of antibody
binding is identified directly of an antibody, or indirectly by the use of a secondary
labelling method. In this study, an avidin-biotin method was chosen for it’s high
sensitivity and reduced cross reactivity. Avidin-biotin methods rely on the high affinity
of the glycoprotein avidin for biotin.

Enzymes, which when incubated with a chromogen, result in colour formation are
used as labels or conjugates in immunocytochemistry. Two such enzymes are alkaline
phosphatase and horseradish peroxidase. = Endogenous alkaline phosphatase or
peroxidase must be eliminated prior to staining, to prevent false positive staining.
Horseradish peroxidase is frequently used with the substrate 3,3’-diaminobenzidene
tetrahydrochloride (DAB) as it forms an insoluble, stable, dark brown coloured
chromagen (see Figure 2.1). Peroxidase became the conjugate of choice in this study

(see chapter eight).
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¢ Biotinlyated swine anti-rabbit (Dako).

e Peroxidase streptavidin-biotin complex (Dako).

e Substrate solution; 1mg/ml diaminobenzidine-tetrahydrochloride containing 0.001%
hydrogen peroxide (Kem En Tec).

e Meyer’s Haematoxylin .

e 1% acid alcohol.

e Mounting media (Vector Laboratories).

Method: Paraffin sections were taken to absolute alcohol and endogenous peroxidase
blocked by incubation with 0.3% (w/v) hydrogen peroxide for 10 minutes. After washing
in tap water sections were blocked with 10% normal swine serum for 10 minutes.
Sections were then incubated with polyclonal rabbit anti-human 3,GPI (DAKO) diluted
1/100 and 1/200 in TBS (pH 7.6) at room temperature for 40 minutes. After washing in
TBS sections were incubated with a biotinlyated swine anti-rabbit antibody diluted
(DAKO E0353) in TBS for 35 min. Sections rinsed in TBS were then incubated with
hydrogen peroxidase streptavidin-biotin complex in TBS for 30 minutes. After rinsing
the peroxidase activity was visualized by development in the substrate solution for 10
minutes. Sections were washed in tap water and counter-stained in with Mayer’s
haematoxylin for 4 minutes, ‘blued’, differentiated in 1% acid alcohol,” blued’ again,
dehydrated, cleared and mounted. A negative control was included for each staining
procedure, which consisted of a section treated as above but omitting the primary

antibody.

2.5.2 Annexin V immunochemistry

This method was established on formalin fixed paraffin sections after investigation of
processing and staining conditions (see chapter 8.2.2).

Principle: Placental annexin V antigens bind polyclonal rabbit anti-human annexin V
antibodies, which are subsequently tagged by a biotinlyated swine anti-rabbit antibody.
streptavidin-biotin complex is exposed to a substrate, which forms an insoluble pigment
in the presence of peroxidase.

Reagents: All Reagents were from Merck Ltd. unless otherwise stated.

e Xylene
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¢ Methanol (absolute, 70 %).

e Hydrogen peroxide.

e Rabbit anti-Annexin V (Serbio).

¢ Normal swine serum (Dako)

e Dbiotinlyated swine anti-rabbit (Dako).

e Peroxidase streptavidin-biotin complex (Dako).

e Substrate solution; 1mg/ml diaminobenzidine-tetrahydrochloride containing 0.001%
hydrogen peroxide (Kem En Tec).

e Meyer’s Haematoxylin.

e 1% acid alcohol.

e Mounting media (Vector Laboratories).

Method: Paraffin sections were taken to absolute alcohol and endogenous peroxidase
blocked by incubation with 0.3% (w/v) hydrogen peroxide for 10 minutes. After
washing in TBS sections were incubated with a biotinlyated swine anti-rabbit antibody
diluted (DAKO) in TBS for 35 min. Sections rinsed in TBS were then incubated with
hydrogen peroxidase streptavidin-biotin complex in TBS for 30 minutes. After rinsing
the peroxidase activity was visualized by development in the substrate solution for 10
minutes. Sections were washed in tap water and counter-stained in with Mayer’s
haematoxylin for 4 minutes, ‘blued’, differentiated in 1% acid alcohol, ‘blued’ again,
dehydrated, cleared and mounted. A negative control was included for each staining
procedure, which consisted of a section treated as above but omitting the primary

antibody. Annexin V localization was then examined microscopically.

2.6 Thrombin Generation Assays

2.6.1 Thrombin -Antithrombin (TAT) complexes

Principle: Thrombin generated within the coagulation cascade is inhibited by
sandwich microtitre ELISA using a rabbit anti-human thrombin antibody as the capture
antibody binds TAT complexes present in samples. Bound TAT complexes are then
detected using a polyclonal peroxidase conjugated secondary antibody to human ATIII.

The assay is standardized using diluted plasma containing a range of TAT (2 to 60 pg/ 1)

79



complexes.

Reagents: All reagents were part of a kit (Enzygnost TAT micro) from Dade-Behring

Ltd.

e Pre-coated (rabbit anti-human thrombin) microtitre plate.

e Peroxidase conjugated rabbit anti-human ATIII antibody.

e Standard TAT plasma; reconstituted to produce range (2-60 pg/l).

e Control plasma [assigned value] ; reconstituted according to manufacturers
instructions.

e Washing solution [PBS (90mmol/l) containing Tween (18 g/1)] ; diluted as instructed.

e Sample buffer [ TBS (100 mmol/]l containing Tween (10 ml/I) and EDTA (37 g/1)]

e Substrate buffer [Hydrogen peroxide (0.3 g/) in citrate buffer solution].

e Chromogen POD [o-phenylenediamine dihydrchloride]

e Stop reagent [0.5 M Sulphuric acid]

Method: All reagents, standards and control were made up according to manufactures
instructions. 50 pl of sample buffer was added to all wells of the microtitre plate. A
further 50 pl of standards, control and test plasmas were added in duplicate, directly to
microtitre wells within a time span of 4 minutes, thus limiting drift in results over plate
positions. Samples were incubated at 37°C for 15 minutes and unbound sample was
removed by washing three times with 200 pl/ well of washing solution. 100 ul of
conjugated anti-ATIIl was added and incubated at 37°C for 15 minutes, during which
time the substrate was prepared by adding 10 ml of substrate buffer to one vial of
chromagen POD. After washing three times 100ul of substrate solution was added to
wells and incubated at room temperature for 30 minutes in the dark. The reaction was
stopped by adding 30 pl of stop reagent to each well. The absorbance was read at 492nm
using an automated plate reader, interfaced with a PC running ANELISA software
(Epsilon Technology Ltd.), which was programmed to plot a log/log standard curve and

derive test and control concentration of TAT in samples. Samples falling outside the

range- of the -assay were repeated in dilution. The CV of duplicates was calculated and =~ ~

samples with a CV > 10% were repeated.

2.6.2 Prothrombin Fragment 1.2

Principle: The generation thrombin from prothrombin by FXa, results in a simultaneous
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release of a small peptide the prothrombin fragment F1+2 (F1.2), which is a marker of
thrombin generation. A sandwich microtitre ELISA using a rabbit anti-human F1.2 as the
capture antibody to binds F1.2 in samples. Bound F1.2 is subsequently detected using a
polyclonal peroxidase conjugated secondary antibody to human prothrombin. The assay
is standardised using diluted plasma containing a range of human F1.2 (0.04 to 10nmol/
1).

Reagents: All reagents are part of a kit (Enzygnost F1+2 micro) from Dade-Behring Ltd.
e Pre-coated (rabbit anti-human F1.2) microtitre plate.

e Peroxidase conjugated rabbit anti-human prothrombin antibody.

e Standard F1.2 plasma; reconstituted to produce range (0.04 to 10nmol/l).

e Control plasma [assigned value]; reconstituted according to instructions.

e Washing solution [PBS (90mmol/l) containing Tween (18 g/1)]; diluted as instructed.
e Sample buffer [TBS (100mmol/l containing Tween (10ml/1)].

e Substrate buffer [Hydrogen peroxide (0.3 g/l) in citrate buffer solution].

e Chromogen POD [o-phenylenediamine dihydrchloride]

e Stop reagent [0.5 M Sulphuric acid]

Method: All reagents, standards and control were made up according to manufactures
instructions. 50 pl of sample buffer was added to all wells of the microtitre plate. A
further 50 pl of standards, control and test plasmas were added in duplicate, directly to
microtitre wells within a time span of 4 minutes, thus limiting drift in results over plate
positions. Samples were incubated at 37°C for 30 minutes and unbound sample was
removed by washing three times with 200 pl/ well of washing solution. 100 pl of
conjugated anti-prothrombin was added and incubated at 37°C for 15 minutes, during
which time the substrate was prepared by adding 10 ml of substrate buffer to one vial of
chromagen POD. After washing three times 100 pl of substrate solution was added to
wells and incubated at room temperature for 15 minutes in the dark. The reaction was

stopped, by adding 30 pl of stop reagent to each well. The absorbance was read at 492nm

which was programmed to plot a log / log standard curve and derive test and control
concentrations of Pro F1+2 in samples. Results were accepted if the control sample was
within the assigned range. Samples falling outside the range of the assay were repeated in

dilution. The CV of duplicates was calculated and samples with a CV > 10% were
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repeated.

2.6.3 D-Dimer

During clot formation, thrombin cleaves fibrinopeptides from soluble fibrinogen, which
becomes polymerized and stabilized to an insoluble fibrin clot. Stabilized fibrin is
degraded by plasmin resulting in a variety of crosslinked fibrin degradation products
(FDP’s). The smallest fragment is the plasmin resistant D-Dimer. Detection of D-Dimer
indicates thrombin activation, clot formation and subsequent clot lysis. This is ELISA
method uses a monoclonal capture antibody (DD-3B6), which recognizes and
immobilizes D-dimer and FDP’s containing the D-dimer epitope. Bound D-dimer is
subsequently detected using a peroxidase conjugated secondary antibody (DD-1D2) to a
D-dimer epitope. The assay is standardized using diluted plasma containing a range of

human D-dimer (0 to 2000 ng/ml).

Reagents: All reagents are part of a kit (Dimertest Gold EIA) from AGEN Biomedical

Ltd.

e Microtitre plate pre-coated with a monoclonal anti-D-dimer antibody (DD-3B6) in
buffer containing sodium azide (1g/1).

e Peroxidase conjugated mouse monoclonal anti-FDP antibody [reconstituted
according to instructions].

e Standard high molecular weight D-dimer preparations [2000 ng/ml; reconstituted
according to instructions].

e High molecular weight D-dimer control [500 ng/ml; reconstituted according to
instructions].

e 5 ml Tween 20 [40% v/v].

e ABTS Substrate in citrate buffer; [2,2’-Azino-bis (3-Ethylbenzthiazoline Sulfonic
Acid)].

e Hydrogen peroxide; [3% w/v].

[ ]

~StopReagent.- - - - - - - - - - - - - - - - - - - - - - - - = - - - o=

Diluent.

PBS: 1 vial PBS buffer salts [reconstituted with 1 liter of distilled H,0].
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Method: All reagents, controls and standards were prepared according to manufactures
instructions, allowing time for reagents to reach room temperature before use. The
microtitre plate was washed once with buffer solution before use to remove
preservatives. 100pul of buffer solution was added to all wells, to which 25ul of
standards, control and tests were added in duplicate. The plate was incubated at room
temperature with continual mixing for 15 minutes. After washing three times with buffer
solution, 50ul of conjugated antibody was added to each well and incubated at room
temperature with continual mixing for 15 minutes. Unbound conjugated antibody was
removed by washing three times with 200ul of buffer solution. 100ul of activated
substrate (ABTS with H,0,) was then added and incubated at room temperature for 15
minutes with continual mixing. Colour development was stopped by the addition of S0ul
of stop reagent. The absorbance was read at 405nm using an automated plate reader,
interfaced with a computer running ANELISA software, which was programmed to plot
a linear standard curve (Absorbance versus HMW D-dimer standards concentrations) and
derive test and control concentrations of D-dimer in samples. Results were accepted if
the control sample was within the assigned range. Samples falling outside the range of
the assay were repeated in dilution. The CV of duplicates was calculated and samples

with a CV > 10% were repeated.

2.6.4 Activated FXII (FXIla)

FXII binds to negatively charged surfaces resulting in either the autoactivation of FXII to
oFXIlla, or facilitated proteolysis by plasma and cell proteases. Kallikrein cleaves
oFXIIa which has lost the surface binding domain of FXII to produce BFXIIa. In this
solid phase ELISA, a murine monoclonal antibody to human FXIIa acts as a capture
antibody specific for FXIla, with no interaction with it’s zymogen FXII or FXlIla:
inhibitor complexes. Bound FXIla is detected by an alkaline phosphatase conjugated
sheep polyclonal anti-human FXIlIa. The assay was standardized using purified BFXI]a in
buffer.

Reagents: -All reagents were part of -a kit [Activated Factor X (Xila)] from™ Shield = ~

Diagnostics Ltd.

e Microtitre plate pre-coated with a mouse monoclonal anti-human FXIIa.

o Alkaline phosphatase conjugated sheep polyclonal anti-human FXIIa antibody.
e Standard FXIla preparations [0 to 20 ng/ml].
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e Wash buffer diluted according to the manufacturers instructions.
e Substrate solution [phenolphthalein monophosphate].

e Stop reagent [carbonate buffer containing sodium hydroxide and EDTA].

Method: 100ul of FXIla standards or test plasma was added to the wells of a microtitre
plate in duplicate and incubated at room temperature for one hour. Unbound sample was
removed by washing five times with 200ul of wash buffer, before 100ul of conjugated
anti-FXIIa was added to all well for one hour at room temperature. Unbound conjugated
antibody was removed by washing five times with 200ul of wash buffer. 100ul of
substrate was then added and incubated at room temperature for 15 minutes. Colour
development was stopped by the addition of 100ul of stop reagent. The absorbance was
read at 540nm using an automated plate reader, interfaced with a PC running ANELISA
software, which was programmed to plot a linear standard curve and derive test and
control concentrations of FXIla in samples. Results were accepted if the control sample
was within the assigned range. Samples falling outside the range of the assay were
repeated in dilution. The CV of duplicates was calculated and samples with a CV > 10%

were repeated.

2.7 Enzyme Linked Immunosorbert Assays (ELISA) for Autoantibody Detection

Autoantibody assays described in this section are solid phase assays. Plastic microtitre
plates are coated with the capture antigen of choice by passive adsorption. Multiple
washing steps removed unbound antigen, and tests and controls samples are added and
incubated. Unbound antibodies are removed by washing before the addition of a
conjugated antibody, directed against the isotype and species of the antibody of interest
in the test sample. The enzyme conjugated to the secondary antibody cleaves a colourless
substrate resulting in a spectrophotometrically detectable product. The amount of colour
produced is proportional to the level of antibody binding in the test sample.

2.7.1 Quality control

A quality control (QC) sample was analysed with all assays performed. A reference
range was established for quality control samples as the mean +/- 2SD standard

deviations of 20 separate values. Only assays where an acceptable QC value was
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obtained were accepted. All autoantibody assays were performed in duplicate. The value
for each of a pair of duplicates was reported along with the coefficient of variation (CV)
for each test. The results were only accepted if the CV between duplicates was less than

10%. Samples falling outside the range of the assay were repeated at a suitable dilution.

2.7.2 Anticardiolipin assay (aCL)

Principle: A solid phase microtitre ELISA assay using bovine heart cardiolipin as the

capture antigen. The assay was standardized using reference sera cross calibrated against

reference sera (a gift from R Malia, Royal Hallamshire Hospital, Sheffield), which in

turn had been calibrated against the original Harris standards at an international

workshop (Harris et al, 1987).

Reagents: All Reagents were from Merck Ltd. unless otherwise stated.

e Cardiolipin from bovine heart (ethanol solution, Sigma-Aldrich Chemical Co.)

e Ethanol.

e PBS:pH 7.2, 0.01 M phosphate, 0.145 M sodium chloride

e ABS buffer: 10% (v/v) adult bovine serum [ABS] (Sigma-Aldrich Chemical Co.) in
PBS.

e Alkaline phosphatase conjugated goat anti-human IgG [y chain specific] or IgM [pn
chain specific] (Sigma-Aldrich Chemical Co.).

e 0.92 M diethanolamine buffer: pH 9.8, containing 0.5mM magnesium chloride
hexahydrate.

e Substrate: 1 mg/ml p-nitrophenyl phosphate disodium hexahydrate phosphatase
(Sigma-Aldrich Chemical Co.) in diethanolamine buffer.

e 3 M sodium hydroxide.

Method: 30 pl of a 50ug/ml solution of cardiolipin diluted in ethanol was added to the
wells in rows C, D, E, F of microtitre plate (Nunc Polysorp, Life Technologies Ltd.). 30

ul of ethanol was added to the wells in the remaining rows (blank wells). The plate

washed with PBS. To reduce non-specific binding, plates were blocked with 75ul of
ABS buffer for one hour at room temperature. After washing once in PBS, 50ul aliquots
of doubling dilutions of reference serum (1/50 to 1/1600) and 1/50 dilutions of test
samples in ABS buffer were added to both cardiolipin coated and blank wells in
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duplicate, which were then incubated at room temperature for three hours. After washing
three times, 50ul aliquots of alkaline phosphatase conjugated goat anti anti-human IgG
or IgM diluted 1/100 in ABS buffer was added to each well and incubated at room
temperature for 90 minutes. After washing, 50ul aliquots of 1 mg/ml substrate (p-
nitrophenyl phosphate disodium hexahydrate phosphatase) in diethanolamine buffer were
added to each well and incubated in the dark at 37°C until a suitable level of colour had
developed. The reaction was stopped with 50ul of 3 M NaOH. The absorbance was read
at 410nm using on an automated microtitre plate reader interfaced with ANELISA
software. The ANELISA software was programmed to subtract the average blank reading
of samples/ standards from the average test reading and to plot the standard curve

obtained from the log absorbance against log concentration.

2.7.3 Anti-Beta 2 Glycoprotein I IgG assay (Original method)

Principle: Enzyme Linked Immunosorbent Assay (ELISA) on high binding y-irradiated

microtitre plates using human B2GPI to capture and immobolize autoantibodies. Blank

well subtraction was included, to overcome non-specific binding to wells not coated with

B,GPI.

Reagents: All reagents are from Merck Ltd. unless otherwise stated.

e y-irradiated microtitre plate (Nunc Maxisorp; Life Technologies Ltd.)

e Buffer A; [0.01 M Phosphate, 0.0145M sodium chloride, pH 7.2 (Sigma-Aldrich
Chemical Co.)]

e Human B2GPI Img/ml in PBS (see section 2.9.1)

e BSA solution (Bovine serum albumin fraction V (A7030; Sigma-Aldrich Chemical
Co.).

o Buffer B; Buffer A containing 0.1% (v/v) Tween 20.

e Blocking solution; 1% w/v BSA in buffer A.

e Peroxidase conjugated goat anti-human IgG (y chain specific) (Sigma-Aldrich

Chemical Co.)

Chemical Co.).

3,3,5,5'"-tetramethylbenzidine (TMB); [0.1 mg/ml in phosphate citrate buffer (Sigma-
Aldrich Chemical Co.)]
2 M Sulphuric acid.
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Method: 100l of B,GPI diluted 1in 100 with PBS was added to each well of rows C, D,
E, F of a y-irradiated microtitre plate, while 100ul of 10pg/ml BSA in PBS was added to
the remaining rows. The microtitre plate was covered and incubated overnight at 4°C.
Prior to use, unbound protein was removed by washing three times with 150 pl with
buffer B. 125ul volumes of blocking solution was added to each well and incubated at
room temperature for one hour to block non specific binding. Tests and standard
plasmas were diluted in buffer B containing 1% w/v of BSA. A standard curve was
prepared from a reference plasma, with a known high anti-B2GPI at 6 doubling dilutions
from 1:100 to 1:3200. Tests were diluted 1:100. After washing once with 150ul with
buffer B, 100ul volumes of tests and standards were added in duplicate to both 3,GPI
coated and un-coated wells for two hours at room temperature. Unbound protein was
removed by washing four times with buffer B and 100ul peroxidase conjugated anti-
human IgG diluted 1:2000 in buffer B containing 1% w/v of BSA was added for two
hours at room temperature. The plate was again washed three times, before adding 100l
substrate for colour development. The reaction was stopped by addition of 50 pul of 2M
sulphuric acid. The absorbance was read at 450nm on an automated microtitre plate
reader interfaced with ANELISA software. The ANELISA software had been
programmed to subtract the average blank reading of samples/ standards from the
average test reading and to plot a standard curve obtained from the log absorbance
against log concentration. Anti-B,GPI levels of tests were derived from this curve. A
plasma of known a-B,GPI concentration was assayed on each occasion to ensure

reliability.

2.7.4 Anti-Beta 2 Glycoprotein I IgG assay (Part commercialized method)
A commercial kit was established by Shield Diagnostics Ltd, based on our in-house
methods for 3,GPI purification and a-f3,GPI IgG (section 2.9.1 and 2.5.3). I carried out a

validation study to assess the suitability of this kit. It was decided to use an in house

standard with the -other components of the kit. - Theditution of in-hous€ standard was™ =~ ~

determined which allowed this standard to be used with the kit. The final adapted kit

method is described below.
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Reagents: All reagents are part of a kit (Diastat anti-Beta 2 Glycoprotein I) from Shield
Diagnostics Ltd. unless stated otherwise.

e Microtitre plate pre-coated with human 3,GPI.

e Alkaline phosphatase conjugated murine monoclonal anti-human IgG in Tris buffer.

e Wash buffer concentrate; diluted according to the manufacturers instructions.

e Sample diluent concentrate; diluted according to the manufacturers instructions.

e a-f,GPI positive control.

e Substrate solution [phenolphthalein monophosphate].

e Stop reagent [carbonate buffer containing sodium hydroxide and EDTA].

e In House a-B,GPI standard from a well characterized antiphospholipid patient.

Method: A range (1.56 to 100% activity) of standard solutions were prepared by
doubling dilution in dilution buffer. Tests and control were diluted one in 100 in dilution
buffer. 100 pl of standards, tests or control were added to the microtitre plate in duplicate
within a time span of four minutes, thus limiting drift in results over plate positions and
incubated at room temperature for one hour. Unbound sample was removed by washing
three times with 200ul/ well of washing solution. 100ul of conjugated antibody was
added and incubated at room temperature for 30 minutes. After washing three times
100pl of substrate solution was added to wells and incubated at room temperature for 30
minutes. The reaction was stopped and developed by the addition of 100ul of stop
reagent. The absorbance was read at 550nm using an automated plate reader, interfaced
with a PC running ANELISA software, which was programmed to plot a log / log

standard curve and derive test and control a-f,GPI activity (%).

2.7.5 Anti-Beta 2 Glycoprotein I IgM

This method is an adaptation of the commercial a-f,GPI IgG assay (section 2.5.4), which
I adapted for the detection of IgM a-f3,GPI, by using an IgM specific conjugated antibody
(see section 4.4.2.5).

Reagents: All reagents were commercial reagents supplied by Shield Diagnostic Ltd.
unless stated otherwise.

e y-irridated microtitre plate pre-coated with human [,GPI.

e Alkaline phosphatase conjugated murine monoclonal anti-human IgM in Tris buffer.
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e Wash buffer concentrate; diluted according to the manufacturers instructions.

e Sample diluent concentrate; diluted according to the manufacturers instructions.

e In-house anti-B2GPI standard from a well characterized antiphospholipid patient.

e In-house anti-B2GPI control from a well characterized antiphospholipid patient.

e 0.92 M diethanolamine buffer: pH 9.8, containing 0.5mM magnesium chloride
hexahydrate (Merck Ltd.).

e Substrate solution: 1mg/ml p-nitrophenyl phosphate disodium hexahydrate
phosphatase (Sigma-Aldrich Chemical Co.) in diethanolamine buffer.

e 3 M sodium hydroxide (Merck Ltd.).

Method: A range (1.56 to 100% activity) of standard solutions were prepared by
doubling dilution dilution buffer. Tests and control were diluted one in 50 in dilution
buffer. 100ul of standards, tests or control were added to the microtitre plate in duplicate
within a time span of four minutes, thus limiting drift in results over plate positions and
incubated at room temperature for 90 minutes. Unbound sample was removed by
washing three times with 200ul/ well of washing solution. 100ul of conjugated antibody
was added and incubated at room temperature for one hour. After washing three times,
100p] of substrate solution was added to each well and incubated in the dark at 37°C
until a suitable level of colour had developed. The reaction was stopped with 50ul of 3M
NaOH. The absorbance was read at 410nm using an automated microtitre plate reader
interfaced with ANELISA software. The ANELISA software was programmed to plot a

standard curve obtained from the log absorbance against log activity (%).

2.7.6 Anti-Prothrombin IgG and IgM Assay (Original Method [aPTo])

This method was established based on a recently published method (Arvieux et al, 1995).
Serum samples from antiphospholipid syndrome patients were initially screened for anti-
prothrombin IgG and IgM activity. Having identified patients with potent activity for
IgG and IgM, reference ranges were established.

Reagents: All reagents are from Merck Ltd. unless otherwise stated.

e y-irradiated microtitre plate (Nunc, Maxisorp; Life Technologies Ltd.)

e 5Sug/ml human prothrombin (Enzyme Research Laboratories).

e Buffer A; [0.01 M Phosphate, 0.0145M sodium chloride, pH 7.2 (Sigma-Aldrich
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Chemical Co.)].

o Buffer B; Buffer A containing 0.1% (v/v) Tween 20.

e Blocking solution/ Sample diluent; Buffer B containing 1% BSA (A7030, Sigma-
Aldrich Chemical Co.).

e Alkaline phosphatase conjugated goat anti-human IgG [y chain specific] or IgM [pn
chain specific] (Sigma-Aldrich Chemical Co.).

e 0.92 M diethanolamine buffer: pH 9.8, containing 0.5mM magnesium chloride
hexahydrate.

e Substrate: 1 mg/ml p-nitrophenyl phosphate disodium hexahydrate phosphatase
(Sigma-Aldrich Chemical Co.) in diethanolamine buffer.

¢ 3 M sodium hydroxide.

Method: Rows C, D, E, F of a y irradiated microtitre plates were coated overnight at 4°C
with 80ul of Spg/ml human prothrombin in PBS, while rows A, B, G,H were un-coated.
Unbound protein was removed by washing three times with 100ul of buffer B. All wells
were blocked with blocking solution for lhour at room temperature. A standard curve
was prepared from a reference plasma, with a known high aPTo IgG and IgM activity
(%) by dilution in sample diluent (1:100 to 1:6400). Tests and control samples were
diluted 1:100 in sample diluent. 100ul of standard, control or test were added to both
coated and blank wells in duplicate for one hour at room temperature. After washing
three times with 150ul of buffer B, 100ul of alkaline phosphatase conjugated anti-human
IgG or IgM, diluted one in 1000 in sample buffer were added to wells for one hour. After
washing three times with buffer B, 100pl of substrate was added and incubated at 37°C
for colour development. The reaction was stopped by adding 50ul 3M sodium hydroxide.
The absorbance was read at 405nm using an automated microtitre plate reader interfaced
with ANELISA software. The ANELISA software was programmed to subtract the
average blank reading of samples/ standards from the average test reading and to plot the
standard curve obtained from the log absorbance against log activity (%).

2.7.7 Anti-Prothrombin Assay (Revised Method [aPT])

Reagents: All reagents are from Merck Ltd. unless otherwise stated.

e -irradiated microtitre plate (Nunc, Maxisorp; Life Technologies Ltd.)

e 10pg/ml human prothrombin in PBS (Enzyme Research Laboratories).
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e Buffer A; [0.01 M Phosphate, 0.0145 M sodium chloride, pH 7.2 (Sigma-Aldrich
Chemical Co.)].

e Buffer B; Buffer A containing 0.1% (v/v) Tween 20.

¢ Blocking solution/ Sample diluent; Buffer B containing 1% BSA (A7030, Sigma-
Aldrich Chemical Co.).

e Alkaline phosphatase conjugated goat anti-human IgG [y chain specific] or IgM [p
chain specific] (Sigma-Aldrich Chemical Co.).

e 0.92 M diethanolamine buffer: pH 9.8, containing 0.5SmM magnesium chloride
hexahydrate.

e Substrate: 1 mg/ml p-nitrophenyl phosphate disodium hexahydrate phosphatase
(Sigma-Aldrich Chemical Co.) in diethanolamine buffer.

e 3 M sodium hydroxide.

Method: A vy irradiated microtitre plate was coated overnight at 4°C with 80ul of
10pg/ml human prothrombin in PBS. Unbound protein was removed by washing three
times with 150ul of buffer B. All wells were blocked with blocking solution for thour at
room temperature. A standard curve was prepared from a reference plasma, with a known
high anti-prothrombin IgG and IgM activity (%) by dilution in sample diluent (creating a
range 3.125% to 100% activity). Tests and control samples were diluted 1:50 in sample
diluent. 100pl of standard, control or test were added to both coated and blank wells in
duplicate for 90 minutes at room temperature. After washing three times with 150ul of
buffer B, 100ul of alkaline phosphatase conjugated anti-human IgG or IgM, diluted one
in 1000 in sample buffer were added to wells for one hour at room temperature. After
washing three times with buffer B, 100ul of substrate was added and incubated at 37°C
for colour development. The reaction was stopped by adding 50ul 3M sodium hydroxide.
The absorbance was read at 405nm using an automated microtitre plate reader interfaced
with ANELISA software. The ANELISA software was programmed to plot the standard

curve obtained from the log absorbance against log activity (%).

2.7.8 Anti-Annexin V Assay [anti-AV] (in-house)
This method was established based on a recently published method (Dubois et al, 1995).
Serum samples from antiphospholipid syndrome patients were screened for anti-

prothrombin IgG and IgM activity.
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Reagents: All reagents are from Merck Ltd. unless otherwise stated.

e y-irradiated microtitre plate (Nunc, Maxisorp; Life Technologies Ltd.)

e 10pug/ml human annexin v (Dr Amiral, Serbio).

e Coating /wash buffer: 0.5M Carbonate bicarbonate, pH 9.6

e PBS [0.01 M Phosphate, 0.0145 M sodium chloride, pH 7.2 (Sigma-Aldrich
Chemical Co.)].

e Blocking solution/ Sample diluent; PBS containing 1.5% BSA (A7030, Sigma-
Aldrich Chemical Co.).

e SuperBlock (Pierce)

e Alkaline phosphatase conjugated goat anti-human IgG [y chain specific] or IgM [p
chain specific] (Sigma-Aldrich Chemical Co.).

e 092 M diethanolamine buffer: pH 9.8, containing 0.5mM magnesium chloride
hexahydrate.

e Substrate: 1 mg/ml p-nitrophenyl phosphate disodium hexahydrate phosphatase
(Sigma-Aldrich Chemical Co.) in diethanolamine buffer.

e 3 M sodium hydroxide.

Method: Rows C, D, E, F of a y irradiated microtitre plates were coated overnight at 4°C
with 100ul of 10pg/ml human AV in coating buffer, while 100ul 1.0% BSA in PBS was
added to rows A, B, G, H. After washing once with wash buffer, plates were blocked for
one hour with 200ul blocking solution. After the BSA block, plates were washed once in
wash buffer, followed by three further washes with 200ul of ‘SuperBlock’. A standard
curve was prepared (1:50 to 1:800) from the serum of an aPT patient with high anti-AV
activity. Tests were diluted 1:50 in a 1.5% BSA sample diluent. 100ul standards and
tests were added to both coated and blank wells, in duplicate for one hour 30 minutes at
37°C. After washing three times with 200ul of wash buffer, 150ul of alkaline
phosphatase conjugated anti-human IgG or IgM, diluted one in 1000 in sample buffer

were added to wells for one hour 30 minutes. After washing three times, 150ul of

stopped by adding 50ul 3M sodium hydroxide. The absorbance was read at 405nm using
an automated microtitre plate reader interfaced with ANELISA software. The ANELISA
software was programmed to subtract the average blank reading of samples/ standards

from the average test reading and to plot the standard curve obtained from the log
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absorbance against log activity (%).

2.7.9 Anti-Annexin V Assay (Commercial kit)

This kit was a prototype, produced by Serbio, and was available for research use only.

The method was performed according to the manufacturers instructions. The timing of

incubations were strictly adhered to.

Reagents:

e Microtitre wells in strips, which have been precoated with human AV

¢ Dilution buffer

e Washing solution diluted (1:20) with distilled water.

¢ Immunoconjugates (IgG and IgM) reconstituted in dilution buffer before use.

e Substrate (2 OPD + 2 urea peroxide tablets, in 8ml distilled H20), prepared before
use.

e 3M H2S04

Method: Kit components were allowed to come to room temperature. Test and controls
were diluted 1:101 in diluent buffer and 200pl added in duplicated to microtitre wells.
After a one-hour incubation at room temperature, the wells were washed five times with
the washing solution. 200ul of reconstituted IgG or IgM peroxidase conjugated anti-
human antibodies were added, and incubated for 60 minutes, at room temperature. The
washing procedure was repeated five times, and 200ul substrate added for five minutes
exactly. 50ul of 3M H,SO, was added to stop further colour development. The
absorbance was measured at 492 nm. The results were catagorised as normal if the

absorbance was <0.25, weakly positive if > 0.25 but <0.5, and positive if > 0.5.

2.8 Extraction of Proteins from Placental Tissue

Reagents.: All Reagents were from Merek Ltd. unless otherwise stated.
"~ 77 7 . “Buffer A [0.01 M Phosphate, 0.0145M sodium chloride, pH 7.2 (Sigma-Aldrich
Chemical Co.)]
e PBS azide buffer [buffer A containing 0.2 g/L azide.
e Extraction buffer: SmM [Ethylene glycol-bis-tetra acetic acid] in 0.05M TRIS-HCL
at pH 7.5 containing 0.15M NaCL , 0.1mM leupeptin, Sug/ml Aprotonin (Bayer) and
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1% (v/v) Triton X-100.

Method: Blocks of frozen tissue (0.5-1.5g) were placed in PBS azide and allowed to
thaw. After washing tissue by continuous inversion in 15 ml PBS [0.01 M Phosphate,
0.0145M sodium chloride, pH 7.2 (Sigma-Aldrich Chemical Co.)] azide (0.2g/L) for
three minutes on a minimum of six occasions or until villous tissues were white and free
of blood. Tissues were finely chopped and ground with a manual tissue grinder in
extraction buffer, followed by sonication on ice for eight cycles of 30 seconds [30 sec on
and 20 sec off] (Soniprep, MSE) and mixed by inversion overnight at 4°C. The
supernatant was removed after centrifugation at 6,000g for 10 minutes. The supernatant

was removed and stored at -70°C until required.

2.9 Quantatative protein assays

2.9.1 BCA (Bicinchoninic acid) total protein estimation

A sensitive colourmetric microtitre plate method for the estimation of total protein.

Protein + Cu?**> Cu!*

Cu'" + BCA - Colour complex

Reagents: All Reagents were from Merck Ltd. unless otherwise stated.

e Bicinchonnic acid (Sigma-Aldrich Chemical Co.).

e Copper (IT) Sulphate pentahydrate (Sigma-Aldrich Chemical Co.).

e Bovine Serum albumin [BSA] (fraction V[A7030]; Sigma-Aldrich Chemical Co.).
e Microtitre plate (Alpha Laboratories)

Method: A solution of 1mg/ ml BSA was prepared and stored at -20°C until required. A
working solution of BCA reagent was prepared by adding Iml of Copper II Sulphate to

50ml of bicinchioninic acid and mixed. A standard curve was prepared from BSA [0.1 to

200ul of working BCA was added to the wells of a microtitre plate. 20ul of tests or
standards were added in duplicate, mixed and incubated at 56°C for 30 minutes, before
being the absorbance was read at 540nm using on an automated microtitre plate reader

interfaced with ANELISA software. The ANELISA software was programmed to plot a
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linear / linear standard curve and to derive the concentration of test dilutions. The value
for each of a pair of duplicates was reported along with the coefficient of variation (CV)
for each test. Samples with a CV greater than 10% were rejected and repeated. Results
were multiplied by the dilution factor used, and the mean reported in mg/ml, having

checked that a linear dilution had been achieved.

2.9.2 Serum [,Glycoprotein I quantitation

A solid phase microtitre ELISA using a polyclonal rabbit anti-human ,GPI antibody as

the capture antibody binds and immobilizes B,GPI in samples.

Reagents: All Reagents were from Merck Ltd. unless otherwise stated.

e Microtitre plate (Nunc Maxisorp, Life Technologies Ltd.)

e Buffer A: PBS [0.01M phosphate, 0.15M sodium chloride, pH 7.4].

e Buffer B: PBS-Tween [0.01M phosphate, 0.15M sodium chloride, pH 7.4 containing
0.1% v/v Tween 20].

e Polyclonal rabbit anti-human ,GPI antibody (Dako Ltd.)

e Polyclonal rabbit anti-human 3,GPI antibody conjugated to peroxidase (Dako Ltd.).

e 12-phenylenediamine dihydrochloride (OPD); [0.63mg/ml in phosphate citrate
buffer (35 mM citric acid, 67 nM di-sodium hydrogen orthophosphate
dodecahydrate, pH 5.0) containing 0.0025% v/v H,0,.

e Pooled normal plasma Standard cross calibrated against purified human
B,Glycoprotein I.

e In-house control sample from a single bleed.

e Stop Reagent; 2M Sulphuric Acid.

Method: Polyclonal rabbit anti-human $,GPI, was diluted 1 in 1000 in PBS. 180ul of
diluted antibody was added to each well of a microtitre plate, covered and incubated
overnight at 4°C. Unbound antibody was removed by washing three times with 200ul of
buffer B before use. A range of standards concentrations was prepared by doubling
1:25600 in buffer B. 180pul of diluted standard, control and test samples were applied to
duplicate wells and incubated for two hours at room temperature. Unbound samples
were removed by washing three times with 200ul buffer B. 200l of OPD substrate was

added to each well for 12 minutes at room temperature for colour development. The
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reaction was stopped with 50ul of 2M sulphuric acid. The absorbance was read at 492nm
using on an automated microtitre plate reader interfaced with ANELISA software. The
ANELISA software was programmed to plot a linear / log standard curve and to derive
the concentration of controls and test. The value for each of a pair of duplicates was
reported along with the coefficient of variation (CV) for each test. Samples with a CV
greater than 10% were rejected and repeated. Results were multiplied by the dilution
factor used and results reported as the mean in pg/ml having checked that a linear

dilution had been achieved.

2.9.3 Placental f3,Glycoprotein I quantitation
Placental B,GPI was quantified using an adaptation of the solid phase microtitre ELISA
described in section 2.7.1. All standard, control and placental extracts were diluted in a
PBS-Tween buffer [0.01 M phosphate, 0.15M sodium chloride, pH 7.4 containing 0.1%
v/v Tween 20]. The dilutions for a standard curve (7.1 to 454 pg/ml) were prepared by
doubling dilution of a plasma sample, which had been cross calibrated against purified
human B,GPI. Placental extracts were diluted 1:100 to 1:3200 in PBS-Tween. A control
plasmas of known (3,GPI was included in each ELISA plate a three doubling dilutions to
ensure the validity of the assay.

All subsequent steps were as described in section 2.7.1. Results were multiplied

by the dilution factor used and reported as the mean in pg/ml.

2.9.4 Placental annexin V quantification

A commercial solid phase microtitre ELISA (Asserachrom Annexin V, Serbio Ltd,)
using a polyclonal anti-human annexin V antibody as the capture antibody was used to
quantitate extracted AV. All reagents, standards and control were made up according to
manufactures instructions. A range of standards (0 to 20ng/ml) was prepared, in a
dilution buffer. Placental extract samples were double diluted 1:400 to 1:6400 in dilution
buffer. 200ul of standards and tests were added in duplicate, to microtitre wells and
five times with 250ul/ well of washing solution. 200ul of conjugated anti-annexin V
was added and incubated at room temperature for a further two hours. After washing
five times 200pul of substrate solution was added to wells and incubated at room

temperature for exactly five minutes. Colour development was stopped by adding 50 pl
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of 3 M sulphuric acid to each well. The absorbance was read at 492nm using an
automated plate reader, interfaced with a PC running ANELISA software, which was
programmed to plot a log/log standard curve and the concentration of AV derived. The
CV of duplicates was calculated and samples with a CV > 10% were repeated. The

results were corrected for sample dilution and reported in pg/ml.

2.10 Electrophoresis and protein detection

The Phastsystem (Pharmacia Biotech Ltd), is a programmable minigel electrophoresis,

western blotting and staining unit, used in the methods described below.

2.10.1 SDS-Polyacrylamide Gel Electrophoresis (PAGE)

A modification of polyacrylamide gel electrophoresis (PAGE) (Jovin, 1973), is used for
the separation of protein subunits and identification of their molecular weights. Proteins
are dissociated into polypeptides by heating to 100°C in the presence of 2-
mercapthoethanol and sodium dodecyl sulphate (SDS). 2-mercapthoethanol reduces the
interchain disulphide bridges. SDS binds the polypeptides at a constant mass ratio such
that the product is organised into a rod structure, of constant diameter, but whose length
is proportional to the molecular weight of the polypeptide. In a polyacrylamide gel,

SDS-polypeptide complexes migrate according to their molecular weight.

Reagents: All general reagents are from Merck Ltd. unless otherwise stated. All
electrophoretic equipment (Phastsystem), pre cast electrophoresis gels and buffer strips

were from Pharmacia Biotech Ltd.

10-15% Phastsystem gradient electrophoresis gels.
e Phastsystem SDS or native gel electrophoresis buffer strips.

e SDS sample buffer [10mM tris containing lmM EDTA and 2.5% w/v SDS at pH

e Molecular weight markers [30-200kDa (Sigma-Aldrich Chemical Co.)].
e Rainbow molecular weight markers, suitable for western blotting [14.3-200kDa

(Amersham International PLC)].
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Method: An SDS-PAGE procedure was performed using the Phastsystem electrophoresis
unit, which is programmed to pre-cool the electrophoresis bed to 15°C, lower the sample
applicator and apply given voltage conditions. SDS or native electrophoretic buffer
strips were inserted into the buffer strip holder. 1pl of sample was placed in each lane of
the sample applicator an placed in the applicator apparatus. Electrophoresis was then

proceeded according to the voltage conditions defined by the manufacturers.

2.10.2 Coomassie blue staining

Gels processed on the Phastsystem were stained in its staining unit.

Reagents

e Coomassie stain [0.1% (w/v) Phastgel Blue R stain diluted 1 part filtered stock, with
1 part 20% acetic acid [(v/v) in distilled water].

e Destain solution [30% (v/v) methanol and 10% (v/v) acetic acid in distilled water].

e Preserving solution [5% (v/v) glycerol in 10% (v/v) acetic acid in distilled water].

Method: Gels were transferred to the staining chamber, which is maintained at 50°C
throughout an automated staining procedure. Staining involves an eight minute
incubation in Coomassie stain, followed by three incubations in the destain solution
(five, eight and ten minutes respectively). The gel is finally incubated in the preserving

solution for five minutes, before being removed and allowed to dry at room temperature.

2.10.3 Western blotting and immunodetection

Polypeptides separated by electrophoresis are electrophoretically transferred from a
polyacrylamide gel to a robust nitrocellulose membrane (Kyhse-Andersen, 1984). These
polypeptides can then be probed using antibodies, which can be tagged and revealed by

various staining procedures.

Reagents:
- - - - & -Aphastsystem-miniget - - - - - - - - - - -~ - -~~~ -~~~ -~ 777"
e Hybond C nitrocellulose (Amersham Pharmacia Biotech Ltd.).
e Filter paper-Whatman’s No | (Whatman International Ltd).
e Transfer buffer: 0.192M glycine, 0.025M Tris, pH 8.3, containing 20% (v/v)

methanol.
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e Tris buffered saline (TBS): 0.145M NacCl, 0.02M Tris, pH 7.4.

e Blocking solution: 5% (w/v) skimmed milk (Marvel, Cadbury’s Ltd.), in TBS.

e Antibody diluent: 0.1% (w/v) gelatin in TBS containing 0.05% (v/v) Tween 20.

e Primary antibody

e Secondary antibody: enzyme conjugated antibody, directed against the primary
antibody.

e Development solution: The development solution used for horse radish peroxidase
conjugates was a 0.5mg/ml 3,3’-diaminobenzidine (Sigma-Aldrich Chemical Co.) in
0.05 M tris-HCLI buffer, pH 7.6, containing 0.03% (v/v) hydrogen peroxide. The
development solution used for alkaline phosphatase conjugates was a 1mg/ml nitro
blue tetrazolium, in a 0.1M ethanolamine buffer, pH 9.6, 4 mg/ml containing 5-

bromo-4-chloro-3-indolyl phosphate and 1mM magnesium chloride.

Method: Western blotting of minigels was performed using the Phastsystem. The gel
was removed from its plastic backing using a wire device supplied by the manufacturers.
A piece of nitrocelluouse membrane, cut to the size of the gel, soaked in transfer buffer
and placed on top of the gel. This was laid , gel side uppermost, upon three layers of
presoaked filter paper, of similar size and placed on the transfer bed (anode) of the unit.
Three further layers of presoaked filter paper were overlaid, and the cathode placed on
top. Electroblotting was performed at voltage setting indicated by the manufacturers.
After blotting, the membrane was washed three times in TBS, before being
incubated in the blocking solution for one hour at room temperature. Following washing
in TBS, the membrane was incubated with diluted primary antibody (or patient
antibody), for a minimum of one hour. After washing in TBS, diluted conjugate
antibody was added for two hours, washed and incubated with the relevant developing
solution. Once visualization has occurred the nitrocellulose membrane was washed in

distilled water and allowed to dry.

2.11 Chromatography procedures

2.11.1 Purification of p,-glycoprotein I
B,GPI is a glycoprotein with a molecular weight of 50Kda, found in plasma at a

concentration of approximately 200pg/ml, of which 10% circulates free or uncomplexed.
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B,GPI is isolated from plasma by a series of sequential chromatographic procedures, post
polyethylene glycol precipitation, based on a published method (Oosting et al, 1991).
One unit of time expired fresh frozen plasma (FFP) is used for purification (having a

volume of approx. 170 ml), and provides a yield of approximately Smg 3,GPI.

Reagents: All Reagents were from Merck Ltd unless otherwise stated. All
chromatographic media were obtained from Pharmacia Biotech Ltd.

e 0.05M imidazole, 0.1M NaCl @ pH 6.5

¢ (0.05M sodium acetate, 0.05M NaCl @ pH 4.8

e 0.05M sodium acetate, containing 0.1 or 0.55M NaCl @ pH 5.3

e PBS: pH 7.2, 0.01M phosphate, containing 0.05, and 0.145 or 1.0M sodium chloride.
e Polyethylene glycol (PEG) 6000

¢ QAE Sephadex A,, packed in a 2.5 x 40cm column.

e Sepharose Mono S packed ina 1 x 18cm column.

e High-trap heparin Sepharose packed in a 1 x 20cm column.

e High-trap Protein G Sepharose packed ina 1 x 12cm column.

e Sephacryl HR 200 packed in a 1.5 x 100cm column.

Eguipment: Fraction collector (Pharmacia Ltd.), dialysis apparatus (Amicon Ltd) and a

chart recorder.

Method: PEG 6000 was added to citrated plasma giving a final concentration of 7%
(w/v) and incubate for one hour at room temp, mixing by inversion. After centrifugation
@ 3000g for 30 minutes the resultant supernatant was made to a 20% w/v PEG and
incubated for a further hour at room temperature, mixing by inversion. The preparation
was again centrifuged @ 3000g for 30 min and the precipitate resuspended in 0.05M
Imidazole, 0.10M NaCl @ pH 6.5. This protein solution was applied to the QAE
Sephadex column, pre-equilibrated with 0.05M Imidazole buffer, 0.10 M NaCl @ pH

6.5. Protein concentration of the flow through was monitored using absorbance at A,g,

measurements. “Fractions
0.05M Sodium Acetate @ pH 4.8, using an Amicon concentrator with a PM30
membrane and applied to a pre-equilibrated Sepharose Mono S column. Step elution with
0.IM NaCl, 0.05M sodium Acetate pH 5.3 was formed, followed elution of B,GPI

containing fractions with a linear salt gradient from 0.1M to 0.55M NaCl in 0.05M
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sodium Acetate, pH 5.3. The elute was collected in 10ml fractions by a fraction collector
connected to a chart recorder which records the absorbance at 280nm and position
advancement of the fraction collector allows identification of protein containing
fractions. Peak fractions were analysed for ,GPI using the 3,GPI quantification ELISA
(section 2.7.1). B,GPI containing fractions were pooled, dialysed to 0.05M NaCl, 0.01M
Phosphate @ pH 7.2 and applied to a Hi-trap Heparin Sepharose column. Bound protein
was eluted with phosphate buffer containing 1.0 M NaCl and dialysed back to a
phosphate buffer containing 0.05 M NaCl and then applied to a High-trap Protein G
Sepharose column using the same buffers. A fraction collector, in 4ml volumes collected
the flow through. Peak fractions were examined for the presence of B,GPI as described
in section 2.7.1. B,GPI positive fractions were pooled and analysed by SDS PAGE and
western blotting. The protein concentration was determined by measuring the absorbance
at 280nm with a 1 cm light path and an extinction coefficient of E'"'*"= 9.4 (Haupt ef al,

1968). After concentration to 1 mg/ml the protein was aliquoted and stored at -70°C.

2.11.2 IgG isolation

The IgG fraction was isolated by affinity purification on a protein G column.

Reagents: All Reagents were from Merck Ltd unless otherwise stated.

e Protein G column (Pharmacia Biotech Ltd.).

e PBS: pH 7.2, 0.01M phosphate, and 0.145M sodium chloride.

e PBS azide: pH 7.2, 0.01M phosphate, and 0.145M sodium chloride containing 0.2g/1
azide.

e 0.1M Glycine (7.507g/1) @ pH 2.8.

e (.1M TRIS buffer.

e Dialysis chamber.

e PM30 membrane (Amicon Ltd.).

Method: Plasma samples were diluted 1 in 5 in PBS and applied to a pre-equilibrated

A280 ., was back to base line. Bound IgG was eluted with a glycine buffer and collected
in 4-ml fractions containing 0.6 ml 1.0M Tris. The fraction collector was connected to a
chart recorder which records the absorbance at 280nm and position advancement of the

fraction collector allows identification of protein containing fractions, which were pooled
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and dialysed to PBS and concentrated using an Amicon concentrator and a PM30
membrane. The protein concentration was determined by measuring the absorbance at
280nm with a 1 cm light path and an extinction coefficient of E'"*'“"= 13.6 (Johnstone &

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

2.12 Lipoprotein assays

Total cholesterol and total triglycerides were performed according to Sigma Diagnostics
Procedure 352 and 339 respectively, on an automated Cobas Mira (Roche) programmed
for analysis. Both assays can be run at the same time. All reagents were from Sigma-

Aldrich Chemical Co.

2.12.1 Total cholesterol

Reagents

e Cholesterol Reagent (Sigma 352-20).

e ACCUSET® LIQUID CALIBRATOR (A 2539).

e ACCUTROL™ Normal Chemistry Control (A 2034).

e ACCUTROL™ Abnormal Chemistry Control (A 3034).

Method

All reagents were reconstituted according to the manufacturers instructions. Reagents,
controls and standards were loaded onto the machine, which self calibrates on a
calibration program. Serum samples were loaded into sample cups and placed in sample
rack on the machine. Sample analysis was performed using the relevant program. The
results were reported in mmol/l. A control samples was included every 20 samples to

insure the reliability of the assay.

2.12.2 Total triglycerides

. Reagemss .
e Triglyceride (GPO-Trinder) Reagent (Sigma 339-10).
e ACCUSET® LIQUID CALIBRATOR (A 2539).
o ACCUTROL™ Normal Chemistry Control (A 2034).

e ACCUTROL™ Abnormal Chemistry Control (A 3034).

102



Method

All reagents were reconstituted according to the manufacturers instructions. Reagents,
controls and standards were loaded onto the machine, which self calibrates on a
calibration program. Serum samples were loaded into sample cups and placed in sample
rack on the machine. Sample analysis was performed using the relevant program. The
results were reported in mmol/l. A control samples was included every 20 samples to

insure the reliability of the assay.

2.13 Polymerase chain reaction (PCR) methods

PCR methods involve the enzymatic synthesis of a specific DNA sequence, using two
oligonucleotide primers, which hybridize to opposite strands and flank the region of
interest in DNA. DNA can be extracted for nucleated cells, and for this purpose buffy

layers from EDTA plasma samples were stored at -20°C until required.

2.13.1 Factor V Leiden

Replacement of Arg by Gln at position 506 of the factor V gene has been described as
the Factor V Leiden mutation. The resultant Factor V is resistant to proteolysis by
activated protein C, and has been strongly associated with thromboembolism. This

mutation has been detected in 4% of Caucasians.

Method: Performed by the Clinical Haematology laboratory, using a previously
described method (Bertina et al, 1994).

2.13.2 Prothrombin gene G20210A mutation
A point mutation (G:A) in the prothrombin gene, at position 20210 has been associated
with hereditary thrombophilia. This mutation has been detected in 2% of a healthy

population.

Method : Performed by the Clinical Haematology laboratory, using a previously
described method (Poort et al, 1996).
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