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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).

26








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































