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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 p2Glycoprotein-I (a-p2GPI) 

antibodies, and studied a variety of non pregnant patients (PAPS, SLE, and infection). 

An associations between IgG and IgM a~p2GPI with aPS was demonstrated, but aPT 

were less specific. In serial samples from aPS patients with thrombotic/ neurological 

events, a-p2GPI 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 o f aCL was approximately 3%, 

a~p2GPI 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 o f obstetric 

problems.

In non-pregnant PAPS and SLE patients, thrombin generation, FVIIa and FXIIa 

were significantly increased, and this was ameliorated by oral anticoagulants (except 

FXIIa). Increased activation markers were observed in normal and aPS pregnancies, 

despite heparin and aspirin prophylaxis.

p2GPI 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 p 

2GPI and AV in term aPS pregnancies was similar to normal, but abnormal staining 

patterns were detected in aborted first trimester aPS placentas. Extractable p2GPI 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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1

General Introduction.

1.1 G eneral 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 Normal Haemostasis

An intricate haemostatic system has evolved to maintain blood fluidity and to limit blood 

loss from within the vascular system at the site of vessel injury. This system consists of 

endothelial cells which line the vasculature, blood cells and plasma proteins which 

interact in an elaborate interplay of responses with other physiological systems.
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Figure 1.1 Overview o f  Haemostasis

The vasculature initiates the first reflex response of vasoconstriction when tissue damage 

and bleeding occur, narrowing the vessel and reducing the area to be occluded. Tissue 

injury exposes vascular subendothelium, to which circulating platelets adhere, releasing 

ADP, prostaglandins (such as thromboxane A2), and other eicosanoids, which accentuate 

platelet aggregation and vasoconstriction. Simultaneously, the coagulation pathway 

becomes activated by tissue factor exposure, culminating in thrombin production and the 

formation of a fibrin clot, which entwines platelet clumps (Figure 1.1). However, 

inappropriate clot formation can be disastrous, so an equally elaborate array of control 

mechanisms have evolved to localise coagulation and to remove the haemostatic plug 

once tissue repair has occurred. The fibrinolytic system plays a large role in the 

degradation of the redundant haemostatic plug.
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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 PGI2, 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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Product Cellular
Expression

Properties

Prostacyclin (PGI2) Secreted Inhibitor of platelet 
aggregation; Vasodilator

Nitric oxide Secreted Inhibitor o f 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 
induction)

Procoagulant

Tissue plasminogen activator 
(tPA)

Secreted Regulator o f fibrinolysis

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:FVIIa
Inhibitor (TFPI) associated complex

Table 1.1: Haemostatic products o f  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/ Ilia. The GPIIb/IIIa 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), p-thromboglobulin (pTG) 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 M olecular
W eight

Plasma
Concentration

Half-Life
(hours)

I Fibrinogen 340,000 1.5-4.0 g/1 96-100

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

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

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

VII Proconvertin 50,000 0.5 mg/1 4-6

VIII Anti-haemophilic
Factor

330,000 0.1 mg/1 10-18

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

X Stuart-Power
Factor

58,000 10 mg/1 10-20

XI Thromboplastin
Antecedent

160,000 5 mg/1 50-70

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/1 N/A

HMW
kininogen

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

Table 1.2: Molecular weight, plasma concentration and plasma half-life o f  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,n 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 Vmax (see Figure 1.2).
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Figure 1.2: The Coagulation Cascade leading to thrombin generation is enhanced many 

fo ld  by undertaking key reactions on a phospholipid surface.

It was formerly believed that two separate routes triggered blood coagulation: the contact 

factor (intrinsic) pathway and the tissue factor (extrinsic) pathway, however, these 

pathways are intimately related. Both pathways lead to the formation of activated FXa. A 

common pathway exists between the intrinsic and extrinsic pathways, where FXa 

complexes with FVa and prothrombin on a phospholipid surface in the presence of Ca2+. 

The prothrombin in this “prothrombinase complex” is cleaved to thrombin, accompanied 

by the release of a small peptide fragment (prothrombin fragment 1+2 [FI.2]). Thrombin 

finally converts fibrinogen to fibrin and activates FXIII, which cross-links adjacent fibrin 

strands. The cofactors FV and FVIII are also activated by thrombin (and less efficiently 

by FXa).
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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/FVIIa 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 aFXIIa. 

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 aFX IIa to kallikrein (KK) and 

FXIa. KK can activate FXII, amplifying FXII activation, KK also causes further 

proteolysis of aFXIIa, forming the low molecular weight pFXIIa, 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. pFXIIa activates the complement system, while KK, FXIIa 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; Cl 

inhibitor, AT-III, a 2-macroglobulin and aj-antitrypsin. C l inhibitor is the major inhibitor 

of FXIIa and KK.
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1.2.4 Fibrin form ation and lysis

The final step in the coagulation cascade is the production of fibrin strands, which 

reinforce the fragile primary platelet plug. The precursor of fibrin is the plasma protein 

fibrinogen, a large glycoprotein hetero-dimer, which interacts with FXIII, fibronectin, ct2- 

plasmin inhibitor, plasminogen and tissue plasminogen activator. The local concentration 

of these proteins modulates the fibrin formation, crosslinking and subsequent lysis. 

Fibrinogen consists of two a , (3 and y polypeptide chains linked by disulphide bonds. 

Thrombin binds to the central domain of fibrinogen and liberates fibrinopeptides A and B 

from the a  and p chains, resulting in fibrin monomer formation. Monomers undergo 

end-to end polymerisation and side-to side overlap polymerisation, resulting in extended 

broad fibrin sheets. FXIIIa (activated by thrombin) causes crosslinking of adjacent a  and 

y fibrin strands, and a 2-antiplasmin to fibrin which strengthens and provides resistance to 

fibrinolysis.

FXO dep-pre PA
FXIIa

,PK KK
1APC ] HMWK

sciPA

FXH dep-PA

|  Stabilised Fibrin Clot |

Plasmin < }

FDP's, D-dimers, X-oligomers

F igure 1.3: Fibrin formation and lysis

Fibrinolysis describes the proteolytic degradation of fibrin within the vasculature (while 

thrombolysis refers to the dissolution of preformed clots). Under normal physiological 

conditions plasma components of the fibrinolytic system originate from the liver, vessel 

wall, leucocytes and platelets. The fibrinolytic system (Figure 1.3) like the coagulation 

system proceeds in a cascade of reactions, whereby a single chain zymogen is cleaved by 

serine proteases to form an active two chain enzyme. Plasminogen is a plasma zymogen
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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 2-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:FVIIa

Heparin co-factor II HCII Thrombin, Meizothrombin, Cathepsin G

Cl-esterase inhibitor Cl-INH FXIIa, Kallikrein, C 1 s

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

a 2-antiplasmin Plasmin

a  j-antitrypsin FXIa, Neutrophil elastase

a 2-macroglobulin Kallikrein, FXIIa, FXa, Thrombin, Plasmin

Plasminogen PAI-1, tPA, uPA
activator Inhibitor PAI-2

Tissue Factor 
Pathway ihibitor

TFPI FXa, TF:FVIIa

Table 1.3: Inhibitors o f Haemostasis and their targets

Other proteins such as annexin V (AV) and P2Glycoprotein I (p2GPI) 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 V illa 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 FVIIIa. In addition, the
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endothelium can synthesise prostacyclin and nitric oxide, both potent inhibitors of 

platelets.

Cl inhibitor, a 2-macroglobulin, AT-III and a,-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/FVIIa 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 (C l)-C lq, C lr, C ls 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 o f micro

organisms.

Receptors Regulation

Complement receptor 1 (CR1, C3b/C4bR) CD59 (Membrane Inhibitor o f 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/C4a receptor Homologous recognition factor (HRF)
(C8bp: inhibits C5-9 assembly)

C5a receptor

C lq  receptor

Table 1.5: Membrane associated proteins of the complement system

33



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 o f IgG 

or IgM antibodies bound to antigens, certain viruses and gram negative bacteria activate 

the C l component of the classical complement pathway initiating C3-convertase 

generation (Figure 1.4).

c:
Ag:Ab —>

Clq

Cl r >  Clr

Cls-
rC4a

< — C4b

>C2a-

C4b2a-

C3a*

C3

C3b

C4b2a3b

C5

rC5a

V
C5b

C5b-9
Membrane Attack Complex

Figure 1.4: The Classical Pathway o f  Complement Activation

The binding of immune complex to C lq  results in conformation change, allowing 

activation of C lr, 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. C l inhibitor (Cl-INH) binds to the 

active sites of C ls and C lr, thereby blocking the activation of C4 and C2 (Harpel & 

Cooper, 1975).

There are many inter connections between the coagulation cascade and the 

complement system. Cl-INH is a major regulator of contact activiation, while pFXIIa
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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 C l. Plasmin has been shown to activate C ls (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 o f vWF from intracellular storage granules (Hattori et al, 1989). Finally, 

protein S binds C4b binding protein anchoring it to the cell surface. Antibodies to C lq  

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 et 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 (IgGl-4, IgAl-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.

o ' Figure 1.5 Glycerophospholipids
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1 0  __Q ________ J

o = i  c — 0  ■*------

R, R:

polar headgroup.

Hydrophobic
tails

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 et al, 1987). 

Monoclonal aPL are specific for unique biophysical configurations o f 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.

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

(i) Hexagonal (ii) Micellar (iii) Lamellar or bilayer

Where • =  headgroup, ^  = hydrophobic tail.
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pivotal role in the negative selection o f 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 o f 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 (p2GPI) (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 o f 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 (oxLDL) has been identified (Vaarala et al, 1993). Monoclonal aCL’s have 

demonstrated cross reactivity with oxLDL, some of which were P2GPI 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 (B^GPI)

In 1990 the serum protein which accentuated the detection of aCL in patients with 

autoimmune disease was identified as p2GPI (Galli et al, 1990), (McNeil et al, 1990b; 

Matsuura et al, 1990). A plethora of information exists regarding p2GPI a serum 

glycoprotein also referred to as apolipoprotein H. p2GPI is found in plasma at a 

concentration of approximately 200 p2GPI pg/ml, 40% of which is associated with 

lipoproteins of various classes (Polz & Kostner, 1979b). The role of p2GPI 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 50kD when not 

reduced and 58kD when reduced (Lozier et 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 et al, 1991), (Hunt & Krilis, 1994), (Kertesz et al, 1995).

In vitro, P2GPI inhibits thrombin formation by acting at two different points of 

the coagulation cascade: contact activation (Schousboe, 1985) and prothrombinase 

activity (Nimpf et al, 1986). This anticoagulant activity is thought to occur when p2GPI 

binds to phospholipid and reduces it’s availability for coagulation reactivity. p2GPI has 

also been shown to inhibit ADP dependent platelet aggregation (Nimpf et al, 1987). 

Despite these anticoagulant functions, p2GPI deficiency has not been identified as a risk 

factor for thrombosis (Bancsi et al, 1992).

Although the primary physiological function of p2GPI 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 P2GPI 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 p2GPI levels were found to be normal, and
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no difference was observed between aPL positive and negative women (Rai et al, 1995). 

P2GPI levels are increased in post-prandial plasma samples (Polz & Kostner, 1979a), in 

SLE patients with hyperlipidaemia (Ichikawa et al, 1992) and in patients with primary 

hyperlipidaemia (McNally et al, 1994). Secondary hyperlipideamia as a result o f steroid 

treatment or nephrotic syndrome may effect the P2GPI level in SLE patients. McNally et 

al reported that elevated levels of P2GPI in primary and secondary aPS patients were due 

to increase amounts of P2GPI in association with plasma constituents (McNally et al,

The requirement for P2GPI in the binding of autoimmune aCL has provided a tool 

to discriminate between aCL associated with infection and autoimmune disease 

(Matsuura et al, 1990; Chamley et al, 1991; McNally et al, 1995c; Forastiero et al, 1996). 

There has been vigorous debate as to the nature of the ‘true antigen’ for aCL. Three main 

hypothesis for P2GPI binding have been proposed (Figure 1.7): 1) aPL recognise a 

complex epitope comprised of components of both p2GPI and phospholipid; 2) the 

binding to P2GPI to the phospholipid enhances the binding of aPL to the phosopholipid, 

and 3) the binding of P2GPI to phospholipid enables aPL binding to P2GPI.

F igu re 1.7: Proposed binding o f aPL to target antigens on microtitre plates or cell 

membranes. 1) Binding to phospholipid (PQ-faGPI complex, 2) binding to PL is 

facilitated by P2 GPI and 3) binding o f p2GPI to PL facilitates aPL binding to P2 GPI.

There has been some evidence in support o f the second option from Pierangeli 

(Pierangeli et al, 1992) who demonstrated that aCL did not bind to ELISA plates coated 

with P2GPI alone, and that aPL binding to p2GPI-phospholipid complex was not 

inhibited by P2GPI in solution. However most evidence is in favour o f the third 

hypothesis, ‘that the binding of P2GPI to phospholipid enables binding of aPL to

1995b).

1 2 3
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conformationally changed p2GPI. It has been reported that such conformational changes 

reveal cryptic epitopes on the fourth domain of p2GPI (Koike et al, 1998), which are 

bound by pathogenic aCL..

A number of publications reported the presence o f antibodies to p2GPI (a-p2GPI) 

in aPS (Arvieux et al, 1991), which had a strong correlation with aCL. More recently 

aCL have been shown to bind directly to p2GPI (Keeling et al, 1992; Matsuura et al, 

1994; Roubey et al, 1995) under appropriate conditions, y-irradiation o f the microtitre 

plate, results in the oxidation of the plate surface, which allows p2GPI binding in a 

conformation amenable to aPL binding (Matsuura et 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-p2GPI was reported to be associated with thrombosis in 

SLE patients (Viard et al, 1992). IgG a-p2GPI 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, IgG a-P2GPI have been 

associated with recurrent fetal loss (Balestrieri et al, 1995; Ogasawara et al, 1996) and 

IgM a-p2GPI with thrombosis and thrombocytopaenia (Balestrieri et 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 P2GPI and prothrombin, and they act 

independently of each other. These antibodies are a frequent occurrence in LA patients 

(Fleck et al, 1988; Hasselaar et 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
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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 P2GPI 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 A uthor and year cited

p2GPI McNeil et al 1990, Galli et al 1990, Matsuura et 
a l 1990

Prothrombin Bevers et al 1991

Protein C Oosting et al 1993

Protein S Oosting et al 1993

Phospholipase A2 Vermylen and Amout 1992

Annexin V Matsuda et al 1994

Thrombomodulin Oosting et al 1993

TFPI personnel communication Bevers 1998

Kininogen Sugi et a l 1995

Plasminogen Puurunen et 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 et 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 p2GPI, although there have been reports of a-p2GPI which recognise human 

but not bovine p2GPI. The use of bovine serum albumin or gelatin as a blocking reagent 

does not provide the required additional p2GPI and render the assay unreliable. A 

number of a~p2GPI assays have been described in a phospholipid free system, using y- 

irradiated microtitre plate. Due to the strong correlation between a-p2GPI IgG and 

thrombosis, the use of a-p2GPI 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 o f aPL (LA, aCL and a-(32GPI). However, the scientific community is 

currently addressing the absences of internationally standardised methods, standards and 

control preparations.

1.4.7Antiphospholipid 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 o f 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 throm bosis DVT, Pulmonary embolism, renal / hepatic/ retinal,

A rterial throm bosis leg / axillary/ cerebral/ visceral/ retinal

O bstetric Complications Recurrent miscarriage, intrauterine death

Throm bocytopenia

Dermatological Livedo reticularis

Miscellaneous Migraine, transverse myelitis

Table 1.8: Clinical features o f  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 o f 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 o f 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 feta l 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 o f 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 et 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. p2GPI has been proposed 

as an immunogen. In 1992 it was observed that when normal mice were immunised 

with a mixture o f cardiolipin and p2GPI 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 et al, 1987; Matthey et al, 1989). However, the 

antigen binding pattern and the heavy chain variable region (VH) DNA sequence of

49



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 o f 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 et al, 1991) and p2GPI dependent aCL 

and a-p2GPI 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 

p2GPI 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 o f which are described 

below.

1.4.10.1 Inhibition o f  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 A2. 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 o f 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-A2 complex (Vermylen & Arnout, 1992), as purified IgG 

from patients with LA activity and aCL have been shown to inhibit both prostacyclin 

release and phospholipase A2 activity (Schorer et al, 1992). In the same study the 

purified IgG also inhibited endothelial cell synthesis of platelet activating factor (PAF), 

another phospholipase A2 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 A2 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 et al, 1991). Interestingly, 

aspirin treatment reduced the excretion of these metabolites.
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1.4.10.2 Protein C/protein S/ thrombomodulin pathway.

The association between protein C (Prt.C) and protein S (Prt.S) deficiency  with  

throm boem bolism  reflects the importance o f  this anticoagulant pathway. Thrombin  

bound to throm bomodulin on the endothelial cell surface is rendered inactive. The 

throm bin-throm bom odulin com plex activates protein C (APC ), which in the presence o f  

its cofactor protein S inactivates factors V illa  and Va, thereby inhibiting further 

production o f  thrombin. The APC-Protein S com plex also degrades platelet bound factor 

Va at the receptor for factor Xa.
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F igu re 1.8: Protein C and Protein Spathway

It is logical to predict that inhibition o f  this pathway by antibody interference would  

result in uncontrolled thrombin generation and throm bosis. Studies investigating the 

point o f  action o f  aPL on the protein C-protein S pathway show  variable results. In 1983 

Com p et al reported the inhibition o f  protein C activation by thrombin in the presence o f  

the IgG fraction from LA patients (Comp et al, 1983). Decreased rates o f  factor Va 

degradation in LA serum have been demonstrated (M arciniak & Rom ond, 1989) (M alia  

et al, 1990). In 1986 Freyssinet et al reported that the enhancing effect o f  anionic 

phospholipids on throm bomodulin activity w as inhibited in the presence o f  aPL 

(Freyssinet et al, 19 8 6). (32GPI is reported to inhibit protein C activation in an in vitro 

system  (K eeling et al, 1993). It has also been reported that binding o f  aCL to protein C 

m ay occur via p2GPI (Atsum i et al, 1998).
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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 et 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 P2GPI 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 al (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 (32GPI 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 P2GPI 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 p2GPI 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 o f 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 et al, 1992). Defective fibrinolysis has also been described 

in women with recurrent spontaneous abortion (Doig et al, 1994; Gris et al, 1997), which

54



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 aPS, 

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 A2 (TXA2) production from exogenous arachidonic acid. TXA2 is 

a potent inducer of platelet aggregation and vasoconstriction. It is a natural antidote for 

endothelial PGI2. There appears to be an imbalance in the production of TXA2 and PGI2 

in patients with LA (de Groot et al, 1993) which does not correlate with thrombosis. As 

with the production of PGI2 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 14th 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 et 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-p2GPI 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 et 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 et al, 1993). (32GPI 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 o f 

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 o f 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 o f 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 o f 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 CaCl2 (Funakoshi et 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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structure. Fetal v illous tissues are interposed between maternal blood and fetal 

capillaries (Figure 1.9) to form an efficient exchange system .

Basal Plate

Septum 

Villous Tree

Intervillous Space.

Chorionic Plate

Smooth Chorion

F igu re 1.9: Longitudinal section o f the uterus, placenta, fetal membranes and 

fetus. Adapted form “ Pathology o f  The Human Placenta”, (Benirschke & Kaufmann, 1995).

Contact betw een the maternal tissues and conceptus occurs at the feto-maternal junction  

where fetal trophoblast cells are in direct contact w ith maternal cells form ing a barrier. 

There are three main areas o f  feto-maternal contact. (1) Maternal blood and the 

syncytiotrophoblast cells o f  the chorionic villi. (2) The placental bed, where extravillous 

cytotrophoblasts cells are in contact w ith maternal uterine cells and blood. (3) The 

am niochorionic membrane, which surrounds the non-placental region o f  the implantation  

site, where a layer o f  cytotrophoblast cells are associated with the maternal decidua.

The size o f  the human placenta is large relative to the size o f  the fetus. 

The placenta is thought to be able to com pensate for an excess o f  50% tissue 

degeneration without severe disturbance o f  pregnancy (Benirschke & Kaufmann, 1995). 

W hen exposed  to a poor maternal environm ent, the placenta can often com pensate by 

becom ing more efficient. Unfortunately, i f  m ultiple or severe disruptions o f  placental
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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.Ocm 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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C horionic
Plate

Cord

Anchoring
V illou s

Basal Plate

F igure 1.10: Placental cotyledon originates form the fetal side at the chorionic 

plate and extends to the maternal side (basal plate), where it is attached by 

anchoring villi. Adapted form “ Pathology o f  The Human Placenta'1, (Benirschke &

Kaufmann, 1995).

The majority o f  villi are free floating in the intervillous space, where they are bathed in 

maternal blood. In the placenta, the trophoblast membrane separates fetal and maternal 

blood circulations. By term, an elaborate, dense fetal capillary network are housed  

within the terminal v illi, behind a trophoblast layer, which is predom inately one cell 

thick. V illi containing the fetal blood circulation are connected to the fetus via the 

chorionic plate and the um bilical cord (Figure 1.11). The m orphology o f  the villi 

through out gestation reflects the developm ent and maturity o f  the placental fetal 

circulation.
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F igure 1.11: Free floating villous, displaying typical calibre of tertiary villi 

observed in a normal term placenta. Adapted form “ Pathology o f  The Human Placenta”, 

(Benirschke & Kaufmann, 1995).

1.6.2 Establishment o f  the placenta

When the fertilized ovum  reaches the uterine wall it takes the form o f  a small 

accum ulation o f  cells (blastocyst), which has a central cavity, a polar em bryoblastic m ass 

and is surrounded by an outer layer. This outer layer differentiates into trophoblastic 

cells, w hich  form the fetal com ponent o f  the placenta. Trophoblast ce lls  erode and 

en g u lf the endometrium , allow ing implantation. By the 11th postovulatory day the 

blastocyst is com pletely buried in the decidua (maternal endometrial epithelium ) and 

implantation is com plete. Trophoblasts continue to proliferate to form the chorionic villi 

and sm all-interlaced cavities. The formation o f  chorionic villi begins betw een 13 to 15 

days post-ovulation. A s pregnancy progresses the decidua basalis which underlies the 

blastocyst grow s, forming a shell beneath the implantation site and develops into the 

characteristic placental disc (Jauniaux et al, 1992).
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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 o f 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 

oflg .

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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Feinberg, 1992). Within days of conception, trophoblast cells begin to make human 

chorionic gonadotropin (hCG), a hormone which prepares the endometrium for the 

implanting blastocyst. A further population, of trophoblasts cells attach to and invade the 

uterine lining, beginning the process of pregnancy.

Undifferentiated cytotrophoblasts are stem cells, which can proliferate and 

differentiate into (A) hormonally active villous syncytiotrophoblasts, (B) Extravillous 

anchoring trophoblastic cell columns, or (C) invasive extravillous trophoblasts (Figure 

1.12). Extravillous trophoblasts (EVT’s) are uninuclear trophoblasts cells found outside 

the villous placenta.

Cytotrophoblast

Invading
Extravillous
Trophoblast

F igu re 1.12: Cytotrophoblast Differentiation

Anchoring
T rophoblast

Villous
Syncytiotrophoblast

In the first 3 months o f gestation a trophoblastic shell exists which has an irregular 

interface with endometrium. Trophoblast cells plug the openings to spiral arteries, 

preventing maternal blood circulating. Trophoblasts cells progressively detach, 

reattaching further along the spiral artery (interstitial trophoblasts). However, it has been 

suggested that plasma may percolate through the trophoblast plug (Boyd & Hamilton, 

1970) (pp61-91), while the exclusion of red blood cells maintains the developing 

conceptus/ embryo under hypoxic conditions. Around 12 weeks gestation, the
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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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Myometrium-

Pre-eclampsia Normal

F igure 1.13: Diagrammatic demonstration o f  spiral arteries in pre-eclampsia and 

normal pregnancy.

1.6.6 Haemodynamic changes o f  pregnancy

Cardiac output increases by approximately 40% in the first half of pregnancy peaking 

between 20-24 weeks. There is a concurrent increase in plasma volume, which continues 

up to 30 weeks. Maternal total red blood cell volume increases steadily throughout 

gestation, yet a disproportionate increase in plasma volume results in hemodilution. As 

expected there is an increase in uterine blood flow, which is accentuated with progression 

of pregnancy, but accounts for a small portion of the cardiac output.

1.6.7 Pre-clinical indicators o f  placental damage

Recent advances in obstetric assessment of patients have identified two pre-clinical 

markers for placental dysfunction. Doppler ultrasound is the only noninvasive procedure 

available which allows assessment of placental function, vascular change, monitoring of 

blood flow and fetal development during pregnancy (Maulik, 1989a; Maulik et al, 1989b) 

and it has become common place in obstetric care (Campbell et al, 1983; Trudinger & 

Giles, 1989) (Trudinger & Cook, 1990). In recent years it has become apparent that 

uteroplacental ischaemia is detectable by Doppler ultrasound examination of the 

proximal uterine arteries at 20-24 weeks gestation, and is now considered a 

valuable tool in the identification of pregnancies at risk for pre-eclampsia and 

intrauterine growth restriction (IUGR) (Bower et al, 1993). Doppler ultrasound has been
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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 (phCG) have been identified as perclinical markers o f 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 o f 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 

p2GPI 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 o f 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-p2GPI 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-P2GPI 

(IgG and IgM), anti-prothrombin [aPT] (IgG and IgM) and anti annexin V (anti-AY), 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 hCG).

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 

(32GPI 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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2 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)ISI.

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

71



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/1.

2.3.5 Dilute Russell's Viper Venom Time (DRWT)

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 o f 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 D R W T  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 o f Results: The clotting time of test plasma using D R W  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 et 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 o f 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.

• Tissue factor mutant-219 (TF-219) stock solution at 47 p.g/ml stored at -70°C (a gift 

from Prof. EDG Tuddenham, RPMS Hammersmith).

• Phospholipid reagent (‘Bell and Alton’ Platelet Substitute, Diagnostic Reagents Ltd.) 

reconstituted according to manufacturer’s instructions.

• TBS A; tris buffered saline, pH 7.4 containing 1% bovine serum albumin (fraction V; 

A-7030 Sigma-Aldrich Chemical Co.).

• Human recombinant FVIIa (Novo Nordisk Ltd.) stock solution at 6 ig/ml in TSBA 

stored at -70°C.

• FVII deficient plasma (Diagnostic Reagents Ltd.).

• In house QC plasma prepared by cold activating citrated normal plasma for 18 hours 

at 4°C.

• 0.025 M calcium chloride.

• 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 500pl phospholipid to 900|l i 1 

TBS A and lOOpl of TF-219. A working solution of FVIIa standard (lOng/ml) was 

prepared by diluting the stock solution TBS A. This working solution was serially 

diluted to prepare a range of standards (6.02, 3.63, 2.18, and 1.32 ng/ml FVIIa). lOpil 

plasma and rFVIIa standards were diluted with 90pl 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 50pil, reagent
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volume 75 j l x 1 from position 2 (TF-219), reagent volume 50pl 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 FVIIa 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'.

• Freshly delivered placental tissue.

• Liquid nitrogen and container.

• Cutting equipment; scalpel, forceps and cutting block.

• Aluminum foil.

• 4% Formal saline.

Time o f  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.

• High quality acid washed glass slides.

• Vectabond reagent; diluted according to manufactures instructions (Vector 

Laboratories).

• Metal slide racks.

• Glass staining dishes.

• Acetone.

• Deionized H20 .

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

• Frozen tissue

• Cryostat (Bright Instrumentation Co. Ltd).

• OCT

• Vectabond coated microscope slides (section 2.4.2).

• Acetone.

• Cryospray (Bright Instrumentation Co. Ltd).

• Aluminum foil.

Method: Frozen tissue blocks to be sectioned were attached to a chuck using OCT 

-  without'delay, if  indieatedr rapid freeze^ spray wasr used. ^Sections were *cuF aF a'“se'ttifigT)f"“ 

7 pm 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

• Processed and paraffin embedded tissue in plastic cassettes.

• Vectabond coated microscope slides (section 2.4.2).

• Microtome (Bright Instrumentation).

• Water bath.

Method: Tissue blocks were placed on ice for 5 minutes to improve cutting. Serial 

sections were cut a 3 jam 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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B = Biotin 

P = Peroxidase

F igure 2.1: Diagrammatic representation o f indirect immunohistochemistry using a 

peroxidase conjugated avidin biotin method. The antigen is localized as a brown 

pigment, contrasting with the blue nuclear stain.

2.5.1. (32Glycoprotein I  lmmunochemistry

This method was established on formalin fixed paraffin sections after investigation of 

processing and staining conditions (see chapter 8.2.2).

Principle: Placental (32Glycoprotein I antigens bind polyclonal rabbit anti-human 

^Glycoprotein I antibodies, which are subsequently tagged by a biotinlyated swine anti

rabbit antibody. The conjugated antibody is amplified and revealed when the hydrogen 

peroxidase 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.

• Xylene

• Methanol (absolute, 70 %).

• Hydrogen peroxide.

• Rabbit anti-p2Glycoprotein I (Dako).

• Normal swine serum (Dako)

Rabbit Anti-human 
Antibody

Antigen

Tissue
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• Biotinlyated swine anti-rabbit (Dako).

• Peroxidase streptavidin-biotin complex (Dako).

• Substrate solution; 1 mg/ml diaminobenzidine-tetrahydrochloride containing 0.001% 

hydrogen peroxide (Kem En Tec).

• Meyer’s Haematoxylin.

• 1% acid alcohol.

• 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 p2GPI (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. 

The conjugated antibody is amplified and revealed wherr the- hydrogen: peroxidase"' 

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.

• Xylene
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• Methanol (absolute, 70 %).

• Hydrogen peroxide.

• Rabbit anti-Annexin V (Serbio).

• Normal swine serum (Dako)

• biotinlyated swine anti-rabbit (Dako).

• Peroxidase streptavidin-biotin complex (Dako).

• Substrate solution; 1 mg/ml diaminobenzidine-tetrahydrochloride containing 0.001% 

hydrogen peroxide (Kem En Tec).

• Meyer’s Haematoxylin.

• 1% acid alcohol.

• 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 

antithrombin III (ATIII) forming an inactive proteinase /inhibitor .complex (TAT). _A_ 

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 p,g/1)
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complexes.

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

Ltd.

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

• Peroxidase conjugated rabbit anti-human ATIII antibody.

• Standard TAT plasma; reconstituted to produce range (2-60 pg/1).

• Control plasma [assigned value] ; reconstituted according to manufacturers 

instructions.

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

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

• Substrate buffer [Hydrogen peroxide (0.3 g/1) in citrate buffer solution].

• Chromogen POD [o-phenylenediamine dihydrchloride]

• Stop reagent [0.5 M Sulphuric acid]

Method: All reagents, standards and control were made up according to manufactures 

instructions. 50 pi of sample buffer was added to all wells of the microtitre plate. A 

further 50 pi 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 pi/ well of washing solution. 100 pi of 

conjugated anti-ATIII 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 lOOpl 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 pi 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 aLcf 

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 F I+2 (FI.2), which is a marker of 

thrombin generation. A sandwich microtitre ELISA using a rabbit anti-human F I.2 as the 

capture antibody to binds F I.2 in samples. Bound F I.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 F I.2 (0.04 to lOnmol/ 

1).
Reagents: All reagents are part of a kit (Enzygnost F I+2 micro) from Dade-Behring Ltd.

• Pre-coated (rabbit anti-human F 1.2) microtitre plate.

• Peroxidase conjugated rabbit anti-human prothrombin antibody.

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

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

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

• Sample buffer [TBS (100mmol/l containing Tween (10ml/l)].

• Substrate buffer [Hydrogen peroxide (0.3 g/1) in citrate buffer solution].

• Chromogen POD [o-phenylenediamine dihydrchloride]

• Stop reagent [0.5 M Sulphuric acid]

Method: All reagents, standards and control were made up according to manufactures 

instructions. 50 pi of sample buffer was added to all wells of the microtitre plate. A 

further 50 pi 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 pi/ well of washing solution. 100 pi 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 pi 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 pi of stop reagent to each well. The absorbance was read at 492nm 

- - - - using-an automated-plate reader, interfaced with a PC running ANELISA " so ft war e f  

which was programmed to plot a log / log standard curve and derive test and control 

concentrations of Pro F I+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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rep ea ted .

2.6.3 D-D inter

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.

• Microtitre plate pre-coated with a monoclonal anti-D-dimer antibody (DD-3B6) in 

buffer containing sodium azide (lg/1).

• Peroxidase conjugated mouse monoclonal anti-FDP antibody [reconstituted 

according to instructions].

• Standard high molecular weight D-dimer preparations [2000 ng/ml; reconstituted 

according to instructions].

• High molecular weight D-dimer control [500 ng/ml; reconstituted according to 

instructions].

• 5 ml Tween 20 [40% v/v].

• ABTS Substrate in citrate buffer; [2,2’-Azino-bis (3-Ethylbenzthiazoline Sulfonic 

Acid)].

• Hydrogen peroxide; [3% w/v].

•  -Stop Reagent. - - - - - - - - - - - - -  - -  - -  - -  - -  - -  - -  -

• Diluent.

• PBS: 1 vial PBS buffer salts [reconstituted with 1 liter of distilled H20].
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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. lOOpl of buffer solution was added to all wells, to which 25 jlxI 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, 50pl 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 200pl of buffer solution. lOOpl of activated 

substrate (ABTS with H20 2) was then added and incubated at room temperature for 15 

minutes with continual mixing. Colour development was stopped by the addition o f 50pil 

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 (FXIIa)

FXII binds to negatively charged surfaces resulting in either the autoactivation of FXII to 

aFXIIa, or facilitated proteolysis by plasma and cell proteases. Kallikrein cleaves 

aFXIIa which has lost the surface binding domain of FXII to produce pFXIIa. In this 

solid phase ELISA, a murine monoclonal antibody to human FXIIa acts as a capture 

antibody specific for FXIIa, with no interaction with it’s zymogen FXII or FXIIa: 

inhibitor complexes. Bound FXIIa is detected by an alkaline phosphatase conjugated 

sheep polyclonal anti-human FXIIa. The assay was standardized using purified pFXIIa in 

buffer.

-  - - -  Reagents: AH reagents were part of ̂ a Lit [Activated Factor XII (XHa)] Tromr Shield" 

Diagnostics Ltd.

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

• Alkaline phosphatase conjugated sheep polyclonal anti-human FXIIa antibody.

• Standard FXIIa preparations [0 to 20 ng/ml].
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• Wash buffer diluted according to the manufacturers instructions.

• Substrate solution [phenolphthalein monophosphate].

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

Method: lOOpl of FXIIa 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 200fal of wash buffer, before lOOpl 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 200pl of wash buffer. lOOpl of 

substrate was then added and incubated at room temperature for 15 minutes. Colour 

development was stopped by the addition of 1 OOpl 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 FXIIa 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.

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

• Ethanol.

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

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

PBS.

• Alkaline phosphatase conjugated goat anti-human IgG [y chain specific] or IgM [p 

chain specific] (Sigma-Aldrich Chemical Co.).

• 0.92 M diethanolamine buffer: pH 9.8, containing 0.5mM magnesium chloride 

hexahydrate.

• Substrate: 1 mg/ml p-nitrophenyl phosphate disodium hexahydrate phosphatase 

(Sigma-Aldrich Chemical Co.) in diethanolamine buffer.

• 3 M sodium hydroxide.

Method: 30 pi of a 50pg/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 

pi o f ethanol was added to the wells in the remaining rows (blank wells). The plate 

- - -  -  contents-were allowed -to-evaporato by being-left uncovered- overnight a t 4°C“ andHhen- 

washed with PBS. To reduce non-specific binding, plates were blocked with 75pi of 

ABS buffer for one hour at room temperature. After washing once in PBS, 50pl 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, 50pl 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, 50pl aliquots o f 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 50pi 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 p2GPI to capture and immobolize autoantibodies. Blank 

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

p2GPI.

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

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

• Buffer A; [0.01 M Phosphate, 0.0145M sodium chloride, pH 7.2 (Sigma-Aldrich 

Chemical Co.)]

• Human p2GPI 1 mg/ml in PBS (see section 2.9.1)

• BSA solution (Bovine serum albumin fraction V (A7030; Sigma-Aldrich Chemical 

Co.).

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

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

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

Chemical Co.)

-  • -0.65-M Phosphate- citrate-buffer wvfthr urea: hydrogen pefoxidase (Sigma-Aldrich 

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: lOOpl of P2GPI diluted lin  100 with PBS was added to each well of rows C, D, 

E, F of a y-irradiated microtitre plate, while lOOpl o f lOpg/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 pi with 

buffer B. 125pl 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-p2GPI at 6 doubling dilutions 

from 1:100 to 1:3200. Tests were diluted 1:100. After washing once with 150pl with 

buffer B, 1 OOjllI volumes of tests and standards were added in duplicate to both p2GPI 

coated and un-coated wells for two hours at room temperature. Unbound protein was 

removed by washing four times with buffer B and lOOpl 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 lOOpl 

substrate for colour development. The reaction was stopped by addition of 50 pi 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-P2GPI levels of tests were derived from this curve. A 

plasma of known a-P2GPI 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 p2GPI purification and a-p2GPI 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. The “dilution of rn-house 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.

• Microtitre plate pre-coated with human (32GPI.

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

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

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

• a-p2GPI positive control.

• Substrate solution [phenolphthalein monophosphate].

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

• In House a~P2GPI 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 pi 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 200pl/ well of washing solution. lOOpl of conjugated antibody was 

added and incubated at room temperature for 30 minutes. After washing three times 

lOOpl o f substrate solution was added to wells and incubated at room temperature for 30 

minutes. The reaction was stopped and developed by the addition o f lOOpl 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-p2GPI activity (%).

2.7.5 Anti-Beta 2 Glycoprotein I  IgM

This method is an adaptation of the commercial a-p2GPI IgG assay (section 2.5.4), which 

I adapted for the detection of IgM a-p2GPI, 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.

• y-irridated microtitre plate pre-coated with human p2GPI.

• Alkaline phosphatase conjugated murine monoclonal anti-human IgM in Tris buffer.



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

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

• In-house anti-p2GPI standard from a well characterized antiphospholipid patient.

• In-house anti-(32GPI control from a well characterized antiphospholipid patient.

• 0.92 M diethanolamine buffer: pH 9.8, containing 0.5mM magnesium chloride 

hexahydrate (Merck Ltd.).

• Substrate solution: 1 mg/ml p-nitrophenyl phosphate disodium hexahydrate

phosphatase (Sigma-Aldrich Chemical Co.) in diethanolamine buffer.

• 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. lOOpl 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 200pl/ well of washing solution. lOOpl of conjugated antibody 

was added and incubated at room temperature for one hour. After washing three times, 

lOOpl 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 50pl 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.

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

• 5pg/ml human prothrombin (Enzyme Research Laboratories).

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

• 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.).

• Alkaline phosphatase conjugated goat anti-human IgG [y chain specific] or IgM [p 

chain specific] (Sigma-Aldrich Chemical Co.).

• 0.92 M diethanolamine buffer: pH 9.8, containing 0.5mM magnesium chloride 

hexahydrate.

• 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 80pl of 5p.g/ml human prothrombin in PBS, while rows A, B, G,H were un-coated. 

Unbound protein was removed by washing three times with lOOpl 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. lOOpl 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 150pl of buffer B, lOOpl 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, lOOpl o f substrate was added and incubated at 37°C 

for colour development. The reaction was stopped by adding 50pl 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.

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

• 1 Opg/ml human prothrombin in PBS (Enzyme Research Laboratories).
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• Buffer A; [0.01 M Phosphate, 0.0145 M sodium chloride, pH 7.2 (Sigma-Aldrich 

Chemical Co.)].

• 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.).

• Alkaline phosphatase conjugated goat anti-human IgG [y chain specific] or IgM [p 

chain specific] (Sigma-Aldrich Chemical Co.).

• 0.92 M diethanolamine buffer: pH 9.8, containing 0.5mM magnesium chloride 

hexahydrate.

• Substrate: 1 mg/ml p-nitrophenyl phosphate disodium hexahydrate phosphatase 

(Sigma-Aldrich Chemical Co.) in diethanolamine buffer.

• 3 M sodium hydroxide.

Method: A y irradiated microtitre plate was coated overnight at 4°C with 80pl of 

10pg/ml human prothrombin in PBS. Unbound protein was removed by washing three 

times with 150pl 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 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. 1 OOpl 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 150pl of 

buffer B, lOOpl 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, lOOpl of substrate was added and incubated at 37°C 

for colour development. The reaction was stopped by adding 50pl 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 VAssay [anti-A V] (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.

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

• lOpg/ml human annexin v (Dr Amiral, Serbio).

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

• PBS [0.01 M Phosphate, 0.0145 M sodium chloride, pH 7.2 (Sigma-Aldrich 

Chemical Co.)].

• Blocking solution/ Sample diluent; PBS containing 1.5% BSA (A7030, Sigma- 

Aldrich Chemical Co.).

• SuperBlock (Pierce)

• Alkaline phosphatase conjugated goat anti-human IgG [y chain specific] or IgM [p 

chain specific] (Sigma-Aldrich Chemical Co.).

• 0.92 M diethanolamine buffer: pH 9.8, containing 0.5mM magnesium chloride 

hexahydrate.

• 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 lOOpl of lOpg/ml human AV in coating buffer, while lOOpl 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 200pl blocking solution. After the BSA block, plates were washed once in 

wash buffer, followed by three further washes with 200pl 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. lOOpl 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 200pl of wash buffer, 150pl 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, 1 50 j l l 1 of 

-  -  -  -  substrate was added" and incubatedatr 37°C fo r  colour “development. The reaction- was 

stopped by adding 50pl 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 (%).

2.7.9Anti-Annexin VAssay (Commercialkit)

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:

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

• Dilution buffer

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

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

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

use.

• 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. 200pil 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 200pl substrate added for five minutes 

exactly. 50pl of 3M H2S 0 4 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.

• Buffer A [0.01 M Phosphate, 0.0145M sodium chloride, pH 7.2 (Sigma-Aldrich 

Chemical Co.)]

• PBS azide buffer [buffer A containing 0.2 g/L azide.

• Extraction buffer: 5mM [Ethylene glycol-bis-tetra acetic acid] in 0.05M TRIS-HCL 

at pH 7.5 containing 0.15M NaCL , O.lmM leupeptin, 5ug/ml Aprotonin (Bayer) and

93



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 

o f 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 + Cu2+-> Cu1+

Cu1+ + BCA Colour complex

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

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

• Copper (II) Sulphate pentahydrate (Sigma-Aldrich Chemical Co.).

• Bovine Serum albumin [BSA] (fraction V[A7030]; Sigma-Aldrich Chemical Co.).

• Microtitre plate (Alpha Laboratories)

Method: A solution of lmg/ ml BSA was prepared and stored at -20°C until required. A 

working solution of BCA reagent was prepared by adding 1ml of Copper II Sulphate to 

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

~ LOmg/mlpin distilled water. Test samples were diluted as required in distilled water. 

200pl of working BCA was added to the wells of a microtitre plate. 20pl 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 j32Glycoprotein I  quantitation

A solid phase microtitre ELISA using a polyclonal rabbit anti-human (32GPI antibody as 

the capture antibody binds and immobilizes p2GPI in samples.

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

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

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

• Buffer B: PBS-Tween [0.01M phosphate, 0.15M sodium chloride, pH 7.4 containing 

0.1% v/v Tween 20].

• Polyclonal rabbit anti-human p2GPI antibody (Dako Ltd.)

• Polyclonal rabbit anti-human p2GPI antibody conjugated to peroxidase (Dako Ltd.).

• 1,2-phenvlenediamine dihydrochloride (QPD); [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 H20 2.

• Pooled normal plasma Standard cross calibrated against purified human 

p2Glycoprotein I.

• In-house control sample from a single bleed.

• Stop Reagent; 2M Sulphuric Acid.

Method'. Polyclonal rabbit anti-human p2GPI, was diluted 1 in 1000 in PBS. 180pl 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 200pl of 

buffer B before use. A range of standards concentrations was prepared by doubling 

-  ~ ~ -  dilutions from 1:3200 to L: 102400, test and controFplasmas were diluted from 1:6400"to 

1:25600 in buffer B. 180pl 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 200pl buffer B. 200pl of OPD substrate was 

added to each well for 12 minutes at room temperature for colour development. The

95



reaction was stopped with 50 j l x 1 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 o f 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 p2Glycoprotein I  quantitation

Placental p2GPI 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 p2GPI. Placental extracts were diluted 1 TOO to 1:3200 in PBS-Tween. A control 

plasmas of known p2GPI 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. 200pl of standards and tests were added in duplicate, to microtitre wells and 

-  incubated at room temperature for two hours. Unbound sample was removed by washing 

five times with 250pl/ well of washing solution. 200pt of conjugated anti-annexin V 

was added and incubated at room temperature for a further two hours. After washing 

five times 200pl of substrate solution was added to wells and incubated at room 

temperature for exactly five minutes. Colour development was stopped by adding 50 |l x 1



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 o f 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.

• Phastsystem SDS or native gel electrophoresis buffer strips.

• SDS sample buffer [lOmM tris containing ImM EDTA and 2.5% w/v SDS at pH

_ 8 .0]. _

• Molecular weight markers [30-200kDa (Sigma-Aldrich Chemical Co.)].

• 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. 1 pi 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

•  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].

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

• Preserving solution [5% (v/v) glycerol in 10% (v/v) acetic acid in 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:

-  •- -A^phastsystem-minigel: -

• Elybond C nitrocellulose (Amersham Pharmacia Biotech Ltd.).

• Filter paper-Whatman’s No 1 (Whatman International Ltd).

• Transfer buffer: 0.192M glycine, 0.025M Tris, pH 8.3, containing 20% (v/v) 

methanol.
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• Tris buffered saline (TBS): 0.145M NaCl, 0.02M Tris, pH 7.4.

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

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

• Primary antibody

• Secondary antibody: enzyme conjugated antibody, directed against the primary 

antibody.

• 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-HCLl buffer, pH 7.6, containing 0.03% (v/v) hydrogen peroxide. The 

development solution used for alkaline phosphatase conjugates was a 1 mg/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 ImM 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 f 2-gly coprotein I

(32GPI 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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p2GPI 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 5mg p2GPI.

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

chromatographic media were obtained from Pharmacia Biotech Ltd.

• 0.05M imidazole, 0.1M NaCl @ pH 6.5

• 0.05M sodium acetate, 0.05M NaCl @ pH 4.8

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

• PBS: pH 7.2, 0.01M phosphate, containing 0.05, and 0.145 or 1.0M sodium chloride.

• Polyethylene glycol (PEG) 6000

• QAE Sephadex A50 packed in a 2.5 x 40cm column.

• Sepharose Mono S packed in a 1 x 18cm column.

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

• High-trap Protein G Sepharose packed in a 1 x 12cm column.

• 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 A280 

- - - - measurements. "Tractions'containing protein wefe pooled and diaIys"ecTto 0705M NaCl, 

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 

0.1M NaCl, 0.05M sodium Acetate pH 5.3 was formed, followed elution of p2GPI 

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 (32GPI using the p2GPI quantification ELISA 

(section 2.7.1). p2GPI 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 p2GPI as described 

in section 2.7.1. p2GPI 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 I%,lcm= 9.4 (Haupt et 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.

• Protein G column (Pharmacia Biotech Ltd.).

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

• PBS azide: pH 7.2, 0.01M phosphate, and 0.145M sodium chloride containing 0.2g/l 

azide.

• 0.1M Glycine (7.507g/l) @ pH 2.8.

• 0.1MTRIS buffer.

• Dialysis chamber.

• PM30 membrane (Amicon Ltd.).

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

"" ProTein G column.H^he coTumnAvas washed’ with PBS until the flow through absorbance 

A280 nm 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



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 l%,lcm= 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

• Cholesterol Reagent (Sigma 352-20).

• ACCUSET® LIQUID CALIBRATOR (A 2539).

• ACCUTROL™ Normal Chemistry Control (A 2034).

• 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/1. A control samples was included every 20 samples to 

insure the reliability of the assay.

2.12.2 Total triglycerides

Reagents

• Triglyceride (GPO-Trinder) Reagent (Sigma 339-10).

• ACCUSET® LIQUID CALIBRATOR (A 2539).

• ACCUTROL™ Normal Chemistry Control (A 2034).

• ACCUTROL™ Abnormal Chemistry Control (A 3034).
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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/1. 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 Gin 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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2.14 Reference ranges

A reference range was established for all assays reported numerically, where possible. 

Samples were assayed from at least 30 apparently healthy normal volunteers. If the 

parameter measured was normally distributed the reference range was defined as the 

mean ± 2 standard deviations (SD). In assays were data from a normal population did not 

follow a Guassian distribution and gave a positive skew, then data was normalised by log 

transformation. The reference range was then defined as the geometric mean ± 2 SD, or 

with a 95% confidence interval.

2.13 Assay Performance

To assess assay performance both intra-assay and inter-assay coefficient o f variation 

(CV) were calculated. The intra-assay CV was established from 16 measurements o f a 

single sample within an assay run. While inter-assay CV was calculated from 

measurements of a single sample assayed on at least 20 different assay runs over weeks 

to months.

2.14 Computer Hardware and Software

An Anthos 2001 automated plate reader was interfaced to a PC and data was analysed 

using ANELISA 1.21 (Epsiolon Technology Ltd.). A Gateway G6-266 PC running 

windows 95 and Microsoft Office software was used to produce this thesis.

2.15 Statistical Analysis

The statistical analysis performed was dependent on the study under consideration and 

will be described in results chapters. Analysis was carried out using the Statgraphics 

package and ‘Astute’ statistics add-in for Excel (DDU software). A probability value of 

less than 0.05 was considered statistically significant.
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3 Affinity Purified Human Antiphospholipid 

Antibodies Bind Normal Term Placenta.

3.1 Introduction

This study was initiated as part of an MSc in applied Haematology, awarded by the 

University of Westminster in 1994, but provided the background and preliminary 

experiments for later aspects of this thesis. At the outset of this project, in vitro studies 

suggested a causative link between aPL and fetal loss (Branch et al, 1990) and p2GPI had 

been eluted from placentae of aPS pregnancies (Chamley et al, 1993). A number of 

reports described histopathological features of the utero and feto-placental circulation in 

association with aPL. The histopathological features associated with fetal loss in SLE 

and aPL include; widespread decidual vasculopathy, inflammation, trophoblast and 

decidual immunoglobulin deposition, fibrinoid necrosis and multiple infarcts 

(Abramowsky et al, 1980), (De Wolf et al, 1982), (Out et al, 1991), (Erlendsson et al, 

1993) . However, some of these features are also associated with pre-eclampsia and 

intrauterine growth restriction (IUGR) (Salafia et al, 1992).

It was known that recurrent thrombosis associated with aPL was episodic and this 

suggested that a “second hit” was required before a pathological event is manifested. 

Pregnancy loss is the only clinical feature in some women with aPL, implying that 

pregnancy presents the second hit. In 1990, the role of phospholipid binding proteins as 

targets for aPL was established (McNeil et al, 1990b);(Galli et al, 1990);(Matsuura et al, 

1990), but an involvement of tissue antigens had not been investigated.

I wondered if aPL were directed towards tissue antigens, and if these antigens 

were expressed in normal tissues. Therefore I assessed the ability of affinity purified 

aPL to bind normal term placenta. Concurrent with this I immunolocalised (32GPI in 

term placenta and compared the localisation pattern with those produced by aPL. A 

further aim was to assess if aPL were directed towards placental proteins. In line with 

these objectives I established an immunofluorescent method which was capable of 

detecting binding of human IgG antibodies to human term placenta.
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3.2 Materials And Methods

3.2.1 Patients and controls

Blood samples were collected from the antecubital fossa of five patients with aPS, one 

patient with high titre aCL post bone marrow transplant, and 20 healthy normal non 

pregnant subjects. Clinical details of aPL positive patients are given in Table 3.1.

Patient No. Sex Age Clinical History Comment

1 F 34 Th, RM x 5 Pregnant

2 F 32 Tp, RM x 2 Pregnant

3 F 27 RM x 3 Pregnant

4 M 20 Tp post-MUD (anti-DNA +)

5 F 27 Th no pregnancies to date

6 M 63 Th

Table 3.1: Clinical details o f aPL positive patients whose serum was used for affinity 

purification. Abbreviations; aPS = antiphospholipid syndrom e, Th = Throm bosis, Tp =  

Throm bocytopaenia, RM = recurrent miscarriage, M U D  = matched unrelated donor bone marrow.

3.2.2 aPL Testing and aPS criteria

The lupus anticoagulant status was detected using APTT and DRVVT tests according to 

international criteria (Triplett, 1994). aCL were detected using a commercial ELISA 

(SELISA aCL IgG: Cambridge Life Sciences pic) and was measured in GPL units. aPS 

patients were identified according to definition of Harris et al (Harris et al, 1987) (i.e. 

clinical presentation of thrombosis, recurrent miscarriage or thrombocytopaenia and a 

positive aPL test on more than one occasion at least six weeks apart).

3.2.3 Affinity Purification o f aPL

It became apparent from preliminary experiments that affinity purified aPL would be 

required for placental binding studies, to avoid interaction of naturally occurring blood 

group antibodies. Affinity purification of aPL was performed in parallel against 

cardiolipin (3ml @ 4.8 mg/ml Sigma-Aldrich Chemical Co) and phosphatidylserine (1ml
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@ lOmg/ml; Sigma-Aldrich) liposome preparations as previously described by Alving & 

Richards (Alving & Richards, 1977).

10 ml of serum was incubated with 5 ml of liposome preparation for one hour at 

room temperature. After centrifugation at 27,000g for 15 minutes, the supernatant was 

removed and the pellet resuspended in 10 ml cold NaCl (0.15M) to wash. The washing 

procedure was repeated twice and the pellet was resuspended in 2 ml Nal (1M) followed 

by a one hour incubation to elute bound immunoglobulins. After centrifugation for 15 

minutes at 27,000g the subnatant was dialysed overnight at 4°C, against PBS containing 

1% azide. Purified preparations were tested for aCL IgG activity. Total protein 

concentrations were analysed using Bradford’s reagent and the absorbance measured at 

595nm; controls (0.01 l-0.056mg/ml); aPL patients (0.11-0.3lOmg/ml). All affinity 

purified preparations from control subjects were negative for aCL activity and were 

pooled for subsequent use as controls in immunofluorescent and immunoblotting 

experiments.

3.2.4 Placental preparation

Random tissue blocks from four normal term placentas, obtained by vaginal delivery 

were snap frozen in liquid nitrogen within 60 minutes of delivery. Tissues for subsequent 

homogenization were rinsed in phosphate buffered saline (PBS: 0.01M phosphate, 0.137 

M sodium chloride, pH 7.4) and were stored in liquid nitrogen until required.

3.2.5 Development of an immunofluorescent technique for the detection of human 

aPL binding human placenta

Preliminary experiments demonstrated that immunoglobulin was detectable on normal 

term placenta. Indeed, the term placenta is an active site for passive IgG transfer to the 

fetus; IgG binds to placental Fc receptors by the Fc region, leaving the Fab domain 

exposed. I therefore considered, that by using an Fc specific anti-human secondary 

antibody (Atlantic Antibodies, Inc Corporation), I would only detect the Fc fragment of 

_ aPL molecules, bound to antigens-via their Fah regionr The use-of-suclra regime greatly -  

reduced staining on placental sections, but a high level of non specific staining remained.

The incorporation of blocking steps to reduce non specific immunofluorescence 

were investigated using: 1% bovine serum albumin (Sigma A7030), unconjugated rabbit 

anti-human globulin (AHG: Ortho Diagnostics) or 3% milk powder (Marvel®, Cadbury’s
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Ltd). After blocking, the sections were washed, incubated with conjugated anti-human 

Fc fragment, rinsed and examined for immunofluorescence. The various blocking 

procedure reduced non-specific binding, but to varying degrees. However, a 

combination of AHG blocking followed by a milk blocking step was assessed and found 

to be most effective. The results are given in Table 3.2.

Blocking Agent Immunofluorescence

Untreated Positive ++++

1% Bovine serum albumin Patchy Positive ++

Unconjugated rabbit anti Patchy Positive +

human globulin

3% Milk Positive +

Anti-human globulin followed Negative/ very weak occasional stromal staining

by 3% milk

Table 3.2: The effect o f  blocking agents on background immunofluorescent staining o f  

placenta using a FITC conjugated anti-human Fc fragment.

3.2.6 Optimised immunofluorescent method

Frozen sections of placenta were cut at 5pm, air dried, washed for two hours in PBS and 

incubated with unconjugated rabbit AHG for 30 minutes, washed and incubated with a 

3% powdered milk solution in phosphate buffered saline (PBS) [0.01M phosphate, 

0.145M sodium chloride, pH 7.4] for one hour. Affinity purified patient or control 

antibodies or human monoclonal antiphospholipid (RSP-57: Dr Ravirajan,

Rheumatology Dept, Middlesex Hospital, London) were diluted between 1/2 and 1/10 in 

1.5% powdered milk in PBS and incubated with sections for 30 minutes, rinsed and 

washed in PBS. IgG FITC conjugated anti-human Fc was diluted 1/1500 in 1.5% 

powdered milk in PBS and incubated with sections for 30 minutes. After washing, 

-  sections' were mountecf with fluordmbufit (Merck) and viewed under UV light for 

immunofluorescence. A control section which omitted the incubation with affinity 

purified antibody was included each time staining was performed, to assess the reliability 

of the method. Staining was assessed on each of the four placentas collected. 

Photographs were taken of representative staining patterns, using Agfachrome RS 200



slide film at different exposure times (90-120 seconds).

a-P2GPI binding to placenta was assessed as above except the primary antibody 

was a polyclonal rabbit anti-p2GPI (Dako) and a FITC conjugated swine anti-rabbit 

(Dako) secondary antibody was used.

3.2.7 Immunodetection of aPL's binding to SDS-PAGE separated placental proteins

A pilot study was performed to investigate the ability of aPL to bind placental proteins. 

An initial method employed chloro-l-naphthol to localise bands to which aPL were 

bound. Using this reagent a number of extremely faint bands were apparent, but faded 

within hours of staining. This suggested that a detection system of higher sensitivity was 

required and enhanced chemiluminescence was chosen.

SDS-PAGE was performed using a 12% acrylamide gel in a vertical gel 

electrophoresis apparatus. IOjlxI of molecular weight standard (SDS-Page standards, Bio- 

Rad) or 20p,l of placental homogenate diluted in a loading buffer containing SDS and run 

at 100 volts, stained by Coomassie Brilliant blue or blotted as required. Western blotting 

of proteins from gels onto a nitro-cellulose membrane (Hybond; Amersham Pharmacia 

Biotech Ltd) was carried out in a transfer unit by electrophoresis for one hour at 100 mA. 

After washing in TBS (10 mM Tris, 0.15M NaCl, pH 7.2) the membrane was blocked in 

a 5% dried milk solution at room temperature for one hour. Membrane strips were 

incubated with purified aPL (diluted 1:25 to 1:100), polyclonal a-p2GPI (diluted 1:1000; 

Dako), or human IgM monoclonal aPL (RSP-57; diluted 1:100), overnight at 37°C. The 

strips were washed three times in TBS. A horseradish peroxidase (HRP) conjugated 

secondary antihuman antibody (Sigma-Aldrich Chemical Co; diluted 1:3,000) was then 

incubated with aPL and RSP-57 strips for one hour and washed as before. HRP 

conjugated goat anti-rabbit IgG was used for detection on the a-p2GPI strip. Enhanced 

chemiluminescence (ECL) detection of protein bound IgG was performed according to 

manufacturer’s instructions (Amersham Pharmacia Biotech Ltd). In brief, 200pl of 

chemiluminescence substrate was added to each strip for one minute before the strips 

- -  -  -  were exposed-to-photographic film. - - - - - - - - - - - - - - - - - - - - - -
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3.3 Results

3.3.1 aPL levels

aCL levels ranged from 12-308GPL units in patient sera. After affinity purification, 

levels of 3-150GPL and 6-239GPL units were obtained with cardiolipin and 

phosphatidylserine liposome preparations respectively. Details of serum aCL, post 

affinity purification aCL activity and plasma LA of aPL positive patients are given in 

Table 3.3. All control samples and their affinity purified preparations were negative for 

aCL (results not shown). LA was not detected in plasma samples from any of the 

control subjects. The control affinity purified preparations were pooled and stored at - 

70°C until required.

Patient Plasma LA Serum aCL/GPL CL liposome Prep 
aCL/GPL

PS liposome 
Prep aCL/GPL

1 Pos 307.7 90.0 239.1

2 Pos 304.0 52.8 57.8

3 Pos 249.1 150.2 79.8

4 Neg 26.5 16.8 8.9

5 Pos 12.3 3.0 7.1

6 Pos 13.5 10.8 5.8

Table 3.3: aCL and LA levels o f  aPL positive patients, aCL activity in purification 

preparations. Abbreviations; Pos = positive, neg = negative, CL Prep = affinity 

purification preparation with cardiolipin liposomes, PS Prep = affinity purification 

preparation with phosphatidylserine liposomes.

3.3.2 aPL binding to placenta by Immunofluorescence

Affinity purified aPL preparations produced heterogeneous, positive 

_ _ _ _ immunofluoresGencedn-five o f six^patients (Table-3;4)r -  - -  - -  - -  - -  - -  - -

110



Patient Syncytial Surface Stromal Perivascular

1 Yes: Weak Strong Positive: Stringy No
2 Yes: Granular (patchy) Stringy No
3 Yes: Granular (patchy) Yes: Strong Yes
4 ? Basement Membrane Weak: patchy No
5 No Weak No
6 No No No

RSP-57 No Yes No
a-p2GPI Yes: Tram line Stringy No

Table 3.4: Binding o f  affinity purified aPLs, monoclonal aCL and a-p2GPI to term 

placenta.

Staining patterns varied between patients, some of which were patchy. Staining was 

generally localized in the villous stroma (Figure 3.1) with weak patchy syncytial 

staining. Overall, there was no distinction between the staining patterns produced and the 

type of liposome used in the preparation of affinity purified antiphospholipid antibodies. 

The fetoplacental vascular endothelium appeared negative in all cases.
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F igu re 3 .1a and 3 .1b: Immunofluorescent staining o f affinity purified aPL from 2 

different patients) on normal term placenta (magnification x 250), demonstrating stromal 

staining (arrorhead) and negative endothelial and microvillous staining (arrow). Fetal 

vessels are indicated by a while circle.

Staining w ith aPL from the post transplant patient localized  in the region o f  the 

trophoblast basem ent membrane and was negative in the stroma and syncytium  (Figure

1 1 2



F igu re 3.2: Staining with affinity purified aPL from a post marrow transplant patient is 

localized in the region o f the trophoblast basement membrane (arrow), where the 

arrowhead indicates the negative apical surface o f the syncytiotrophoblast and fetal 

vessels are indicated by a while circle.(magnification x 400).

Staining w ith polyclonal a-p2GPI was detected on the outer m icrovillous and inner 

basem ent membrane o f  syncytiotrophoblast cells, along with w eak positivity in stromal 

ce lls (Figure 3.3), a pattern produced by affinity purified aPL from som e patient sam ples. 

The m onoclonal antiphospholipid antibody demonstrated stromal, patchy weak syncytial 

staining but no endothelium  staining (Figure 3.4).



F ig u re  3.3: Staining with polyclonal a-p2GPI on normal term placenta is localized to 

syncytium (arrow) producing a tram line pattern, resulting from apical microvillous and 

basement membrane staining. Weak stromal staining is also apparent (magnification x 

400).

F igu re 3.4: Immunofluorescent staining o f RSP-57 (monoclonal aPL IgM) on normal 

term placenta demonstrating diffuse stromal (arrow) and patchy but predominantly 

negative syncytial staining (arrowhead). Fetal vessels are indicated by a while circle, 

(magnification x 250).
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3.3.3 Immunodetection of aPL's binding to SDS-PAGE separated placental proteins

The quality o f the photographs of the western blots was poor and for this reason a 

diagrammatic representation of the results has been presented in Figure 3.5. Western 

blotting of SDS-PAGE separated term placental proteins, immunodetected with either 

affinity purified patient aPL, monoclonal aPL (RSP-57) or a-p2GPI produced multiple 

bands (Figures 3.5). Control lanes incubated with HRP-labelled secondary antibody 

produced two bands, indicating the presence of some endogenous immunoglobulin, 

peroxidase or antibody binding Fc receptors within the placental homogenate. This was 

similar to the result achieved when the control affinity preparation was incubated with 

SDS-PAGE separated placental proteins (Figure 3.5).

o
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Figure 3.5: Diagrammatic representation o f  the electrophoretic mobility o f  placental 

protein bands to which affinity purified aPL, RSP-57 (monoclonal antiphospholipid IgM) 

and polyclonal a-p2 G PIlgG  showed reactivity.

aPL from all six patients produced binding patterns by western blotting, with 2-3 bands 

which were not observed on the control strip. The binding pattern produced by the 

monoclonal antiphospholipid (RSP-57) was similar to that produced by both the PS and 

CL affinity purified aPL from three of the six patients (Figure 3.6a) and a common band
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w as observed w ith  one o f  the two bands produced by polyclonal (32GPI. T w o patients 

produced a further slow  migrating band with both phospholipid affinity preparations 

(Figure 3.6b). One patient produced a different pattern w ith the cardiolipin  and the 

phosphaditylserine affinity purified preparations. The number o f  bands observed on the 

western blot w as not associated with a specific im m unofluorescent b inding pattern.

A ) B)

F ig u re  3.6: Binding pattern o f affinity purified aPL to SDS-PAGE separated placental 

proteins, immunoblotted with 1) control preparation, 2) Cardiolipin purified aPL, 3) 

Phosphatidylserine purified aPL, and 4) monoclonal aPL (RSP-57). A and B refer to 

results from two different patients.

3.4 Discussion

I investigated the ability o f  affinity purified aPL from patients to bind normal term 

human placenta. Maternal im m unoglobulins have been demonstrated in term placental 9 

at the m icrovillous membrane and in the interstitial space betw een the 

syncytiotrophoblast and the fetal endothelium , and this posed a technical problem. Term  

placenta is the site o f  passive transfer o f  subclass restricted IgG  via Fc receptors. To 

overcom e the problem s o f  endogenous IgG staining, a m ulti-step approach proved to be 

successfu l. Prolonged w ashing had been reported to rem ove IgG bound to Fc receptors 

(Johnson et al, 1977);(W ood et al, 1978), and I therefore incorporated a w ash ing step into 

m y method. Incubation o f  sections with unconjugated m ouse A H G  or a m ilk  solution
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caused a dramatic further reduction in background staining. A combination of washing 

and blocking steps provided an acceptable method when used with an Fc specific AHG.

A FITC conjugate was used to avoid problems of endogenous placental peroxidase and 

alkaline phosphatase. The secondary conjugated antibody used in the detection o f a- 

P2GPI was a goat anti-rabbit immunoglobulin and hence would not detect endogenous 

placental immunoglobulin.

My results demonstrate that affinity purified aPL from both male and female, 

pregnant and non-pregnant patients bind normal term placenta in a heterogeneous 

manner and that this binding occurs via the Fab region. Strong staining occurred 

frequently in the stromal with variable staining on the microvillous surface of 

syncytiotrophoblasts. The observed non-uniformity of binding suggests limited antigen 

expression or conformation dependence of the patient antibodies for a heterogeneous 

target antigen. Syncytial staining was observed with affinity purified aPL from three 

pregnant women with a history of recurrent miscarriage. The staining pattern of a human 

IgM monoclonal aPL (RSP-57) was similar to that produced by some patient antibodies 

in our study. RSP-57 has been shown to react with cardiolipin, phosphatidylinositol and 

phosphatidylglycerol in the presence of serum (Ravirajan et al, 1995) and binds p2GPI on 

an oxidised surface (personal communication V. Pittoni).

Binding of aPL to normal term placenta suggests that the antigens to which aPL 

are directed are expressed during normal pregnancy. In support of my findings is the 

report that aPL can be eluted from placentas of women with circulating aPL (Katano et 

al, 1995). Since the completion of this study a number of reports support a role for the 

involvement of tissue antigens in the pathology of the aPS. This study shall therefore be 

discussed in view of recent findings.

aPL binding may only occur in the presence of anionic phospholipids such as 

phosphatidylserine, as was demonstrated using monoclonal aPL of known selective 

specificity on cultured trophoblast lines (Katsuragawa et al, 1995). The surface 

expression of phosphatidlylserine is thought to be a feature of trophoblast differentiation 

_ - - - and may-present target proteins in a conformation capable- o f recognition' by aPL. The " 

binding of human aPL to the microvillous surface in this study is similar to that 

demonstrated in first trimester placenta (Katsuragawa et al, 1995), using mouse 

monoclonal aPL. The microvillous surface interfaces with maternal blood and is 

responsible for anticoagulation, disruption of which may result in thrombosis. A
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reduction of microvillous annexin V, an anticoagulant protein, has recently been 

demonstrated in the presence of aPL and resuls in a subsequent increase in 

prothrombinase activity (Rand et al, 1994b), (Rand et al, 1997). Immunofluorescence 

was also detected in the stromal regions of villi, a source of TF (Faulk et al, 1990), p2GPI 

and AV (as detailed in chapter eight).

p2GPI is a serum cofactor for aPL binding, which has recently been shown to be 

synthesised by term placental tissue (Chamley et al, 1997). Antibodies to P2GPI are 

strongly associated with thrombosis (McNally et al, 1995b);(Martinuzzo et al, 1995). 

P2GPI has been shown to inhibit the prothrombinase reaction and antibodies to p2GPI 

may result in a loss in the anticoagulant capacity o f trophoblast surface, resulting in 

increased placental thrombosis.

McCrea et al reported a high incidence of anti-trophoblast antibodies in patients 

with recurrent fetal loss using isolated and cultured trophoblasts in an ELISA procedure 

(McCrae et al, 1993). An aCL liposome absorption step was used to assess the removal 

o f antitrophoblast and aCL activity, showing that aCL activity and anti-trophoblast 

binding activity were separate entities. In this study, I demonstrated that affinity purified 

aPL, having aCL activity, bind normal placental tissue, indicating that target antigens for 

aPL are expressed by normal placental tissue. This is in accordance with the elution of 

aPL from placentas of women with the antiphospholipid syndrome (Chamley et al, 

1993).

Having demonstrated aPL binding to normal placental tissue, I performed a 

preliminary study to assess the role of placental proteins in aPL binding. Western blots 

o f SDS-PAGE separated placental proteins demonstrated binding to several placental 

proteins with purified aPL from all six patients. In contrast to the imunofluorescence 

assay the conjugated secondary antibody used in the western blotting was capable of 

detecting all immunoglobulin isotypes and may explain why patient six was negative by 

immunofluorescence but produced binding by western blotting. The heterogeneity of the 

bands suggested that more than one placental protein may be involved. Comparison with 

-polyclonal a-(32GPI binding suggested-that j32GPI was n o t the primary / sole placental 

protein bound by the various affinity purified aPL. These results are preliminary and 

their extension may determine the molecular weight and identity of the target proteins.

The immunoblotting methodology utilised homogenised placenta as the source of 

proteins which comprises a mixture of cell types, and the use more selective cell
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preparations may be physiologically more correct. Affinity purified aPL have been 

shown to react with endothelial cells (Del Papa et al, 1997) and with SDS-PAGE 

separated endothelial proteins (Hill et al, 1995b). aPL binding demonstrated by western 

blotting may in part be due the reactivity with endothelial cells or due to target antigens 

expressed by more than one cell type. The immunofluorescence results suggested that 

aPL interaction was directed to trophoblast and interstitial cell types. It has recently been 

demonstrated that invasive cytotrophoblasts of normal pregnancy adopt an endothelial 

cells phenotype (Zhou et al, 1997), and it is possible that common antigens are the target 

for aPL. There was no apparent association between the western blotting binding pattern 

and the immunofluorescence. This suggests that although affinity purified aPL recognise 

specific proteins, the conformation of these proteins may vary in tissue, limiting aPL 

binding. It is possible that the observed localisation of aPL binding may reflect localised 

tissue phospholipid expression and/ or variability in protein conformation.

My aim when embarking on these experiments was to assess aPL binding to 

normal term human placenta, in the absence of placental pathology and this was achieved 

by immunofluorescence. Many mechanisms for aPL mediated placental dysfunction 

have been proposed including: PGI2 inhibition, platelet aggregation, inhibition o f protein 

C and reduction of AV. This study provides further evidence that the activity o f aPL in 

promoting obstetric complications may directly involve tissue proteins at the feto- 

matemal interface.

119



Antibodies To Anionic Phospholipid Binding 

Proteins; Markers For The Antiphospholipid

Syndrome.

4.1 General Introduction

The requirement for protein cofactors for the expression of aPL was first considered in 

1959, when Loeliger described the LA cofactor phenomenon, implicating prothrombin 

(Loeliger, 1959). Interest in the role of anionic phospholipid binding proteins, in the 

pathology o f aPL was revitalised, after it was recognised that serum proteins were 

required for their detection (McNeil et al, 1990b), (Galli et al, 1990), (Matsuura et al, 

1990). The protein cofactor first identified was p2GPI (McNeil et al, 1990b), (Galli et al, 

1990), (Matsuura et al, 1990). An ELISA for the detection of antibodies to p2GPI was 

soon developed, and antibodies to p2GPI were shown to be associated with thrombosis 

(McNally et al, 1995b). The involvement of numerous anionic phospholipid binding 

proteins (protein S, protein C, high molecular weight kininogen, thrombomodulin and 

annexin V (see Chapter one) had been implicated.

There was substantial evidence that prothrombin played a role in the aPS. Firstly, 

the concomitant presentation of aPL with prothrombin deficiency had been described 

(Fleck et al, 1988), (Bemini et al, 1993). Secondly, abnormal prothrombin crossed 

immunoelectrophoresis was demonstrated in patients with LA (Edson et al, 1984). 

Despite increasing evidence implicating prothrombin as a cofactor for aPL (Bajaj et al, 

1985), (Bevers et al, 1991a), there was a absence of studies relating to clinical outcome, 

in patients with aPT. I aimed to assess the clinical significance and specificity of an aPT 

in relation to thrombosis and fetal loss.

Antibodies to AV, a potent placental anticoagulant protein with a high affinity for 

anionic phospholipids had been described in SLE patients with aPL (Matsuda et al, 

1994b). Anti-AV were also reported to be associated with recurrent miscarriage and PE, 

but the number of samples analysed were only 11 and 10 respectively, and therefore the 

association required confirmation (Matsuda et al, 1994a). Reports of thrombosis in 

villous placental tissues of aPS women, suggested inadequate placental anticoagulation,
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and a reduction in the placental expression of AV had been reported (Rand et al, 1994a).

I aimed to establish an anti-AV assay (IgG and IgM) and to assess the association 

between antibody presence with a history of thrombosis and / or fetal loss.

It was my hypothesis, that the heterogeneity of aPL, may be explained in part by 

the existence of an array of autoantibodies with specificity for anionic phospholipid 

binding proteins. I therefore aimed to assess a profile of aPL with reactivity for (32GPI, 

prothrombin and AV and to correlate these levels with clinical history. IgG and IgM 

aCL isotypes are associated with aPS and it seemed reasonable that both isotypes of 

other antibodies should be investigated. A further aim was to assess the specificity of 

these as markers for the aPS, by assaying samples from SLE patients without aPL and in 

patients with infection.

I established an aPT assay to screen aPS patients, and assesses the correlation of 

antibody positivity with a history of thrombosis and / or fetal loss. The results of a 

preliminary aPT methodology were compared with a-p2GPI IgG, aCL and LA as a 

marker for the aPS. The specificity of aPT for the aPS was addressed by assaying 

samples from infection and aPL negative SLE patients. The expression of aPL before 

and after a thrombotic/ neurological events, and during aPS pregnancies were 

investigated. In response to more recent publications, the methodology for aPT was 

revised in an attempt to improve the sensitivity.

4.2 Assessment of anti prothrombin as a marker for the antiphospholipid syndrome

4.2.1 Introduction

Prothrombin (FII) is a plasma protein produced by the liver, which is cleaved to form 

thrombin and prothrombin fragment 1.2 during coagulation. The conversion of 

prothrombin to thrombin occurs on an anionic phospholipid surface in the presence of 

FXa, FVa and Ca2+. Ca2+bind to specialised y carboxy glutamate residues in the fragment 

one domain of prothrombin, resulting in a conformational change. Prolongation of 

coagulation times by LA is thought to occur by blocking access of ̂ clotting factors to _ 

phospholipid surfaces. It was been reported that aPL antibodies responsible for the LA 

showed specificity for human prothrombin (Rao et al, 1995). It was therefore logical, 

that in developing an ELISA assay for the detection of autoantibodies to prothrombin in 

aPS patients, that human prothrombin should be used as a target antigen on a negatively
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charged surface, like that provided by y irradiated polystyrene. Such an ELISA 

methodology had been published (Arvieux et al, 1995), and detected aPT in patients with 

the aPS, but did not correlate the presence of these antibodies with the clinical features of 

the aPS. It is noteworthy that this aPT methodology closely resembles that of the a- 

p2GPI assay, reflecting the requirement for an activated surface and a conformational 

change in the protein.

Differences in the “cofactor” requirements of aCL, in the sera of aPS and 

infectious diseases had been established (Matsuura et al, 1990). The a-(32GPI assay can 

discriminate between aCL associated with infection and autoimmune type aCL (McNally 

et al, 1995c). If aPT are part of the autoimmune disease process, they too may have the 

ability to differentiate autoimmune type aPL from transient antibodies, and may have a 

pathogenic role.

4.2.2 Methods
4.2.2.1 Patients and samples

Samples were collected from 20 patients with primary anti-phospholipid syndrome 

(PAPS), 23 with SLE aPL positive (LA or aCL), 45 with SLE aPL negative patients. 

Stored serum samples collected from 91 patients with documented infections, who had 

no evidence of autoimmune disease were also assayed. O f these patients, 52 had active 

tuberculosis, 29 had a Klebsiella urinary tract infection, and 10 had active syphilis.

4.2.2.2 Antiphospholipid antibody assays

aCL and LA were performed as described in sections 2.5.2 and 2.3.5 respectively.

4.2.2.3 Phospholipid binding protein antibody assays 

a-p2GPI IgG: performed as described in see section 2.5.3.

Anti-prothrombin assay (aPT0): As this method is described in a revised format in later 

sections, it will be distinguished from the revised method as aPT0. aPT0 IgG and IgM 

were performed according to the method in section 2.5.6. A preliminary experiment to 

identify standard material was performed, whereby aPS samples were screened in the 

absence of a standard curve. Samples producing the greatest optical density readings 

after colour development were reassessed for linearity on serial dilution and established 

as either standard or QC material. The aPT0 activity of the QC was established by
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retesting six times on each of three plates and expressing the result as a % activity of the 

standard material.

Reference ranges were established by assaying serum samples from 30 healthy 

staff and reporting aPT0 activity as a percentage of standard material. All PAPS and SLE 

samples were then tested for aPT0 IgG and IgM.

4.2.2.4 Statistical Analysis

Correlation’s between parameters were assessed using the Spearman Rank test for non- 

parametric data. Association between a positive aPL test and clinical presentation were 

assess using the Fishers Exact Test.

4.2.3 Results

Anticardiolipin assay, The intra-assay precision was assessed by assaying an aCL IgG 

and IgM sample 16 times and the CV calculated to be 10.6 and 11.9% respectively. The 

inter-assay CV was calculated over the study period for the quality control sample as 

12.1% and 14.8% respectively. The upper limit of normal was taken to be <5GPLu and 

<3MPLu for aCL IgG and IgM respectively.

aCL IgG were detected in 18/20 [90%] of PAPS samples and 20/23 [87%] of the 

SLE aPL positive patients. LA was demonstrated in 15/20 [75%] of PAPS and 14/23 

[61%] of the SLE aPL positive patients. By definition aCL or LA were not detected in 

SLE aPL negative patients. aCL IgG were detected in 10/91 [10.9%] of infection 

samples. The proportion of PAPS positive for aCL IgG was significantly higher than in 

the infection cohort (p <0.0001 using the %2 test). Figure 4.1 displays the distribution of 

aCL IgG and IgM in autoimmune and infection populations.
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Figure 4.1: Distribution o f  A) aCL IgG and B) aCL IgM  in PAPS, SLE aPL positive, 

SLE aPL negative and infection samples. Where the upper limit o f  normal is 5GPLu and 

3MPLu respectively, as indicated on each graph by a dashed line.

_aCL IgM were observed less frequently-in- the-aP-S ^patients than a C t IgG, but were " 

detected in 9/20[45%] PAPS samples and 11/23 [48%] aPL positive SLE patients. aCL 

IgM were detected in 4/91 [4.4%] infection samples as displayed in Figure 4.1b.

Subdividing the infections into separate categories, it appears that a positive aCL 

may be associated with infection by antibody isotype. Indeed aCL IgG was detected
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significantly more frequently in syphilis (6/10 [60%]) than Klebsiella (1/29 [3.4%]) or 

tuberculosis (5/52 [5.8%]) (p <0.0001 and p  < 0.001 using Fishers Exact Test). 

Interestingly, aCL IgM were only detected in patients with a Klebsiella urinary tract 

infection (4/29 [13.8%]) (see Figure 4.2).

200

100

aCL IgG Positive

aCL IgG Negative

0.1

Syphilis Kleb InfectionTB

Figure 4.2: Distribution ofaC L IgG in infectious states, where the upper limit o f  normal 

is 5 GPLu, as indicated by the line.

Anti f 2 -Glycoprotein I  assay: The a-P2GPI assay was linear from 3.1% to 100% activity 

of a well characterised PAPS serum. The intra-assay precision was appraised by 

assaying an a-p2GPI IgG positive sample 16 times and the CV calculated to be 7.9%. 

The inter-assay CV was retrospectively determined to be 9.2%. The upper limit of 

normal was taken to be < 11% activity.

a-p2GPI was detected in 10/20 [50%] PAPS patients, 9/23 [39%] of SLE aPL 

positive patients, but not in SLE aPL negative or infection patients (see Figure 4.3).
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Figure 4.3: Distribution o f a-ifoG P I IgG in PAPS, SLE aPL positive, SLE aPL negative 

and infection samples. Where the upper limit o f  normal is 11% activity, as indicated by 

the line.

Antiprothrombin assay'. aPT° IgG and IgM assays demonstrated good linearity from 

1.6% to 50% activity of the standard. IgG aPT° activity was calculated from a log / log 

graph o f optical O.D. against the standard activity in %. The reference range was 

calculated from log transformed data, from 30 healthy staff giving an upper limit of 3.0% 

of the standard. The IgM aPT° reference range was calculated from a log / log graph of 

OD against standard activity. The normal range was calculated from log transformed 

data, from 30 healthy staff, giving an upper limit of 12% of standard. The intra-assay 

precision was determined by assaying the control serum 16 times and the CV was 

estimated to be 5.8% and 6.2% respectively for IgG and IgM. The inter-assay CV was 

established over the study period as 8.8 and 8.4% respectively for IgG and IgM.

Elevated levels aPT were found in 5/20 [25%] of PAPS patients, 8/23 [35%] SLE 

aPL positive, and 6/45 [13%] with SLE aPL negative and one in each infection group. 

aPT0 IgG were detected in 2/20 [10%] of PAPS, 1/23 [4%] of SLE aPL positive, 3/45 

[15%] SLE aPL negative and in one infection patient with syphilis (51% activity) see 

Figures 4.4.
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Raised levels aPT0 IgM were observed in 5/20 [25%] of PAPS, 7/23 [30%] o f SLE aPL 

positive, 3/45 [15%] of SLE aPL negative and in two infection patients (TB 19% activity 

and Klebsiella 14% activity), see Figure 4.5.
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Within the autoimmune categories a number of patients were positive for all antibodies 

tested, while others were positive for one or more tests. Part of the diagnostic criteria for 

the aPS is the demonstration o f a persistent aCL (IgG or IgM) or a LA. It is therefore to 

be expected that the high prevalence of these antibodies, are detected in PAPS or 

secondary aPS patients. In these populations the prevalence of other antibodies to 

phospholipid binding proteins varies. The antibody profile for all 20 PAPS are given in 

Table 4.1.
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No LA Status aCL a-p2GPI aPT0

IgG  Ig M  IgG  IgG  Ig M

1 Pos 130 34 18.7 1.1 10.5

2 Pos 62.5 2.9 75.2 1.8 2.1

3 neg 18.3 2.2 3.0 2.0 2.2

4 Pos 25 12.3 3.5 4.8 14.7

5 Pos 1.2 2.0 3.6 1.5 1.7

6 Pos 21.9 0.3 12.1 2.0 3.5

7 neg 18.2 2.1 1.6 1.2 3.2

8 neg 8.6 1.0 1.3 1.2 3.2

9 Pos 18.2 2.9 13.5 1.7 1.6

10 Pos 128 20.9 103.0 75.6 87.9

11 Pos 10.5 14.9 1.9 1.7 30.0

12 Pos 72.5 54.1 15.2 2.2 19.8

13 Pos 63.8 6.5 22.1 1.4 2.4

14 neg 8.7 1.1 1.5 1.2 3.0

15 Pos 20.1 2.0 7.3 1.1 4.6

16 Pos 82.9 0.9 16.9 1.6 4.8

17 neg 45 0.9 1.7 1.2 3.0

18 Pos 25.2 7.8 14.5 1.4 17.8

19 Pos 129 5.0 41.5 1.3 2.5

20 Pos 4.0 4.6 1.3 1.4 3.9

Upper Limit of 
Normal

5.0 3.0 11.0 3.0 11.0

Table 4.1: Results o f  a spectrum o f  aPL tests in a population o f  primary 

antiphospholipid syndrome patients, where positive results have been indicated in bold, 

. . -pos = positivexindneg=-negative.- - - - - - - - - - - - - - - -  - ~ -

In this population both a-p2GPI and aPT0 antibodies were detected in PAPS patients 

demonstrating LA and / or aCL. 13/15 [87%] patients with LA had either an elevated a- 

p2GPI (12/15) or aPT (5/15). a-p2GPI levels were correlated with aCL IgG (Spearman
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Rank test; rs = 0.78 with p  <0.0001). An extremely weak correlation was observed 

between the DRVVT ratio and aCL IgG levels (Spearman Rank test; rs = 0.45 with p  

<0.05), but not with a-p2GPI levels. There was no association between aPT and aCL or 

a-p2GPI. However, aPT were detected in two PAPS patients not expressing an a-P2GPI 

IgG.

In secondary aPS patients, multiple positive aPL tests were detected in some 

patients, yet not in others. Table 4.2 details levels o f various aPL measured in this 

population. a-p2GPI IgG were detected in 9/23 [39%] patients, all of whom were 

positive for LA and 8/9 were positive for aCL IgG. 7/23 [30%] patients were positive for 

aPT [1 IgG and 7 IgM] and six of these had a detectable LA. aPT0 IgM were detected in 

four patients not expressing a-p2GPI I IgG.

Tables 4.1 and 4.2 illustrate that in aPS patients, aPT0 are frequently detected in 

conjunction with other aPL. 11/12 aPS patients positive for aPT0 IgM were positive for 

LA and 10/12 were positive for aCL.
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No LA Status aCL 

IgG IgM

a-p2GPI

IgG

aPT0 

IgG IgM

1 Pos 18.1 0.7 13.4 1.8 5.0

2 neg 41.6 3.5 2.0 2.3 5.4

3 Pos 31.6 35.4 20.0 1.6 20.3

4 Pos 20.4 11.5 15.3 7.1 15.6

5 Pos 18.4 9.8 19.1 1.2 2.6

6 Pos 42.8 0.3 13.2 1.5 2.4

7 neg 10.0 0.8 0.3 1.3 2.6

8 neg 8.6 1.0 1.8 1.3 6.8

9 Pos 14.4 1.2 0.5 2.6 6.6

10 Pos 3.4 1.1 0.6 1.5 2.3

11 Pos 4.7 3.4 1.6 1.6 17.1

12 Pos 14.9 16.1 0.2 2.2 7.5

13 Pos 10.0 43.0 4.1 1.2 19.4

14 Pos 15.7 7.2 1.1 1.2 4.1

15 neg 82.3 1.2 1.5 1.4 4.1

16 Pos 19.5 3.8 2.1 1.4 17.0

17 Pos 14.5 0.4 12.6 1.3 3.1

18 neg 12.9 0.2 0.7 2.7 45.9

19 neg 6.1 1.1 0.3 1.5 4.1

20 Pos 94.9 6.6 16.9 1.4 9.0

21 neg 20.1 0.2 2.6 1.3 2.3

22 Pos 125.0 7.7 63.0 1.2 1.9

23 Pos 2.1 1.1 11.1 1.7 13.7

Upper Limit of 
Normal

5.0 3.0 11.0 3.0 11.0

Table 4.2: Results o f  a spectrum o f  aPL tests in a population o f  SLE patients with 

secondary antiphospholipid syndrome. Positive results have been indicated in bold.
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A weak correlation was observed between aCL IgG and a-p2GPI IgG in aPS patients 

using the Spearman Rank test (rs = 0.56, p  <0.01), but no correlation between aPT IgM 

and either aCL IgG or a-p2GPI was observed.

A higher incidence of aPT0 IgM (28%) compared to IgG positivity (7%) was 

detected in aPS. However, only a small number of aPT0 IgG and IgM dual positive 

samples were identified, and was too small to evaluate a correlation between 

immunoglobulin classes.

The prevalence of aPL detected by different methodologies varies between 

patient populations. Table 4.3 details the prevalence of positive aPL tests in 43 aPS (20 

PAPS and 23 secondary aPS), 45 SLE aPL negative and 91 infection samples.

LA n (% ) aCL n (% ) ap2G PI n(% ) aPT0 n(% )

Condition IgG IgM IgG IgG IgM

APS (n= 43) 31 (72) 35 (81) 20 (47) 19(44) 3(7) 12(28)

SLE aPL - (n= 45) 0 0 0 0 3(7) 2 (4 )

TB (n=52) nt 3(6) 0 0 0 1(2)

Syphilis (n=10) nt 6(60) 0 0 1(10) 0

Klebsiella (n= 29) nt 1(3) 4(14) 0 0 1(3)

Table 4.3: Prevalence o f  aPL in aPS, SLE aPL negative and various infections. Where 

nt = not tested and the % o f each patient group positive is shown in parenthesis.

132



Figure 4.6 demonstrates the relationship between either LA or a ^ G P I  and aPT° IgM.
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F igure 4.6: Correlation between the dR W T  ratio and % activity o f  a-(32GPI with aPTo 

IgM in aPS patients. The dashed lines indicate the relevant upper limit o f normal for  

specific tests which are colour coded.

O f the 17 a-f^GPI positive aPS patients, five were also aPT0 IgM positive. 32 LA 

positive patients were identified in this aPS population, 11 of whom also expressed an 

elevated aPT0 IgM. 5/11(46%) of patients dual positive for aPT° IgM and LA had a 

history of thrombosis, there is an apparent trend between these parameters, but they were 

not correlated [Spearman rank te s t; r = 0.48,/? = 0.061](see Figure 4.6).

In infection patients, aPT° IgM were detected in samples negative for all other 

aPL. aPT° IgG was detected in one syphilis patient positive for aCL IgG. It appears that 

aPT0 are less sensitive and specific for the aPS, than a ^ G P I  , aCL or LA.

4.2.3 Discussion

By definition a high incidence of aCL and LA were detected in PAPS and aPL positive 

SLE patients. As has been previously reported, aCL IgG were detected in patients with 

infection (10.9%), but at a significantly lower frequency than in PAPS. The IgG isotype 

for aCL was associated with syphilis, while the aCL IgM isotype was only detected in 

patients with a Klebsiella. a ^ G P I  IgG were detected at a high frequency in PAPS and
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aPL positive SLE patients, but were not detected in the sera of SLE aPL negative or 

infection patients, thereby confirming the specificity of a-p2GPI IgG for the aPS.

A low incidence of aPT0 IgG was detected in PAPS (10%), SLE aPL positive 

(4%), SLE aPL negative patients (15%) and infection (2%), suggesting that aPT0 IgG is 

a poor marker of the aPS. The detection of aPT0 IgG in the sera of one patient with 

infection may simply reflect the prevalence in a normal population. aPT0 IgM were 

detected in PAPS (25%), SLE aPL positive (30%), SLE negative (15%) and infection 

(4%). Although the incidence of aPT0 IgM was higher in aPS patients than aPT0 IgG, it 

was not specific or sensitive for the syndrome. The incidence of aPT0 IgM in infection 

may reflect that of the normal population. aPT IgG have recently been reported in a 

variety of inflammatory disorders (Guerin et al, 1998b), supporting my finding that aPT 

are not a specific marker for the aPS. It has been suggested that prothrombin is the 

“cofactor” for aPL responsible for LA activity, while p2GPI is the “cofactor” for aCL. In 

this study aPT were expressed equally frequently in patients positive for aCL and LA.

a-p2GPI IgG levels were correlated with aCL IgG. aCL IgG were weakly 

correlated with the DRVVT ratio, but not with a-p2GPI IgG levels. This suggests that 

the LA activity is mediated by aPL with reactivity against one or more antigens, which 

may include p2GPI. Interestingly, aPT0 IgM were detected in four patients who were a- 

p2GPI IgG negative (3 were LA positive). aPT0 testing under the conditions described in 

this study is of limited clinical benefit.

4.3 aPL in patients before and after a clinical event

4.3.1 Introduction

It has been reported that a-P2GPI IgG are more strongly associated with clinical 

manifestations of aPS than aCL (McNally et al, 1995b). In the previous section I 

established that, although aPT0 are associated with aPS, in particular the IgM isotype, 

they are not a discriminate marker o f the syndrome. However, the potential for a-p2GPI 

or aPT0 to predict a risk for future clinical events .remained _to_ be established in n  _ _

prospective study.

It was not within the capacity of this thesis to prospectively collect samples 

before and after events. Fortunately, a bank of serum samples collected from SLE 

patients between 1978 and 1996 had been established by Prof. Isenberg, Rheumatology
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Department, UCL. A data base of clinical and pathology records was available, from 

which it was possible to retrospectively identify patients having had a clinical event, and 

from whom samples had been stored.

The aim of this study was to determine aCL, ap2GPI and aPT0 levels in patients 

with SLE and aPS before and after clinical events in serial samples. The correlation 

between each of these antibodies and p2GPI antigen, as well as other markers o f disease 

activity (e.g. anti-dsDNA and C3 levels) was also investigated. It had been reported that 

pregnancy exacerbated SLE, and for this reason obstetric complications were excluded 

from the clinical criteria for this study. Thrombocytopaenia can present in an 

autoimmune disease setting and was also excluded. Only patients having had a 

thrombotic or neurological (T/N) event were studied. This study was performed in 

collaboration with Dr Inane at the Rheumatology unit.

4.3.2 Methods

4.3.2.1 Patients and Samples

A database of 226 patients with SLE who had been followed-up in the Rheumatology 

Unit between 1978 to 1996 was reviewed by Dr Inane to identify patients who had major 

T/N events with evidence of the aPS. Seven female patients met the criteria and had 

stored sequential serum samples available. All had been documented as LA positive on 

more than one occasion. Serial samples from five SLE patients (four females) with 

documented aPL and three SLE aPL negative (all females), none of whom had a previous 

T/N were also studied. All selected patients fulfilled the classification criteria for SLE 

(Tan et al, 1982). Clinical details of the patients with a T/N event are shown in Table 

4.4.

Fifty serial serum samples were identified for investigation from the T/N aPS 

patients (mean = 7 samples/patient, range 3-14). Fifteen samples (range 1-4 / patient) 

had been collected prior to the clinical events.

Disease activity, anti-dsDNA and C3 levels corresponding to all samples were 

-available from the prospective British-Isles Lupus-Assessment'Group'(BILAG)'index 

(Hay et al, 1993) records and were retrieved and analysed by Dr Inane. This index 

distinguishes lupus activity in eight organs/systems depending upon "the physician's 

intention to treat", and has been shown to be valid and reliable. Global disease activity 

was calculated for each assessment (Ehrenstein et al, 1995). The case histories of these
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seven patients were examined for a relationship between immunosuppressive drugs and 

laboratory findings.
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4.3.2.2 Enzyme-linked immunosorbent assays

Antibody assays for aCL, a-p2GPI and aPT0 were performed as described in sections 

2.5.2, 2.5.3 and 2.5.6 respectively. Serum p2GPI antigen was assayed as described in 

section 2.7.1.

4.3.2.3 IgG subclass estimation

The IgG subclass o f a-P2GPI, was investigated using a modification of the a-p2GPI assay 

and was performed by my collaborator Dr Inane. Human p2GPI (isolated as described in 

section 2.9.1) was used to coat a y irradiated microtitre plates. Two samples were tested 

form aPS patients with a history of T/N, these comprised the closest sample before 

(median 13 months) and after (median 7 months) the T/N event. The optimal dilutions of 

conjugated murine reagents antibodies against human IgG subclasses 1, 2, 3 and 4 (The 

Binding Site) had previously been established as 1:250, 1:250, 1:500, and 1:100 

respectively. Duplicate wells were coated with subclass specific human IgG l, IgG2, 

IgG3 and IgG4 (Sigma-Aldrich Chemical Co.) in each plate to check the performance of 

the tests.

As in the a-p2GPI assay, test samples were added in duplicate to each of four 

plates precoated with human p2GPI (one for each subclass estimation), and incubated for 

two hours at room temperature, followed by washing three times with PBS-Tween. An 

alkaline-phosphatase conjugated subclass specific anti-human IgG (Sigma-Aldrich 

Chemical Co.) diluted [as described above] in PBS-Tween containing 1% BSA was 

added to the wells and incubated for a further 2 hours at room temperature. After 

washing three times with PBS-Tween and once with bicarbonate buffer (pH 9.6), 1 

mg/ml dinitrophenyl phosphatase (Sigma-Aldrich Chemical Co.) in bicarbonate buffer 

was added and incubated at 37 °C for 15 minutes, before measuring the absorbance at 

405 nm.

4.3.2.4 Statistical Analysis

Spearman's Rank test was used to assess the relationship between laboratory parameters 

and disease activity scores. IgG subclass measurements before and after (T/N) events 

were compared by the Wilcoxon Rank Sum paired test. P < 0.05 was taken to be 

significant.
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4.3.3 Results

In clinical practice, low titre aCL are frequently considered to be incidental and not 

predictive of clinical events. For this reason aCL results in this study are analysed using 

two cut-off values for both IgG and IgM (>20 and >10 Plu). The summary results of aPL 

tests in the seven patients experiencing a T/N event are shown in Table 4.5.

Antibodies Before T/N events 

n=7 (%)

After T/N events 

n=7 (%)

ap2GPI IgG (+) 6(86) 6(86)

aCL IgG (>20 GPL) 3(43) 4(57)

aCL IgG (>10 GPL) 4(57) 6(86)

aCL IgM (>20 MPL) 2(29) 3(43)

aCL IgM (>10 MPL) 5(71) 3(43)

aPT0 IgM (+) 1(14) 3(43)

Table 4.5: Summary o f the results o f  a fyG P l aPT0 and aCL assays in patients with 

raised antibody levels who experienced a thrombotic/neurological event during the 

follow  up.

Five of the seven patients studied, had had a T/N event when they presented at the clinic. 

All seven experienced an event during the course of the follow up period, as defined in 

the study design. Six (five with a previous event) out of seven patients had elevated 

levels of a-p2GPI IgG two months to four years before the T/N event experienced during 

the follow up (Table 3.5). In three of these six patients, moderately high levels (>20 GPL 

or MPL) of aCL were found before the T/N events.

IgG aPT was negative in all samples studied. IgM aPT0 was detectable in only 

one patient both before and after T/N events. However, in two further patients aPT IgM 

became detectable after the T/N events. Yet, IgM aPT was positive in only six out o f 20 

samples from these three patients. Patient 7 was negative for aP2GPI, aPT and IgM aCL 

in all five samples studied during 12 months of follow-up. In this patient only one 

positive IgG aCL (14.5 GPL) level was observed after the T/N event.

Fluctuation of ap2GPI IgG from positive to negative was observed in only one 

patient seven months after a cerebrovascular accident, which returned to positive one
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year later. A switch from negative to positive was observed in two patients before the 

T/N events. No correlation was observed between a-p2GPI and p2GPI antigen levels 

(Figure 4.7a and 4.7b). Results of patients displayed in Figure 4.7, demonstrate an 

elevated a-p2GPI IgG. However, in patient 6 (Figure 4.7b) the p2GPI antigen level was 

also elevated prior to the event.
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A closer correlation was observed between a-f^GPI and aCL IgG (Figure 4.8a and 4.8b).
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Figure 4.8: Levels o f  a-fcG PI and aCL in A) Patient 1 and B) Patient 5 during the 

follow-up. The upper limit o f  normal fo r  a-fyG Pl is 11% and 5GPL fo r  aCL. The arrow 

indicates the point at which a thrombotic event occurred
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In Figure 4.8a there is a persistent close relationship between a-(32GPI and aCL IgG. 

Figure 4.8b demonstrates an increase in aCL IgG and a-p2GPI IgG before and after the 

presentation of the first thrombotic event. Interestingly the a-p2GPI level dropped 

substantially, but remained positive 18 months after the event. In this patient the aCL 

appeared to plateau at a level above that detected at the time of the event. However, 

fluctuations from moderate-high to low or negative levels were more prevalent for aCL 

IgG (occurring in live patients) and aCL IgM (in four patients) than for a-P2GPI IgG (in 

one patient).

A careful review of case histories revealed that there was no relationship between 

immunosuppresive drugs and aPL levels as exemplified by two cases detailed here, 

neither o f which were on cyclophosphamide during the period of the study, particular 

attention was given to a-P2GPI levels. In patient five, high levels of a-p2GPI IgG were 

detected prior to the T/N event when the patient was being treated with azathioprine. 

Following the event the azathioprine was stopped and the a-p2GPI levels dropped. This 

drop in a-P2GPI levels continued over five years, long after the azathioprine had been 

stopped. Patient six commenced azathioprine five months prior to the T/N event, and 

was continued for five years. a~p2GPI IgG levels fluctuated over this period, but no 

correlation between immunosuppresive treatment and a-P2GPI level was evident.

Correlations between a-p2GPI and p2GPI antigen levels with aPT, anti-dsDNA, 

C3 levels and disease activity scores are shown in Table 4.6.

a-p2GPI IgG p2GPI antigen

a-p2GPI IgG - 0.07
aCL IgG 0.29* -0.03
aCL IgM -0.04 -0.013
aPT0 IgG 0.21 -0.09
aPT0 IgM 0.01 0.22
anti-dsDNA Q Zj.9*  *  * 0.13
C3 -0.41** -0.39*
BILAG score -0.02 0.01

Table 4.6: Results o f  statistical analysis o f  aP2G'Pland P2 GPIantigen levels with aCL 

and aPT° (49 pairs), C3 (42 pairs), anti-dsDNA levels (43 pairs) and BILAG global 

disease activity scores using Spearman’s rank correlation coefficients. *p<0.05,

**p<0.01, ***p<0.001.
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There was a significant but weak rank (rs =0.29) correlation between a ^ G P I  IgG and 

aCL IgG levels (p<0.05). Anti-dsDNA levels were correlated with a-p2GPI levels after 

rank transformation (rs =0.49, p<0.001). C3 levels were found to have a significant 

negative correlation with both a-p2GPI and P2GPI antigen levels.

Fluctuations of P2GPI antigen levels were observed in all patients. Before the 

T/N event, P2GPI antigen levels were consistently in the normal range (126.4-272.8 mg/1) 

in four patients, while in the three remaining patients (each of whom had a T/N event 

before the study period) elevated levels were detected in some samples. When initial and 

final levels o f P2GPI antigen were considered, there was an increase in six patients 

during the follow-up period, five of these had a final level exceeding the upper limit of 

normal (Figure 4.9).

Patients

F igu re 4.9: Initial and final P2 GPI levels (pg/ml) in seven SLE patients having a 

thrombotic or neurological event during the follow-up. Where the upper limit i f  normal 

is 272pg/ml.

The distribution of IgG subclasses of a-p2GPI was predominately IgG2 (median 79% 

before and 80% after T/N events) with some IgG4 activity [Figure 4.10]. There was no 

statistically significant difference before and after T/N events. IgGl and IgG3 activities 

were notably lower than IgG2 activity, which dominated in all patients experiencing a 

T/N event during the follow-up.
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F ig u re  4 .10: IgG subclass distribution in aPS patients; A) before and B) after a 

thrombotic /  neurological event.

Four control patients who were positive for aCL (two IgG alone, one IgM alone and one 

with both IgG and IgM), had four serial samples tested for a ^ G P I  IgG, aPT° and aCL 

IgG and IgM. These four patients were persistently negative for a-f^GPI IgG. However, 

aPT° IgG were detected in each of the four samples tested, in one of these control 

patients, who also had a persistent low titre aCL IgG [6.6, 6.3, 6.2 and 7.1 GPL].
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Four samples from three further aPL negative SLE patients, were persistently 

negative for aCL, a-p2GPI and aPT0. The P2GPI antigen levels [95% Cl of mean; 203.8 

to 300.7] were not statistically different from the aPL positive patients with a T/N event.

4.3.5 Discussion

a-p2GPI are strongly associated with thrombosis in patients with aPS (McNally et al, 

1995b), (Cabiedes et al, 1995), and there has been growing interest in the use of the a- 

p2GPI assay as a marker of aPS. To date all published clinical studies on a-p2GPI were 

retrospective and no direct information is available to assess the risk for future 

thrombotic events using this marker at present.

In this study, I aimed to investigate a~p2GPI antibody levels in serial samples in 

selected patients, from a well-defined cohort of SLE patients who had either a first or 

recurrent T/N events during our follow-up period. All patients in our group had positive 

lupus anticoagulant and five of them had had a previous T/N event. a-p2GPI IgG 

antibodies were positive in most patients with SLE both before and after a further T/N 

events. In contrast, only three patients had IgG aCL levels above 20 GPL and one patient 

was positive for IgM aPT0 before the T/N events.

Fluctuations in aCL antibody levels and relationship with disease activity in SLE 

have been well described. In patients, fluctuations in IgG a-p2GPI levels were less 

remarkable than aCL levels which was indicated by positivity of 84 % of samples against 

36 % (>20GPL). However, when 10 GPL was chosen as the cut-off point, positivity was 

increased to 60 %, it has been accepted that this cut-off level is associated with a reduced 

disease association. This findings indicate that IgG a-p2GPI antibody levels are less 

variable than aCL antibody, in patients during the course of the disease, and supports the 

reported findings that a-p2GPI antibody status (positive or negative) tended to remain 

stable in serial samples (Arvieux et al, 1996). There was a significant correlation 

between IgG a-p2GPI and aCL levels albeit weaker than previous reports from cross- 

sectional studies (Arvieux et al, 1991).

In a recent cross-sectional study, it was suggested that the titre of a-P2GPI 

antibodies fluctuate with disease activity in patients with SLE (Tsutsumi et al, 1996). 

This suggestion was based on a weak correlation of antibody levels with anti-DNA, C3, 

C4 and CH50 tests, and not on correlation with established disease activity criteria. In 

our serial samples, in addition to the significant rank correlation between a-p2GPI and
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anti-DNA antibody levels, I found a negative correlation between a-(32GPI and P2GPI 

antigen with C3 levels. This may reflect the opsonization of cells to which aPL are 

bound. No correlation between a-P2GPI or P2GPI antigen levels with BILAG global 

disease activity scores was found. The a~p2GPI test, although related to some other 

serological tests, can not be considered to be a disease activity marker in SLE without 

results from extensive longitudinal studies using established disease activity criteria.

The predominant a-P2GPI response was IgG2, before and after T/N events, and is 

consistent with a previous report (Arvieux et al, 1994). The contribution of IgG2 a- 

p2GPI in the pathogenesis of APS remains unknown. However, low placental transfer of 

IgG2 may explain the rarity of in utero fetal thrombosis in aPL positive patients.

Fluctuations in P2GPI-Ag levels were observed in all patients with a trend to 

increase after T/N events, which were not related to IgG a-P2GPI levels. This result is 

concordant with a previous study, which reported significantly increased p2GPI-Ag 

levels in patients with SLE and aPL and in patients with aPS, due to increased p2GPI-Ag 

(normal range: 112-272mg/l) in association with other plasma constituents, such as 

lipoproteins (McNally et al, 1995a). The significance of raised p2GPI-Ag levels in 

patients with aPS remains speculative and further studies are needed.

aPT0 IgG were negative in all samples tested. aPT0 were not detected in any of the 

patients with a T/N event. A recent report, describes a high prevalence of aPT using 

phosphatidylserine-bound prothrombin in the presence of calcium on PVC ELISA plates 

(Galli et al, 1997). The discrepancy in aPT positivity may be due to different epitopes 

induced by conformational changes in prothrombin which allows binding of different 

aPT or more flexible molecular structure of phosphatidylserine-bound prothrombin with 

better clustering and orientation of the molecule for antibody binding. Additionally, 

calcium ions in the system may facilitate capturing of circulating prothrombin-aPT 

immune complexes. The low prevalence in this study may not only have resulted from 

different ELISA systems or fluctuations, but may indicate heterogeneity of aPT 

antibodies with different epitope specificity and binding properties in patients with lupus 

anticoagulant.

In this study only one patient (patient 3) switched from a positive to a negative a- 

p2GPI level, detected seven months after thrombotic event, which was positive in the 

subsequent sample. The patient group consisted of high risk patients who were lupus 

anticoagulant positive and five of them had previous T/N events. This clinical situation
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might be associated with a different serological profile than SLE patients with a shorter 

disease duration lacking preceding T/N events.

Transverse myelitis is an uncommon manifestation of SLE that occurs less than 

1% of patients and the two patients we described here, were the only patients with this 

disorder attending the Rheumatology clinic. The presence of aPL in patients with 

transverse myelitis has previously been reported (Lavalle et al, 1990). In this study, the 

sera o f one patient with transverse myelitis, contained IgG and IgM aCL between 10 and 

20 GPL/MPL and was positive for IgG a-(32GPI. There has been one report indicating a 

patient with SLE and transverse myelitis positive for ap2GPI and negative for aPL 

(Cabiedes et al, 1995). These data suggest the importance of a-p2GPI with or without 

aPL in patients with transverse myelitis.

The limitations to this study are: the small number (seven) of patients studied 

who had a T/N event retrospectively, and five of these patients had had a thrombotic 

episode prior to the earliest sample analysed. Yet it provides a detailed analysis of 

patients with T/N events under careful and frequent follow-up.

In conclusion, IgG a~p2GPI, but not aPT, antibodies may be a better marker than 

aCL for the identification of patients at risk of developing future T/N events in patients 

with SLE. The predominant subclass of IgG a-p2GPI was IgG2, which may have 

importance in the pathogenesis of aPS. p2GPI-Ag levels were found increased in some 

patients with SLE after T/N events without significant correlation with a-p2GPI levels. 

This data supports the view that a-P2GPI, aPT and aCL are related, but different antibody 

populations.

4.4 Revised anti-prothrombin assay (aPT), introduction of an a-p2GPI IgM assay 

and application to aPS patients

4.4.1 Introduction

An incidence of 50% in LA positive patients had been reported (Arvieux et al, 1995), 

using the same methodology, which was in agreement with prevalence in aPL patients 

with a history of thrombosis (Pengo et al, 1996). In an earlier section I reported a lower 

prevalence of 30% aPT0 positivity, in 43 aPS patients, which may reflect differences in 

referral patterns, within the populations studied, or methodological variations and 

heterogeneity of aPT. I therefore decided to reassess the conditions of this assay with a
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view to improving the sensitivity for aPS and testing an extended population o f aPS 

patients.

The original aPT (aPT0) method described in section 2.5.6, utilised y irradiated 

microtitre plates to provide a high antigen binding surface, with an electrostatic charge 

reflecting that provided by anionic phospholipids. The aPT0 method resembled the aCL 

assay, by including a sample specific background subtraction. I aimed to assess the 

necessity o f this background subtraction step.

The need to use human prothrombin and the suitability of y irradiated plate had 

already been established by other investigators (Rao et al, 1995). Variations in antigen 

source/ purity or binding conditions may affect sensitivity. My initial methodology 

employed human prothrombin from one commercial source (Enzyme Research). I 

decided to assess another commercial preparation of human prothrombin and to check 

the purity of these preparations. Other aspects of the assay methodology which may 

account for variations between reported studies such the concentration o f antigen, and a 

combination of plate type and buffer would also be addressed.

A revised aPT methodology was then used to test PAPS, SLE aPL positive and 

negative samples and to correlate with features of clinical and laboratory presentation.

At the same time, an a*P2GPI IgG kit was established in conjunction with Shield 

Diagnostics, which was based on the method described in section 2.5.4. This 

commercial kit was then compared with our in house method (section 2.5.3). >

Components of the a-p2GPI IgG kit were adapted to establish an a-p2GPI IgM assay, 

which was applied in the same populations and it’s usefulness in identifying clinical sub

populations assessed.

4.4.2 M ethods

4.4.2.1 Patients and samples

Blood samples were collected from 44 consecutive, non pregnant PAPS [13 males and 

31 females, median age = 42 (range 22 to 76)]. Samples were also collected from 84 

SLE patients [6 males and 78 females, median age = 38 (range 19 to 78)].
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4.4.2.2 Revision o f the aPT methodology

Prothrombin purity: The purity of two sources o f human prothrombin (Enzyme Research 

Ltd and Diagnostica Stago Ltd) was determined by a Coomassie Blue staining (section

2.8.2) of PAGE separated proteins (section 2.8.1). Both commercial preparations 

produced a single band on a Coomassie stained PAGE separated gel and after western 

blotting with immunodetection using a commercial polyclonal sheep aPT antibody 

(Serotec)

Background subtraction: The optical density in uncoated wells of positive tests and 

standard dilutions were similar to that of the reagent blank and remained <0.1. Using the 

preliminary method, the recalculation of a reference range without the subtraction of the 

mean of the OD in the uncoated wells made no difference to the prevalence of positives 

for aPT IgG or IgM in 20 PAPS patients described in the earlier section of this chapter. 

The application of samples to uncoated wells was excluded from further assays.

Concentration o f  coating antigen: The concentration of coating antigen used in published 

methodologies for aPT varied from 5, 10 and 25pg/ml. However, in basic ELISA 

techniques employing a protein capture antigen, it is generally recommended to have an 

antigen concentration between l-10pg/ml. I decided to perform further experiments at 

lOpg/ml having established that the linearity of the standard preparation was improved 

using this antigen concentration (see Figure 4.11).
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F igu re  4.11: Binding curves o f aPT IgG standard on y irradiated plates coated with 

human prothrombin at 5pg/ml or lOpg/ml.

Effect o f buffers and plates: Two plain polystyrene microtitre plates (Alpha Laboratories 

Ltd) and two y irradiated polystyrene plates (Nunc) were used. One of each plate type 

was used with a TBS buffer system and a PBS buffer for coating, sample dilution, wash 

buffer and conjugate dilution. One half of each plate was coated with lOpg/ml o f human 

prothrombin from either Enzyme Research (ER) or Stago. 24 prediluted samples from 

aPS patients were assessed. Assay conditions and results are described in Table 4.7.

Plate y irradiated & PBS y irradiated & TBS Plain & PBS Plain & TBS

Antigen
Source

Stago ER Stago ER Stago ER Stago ER

No Positive 8/24 6/24 high background 1/24 1/24 4/24 6/24

T a b le  4.7: Number o f aPT positive aPS patients using various microtitre assay 

conditions.

The result of this experiment revealed that all three parameters may effect the prevalence 

of aPT positives detected, when using an arbitrary cut-off (OD > 0.20) as positive. 

Surprisingly, the combination of buffer and microtitre plate had a great effect on the
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outcome. The combination of a PBS buffer and y irradiated plates, or plain plates with a 

TBS buffer gave a higher frequency of aPT IgG detection using an arbitrary optical 

density cut off o f 2.0. The conditions used on plates two and three were excluded from 

future experiments.

Using serum from a well characterised PAPS patient a standard curve was 

prepared, and the assay performed under the assay conditions depicted for plates one and 

four in Table 4.7 for both commercial prothrombin preparations. Samples from 30 

healthy staff were assayed against a each standard curve, and a reference range was 

established for each assay procedure, using the geometric mean ± 2SD of results as a % 

activity of the standard.

It had been suggested that prothrombin may be the antigen to which aPL capable 

of producing a LA are directed. For this reason, serum samples from 17 aPS patients, all 

of whom were LA positive, were retested against this standard material under each o f the 

four conditions, and the % frequency of an elevated aPT IgG was calculated.

The standard curves obtained under all four conditions are displayed in Figure

4.12.

•55coQ

3

0.2
100 2002 10

1 = Plain plates, 
TBS & Stago 
prothrombin.

2 = y irradiated
plates, PBS & Stago  
prothrombin.

3 = Plain plates, 
TBS & ER 
prothrombin.

4 = y irradiated 
plates, PBS & ER  
prothrombin.

aPT IgG / % activ ity

F igu re 4 .12: Standard curves o f aPT IgG under various assay conditions using human 
prothrombin as a capture antigen at Wjug/ml. ER -  Enzyme Research..___________________

The predominant feature of this figure, is the poor linearity of the standard material on 

plate three, which is unacceptable for quantitation experiments. However, having 

established reference ranges for each antibody assay system, the activity in 17 LA
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positive, aPS samples were calculated for each assay condition, and are detailed in Table 

4.8.

aPT activity 
(Protocol 1)

aPT activity 
(Protocol 2)

aPT activity 
(Protocol 4)

1 12.7 13.4 11.8
2 8.8 17.5 14.8
3 5.9 4.3 2.2
4 4.7 3.1 1.6
5 5.7 5.1 5.8
6 7.1 3.8 2.6
7 24.7 4.9 2.7
8 7.1 8.0 5.7
9 5.9 5.6 6.2
10 5.1 5.4 4.8
11 8.9 3.2 1.6
12 3.9 3.1 1.5
13 3.7 6.8 4.2
14 7.3 24.0 30.9
15 5.5 5.3 4.7
16 7.1 3.3 1.5
17 46.3 11.3 9.7

Upper limit 
Geometric mean +2SD 7.2 4.0 2.6
Geometric mean +3SD 8.9 4.5 3.5

Table 4.8: aPT IgG activity (%) in serum samples from aPS patients with a LA, where 

protocol 1 = Plain plate, TBS and Stago Prothrombin, 2 = y irradiated plate, PBS and 

Stago Prothrombin and 4 =y irradiated plate, TBS and ER Prothrombin. Samples with 

activity > geometric mean + 2SD are indicated in bold.

Establishing the geometric mean ± 2SD as the upper limit of normal identified elevated 

levels of aPT IgG under conditions of plates 1, 2, and 4 respectively as 5/16, 11/16 and 

10/ 16. The protocol employing y irradiated microtitre plates and a PBS buffer system 

was the most sensitive for the detection of aPT. The purity of the two commercial 

prothrombin preparations was similar. Using a cut off of the geometric mean ± 3SD, 

resulted in a frequency of elevated aPT IgG of 10/16 and 9/16 with the Stago and 

Enzyme Research prothrombin respectively. In establishing a reference range, two 

control samples had aPT levels above the upper limit o f normal using the Stago 

preparation, while only one of the controls had an activity higher the upper limit using
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the Enzyme Research product, which may reflect the incidence of aPT in a normal 

population. Finally, the Stago product was vastly more expensive than the Enzyme 

Research product.

As I had changed the sample dilution to one in 50, I assessed the non-specific 

binding of the 17 aPS patients with a LA on uncoated wells. The optical density in 

uncoated wells was < 0.15 in all samples and standards.

The final revised aPT method (section 2.5.7) differed from the original aPT0 

method (section 2.5.6): sample specific background was eliminated, lOpg/ml 

prothrombin was used for antibody capture, and samples were diluted one in 50. The 

reference range was re-established using an extended standard curve, which ensured that 

control results and the upper limit of normal were within the range of the assay.

4.4.2.3 Assessment o f  a commercial a-p2 GPI IgG methodology

A commercial kit for the detection of elevated levels of a-p2GPI IgG (section 2.5.4) was 

established based on the in-house method (section 2.5.3), using y irradiated plates and 

lOpg/ml human (32GPI as a capture antigen. The p2GPI had been purified by a method 

based on that detailed in section 2.9.1. I analysed serum samples from a control 

population of 30 blood donors for a-p2GPI IgG using the Shield kit according to the 

manufacturers instructions. A reference range for the assay was established using the 

geometric mean ± 2SD. Serum samples from 12 SLE aPL negative, 15 SLE aPL 

positive, 20 PAPS, 12 aPL negative thrombophilia and 30 infection (10 TB, 10 kleb and 

10 syphilis) patients were analysed using the Shield a-p2GPI IgG kit according to the 

manufacturers instructions. The results obtained were compared with those previously 

obtained for a-p2GPI IgG, as described in section 2.5.3.

It was found that all 10 samples previously identified as positive using the in 

house method, were positive using the Shield kit. A number of further potent positives 

were identified from various cohorts analysed using the commercial kit; one 

thrombophilia, three SLE aPL positive, five PAPS and two infection samples.

Non specific binding: The kit protocol did not include uncoated wells to assess non

specific binding of patient serum to the microtitre plate. Uncoated wells were obtained 

from the manufacturer, blocked overnight with 200pl/ well o f the manufacturers 

blocking solution which contained lOpg/ml bovine serum albumin. Test samples were
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then run in parallel with (32GPI coated and uncoated wells, for all positive samples. The 

resultant optical density was less than 0.1 in the uncoated wells of all cases and hence did 

not account for discrepant positive results.

Purity o f  the P2 GPI capture protein: An aliquot of the p2GPI used in the kit as the 

capture antigen was run on an SDS-PAGE mini gel (see section 2.8.1) and found to 

produce one band when stained with Coomassie Blue (section 2.8.2). Further SDS- 

PAGE separated p2GPI gels were western blotted, cut into strips and immunoblotted 

overnight with diluted (1:2 in PBS) serum of discrepant positives. These strips were 

subsequently tested for binding of human IgG, by incubation with an alkaline 

phosphatase conjugated secondary antibody, followed by colour development (section

2.8.3). All strips incubated with patient serum were found to be negative. This does not 

infer that these samples are negative for a-p2GPI IgG, but it suggests that the 

conformation of p2GPI after SDS-PAGE separation is not suitable for binding by these 

autoantibodies. A commercial a-P2GPI (Dako) did bind to this protein after SDS-PAGE 

separation.

The p2GPI preparation I used in the original in-house method was purified from 

plasma of one donor. It is conceivable that the commercial preparation, purified from 

pooled plasma will contain protein from different P2GPI genotypes. The overall result 

may be a capture antigen, which is recognised by a broader spectrum of autoantibodies to 

(32GPI.

The range of the standard curve in the kit was between 2 and 100 units/ ml, yet 

the titre of discrepant a-(32GPI antibodies ranged between 8.5 and 100 units, where a cut 

off of seven units had been established. This suggests that the discrepancies are unlikely 

to have occurred as a result of a cut off criteria.

I decided to use components of this commercial kit for future experiments as it 

had become apparent at this point in the thesis that the significance o f a positive a-p2GPI 

titre in a normal pregnant population may be associated with an adverse pregnancy 

outcome. To address this question I had arranged to embark on a study to establish the 

prevalence and clinical significance of a-p2GPI IgG and IgM in a low risk pregnant 

population of 1600 consecutively booked women. To purify a sufficient quantity of 

p2GPI from a pool of human plasma for such a study was beyond the scope of this thesis.
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4.4.2.4 Adaptation o f the commercial a-j32GPI IgG method

I w as concerned that the concentration range covered by the kit standards, lim ited the 

ability to discrim inate betw een negative and weak positive levels. The standards 

included were; 0, 2, 8, 30 and 100 units/m l, forming a four point curve. I aim ed to adapt 

the kit m ethod to include the standard material established in the original in house  

m ethod (section  2 .5 .3).

I analysed my standard material in serial dilution for a-[32GPI IgG activity using  

the com m ercial kit. This identified a range o f  dilutions o f  the standard, w hich  resulted in 

optical density readings o f  > 0.2 and <2.0 under the manufactures assay conditions. I 

then checked the linearity o f  the standard preparation (Figure 4.13).
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F igu re 4 .13: Standard curves for in house standard material for a-/32GPI IgG using a 

commercial kit and assay conditions.

This standard material w as used with the kit com ponents to establish a reference range in 

a population o f  30 healthy staff. The upper lim it w as established as the geom etric mean  

± 2SD . This procedure is detailed in section 2 .5 .4 , and was used to screen SLE and 

PAPS populations for a-|32GPI IgG.

4.4.2.5 Establishment o f an a-f2>2GPl IgM assay

I adapted the a-(32GPI IgG method described above for the detection o f  a-f32GPI IgM , by 

replacing the y globulin  specific conjugated antibody with a p specific anti-human
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globulin which was alkaline phosphatase conjugated. After incubation the bound 

alkaline phosphatase was developed in a 1 mg/ml solution of /?-nitrophenyl phosphate 

disodium hexahydrate phosphatase (Sigma-Aldrich Chemical Co.) in a diethanolamine 

buffer. This method was used to screen aPS patients and to identify material for use as a 

standard. 30 healthy staff were assayed and a reference range was established from the 

geometric mean ± 2SD. Details of the method are given in section 2.5.5.

4.4.2.6 Establishment o f  an anti-annexin V ELISA

Background: Anti-AV were reported to be associated with recurrent miscarriage and 

PET, in a small number of patients (Matsuda et al, 1994a). A reduction in the placental 

expression of AV had been reported (Rand et al, 1994a) in aPS patients. I aimed to 

establish an anti-AV ELISA based on published methods and to assess the association of 

anti-AV with thrombosis and recurrent fetal loss. This section records the attempts to 

establish an anti-AV ELISA.

Methods: The initial assessment of the assay was based on the method of Matsuda 

(Matsuda et al, 1994b). 1.7pg/ well of human annexin V (Serbio) diluted in PBS was 

added to microtitre plates [y-irradiated (Nunc) and plain plates (Alpha Laboratories Ltd) 

for 48 hours. After washing in a Tris buffer (0.02M TRIS, 0.9% NaCl, pH 7.4), blocked 

for one hour with 1% BSA (0.02M TRIS, 0.9% NaCl, 1% BSA, pH 7) @ room 

temperature for two hours. 50pi of aPS samples diluted 1:100 were incubated for two 

hours, washed and incubated with an alkaline phosphatase conjugated anti-human IgG 

(Fc specific) for one hour. After washing, the substrate, p-nitrophenyl phosphate 

(1 mg/ml) was added for colour development. The optical density (OD) was recorded at 

the relevant wave length.

Limited colour development was detected on the y-irradiated plate, but not on the 

plain plate. The above procedure was repeated on y-irradiated plate, incorporating a 

sample specific background subtraction step. The blank wells were coated with 1% BSA 

in a PBS. A dilution of rabbit anti-human AV was processed through the assay, with the 

relevant conjugated anti-rabbit secondary antibody, to demonstrate AV bound to the 

microtitre plate, which was the case. High OD readings were observed in AV coated 

wells incubated with diluted aPS serum from some patients, some of whom had high 

levels of non specific binding in uncoated wells.
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Another method for anti-AV had been published (Dubois et al, 1995), and I 

attempted this, y-irradiated microtitre plates were coated overnight with lOOpl of 

lOpg/ml AV in a 0.5M carbonate bicarbonate buffer at pH 9.6. After washing the plates 

were blocked with 1.5%BSA and incubated for one hour. After washing, aPS samples 

diluted 1:50 were incubated @ 37°C for one hour thirty minutes, washed and a diluted 

alkaline phosphatase conjugated anti-human IgG or IgM added for one hour thirty 

minutes @ room temperature. After this phosphatase substrate in diethanolamine buffer 

was added for colour development. Three patterns of colour development were 

observed; patients with high OD’s on AV wells [0.31] but low non specific binding[0.07] 

(n = 6), those with high OD’s on AV coated [0.53] and high non specific binding to 

blank wells [0.34] (n = 6), and those with low OD in all wells [0.05] (n = 11).

Reduction o f  non specific binding: Many efforts to reduce non-specific binding in

uncoated wells were investigated: these included additional / alternative blocking 

reagents (1% milk solution) and dilution of samples in a buffer containing 1.5% BSA. 

The incorporation of BSA into the diluent buffer greatly reduced non-specific binding 

and was subsequently included into the method. A commercial blocking solution 

‘SuperBlock’ (Pierce) was assessed according to the manufacturers instructions (plates 

are washed three times with ‘SuperBlock’) and the test samples added. A combination of 

blocking with 1.5% BSA, followed by three washes in ‘SuperBlock’ further reduced 

non-specific binding in uncoated wells. The OD in uncoated with 1.5% BSA block alone 

gave OD reading between 0.09 and 0.155, while OD with 1.5% BSA followed by 

‘Superblock’ were between 0.070 and 0.084. Therefore the use of ‘SuperBlock’ was 

incorporated into the protocol as described in section 2.5.8. This method was repeated to 

identify patients with highest OD’s, for use as standard and quality control reagents.

Reference range: Samples from 30 healthy staff were assessed according to the protocol 

in section 2.10, so that a reference range could be established. 12 of these ‘normals’ 

produced OD readings of (0.35-0.95), a range similar to aPS patients (0.39 to 0.89), the 

remaining 18 had low OD’s (0.08 to 0.28), but these values vary depending upon the 

precise moment the colour development was stopped. A population of 30 blood donors 

were assessed, giving similar results. I then tested commercial preparations of human 

immunoglubulin (Grifols), isolated for therapeutic administration, and normal human

158



IgG (Sigma-Aldrich Chemical Co.). These preparations were analysed at dilutions, 

which resulted in an IgG concentration similar to that of normal blood. Strong anti-AV 

activity (OD; 0.6 to 1.0) was detected in both preparations. These findings suggest that 

anti-AV is a non-specific marker, detected in normal and pathological conditions, whose 

function is unknown. AV binding to cells has been described as an indicator of 

apoptotis. The presence of circulating anti-AV may play a role in the removal o f such 

cells.

Repeat testing: Repeat samples were analysed from three staff with high anti-AV levels. 

Two of these were negative on retesting, suggesting that some anti-AV are transient or an 

artefact of samples collection or storage. The third individual remained positive, with 

similar results obtained for EDTA plasma, citrated plasma and serum.

Absorption studies: One aPS samples with high anti-AV activity and low non specific 

binding was incubated with AV (lOOpg/ml: Serbio) in solution, at doubling dilutions 

(1:1, 1:2 and 1:4 [AV: test serum]), for one hour at room temperature. The plasma level 

o f AV is < 20pg/ml. These dilutions were then assayed for anti-AV activity as described 

above. There was no difference in the level of anti-AV detected. This suggests that: 1) 

anti-AV does not bind AV in solution, or 2) anti-AV antibodies have a higher affinity for 

AV bound to the microtitre plate, or 3) the observed binding in AV coated wells is non 

specific.

Immunoblotting: Purified human AV was separated by SDS-PAGE (section 2.8.1) at a 

final concentration of 5pg/ml. After transfer to nitrocellulose by western blotting 

(section 2.8.3) each transfer was cut into strips, corresponding to one to two lanes of 

separated AV, washed and blocked with 5% milk solution. Six strips were incubated 

with diluted (1:10) anti-AV positive (by ELISA) sera, one with rabbit anti-AV (1:100) 

and one with commercial human immunoglobulin (1:100), overnight @ 37°C. After 

washing, these strips were incubated with a suitable conjugated antibody, followed by a 

visualisation step.

Staining only occurred on the strip incubated with the polyclonal rabbit anti

human AV (a single band was detected). Negative immunoblotting with patients sera,
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may reflect the inability o f these antibodies to bind under the assay conditions. It is also 

possible that the antibodies detected by ELISA are not true AV antibodies.

Commercial anti-AV kit: A commercial prototype kit for anti-AV (Serbio) was used 

according to the manufacturers instructions (section 2.5.9). The result are categorised 

according to the manufacturers definitions: as weakly positive if the OD was > 0.25, 

positive if > 0.50. A preliminary run was performed, to identify a sample suitable for use 

as a standard. Samples from 32 aPS patients and 24 healthy staff were run against the 

standard. According to the manufacturers definition; two staff were weakly positive and 

two positive, while four aPS were weakly positive and two positive. The aPS patient and 

controls giving the highest OD reading were whose which were highest in the ‘in-house’ 

method.

Comment: The establishment o f an anti-AV assay, the results of which could be analysed 

for clinical associations, was not a working possibility in my hands. My results suggest 

that anti-AV are expressed in individuals with no evidence of autoimmune disease.

A recent publication (Kaburaki et al, 1997) the problem of non-specific binding 

in controls was over come using a 1:800 diluion of samples, and reports elevated anti-AV 

in SLE and an association with the pathogenesis of thrombotic events. It is possible that 

the source of AV may account for differences observed between this study and my 

findings.

4.4.2.7 Antiphospholipid assays

aPT IgG + IgM, aCL IgG + IgM, a-p2GPI IgG, a-p2GPI IgM, aPTT, dRVVT were 

performed (as described in sections 2.5.7, 2.5.2, 2.5.4, 2.5.5, 2.3.3 and 2.3.5), on samples 

from an extended population of PAPS and SLE positive and negative patients.

4.4.2.8 Statistical Analysis

Comparisons between controls and subject groups were made using the Wilcoxon-Mann 

-Whitney U test. Correlation’s between parameters were assessed using the Spearman 

Rank test for non-parametric data. Association between a positive aPL test and clinical 

presentation were assess using the Fishers Exact Test or the Chi- squared (%2) Test where 

relevant.
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4.4.3 Results

When presenting results from patients with the aPS, one encounters the repeated feature 

of heterogeneity of laboratory results and clinical presentation. Strict criteria were 

enforced for the classification or inclusion of patients. Patients having a medical history 

of recurrent miscarriage, thrombosis or thrombocytopaenia, who had a positive LA or 

aCL IgG or IgM on current testing, and a positive historic test were classified as aPS 

(PAPS n = 44 and SLE n = 22). In PAPS patients, LA was detected in 34 (77.3%), aCL 

IgG in 31 (70.5%), aCL IgM in 19 (43.2%) which are similar to the frequencies reported 

in the smaller population in section 3.2.3. a-p2GPI IgG and IgM were detected in 23 

(52.3%) and 17 (38.6%) respectively. aPT IgG and IgM were detected in 12 (27.3%) and 

27 (61.4%) respectively (Table 4.9).

In patients with SLE (n = 84), only those who are positive for aPL (LA or aCL) 

having a clinical history of recurrent miscarriage, thrombosis and thrombocytopaenia are 

described as SLE-aPS (n = 22). Of these, LA was detected in 21(95%), aCL IgG in 17 

(77%), aCL IgM in 10 (45%) which are similar to the frequencies detected in PAPS 

patients. a~p2GPI IgG and IgM were detected in 11 (50%) and 10 (46%) and is similar 

to the frequency of a-p2GPI IgG detected in the PAPS cohort. A positive aPT (G or M) 

was detected in 15 (68%) of secondary aPS, which contrasts with the 30% using the 

original method. aPT IgG were detected in 7 (32%) and IgM in 13 (59%), which is 

similar to the incidence in PAPS patients using the revised methodology (Table 4.9).

Having analysed an large population of SLE patients, a number o f patients 

positive for LA or aCL but without the classical presentation of the syndrome were 

identified; these I refer to as SLE-aPL positive, syndrome negative (n = 20). Antibodies 

to prothrombin (50%) and p2GPI (30%) were also detected in this population, but were 

less frequent than in patients with the syndrome. A cohort of SLE aPL negative patients 

were identified (n = 42); 15 (36%) of whom had antibodies to prothrombin and/ or 

P2GPI.
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LA ACL aPT a-B:GPI
N (% ) N (% ) N (% ) N (% )

Subject Group 
(No)

IgG IgM IgG IgM IgG IgM

Normal controls - - - 1(5) - - -

(n = 30)
PAPS (n = 44) 34 (77) 31 (71) 19 (43) 12 (27) 27 (61) 23 (52) 17(39)

SLE-aPS 21 (95) 17(77) 10(45) 7(32) 13 (59) 11 (50) 10(46)
(n = 22)
SLE aPL neg 8(20) 9(22) 2 (5) 1(2)
(n =42)
SLE aPL pos, 11 (55) 10(50) 1(5) 9(45) 5(25) 4(20) 2(10)
clinically neg 
(n = 20)

Table 4.9: Incidence o f  subjects in each cohort positive fo r  specific antiphospholipid 

tests; where pos -  positive, neg = negative N  =number and % = percentage o f  the 

subject group.

Patient’s medical histories were critically evaluated for evidence of documented arterial 

or venous thrombosis or stroke. Documented thrombocytopaenia was also recorded. 

Patients were considered to have a history of recurrent fetal loss after two spontaneous 

abortions. Unfortunately chromosome studies of the aborted fetus or other investigations 

which may explain fetal loss had not been carried out in most cases. Further clinical 

features (e.g. neurological, migraine etc) which have been described in association with 

the aPS were noted. Details of the number of patients in each cohort having experienced 

major clinical features associated with the aPS are given in Table 4.10.
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Subject Group Thrombosis 

N (%)

Fetal Loss 

N (%)

Thrombosis 
& Fetal Loss 

N (%)

Thrombocytopaenia 

N (%)
Normal controls 
(n = 30)

- - - -

PAPS 
(n = 44)

36 (82) 14 (32) 9 (21) 8 (18)

SLE -aPS 
(n = 22)

17 (77) 9 (41) 6 (27) 9 (41)

SLE aPL neg 
(n =42)

- 2 (5) - 6 (14)

SLE aPL pos, 
clinically neg 
(n = 20)

- - - -

Table 4.10: Number o f  subjects in each cohort with a previous history o f  thrombosis, 

recurrent fe ta l loss or thrombocytopaenia; where pos = positive, neg = negative.

It appears that thrombosis is the most frequent clinical manifestation of the aPS. It is 

difficult to accurately assess the incidence of fetal loss or other obstetric complications, 

for a number of reasons: details of previous successful, uncomplicated pregnancies are 

not always recorded, it is not always recorded if women have never been pregnant but 

have presented with thrombosis, and finally heparin and/or aspirin are now frequently 

administrated in cases of documented aPL or aPS, without a previous history of obstetric 

complications.

I reassessed the incidence of recurrent fetal loss, thrombocytopaenia and 

thrombosis in female aPS patients who had been pregnant, but were not pregnant at the 

time of blood sampling. In this combined population o f aPS patients (n = 42 ; primary & 

secondary), 22 (52%) had experienced recurrent fetal loss, 71 % had thrombosis and 36% 

experienced both (Table 4.11). This higher incidence o f fetal loss in this sub-population 

which exclude males and women who have never been pregnant and is therefore more 

accurate.
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Women having 
had a 

pregnancy

Thrombosis 

N (%)

Fetal Loss 

N (%)

Thrombosis & 
Fetal Loss 

N (%)

Thrombocytopaenia 

N (%)

PAPS 
(n = 26)

18 (69) 14 (54) 9 (35) 7 (27)

SLE -aPS 
(n =  16)

12 (75) 8 (50) 6 (38) 8 (50)

All aPS 
(n = 42)

30 (71) 22 (52) 15 (36) 15 (36)

Table 4.11: Number and percentage o f  women experiencing thrombosis, recurrent feta l 

loss or thrombocytopaenia in a cohort with the primary antiphosoholipid syndrome 

(PAPS) or the antiphospholipid syndrome in conjunction with SLE (SLE-aPS); where N= 

number, % = percentage, pos = positive, neg = negative.

In this population, I calculated the number of women who had only experienced a fetal 

loss to be 7 (16.6%). 26% of women have only experienced a thrombotic event despite 

having been pregnant, and a further 9.5% have just had thrombocytopaenia remote from 

pregnancy.

The proportion o f positive a-p2GPI IgG and IgM in aPS patients was significantly 

higher than in SLE aPL negative patients, with p< 0.0001 for both isotypes. aPT IgM 

positive assays occurred significantly more frequently in aPS patients than in SLE 

negative individuals (p< 0.0001), but although the proportion of positive aPT IgG was 

higher in aPS patients this did not reach significance.

Associations between various aPL assays and a history of thrombosis or a 

combined presentation of thrombosis with pregnancy complications were evaluated in 

the overall population of PAPS and SLE patients and are shown in Table 4.12.
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L aboratory  Param eter Thrombosis Thrombosis and/ or Fetal Loss

LA <0.0001 <0.0001

ACL IgG <0.0001 <0.0001

ACL IgM <0.0001 <0.0001

ACL IgG or IgM <0.0001 <0.0001

a-p2GPI IgG <0.0001 <0.0001

a-p2GPI IgM = 0.011 = 0.011

a-P2GPI IgG or IgM <0.0001 <0.0001

aPT IgG = 0.88 = 0.78

aPT IgM = 0.0083 = 0.00015

aPT IgG or IgM = 0.00011 <0.0001

Table 4.12: Statistical associations o f  thrombosis or thrombosis and feta l loss with LA, 

aCL, aPT and a-p2 GPI in a combined population (n = 128) o f  PAPS and SLE patients. 

Results indicate p  value o f  the Chi-squared test or Fishers Exact Test, where p  < 0.05 is 

considered statistically significant.

LA, aCL (G+M), a-p2GPI (G+M) and aPT IgM were all significantly associated with 

thrombosis and / or fetal loss in this population. A stronger association was observed 

with aPT IgM when analysed for either thrombosis or fetal loss.

Associations between a history of recurrent fetal loss and assay results were 

assessed in female patients who have been pregnant (see Table 4.13).
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L aboratory  Param eter Chi squared

LA <0.0001

ACL IgG = 0.022

ACL IgM = 0.006

ACL IgG or IgM = 0.007

a-p2GPI IgG = 0.039

a-p2GPI IgM = 0.55

a-p2GPI IgG or IgM = 0.006

APT IgG = 0.98

APT IgM = 0.015

APT IgG or IgM = 0.007

Table 4.13: Statistical associations o f  recurrent feta l loss with LA, aCL, aPT and a- 

P2 GPI in a combined population (n = 96) o f  PAPS and SLE patients, from  which males 

or females who have never been pregnant were excluded. Results indicate p  value o f  the 

Chi-squared Test, where p  < 0.05 is considered statistically significant.

LA, aCL (G, M), a-p2GPI (G) and aPT (M) were all significantly associated with fetal 

loss in this population. a-p2GPI IgM or aPT IgG were not associated with the clinical 

presentation of recurrent fetal loss in this population. While a stronger association was 

observed with aCL IgM than aCL IgG.

Correlation between aPL were assessed and a strong positive correlation’s were 

found between certain aPL. a-p2GPI IgG was correlated with aCL IgG (rs = 0.71 >P < 

0.0001) and a-p2GPI IgM was correlated with aCL IgM (rs = 0.63,p  < 0.0001). DRVVT 

ratio was correlated with aCL IgG (rs = 0.48, p  = 0.0002), but not with aPT IgG, aPT 

IgM, aCL IgM or a~p2GPI IgM. In aPS patients positive for aPT IgM and LA, there was 

no correlation between these parameters.

4.4.4 Discussion

The identification of anionic phospholipid binding proteins as target antigens for aPL has 

awakened a new wave of research in the aPS. aP2GPI IgG had already been associated 

with a history of thrombosis in patients with the APS, but the involvement of IgM
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ap2GPI had not been established. The results of this cross sectional study o f PAPS 

patients detected a-|32GPI IgG and IgM, in (52.3%) and 17 (38.6%) respectively. The 

frequency of a-(32GPI IgG, is similar that observed in a smaller cohort, using an in-house 

method. In SLE patients with aPS, a-p2GPI IgG and IgM were detected in 50% and 46% 

respectively, which is similar to incidence in the PAPS cohort.

The incidence of aPT IgG and IgM detected in PAPS patients were 12 (27.3%) 

and 27 (61.4%) respectively, which is substantially higher than the frequency detected 

with the original method (10% and 25%). This frequency is in accordance with a 

recently reported incidence of 58% (Galli et al, 1997). a-p2GPI (30%) and aPT (50%) 

were detected in SLE patients, positive for LA or aCL, but who had not experienced any 

clinical events associated with the aPS. The incidence o f aPT IgG (45%) was higher than 

that observed in PAPS or secondary aPS, the significance of which is unknown. These 

findings suggest that the production of aPL may be part of a generalised dysregulated 

autoimmune response in SLE. The presence of aPL may identify a population of SLE 

patients, at risk of developing thrombosis or obstetric complications (aPS). In an earlier 

section (4.3), I identified elevated levels of a-(32GPI IgG in SLE patients, prior to a 

thrombotic / neurological event. The absence of aPT0 in the retrospective serial study, 

may reflect a true negative, a false negative due to the inferior sensitivity of the assay, or 

instability of aPT during prolonged storage.

The primary focus of this thesis was to assess the involvement of aPL in obstetric 

complications. Yet information regarding clinical association could only be addressed by 

establishing the sensitivity and specificity of antibody assays in non pregnant aPS 

patients. It was feasible that a specific antibody, or a combination of antibodies may be 

associated with specific clinical feature of aPS.

The prevalence of thrombosis in this study was 82% in PAPS and 77% in SLE 

patients with APS. The observed incidence of thrombosis is higher than that reported by 

the Italian Registry [34% PAPS and 42% secondary aPS] (Finazzi et al, 1996). The high 

prevalence of thrombosis in my cohort, may be explained in part by the referral pattern of 

PAPS patients to a thrombophilia clinic, from which they were recruited. Thrombosis 

was also the most frequently presented clinical feature in SLE patients with aPS, a 

predominantly female cohort. The proportion of females to males, was higher in the 

secondary aPS group [78 females to 6 males], than in PAPS [31 females to 13 males].

167



The proportion of females in the SLE group may be confounded by the predominance of 

females with SLE. Indeed SLE may present a second hit, precipitating a clinical event.

To obtain a more accurate assessment of the frequency of recurrent miscarriage, I 

recalculated the frequency in women who had previously been pregnant. 52% of these 

aPS (n = 42) had experienced recurrent miscarriage, 71% thrombosis and 36% had 

experienced both. Interestingly, 26% of these women had thrombosis not associated 

with their successful pregnancies (live births). Unfortunately placental tissues from these 

women had not been examined. Yet, it appears that in certain women, despite a 

predisposition to thrombosis, placental function is sufficient to maintain a viable 

pregnancy. It must be remembered that in this cohort, 48% had successful pregnancies. 

This may be confounded by the referral pattern from which this cohort was established, 

or the medical treatment given to these women. It was not possible to assess the 

incidence of obstetric complications such as pre-eclampsia or IUGR, as in many cases 

obstetric care was provided at another hospital.

Associations between each aPL and clinical events were assessed in a combined 

population of all PAPS and SLE, I found that LA, aCL IgG, aCL IgM were associated 

with thrombosis and recurrent miscarriage, as previously reported. a-(52GPI IgG was also 

found to be strongly associated with thrombosis and or fetal loss. A weak (p = 0.011) 

association was found between a-p2GPI IgM and thrombosis, and/ or fetal loss. aPT IgG 

was not associated with thrombosis or fetal loss, unlike aPT IgM which was strongly 

associated with thrombosis and/ or recurrent miscarriage.

When associations were assessed in a combined group of PAPS and SLE women 

who had been pregnant, LA was found to be more strongly associated with recurrent fetal 

loss than aCL. aCL IgM (p = 0.006) was more strongly associated with recurrent fetal 

loss than aCL IgG (p = 0.022). a-p2GPI was weakly associated with recurrent 

miscarriage, unlike a-p2GPI IgM, which was not associated. The presence of a-p2GPI 

IgG or IgM was more strongly associated with recurrent miscarriage than a-p2GPI IgG 

alone, suggesting that either antibody type may be pathogenic in pregnancy. It has 

recently been reported that a-p2GPI IgM correlated well with a history of recurrent 

miscarriage (Forastiero et al, 1997). aPT IgG was not associated with fetal loss, but aPT 

IgM was (p = 0.015).

a-p2GPI IgG was strongly correlated with aCL IgG, as has been previously 

reported. I also demonstrated a strong correlation with aCL IgM. Yet, the detection of a-
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P2GPI in patients who are persistently negative for aCL has been reported by a number of 

researchers (Cabiedes et al, 1995), (Cabral et al, 1996), the significance of which 

remains unknown. In this study seven patients (4 PAPS, 2 SLE aPL negative, 1 SLE LA 

positive with no clinical features) had a positive a-P2GPI, but a negative aCL. This 

findings are discordant with a recent report, in which all patients with SLE (with or 

without aPS) or PAPS having a-P2GPI antibodies were also positive for aCL (Amengual 

et al, 1996). It has been suggested that these a-p2GPI may be reactive with human p2GPI 

only.

The DRVVT ratio was strongly correlated with aCL IgG (rs =0.48, p  = 0.0002) 

and a-p2GPI IgG (rs = 0.054, p  < 0.0001), but not with a-p2GPI IgM, or aCL IgM. aPT 

IgG or IgM were not correlated with aCL or DRVVT ratio. Indeed when serum is used 

for the detection of aCL, the level of prothrombin may be inadequate to facilitate the 

detection o f aPT.

aPT IgM were found to be associated with thrombosis and / or fetal loss in this 

cohort. There have been contradictory reports regarding the association of aPT with 

thrombosis. aPT have been reported to be associated with venous thrombosis (Horbach 

et al, 1996), but not in all studies (Swadzba et al, 1997). The recently reported 

association between aPT and myocardial infraction (Vaarala et al, 1996b), together with 

possible cross reactivity with plasminogen (Puurunen et al, 1998), implicate a role for 

these antibodies in thrombosis.

In conclusion aPT are markers for the aPT, which are less specific and sensitive 

than a~p2GPI, LA and aCL. IgM a-p2GPI are also markers of the syndrome, which were 

associated with thrombosis, but not fetal loss in this cohort. a-p2GPI may account for the 

LA activity in a large proportion of aPS patients, not excluding a role for aPT.

4.5 aPL throughout pregnancy in aPS

4.5.1 Introduction

aPL are associated with placental damage such as thrombosis and infarction in 

pregnancies complicated by miscarriage, pre-eclampsia (PET) and intrauterine growth 

restriction (IUGR) (Reece et al, 1990), (Polzin et al, 1991). In chapter three, I 

demonstrated that aPL could bind normal placental tissue. It is unknown if antibody
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levels of aPL in maternal circulation are reduced during pregnancy, reflecting binding to 

placental tissue. In this section I established levels of aPL during pregnancy.

4.5.2 Methods

4.5.2.1 Patients

Samples were collected from pregnant aPS women throughout gestation, when bloods 

were being collected in the interest of the patient. Details of anticoagulant prophylaxis 

were recorded. Clinical history was recorded from the patient notes. Due to the limited 

number of aPS pregnancies receiving antenatal care at University College Hospital it 

became necessary to collaborate with another centre to obtain further samples. These 

samples were provided by Dr Quenby, Obstetric Department, Liverpool Women’s 

hospital. Where insufficient samples were available, results of LA testing were provided 

by my collaborator (aPTT, DRVVT followed by phospholipid neutralising had been 

performed).

4.5.2.2 Antiphospholipid antibody testing

LA anticoagulant was assessed as described in section 2.3.5 (when analysed on site). 

IgG and IgM antibodies to cardiolipin, p2GPI and prothrombin were measured using the 

methods described in sections 2.5.2, 2.5.4, 2.5.5 and 2.5.7 respectively. In aPS 

pregnancies, a sample was collected for aPL testing at each visit to the antenatal clinic.

4.5.3 Results

4.5.3.1 Patients

Three or more blood samples were collected from a cohort of 17 aPS women during 

pregnancy (range 2-13, median 5). A further sample was also available for aPL testing, 

remote from pregnancy. All women were undergoing heparin and aspirin therapy during 

pregnancy. The clinical details of this cohort and the outcome of the index pregnancy are 

detailed in Table 4.14. The predominant clinical feature of this cohort was an obstetric 

history of first trimester recurrent miscarriage.
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No No of samples 
for aPL

History of 
Thrombosis

Previous Fetal 
Losses

Index Pregnancy Previous
LB

1 12 — 3; 1st trimester full term —

2 11 — 4; 1st trimester full term —

3 13 — 3; 1st trimester full term —

4 10 — 3; 1st trimester full term —

5 9 yes 4; 1st trimester full term —

6 10 — 2; 1st trimester full term —

7 7 — 3; 1st trimester PET, LB —

8 7 — 5; 1st trimester full term 2

9 5 — 3; 1st trimester Misc; l sttrimester —

10 4 — 2; 1st trimester Misc;2ndtrimester —

11 8 — 3; 1st trimester full term 1

12 4 — IUD, IUGR IUGR, LB 1

13 3 yes 4 ;l-2nd trimester M isc;lsttrimester —

14 6 — IUD full term —

15 6 — 5; 1 -2nd trimester full term —

16 3 yes 2; 1 -2nd trimester full term 2

17 3 — 3; 1st trimester Misc;2ndtrimester —

Table 4.14: Clinical history, outcome o f  the index pregnancy and number o f  previous 

live births (LB) o f  aPS patients studied, and details o f  the number o f  samples tested fo r  

aPL. Where, IUD  =intrauterine death, IUGR = intrauterine growth restriction, PET  = 

pre-eclampsia, misc = miscarriage, LB =live birth.

4.5.3.2 Pregnancy outcome

A live birth rate o f 72% was achieved in this study. However, in the cohort of 17 aPS 

pregnancies, 4 resulted in miscarriage; 2 had first trimester losses (<11 weeks) and 2 

second trimester losses (<20 weeks) [Table 4.14], Two further pregnancies developed 

obstetric complications (one PET and one IUGR) but had preterm live births, by 

caesarean section.
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4.5.3.3 aPS levels during pregnancy

14 pregnancies were tested for aPL, at four or more different time points throughout 

pregnancy. aPL results in some patients became negative during pregnancy. The 

conversion from positive to negative was observed in complicated and normal 

pregnancies. The antibody status of patients before or after pregnancy, and at the time of 

the last aPL tests during pregnancy, are detailed in Table 4.15.

aPL status when not pregnant Last test during pregnancy
No LA aCL aPT a-p2GPI LA aCL aPT a-p2GPI
1 EQ G+M Neg M Neg Neg Neg Neg
2 Pos G+M Neg G+M Pos G+M Neg G+M
3 Neg G M Neg Neg Neg G+M Neg
4 Neg G M Neg Neg G Neg Neg
5 Pos G M Neg Pos G Neg Neg
6 Neg G M Neg Neg Neg Neg Neg
7 Pos M M M EQ M M M
8 Neg G+M G+M Neg Neg M M Neg
9 Pos G+M G Neg EQ G G Neg
10 Pos G M Neg Neg Neg Neg Neg
11 Pos Pos G Neg Neg Pos G Neg
12 Pos G M G+M Pos G G+M G+M
13 Pos G+M G G+M Pos G+M G+M G
14 Neg G Neg Neg Neg Neg Neg Neg
15 Pos Pos Neg Neg Neg Neg Neg Neg
16 Pos G G+M Neg Neg G M Neg
17 Pos G+M M M Pos G+M M M

Table 4.15: aPL status in aPS patients before or after pregnancy and at the last test 

during pregnancy. Results in bold script are those whose antibody status chsnged 

during pregnancy. Where EQ  = equivocal, Neg = negative and Pos = positive.

Many pregnancies displayed fluctuations in antibody levels, as is demonstrated in Figure 

4.14.
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Eleven women had a positive LA before pregnancy, but only five remained positive at 

the last test, plus two were equivocal. A further women who had an equivocal LA before 

pregnancy became negative. Of 13 women who were aCL IgG positive before 

pregnancy, eight remained positive at the last test. Five of the six women were aCL IgM 

positive remained positive. There was no change in the aPT IgG status, but three of the 

ten women positive for aPT IgM became negative. The three women who were positive 

for a-p2GPI IgG remained positive at the last test, but two of the six a-p2GPI IgM 

positive became negative.

There is no obvious distinction in the antibody profile between pregnancies with 

an uncomplicated pregnancy outcome and those who miscarried. The pregnancy from 

whom the aPL results are displayed in Figure 4.14a, had a positive LA, aCL IgG, aCL 

IgM, a-p2GPI IgG, a-p2GPI IgM and aPT IgG, yet had an uneventful pregnancy. In this 

patient the LA, aCL IgG and a-P2GPI IgG remained persistently positive until the 26th 

week of gestation. The a-p2GPI IgM became negative in the 16th week and remained 

negative until the post partum sample. A weak aPT IgM fluctuated from positive to 

negative twice, reverting to negative in the 25th week and remained negative in the post 

partum sample.

One patient with a persistently positive low titre aPT IgG in the presence of 

moderately high aCL IgG and a LA, the aPT became negative in the 9th week, and had an 

uncomplicated pregnancy proceeded. A patient with a similar antibody profile 

miscarried in the first trimester.

A number of intriguing observations were made during this study, confirming the 

heterogeneity of aPL. In four pregnancies whose aPL levels reverted to negative by the 

12th week of pregnancy, the outcome was successful and uncomplicated. Another 

interesting observation a woman having had recurrent miscarriage and persistently 

elevated aPL (high titre) was treated with heparin in the index pregnancy. Previous 

pregnancies had not been covered by heparin. The aPL became negative in the first 

trimester and remained negative throughout pregnancy and in the post partum period. 

Another patient in whom heparin therapy during the index pregnancy failed to prevent a 

first trimester miscarriage, presented an elevation in aCL IgG, aPT IgG and aPT IgM 

concurrent with decreased a-p2GPI IgG + IgM (Figure 4.14b).
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4.5.4 Discussion

The antibody profile of aPS women did not predict pregnancy outcome. Indeed antibody 

levels fluctuated greatly during pregnancy. It was recently reported that a steady fall in 

aCL IgG during pregnancy was indicative of a favourable outcome (Ruffatti et al, 1996), 

my findings were more heterogeneous. Pregnancies whose aPL levels remained 

persistently positive had a mixed outcome. In four women whose aPL results reverted to 

negative in the first 12 weeks o f pregnancy the outcome was successful. This may reflect 

a suppression of autoantibody production, as previously reported (Kwak et al, 1994). 

This early reduction may be an indicator of an ensuing successful pregnancy. This 

finding should be confirmed in the large prospective study, as it indicates that false 

negatives associated with aPL testing in early pregnancy may be of limited consequence 

to the index pregnancy. In all cases, aPL testing should be repeated at least six weeks 

after pregnancy.

aPT occurred more frequently in this cohort than a-p2GPI. aPT IgG and a-p2GPI 

IgG status of women did not change while pregnant, although fluctuations did occur. 

aCL IgG levels became negative in five women during pregnancy (3 became negative 

before 12 weeks). LA was the must sensitive to changes, becoming negative or equivocal 

in six of the eleven cases.

This study demonstrates that false negative results may be obtained if aPL testing occurs 

during pregnancy. The pregnancies presented here are of women undergoing heparin and 

aspirin phrophylasis. The success of heparin in preventing miscarriage in the majority of 

women with aPS has been substantiated by many reporters, and is evidenced in this 

study. aPL levels in two women deserve further discussion, as they remind one of the 

continued heterogeneity of aPL. The first patient: a lady with a history of recurrent 

miscarriage with a positive aCL IgG and a LA. The index pregnancy was her first 

pregnancy to be treated with heparin and aspirin. The LA and aCL IgG became negative 

during a successful pregnancy and have remained negative to date (one year later).

The second woman had a history of miscarriage and thrombosis. She had 

elevated levels of aCL IgG, aPT IgG, a-p2GPI IgG + M and a LA prior to pregnancy. 

Despite heparin and aspirin prophylactics she miscarried before 11 weeks gestation. At 

the time of the miscarriage she had dramatically increased levels of aCL IgG, aPT IgG 

and aPT IgM concurrent with decreased a-(32GPI IgG and IgM. Greatly increased levels 

of aPL have previously been noted in aPS women who miscarried (Kwak et al, 1994).
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The observed reduction of a-(32GPI may reflect antibody consumption. These increases 

o f aPL were not observed in the three further miscarriages in this cohort. A peak aCL 

level was observed between eight to ten weeks gestation (Figure 4.14a), in some patients 

who had a successful pregnancy. This peak, may be a response to the immune challenge 

experience by the mother, once placental tissues are encountered. If so, the outcome of 

the pregnancy may be determined at this stage of gestation.

Finally, it is unknown if heparin effects the levels of aPL during pregnancy. Due 

to fluctuations of aPL levels during pregnancy, testing of new patients should be repeated 

at least 6 weeks after pregnancy.

4.6 Chapter comment

In this chapter, I established that a~p2GPI IgG and IgM are associated with thrombosis 

and/or fetal loss. aPT are also detected in aPS patients, but are less sensitive or specific 

for the aPS than aCL, LA or a-p2GPI. Variation in the aPT methodology affects the 

sensitivity of the assay. The combination of y-irradiated plates, a PBS buffer and 

coating antigen of 10pg/ml prothrombin were the most effective. Under these conditions 

aPT IgM were found to be associated with thrombosis and / or fetal loss. Anti-AV are 

expressed by normal an aPS patient, making them a poor marker for the syndrome. 

Therefore the anti-AV was not employed in later studies.

In non-pregnant SLE patients with aPS, a-P2GPI IgG levels were found to 

fluctuate less than aCL IgG. The IgG2 subclass of a-p2GPI was the predominant 

subclass before and after thrombotic/neurological events in these patients. This is likely 

to be of great relevance to fetal outcome in the aPS pregnancy. Heterogeneity of levels 

of aPL were observed during pregnancy in aPS patients. Negative aPL in early 

pregnancy in well characterised aPS patients, was associated with uncomplicated 

pregnancies. A further proportion of aPS patients had a peak in levels in early 

pregnancy, which quickly dropped and continued to decline throughout pregnancy: these 

pregnancies had both normal and complicated outcomes. The success o f heparin in 

ameliorating the pathogenic activity of aPL in pregnancy, was evident from the high 

incidence of live births in these aPS patients. These finding will be further discussed in 

chapter nine.
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Prothrombotic Markers In Pregnancy And The

Antiphospholipid Syndrome

5.1 General Introduction

The first description of a circulating anticoagulant in SLE patients with thrombosis was 

in 1963 (Bowie et al, 1963), and it is now a well established association (Love & 

Santoro, 1990). In an obstetric setting the examination of placental tissues from aPS 

pregnancies has revealed a number of abnormal morphological features, such as 

infarction, thrombosis, intimal thickening, villous fibrosis, hypovascularity and increased 

syncytial knots (De Wolf et al, 1982) (Out et al, 1991), (Salafia & Cowchock, 1997). 

The presence of thrombosis has been greatly emphasised by many researchers referring 

to these studies. A thrombotic mechanism for aPL associated fetal loss has been 

suggested (Carreras et al, 1981), (Rand et al, 1994a), and the success of anticoagulant 

prophylaxis may suggest amelioration of a thrombotic pathology. However, there is little 

evidence to substantiate thrombosis as the preliminary causative mechanism in recurrent 

fetal loss. The success of heparin and aspirin in improving the pregnancy outcome in 

aPS patients has led to their frequent use, although the mechanism of action is unknown.

Despite the long-standing association between thrombosis and aPL, the 

pathogenic mechanism remains an enigma. Many hypothesis have been proposed to 

explain aPL mediated fetal loss (Triplett, 1993), (Esmon et al, 1997), (Santoro, 1994), 

(Petri, 1997), some of which include a role for the endothelium and platelets. It has been 

suggested that platelets from patients with PAPS display some degree of heightened 

activation (Martinuzzo et al 1993), (Campbell et al, 1995),(Arvieux et al, 1993), (Joseph 

et al, 1998). However, it is unclear whether this is a primary or secondary phenomenon, 

and some of the results may be due to the in vitro handling of platelets and the generation 

of artefacts.

The ‘second hit’ theory has become an acceptable hypothesis, to explain the rare 

occurrence of clinical events in patients who are persistently positive for aPL. In 1993 

Ginsberg reported significantly higher levels of prothrombin fragments 1+2 (F I.2) and 

fibrinopeptide A (FPA) in SLE patients with aCL (Ginsberg et al, 1993). ProF1.2 is the
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peptide originating from the factor Xa mediated activation o f prothrombin and therefore 

occurs in the latter stages of the coagulation cascade. The coagulation system is 

classically described as functionally independent extrinsic and intrinsic pathways, which 

result in the activation of factor X and result in the generation of thrombin.

At the outset o f this study a profile of coagulation activation markers in PAPS 

and sAPS had not been assessed. A number of recently established methodologies for 

the evaluation of activated coagulation enzymes, or peptides released during activation 

had been established. The aim of this study was to assess evidence o f coagulation in the 

systemic circulation of pregnant and non pregnant aPS patients. As pregnancy itself has 

frequently been described as a procoagulant state, it was necessary to establish normal 

ranges for assays, at various time points throughout normal pregnancy.

The primary aim of this study was to assess the evidence for an ongoing systemic 

prothrombotic state in pregnant and non-pregnant aPS patients. I aimed to relate 

pregnancy outcome (miscarriage, IUGR, PET, antepartum haemorrhage (APH) and 

gestation at delivery) to markers of coagulation activation and serum lipids. By 

assessing FXIIa, FVIIa and markers of thrombin generation, I hoped to gain some insight 

into any underlying physiological disruption to the coagulation cascade. Finally, I also 

planned to correlate these markers with levels of aPL, with the aim o f identifying an aPL 

test which was associated with an underlying enhanced coagulation activation.

For ethical reasons this study has many limitations. Heparin is currently accepted 

as the treatment of choice for aPS patients during pregnancy. It is therefore not possible 

to assess markers of coagulation activation in a cohort of pregnant aPS patients, in the 

absence of heparin. However, the anticoagulant efficacy of heparin in pregnancy could 

be investigated. Furthermore, the inclusion of a heparinised control population was not 

an option, due to the associated risk of maternal osteoporosis, during long-term heparin 

administration.

5.2 Methods

Serum and platelet poor plasma samples were prepared and stored according to section

2.2 until required.
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5.2.1 Patients and Controls

5.2.1.1 Non pregnant patients

Samples were collected from 36 PAPS patients with a history of thrombosis or recurrent 

fetal loss, 18 SLE aPL positive patients, and 36 SLE aPL negative patients. Details o f 

current anticoagulant therapy were recorded. A non-pregnant control population o f more 

than 25 healthy staff were also analysed.

5.2.1.2 Pregnant patients 

Controls

Samples were collected from normal pregnant women at different stages of gestation; 

less than 20 weeks, between 20 to 30 weeks, between 30 weeks and term. Women with 

a history of thrombosis, recurrent miscarriage, pre-eclampsia or intrauterine growth 

restriction were excluded. Bloods were collected at a single time point.

Pregnant APS

Samples were collected from pregnant aPS women throughout gestation, during routine 

antenatal monitoring. Details of anticoagulant prophylaxis were recorded. Clinical 

history was recorded from the patient notes. Due to the recruitment pattern at our 

hospital it became necessary to collaborate with another centre to obtain further samples. 

These samples were provided by Dr Quenby, Obstetric Department, Liverpool Women’s 

hospital. Where insufficient samples were available, results of LA testing were provided 

by my collaborator (aPTT, DRVVT).

High risk pregnancies

Samples from patients with a variety of pregnancy complications, such as pre-eclampsia 

and IUGR, but not undergoing heparin and aspirin therapy were also assessed.

5.2.2 Antiphospholipid antibody testing

LA anticoagulant was assessed as described in section 2.3.5 (when analysed on site). 

IgG and IgM antibodies to cardiolipin, p2GPI and prothrombin was measured using the 

methods described in sections 2.5.2, 2.5.4, 2.5.5 and 2.5.7 respectively. In aPS 

pregnancies, a samples was collected for aPL testing at each visit to the antenatal clinic.
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5.2.3 Markers o f coagulation activation

TAT, F I .2, DD and activated FXII were all measured using solid phase ELISA 

methodologies described in sections 2.4.1, 2.4.2, 2.4.3 and 2.4.4 respectively. FVIIa was 

assayed according to the method of Morrissey et al 1993 (section 2.3.6).

5.2.4 Lipoprotein analysis

Total cholesterol and triglyceride levels were measured in non fasting pregnant and non

pregnant patients by the methods described in sections 2.10.1 and 2.10.2 respectively.

5.2.5 Statistical analysis

Comparisons between groups and between stages o f gestation were made using the 

Wilcoxon rank test. Correlation of variables was assessed using Spearman’ rank 

correlation. Associations between parameters and a history of thrombosis or recurrent 

miscarriage were assessed using the Fishers Exact test or the Chi squared test. P < 0.05 

was considered statistically significant.

5.3 Results

The PAPS and SLE patients were analysed separately as it was observed that aPL 

negative SLE patients displayed elevated activation markers. Results from pregnant APS 

patients were categorised according to gestation, and compared with normal pregnant 

and non-pregnant controls. Finally, results from pregnant and non-pregnant aPS patients 

were compared.

5.3.1 Non Pregnant patients

5.3.1.1 PAPS

A PAPS population (n = 36) which included 13 males and 23 females, and having a 

median age of 42.5 years (range 22 to 76), were analysed for evidence o f heightened 

coagulation and non fasting lipoproteins. The results of these tests were reported as the 

median and the interquartile range, as the distribution of these parameters was non 

parametric. Details of levels detected in controls and patients are reported in Tables 5.1 

and 5.2 respectively.
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TAT F1.2 DD FXIIa FVIIa Trig’s Choi

Number Analysed 26 26 26 26 38 33 33

Median 2.35 0.8 16 1.6 1.32 1.15 5.15

Minimum 1.0 0.3 16 0.38 0.53 0.33 3.04

Maximum 5.8 1.8 54.6 2.58 2.86 2.66 8.77

25th Centile 1.2 0.6 16 1.21 1.05 0.72 4.33

75 th Centile 2.6 1.0 33 2.07 1.76 1.72 5.97

Upper Limit of
normal
Units

4.1

pg/L

1.1

nM

46.9

ng/ml

2.9

ng/ml

2.87

ng/ml

3.01 8.11 

mmol/L mmol/L

Table 5.1: Descriptive statistics fo r  markers o f  coagulation activation in a population o f  

healthy s ta ff Results expressed in median and interquartile range. Trig’s = triglyceride 

and Choi = cholesterol.

TAT F1.2 DD FXIIa FVIIa Trig’s Choi

Number Analysed 36 36 36 36 34 30 30

Median 2.3 0.9 24.3 2.1 1.4 1.1 4.6

Minimum 0.3 0.1 8.3 0.2 0.1 0.1 0.3

Maximum 7.7 4.8 251.8 7.4 10.9 3.3 7.4

25th Centile 1.9 0.6 16.2 1.5 0.8 0.5 3.7

75 th Centile 3.1 2.0 42.7 2.8 2.7 1.8 5.7

Upper Limit of 
normal

4.1 1.1 46.9 2.9 2.87 3.01 8.11

Units pg/L nM ng/ml ng/ml ng/ml mmol/L mmol/L

Table 5.2: Descriptive statistics fo r  markers o f  coagulation activation in a population o f  

non pregnant PAPS. Results expressed in median and interquartile range. Trig’s = 

triglyceride and Choi = cholesterol.

Elevated levels of activation markers were detected in some PAPS patients. Two 

patients had elevated levels of TAT, F I.2, DD, FVIIa and FXIIa; one o f these patient was 

not receiving warfarin, the second was on warfarin, but her INR was below the
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therapeutic range. TAT levels were elevated in four patients (three not anticoagulated and 

one warfarinised patient whose INR was < 1.5). F I.2 levels were elevated in 13 patients 

(10 not anticoagulated, one INR was < 1 .3 , and two with INR values in the therapeutic 

range). DD levels were elevated in six patients (five not anticoagulated, and one patient 

whose INR was < 1.3). FXIIa was elevated in nine patients (3 not anticoagulated, one 

INR was < 1 .3 , and five with INR values in the therapeutic range). While FVIIa was 

elevated in four patients (3 not anticoagulated, and one patient whose INR was < 1.3). 

The overall levels of TAT, F I.2, DD, FVIIa, triglycerides and cholesterol, in non

pregnant PAPS patients were not significantly different to those of the control 

population, but FXIIa levels were increased (p < 0.05).

The population of PAPS patients studied had a mixed clinical presentation. It 

was possible that the level of systemic markers of coagulation activation, may be 

associated with the clinical presentation. In patients with a history of miscarriage there 

was no significant difference in the levels of any of the measured markers. However 

elevated levels of FXIIa were detected in patients with a history of thrombosis (p= 

0 .021).

Anticoagulant prophylaxis is administered to a large number of PAPS patients 

with a history o f thrombosis. Warfarin and/ or aspirin are the more common long term 

medications. It has been demonstrated that warfarin reduces levels of TAT and F I.2. 

When results of 16 PAPS patients, not undergoing warfarin therapy were compared with 

controls they were found to have significantly elevated TAT (p = 0.023), F I.2 (p = 

0.001), DD (p = 0.013) and FVIIa (p = 0.005), as indicated in Table 5.3. These 

parameters were also found to be significantly higher than those of the anticoagulated 

PAPS population (see Table 5.3).
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Controls Warfaranised PAPS

TAT’s 0.023* 0.01*

F1.2 0.001** 0.048*

DD 0.013* 0.034*

FXIIa 0.59 0.121

FVIIa 0.005** 0.006**

Triglycerides 0.178 0.351

Cholesterol 0.672 0.594

Table 5.3: P values obtained when the levels o f  TAT, F I .2, DD, FXIIa, FVIIa, 

triglyceride and cholesterol from, non warfarinised PAPS (n =16) were compared with 

controls, and warfarinised PAPS, using the Wilcoxon Mann Whitney U test. Where * = 

p<0.05 and ** = p<0.01

Figure 5.1 displays scatter-plots of these parameters. On close examination of the 

results, one observes that although there is an overall increase in the level of TAT, F I .2, 

DD and FVIIa, the individual values are not greatly elevated. Finally there was no 

difference in the level of non fasting lipid parameters o f this non anticoagulated 

population and normal controls.
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Figure 5.1: Distribution o f  A) FVIIa, B) TAT, C) F I.2 and D) DD in normal healthy 

staff, PAPS not undergoing warfarin therapy and PAPS on oral anticoagulants 

(warfarin). The dashed horizontal line indicates the upper limit o f  normal fo r  the assay.

I considered that the non-anticoagulated population might reflect the underlying profile 

of activation markers associated with the aPS. I therefore assessed correlations between 

activation markers in these subjects. There was a significant rank correlation (rs =0.64, p  

= 0.007) between TAT’s and FXIIa in non-anticoagulated PAPS patients. However, it
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should be noted that most of the values for both parameters were within the normal range 

(Figure 5.2). The number of patients having TAT and FXIIa levels above the upper limit 

of normal were too few to accurately assess a statistical correlation, but visually they 

appear unrelated (Figure 5.2). F I.2 levels were found to have a significant negative 

correlation with DD levels (rs = -0.53, p  = 0.035).

7

6

rs = 0.64, p =0.00745

4

3

2

1

0
1 3 5 7

TAT pg/L

F igu re 5.2: Correlation between FXIIa and TAT in PAPS patients not treated with 

anticoagulants. The solid lines indicate the upper limit o f normal.

Assessment of correlations between activation markers and levels o f aPL using 

Spearman’s rank correlation test revealed a number of significant positive correlations. 

TAT levels were correlated with a-p2GPI IgG (rs =0.61, p  <0.02) and aPT IgM levels (rs 

= 0.53,/? <0.05), see Figure 5.3. However only a small number of patients had elevated 

TAT and aPT IgM levels and were too few to statistically assess a correlation.
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F igu re 5.3: Correlation between TAT and aPT IgM in PAPS patients not treated with 

anticoagulants. The solid lines indicate the upper limit o f normal.

A number of other weak correlations were observed which included; a^G P I IgG and 

FVIIa (p <0.05, rs =0.55), aCL IgG and FXIIa (p <0.05, rs =0.52), DRVVT ratio and 

FXIIa {p <0.05, rs =0.52).

5.3.1.1 SLE patients

A population of 52 SLE patients was assayed for evidence of heightened coagulation and 

non fasting lipoproteins. 36 were SLE aPL negative patients (4 males and 31 females) 

having a median age of 37 years (range 21 to 66), and 18 SLE with aPS, which included 

17 females and one male having a median age of 40 years (range 19 to 78). The results 

of these tests are reported as the median and the interquartile range. Details of levels 

detected in SLE patients with aPS and SLE aPL negative are reported in Tables 5.4 and 

5.5.
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TAT F1.2 DD FXIIa FVIIa Trig’s Choi

Number Analysed 35 35 31 34 29 35 35

Median 4.5 1.6 38.7 2.2 3.0 1.1 5.0

Minimum 0.1 0.1 1.0 0.6 1.2 0.1 0.3

Maximum 45.0 5.6 511.2 9.8 5.8 2.6

OOOO
25th Centile 3.2 1.0 21.3 1.7 2.0 0.7 4.0

75th Centile 8.5 2.1 142.2 3.0 4.1 1.5 6.3

Upper Limit of 
normal

4.1 1.1 46.9 2.9 2.87 3.01 8.11

Units pg/L nM ng/ml ng/ml ng/ml mmol/L mmol/L

Table 5.4: Descriptive statistics fo r  markers o f  coagulation activation in a population o f  

36 aPL negative SLE patients. Results expressed in median and interquartile range. 

Trig’s = triglyceride and Choi = cholesterol.

TAT F1.2 DD FXIIa FVIIa Trig’s Choi

Number Analysed 18 18 18 17 15 17 17

Median 2.3 0.8 18.9 3.3 0.5 1.4 5.4

Minimum 0.8 0.1 1.5 0.2 0.003 0.6 3.9

Maximum 23.1 5.6 209.3 5.8 6.7 2.2 8.0

25th Centile 1.6 0.6 6.3 2.2 0.1 0.9 4.5

75th Centile 3.4 2.0 43.5 3.8 2.6 1.7 5.7

Upper Limit of 
normal

4.1 1.1 46.9 2.9 2.87 3.01 8.11

Units pg/L nM ng/ml ng/ml ng/ml mmol/L mmol/L

Table 5.5: Descriptive statistics fo r  activation markers in a population o f  18 SLE 

patients with aPS. Results expressed in median and interquartile range. Trig’s -  

triglyceride and Choi = cholesterol.

Results for these parameters in SLE aPL negative and SLE aPS patients were compared 

with results of the normal population (the descriptive statistics Table 5.1). There was a
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significant increase in TAT’s (p<0.0001), F I.2 (p<0.0001), DD (p<0.005), FXIIa 

(p<0.003) and FVIIa (p<0.0001) in SLE aPL negative patients when compared with 

normal controls. These increases were not observed in the SLE aPS population, with the 

exception of FXIIa, which was significantly higher than the normal population 

(p<0.001). There was no difference in the level of non fasting triglycerides or cholesterol 

in these populations. Figure 5.4 displays scatter diagrams of parameters in normal, SLE 

aPL negative and SLE aPS patients.
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Figure 5.4: Distribution o f  A) TAT, B) F I.2, C) DD, D) FXIIa and E) FVIIa in normal 

healthy staff, SLE aPL negative and SLE with aPS. The dashed horizontal line indicates 

the upper limit o f  normal fo r  the assay.
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When SLE patients with aPS and a history of thrombosis or miscarriage were compared 

with normals, FXIIa was found to be the only parameter to be significantly higher 

(p<0.0001 and p<0.02 respectively). FXIIa appears to be the only coagulation activation 

marker not influenced by warfarin.

Eight SLE patients with aPS were not receiving oral anticoagulant at the time of 

blood sampling. The levels of activation markers and lipoproteins in these non- 

anticoagulated patients were compared with levels in normal controls, SLE aPL negative 

patients, and SLE patients with aPS undergoing warfarin therapy, using the Wilcoxon 

Mann Whitney U test. The p  value of these statistical analysis are detailed in Table 5.6, 

p  < 0.05 was considered statistically significant.

Controls SLE aPL neg Warfarinised sAPS

TAT’s 0.003** 0.52 0.03*

F I.2 0.03* 0.29 0.24

DD 0.008** 0.46 0.059

FXIIa 0.31 0.61 0.02

FVIIa 0.01* 0.46 0.10

Triglycerides 0.82 0.85 0.89

Cholesterol 0.82 0.13 0.37

Table 5.6: Results o f  statistical analysis o f  parameters from  non warfarinised SLE aPS 

(n =8), with non pregnant controls, SLE aPL neg and warfarinised SLE with aPS 

(sAPS), using the Wilcoxon Mann Whitney U test. *p<0.05 and **p<0.01

The number of SLE patients with aPS who were not being treated with warfarin was too 

small to assess correlations between parameters and levels of aPL assays.
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5.3.3 Pregnant Patients and controls

5.3.3.1 Controls

Normal pregnant women at different stages of gestation: < 20 weeks gestation (n = 12), 

> 20 < 30 weeks (n = 1 2 ) , > 30 weeks to term (n =?) were analysed. Details of 

descriptive statistics in normal pregnancy are given in Table 5.7.

W eeks P aram eter TAT F1.2 DD FX IIa FVIIa T rig ’s Choi

Units pg/L nM ng/ml ng/ml ng/ml mmol/L mmol/L
< 20 Median 3.1 1.0 22.2 1.3 3.1 1.0 4.6

Minimum 1.3 0.8 1.9 0.4 2.0 0.1 0.3
Maximum 16.2 14.6 52.4 3.6 14.6 1.8 6.1
25th Centile 2.8 0.8 14.3 1.1 2.7 0.8 3.8
75 th Centile 4.8 1.5 38.2 2.4 4.8 1.2 5.4

> 2 0 Median 5.9 2.1 29.6 2.4 3.8 1.4 6.4
< 30 Minimum 3.9 1.0 3.5 1.4 1.1 0.7 5.1

Maximum 8.6 2.9 107.1 4.0 8.3 1.6 7.7
25th Centile 4.7 1.7 17.0 1.7 3.5 1.3 6.2
75th Centile 7.9 2.5 55.4 3.1 4.0 1.5 6.4

> 3 0 Median 9.2 2.1 40.4 2.4 4.4 1.9 6.6
to Minimum 1.3 0.6 7.9 1.3 1.4 1.1 5.5
Term Maximum 10 18.7 396.5 4.5 11.6 3.8 8.5

25 th Centile 5.6 1.7 20.3 1.8 3.0 1.8 5.9
75th Centile 14.7 3.1 109.4 3.8 6.0 2.3 7.1

Upper
Normal

Limit of 4.1 1.1 46.9 2.9 2.87 3.01 8.11

Table 5.7: Descriptive statistics o f  activation markers and lipoproteins in normal 

pregnant women at different stages o f  gestation. Results expressed in median and 

interquartile range. Trig’s = triglyceride and Choi = cholesterol.

There was a decrease in the level of serum lipids in the first 20 weeks o f gestation, 

followed by an increase to levels which were significantly higher than those of the 

normal non-pregnant population [triglycerides (p< 0.05) and cholesterol (p< 0.05)] see 

Figures 5.5. However throughout pregnancy triglyceride and cholesterol levels remained 

under the upper limit of normal (Figure 5.5).
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Figure 5.5: Distribution o f A) triglycerides and B) cholesterol in normals, healthy 

pregnant women <20, >20<30 and >30 weeks gestation. The dashed horizontal line 

indicates the upper limit o f normal, ns = not significant.

There was a significant increase in the level o f TAT (p< 0.001), F I.2 (p< 0.001), DD (p< 

0.05), FXIIa (p< 0.01) and FVIIa (p< 0.001) in normal pregnant women when compared 

with a non-pregnant control population (Figure 5.5). A number o f these parameters 

increased throughout gestation. In samples collected before 20 weeks gestation TAT, 

F I.2, DD and FVIIa were found to be increased (see Figure 5.6)

The range o f values for a given parameter, at the various stages o f gestation had a 

similar spread o f values, with the exception o f DD, which had an increased range o f 

values with advancing gestation. This may suggest that DD reflects the heterogeneity of 

adaptations o f normal pregnancy.
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line indicates the upper limit o f  normal, ns = not significant.
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There was a strong correlation between F I.2 and TAT throughout normal pregnancy 

(Figure 5.7a), positive correlations were also observed between F I.2 and triglycerides 

and cholesterol (Figure 5.7b and c), while the triglyceride and cholesterol levels were 

also positively correlated (Figure 5.7d).
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Figure 5.7: Spearman rank correlation between A) TAT and FI.2 B) triglycerides and 

FI.2, C) cholesterol and FI.2 and D) cholesterol and trigylcerides in healthy pregnant 

women throughout gestation.

There was no correlation between F I.2 and DD, FXIIa or FVIIa. TAT’s were not
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correlated with DD, but were positively correlated with FXIIa (rs= 0.39, p<0.02), FVIIa 

(rs=0.42, p<0.01), triglycerides (rs=0.501, p<0.003) and cholesterol (rs=0.48, /?<0.005). 

DD were only weakly correlated with triglycerides (rs=0.42, p<0.02) and cholesterol 

(rs=0.38, jf?<0.03). There was a weak correlation between FXIIa and triglycerides 

(rs=0.37, /><0.03), but not with cholesterol. FXIIa was not correlated with FVIIa and 

there was no correlation between FVIIa and non fasting lipids.

This cohort of normal pregnant women were also analysed for aCL, a-(32GPI, 

aPT, LA, Factor V Leiden (section 2.13.1) and the prothrombin mutation (section 2.13.2) 

and were found to be negative.

5.3.3.2 Pregnant aPS patients

Blood samples were collected from 22 pregnant aPS women; with two or more serial 

blood samples being collected from 16 of them (range of samples collected 2-13, median 

5). All women were undergoing heparin and aspirin prophylaxis during pregnancy. The 

clinical details and the outcome of the index pregnancy are detailed in Table 5.8. The 

predominant clinical feature was an obstetric history of first trimester recurrent 

miscarriage.
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No No of 
samples

LA aCL Th Miscarriage Pregnancy
outcome

LB

1 9 eq Pos 3; 1st trimester full term

2 13 Pos Pos 4; 1st trimester full term

3 13 neg Pos 3; 1st trimester full term

4 5 neg Pos 3; 1st trimester full term

5 5 Pos Pos 2 TIA 4; 1st trimester full term

6 7 neg Pos 2; 1st trimester full term

7 5 Pos Pos 3; 1st trimester PET, LB

8 5 neg Pos 5; 1st trimester full term 2

9 1 Pos Pos 3; 1st trimester M isc;lsttrimester

10 1 eq Pos 2; 1st trimester Misc;2ndtrimester

11 6 Pos Pos 3 ;lst trimester full term 1

12 1 Pos neg yes PET, LB

13 1 Pos Pos 4; 1st trimester full term

14 3 Pos Pos IUD, IUGR IUGR, LB 1

15 3 Pos Pos yes 4;1 -2nd trimester M isc;lsttrimester

16 2 neg Pos yes full term

17 1 Pos Pos yes l ; l st trimester full term

18 3 Pos Pos 3; 1st trimester Misc;2ndtrimester

19 6 neg Pos IUD full term

20 3 Pos Pos 5; 1st trimester, 1 
SB

full term 2

21 1 neg Pos yes 2; 1-2nd trimester full term 2

22 6 neg Pos 5; 1-2nd trimester full term

Table 5.8: Clinical history o f  pregnant aPS patients, the number o f  samples collected, 

lupus anticoagulant (LA) and aCL status remote from  pregnancy, outcome o f  the index 

pregnancy and number o f  previous live births (LB). Where pos = positive, neg = negative, eq = 

equivocal Th = thrombosis, TLA. = transient ischaemic attack, IUD =intrauterine death, IUGR = 

intrauterine growth restriction, SB = still birth, PET = pre-eclampsia, misc = miscarriage.

The results were categorised according to the number of weeks of gestation (<20, >20- 

<30 and >30 to term) and compared with levels for pregnant and non pregnant normals.
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The descriptive statistics of parameters at each stage of gestation are given in Table 5.9.

Weeks Parameter TAT F1.2 DD FXIIa FVIIa Trig’s Choi

Units pg/L nM ng/ml ng/ml ng/ml mmol/L mmol/L
A) Number 55 55 54 49 51 15 15

< 20 Median 2.5 0.9 22.2 1.8 1.3 1.2 5.4
Minimum 0.4 0.3 0.1 0.3 0.1 0.4 4.0
Maximum 47.5 29.0 256 4.8 9.7 2.3 7.8
25th Centile 2.0 0.6 12.7 1.1 0.7 1.0 4.4
75th Centile 3.7 1.5 44.2 30 2.6 1.5 7.2

B) Number 24 23 23 24 24 4 4
> 2 0 Median 8.6 1.3 36.6 2.5 1.4 1.7 8.1
< 30 Minimum 2.8 0.5 0.1 0.3 0.2 1.4 6.2

Maximum 114 24.7 149.9 4.9 8.8 2.1 9.7
25th Centile 6.5 0.8 22.4 1.4 0.5 1.5 7.0
75 th Centile 20.8 6.1 57.4 39 1.9 1.9 9.0

C) Number 12 12 14 11 11 7 7
> 3 0 Median 8.2 3.0 69.5 3.5 2.5 1.8 1.8

to Minimum 2.1 0.1 1.6 1.2 0.8 1.2 3.9
Term Maximum 37.1 94.9 430 7.6 4.6 2.0 8.2

25th Centile 5.2 1.9 2.7 2.5 1.6 1.8 5.2
75th Centile 12.3 4.3 91.1 . 4.2 4.5 1.9 7.4

Upper Limit o f 4.1 1.1 46.9 2.9 2.87 3.01 8.11
Normal

Table 5.9: Descriptive statistics o f  activation markers and lipoproteins in a population 

o f  pregnant aPS women A) before 20 weeks gestation, B) between 20 and 30 weeks 

gestation and C ) 30 weeks to term. Results expressed in median and interquartile 

range. Trig’s = triglyceride and Choi = cholesterol.

The number of samples available for triglyceride and cholesterol testing from this cohort 

were limited, as in many cases the samples had already been thawed. A trend to 

increase levels o f lipids in aPS women on heparin during pregnancy was observed, which 

is similar to normal pregnancy (Figure 5.8).
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Figure 5.8: Distribution o f A) triglycerides and B) cholesterol in normals, pregnant aPS 

women <20, >20<30 and >30 weeks gestation. The dashed horizontal line indicates the 

upper limit o f normal ns = not significant.

The levels o f TAT and F I.2 were significantly higher in the first 20 weeks o f gestation o f 

aPS patients (despite heparin and aspirin prophylaxis) than in normal non-pregnant 

individuals. These parameters continued to increase throughout gestation and were 

significantly higher between 30 weeks to term, than in the first 20 weeks o f pregnancy 

(Figure 5.9a and b).

DD, FXIIa and FVIIa levels increased throughout pregnancy, in the aPS patients. 

DD and FXIIa levels were significantly higher than normal non-pregnant individuals 

between 20 and 30 weeks (Figure 5.9c and d), but FVIIa did not reach statistical 

difference until between 30 weeks and term (Figure 5.6e). Scatter plots o f activation 

markers throughout pregnancy are given in Figure 5.9.
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Throughout pregnancy in aPS women, TAT levels were correlated with F I.2 levels 

(Figure 5.10).
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Figure 5.10: Diagrammatic representation o f  the positive rank correlation between TAT

and FI .2 in pregnant aPS women on heparin. The upper limit o f  normal (TAT = 4.1

mg/L and FI .2 = 1.1 nM).

F I.2 and TAT were positively correlated with FXIla (Figure 5.11) and DD (TAT; DD rs 

= 0.36, p<0.001, FI .2;DD rs = 0.33, p<0.005), in aPS women throughout pregnancy.

rs =0.45, p<0.0001

rs = 0 .42 , p<0.0001

100 1000 100
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Figure 5.11: Spearman rank correlation between A) TAT and FXIla, B) FI .2 and FXIla, 

in heparinised pregnant aPS women, throughout gestation.
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However, unlike normal pregnancy, TAT or F I.2 were not correlated with triglycerides 

or cholesterol, which remained positively correlated with one another (Figure 5.12).
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F ig u re  5.12: Spearman rank correlation between triglycerides and cholesterol in

heparinised pregnant aPS women, throughout gestation.

The modest but weakly elevated FVIIa levels observed in heparinised pregnant aPS 

women were not correlated with serum lipids, FXIla, DD or TAT. FVlla levels were 

weakly correlated with F I.2 levels throughout aPS pregnancies (Figure 5.13).
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5.3.3.4 Comparison o f  coagulation activation markers in normal and aPS pregnancies 

Results of coagulation activation markers from the heparinised pregnant aPS cohort were 

compared with the normal pregnant population, using the Wilcoxon Mann-Whitney U 

test (see Table 5.10). The FVIIa levels were significantly lower in aPS than in normal 

pregnancy. TAT and triglyceride levels between 20 to 30 weeks gestation, were 

significantly higher in aPS pregnancies than in normal pregnancy.

aPS .v. N orm al 
Pregnancy

TAT F1.2 DD FX Ila FVIIa T rig ’s Choi

<20/40 0.14 0.31 0.83 0.39 0.0002* 0.11 0.07

>20<30 0.02* 0.33 0.66 0.87 0.0007* 0.045* 0.07

>3 0-term 0.76 0.29 0.86 0.14 0.23 0.28 0.92

Table 5.10: Results (p value) o f  comparisons between parameters in normal and aPS 

women who were pregnant using the Wilcoxon Mann Whiney U test. Where Trig’s = 

triglycerides and Choi = cholesterol, * = p  < 0.05.

APS pregnancies with adverse outcomes

A live birth rate of 72% was achieved in this study. However, in the cohort of 22 aPS 

pregnancies, four resulted in miscarriage (4/22 = 18%); two first trimester losses 

(<11 weeks) and two second trimester losses (<20 weeks). A further two pregnancies 

developed PE and experienced preterm live births by caesarean section. The number of 

pregnancy complications, which presented at a given stage of pregnancy was too small to 

be statistically compared with an uneventful population.

Two of the three first trimester losses had a FVIIa, which was greater than the 

75th centile of results in aPS women < 20 weeks gestation, but less than the 75th centile 

in normal pregnancy <20 weeks gestation. The TAT level in one of these women was 

greater than the 75th centile in normal and aPS cohorts, while other parameters were less 

remarkable. One of the two aPS women who developed PE had an elevated TAT at 26 

weeks gestation. Unfortunately a sample for lipid analysis was not available. The other 

aPS pregnancy, which developed PE, had no distinguishing laboratory results.
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5.3.3.4 High risk pregnancies

Samples were collected from a mixed cohort of 22 high risk pregnancies, at a single time 

point between 20 and 30 weeks gestation. These pregnancies were categorised according 

to the presenting abnormality; pre-eclampsia (n = 8), Abnormal uterine artery Doppler (n 

=5), elevated unexplained maternal serum hCG (n = 9). The descriptive statistics for this 

cohort and normal pregnancy (n = 12) between 20 and 30 weeks gestation are detailed in 

Table 5.11.

P aram eter TAT F1.2 DD FX Ila FVIIa T rig ’s Choi

Units pg/L nM ng/ml ng/ml ng/ml mmol/L mmol/L

High Median 9.6 3.1 55.6 2.5 4.0 1.9 6.7

Risk Minimum 4.7 0.9 8.4 0.5 1.8 0.7 3.7

> 20 Maximum 33.3 12.6 476 4.5 8.3 5.7 9.6

< 30 25th Centile 6.5 2.2 26.1 1.6 3.2 1.2 5.5

75 th Centile 13.0 4.9 76.2 3.9 5.9 2.6 7.4

Normal Median 5.9 2.1 29.6 2.4 3.8 1.4 6.4

> 20 Minimum 3.9 1.0 3.5 1.4 1.1 0.7 5.1

<30 Maximum 8.6 2.9 107.1 4.0 8.3 1.6 7.7

25th Centile 4.7 1.7 17.0 1.7 3.5 1.3 6.2

75 th Centile 7.9 2.5 55.4 3.1 4.0 1.5 6.4

Upper Limit of 4.1 1.1 46.9 2.9 2.87 3.01 8.11

Normal

Table 5.11: Descriptive statistics o f  activation markers and lipoproteins in a population 

o f  pregnant aPS A) high risk pregnancies, and B) normal pregnancies between 20 and 

30 weeks gestation. Results expressed in median and interquartile range. Trig’s = 

triglyceride and Choi = cholesterol.

The TAT, F I.2 and DD were significantly higher in women with complicated 

pregnancies than with healthy pregnancies (p < 0.005, < 0.02 and < 0.05 respectively). 

When the cohort of high risk pregnancies were sub-categorised according to the 

presenting abnormality, the PE group had significantly higher levels of TAT, F I .2 and
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FXIla. The other sub-groups were similar to the normal population.

5.4 Discussion

The physiological, as well as the pathophysiological activation o f coagulation results in 

the generation of proteases, activation peptides, and enzyme: inhibitor complexes. These 

may be measured in blood samples, and provide markers of the interaction of plasma 

proteins, blood cells, lipoproteins and vessel membranes. It is often suggested that an 

increase in coagulation activation markers reflect a state of hypercoagulability, indicating 

an underling imbalance in the haemostatic system. Due to the different reactions by 

which these markers are generated and their different biochemical properties, a profile of 

markers may give some insight into the prevailing haemostatic process.

In a general population of male and non-pregnant female PAPS patients, many of 

whom were undergoing oral anticoagulant therapy, the levels of TAT, F I.2, DD, FVIIa, 

triglycerides or cholesterol were similar to those of a normal population. Elevated levels 

of these markers were not associated with a history of thrombosis or miscarriage. 

However, FXIla levels were increased in the overall PAPS population, and elevated 

levels were associated with a history of thrombosis. Surprisingly, FXIla was not 

elevated in PAPS not undergoing warfarin therapy. Yet, increased FXIla levels in 

patients with a history of thrombosis suggests that activation of the intrinsic coagulation 

pathway occurs, which is not prohibited by oral anticoagulation. FXIla levels were 

correlated with TAT levels at predominantly normal levels. TAT has a short half life of 

15 min (Shifman & Pizzo, 1982) and reflect ongoing recent thrombin generation. 

Indeed, FXIla may be a suitable indicator of thrombotic risk in PAPS patients, but this 

needs to be assessed in a larger population. The mechanism of haemostatic 

dysregulation that results in elevated FXIla levels in this population is known. It was 

previously reported that plasma P2GPI and a-p2GPI inhibited in vitro autoactivation of 

FXIla (Schousboe & Rasmussen, 1995), but the relevance of this in vivo is unknown. It 

is possible that FXIla generation is not solely due to increased intrinsic activation. p2GPI 

can inhibit FXIla activation on VLDL, which could be blocked by a~p2GPI from some 

aPS patients, but enhanced in others (McNally et al, 1996).

In PAPS patients not undergoing anticoagulation, the levels o f TAT, F I.2, DD, 

and FVIIa were significantly higher than those of a control population and those of 

warfarinised PAPS patients. FXIla levels were significantly higher in PAPS patients
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than in a control population. There was no difference in the FXIla levels, between 

warfarinised and non-anticoagulated PAPS patients. Increased TAT levels have recently 

been described in women with aPS having a history of miscarriage (Vincent et al, 1998) 

and suggest that heightened coagulation activation is not solely associated with a history 

o f thrombosis, although is may imply an increased risk. The significant increase in 

FVIIa in PAPS patients not undergoing warfarin therapy suggests that aPL are involved 

in the activation of the tissue factor pathway. This is in agreement with a number of 

reports which describe the upregulation of TF expression on monocytes (Martini et al, 

1996), (Cuadrado et al, 1997), or endothelial cells in vitro (Branch & Rodgers, 1993) and 

in vivo (Pierangeli et al, 1999). There has been one previous report, which describes 

elevated FVIIa in LA positive patients, with and without a history of thrombosis (Nakase 

et al, 1997) which is similar to the finding of this study.

Lower levels of activation markers in the anticoagulated population provide 

evidence o f the ameliorating effect of this therapy. Indeed, the reduction of these 

activation markers (Ginsberg et al, 1993) including FVIIa by oral anticoagulant therapy 

has previously been described (Morrissey et al, 1993).

In this non-warfarinised population, TAT levels correlated with a-P2GPI IgG and 

aPT IgM levels. In chapter four, I reported an association between elevated aPT IgM, or 

elevated a-p2GPI IgG with a history of thrombosis. The observed correlation between 

elevated TAT levels and both aPT IgM or a-(32GPI IgG, in patients not receiving warfarin 

is in agreement with the view that these antibodies have a procoagulant effect.

In SLE patients without aPL, the level of TAT, F I.2, DD, FXIla and FVIIa were 

significantly higher than the control population. This suggests underlying activation of 

both the contact system and tissue factor pathway of coagulation. Elevated levels of F I.2 

(Hardin et al, 1978), (Ferro et al, 1997), TAT and fibrinopeptide-A have been described 

in SLE (Hardin et al, 1978), and an association with aCL positivity has been reported 

(Ginsberg et al, 1993).

In parallel with the results in PAPS patients, FXIla was elevated in the SLE aPS 

patients, and these levels were significantly higher in patients with a history of 

thrombosis or recurrent miscarriage. The level of coagulation activation markers (TAT, 

F I .2, DD and FVIIa) in SLE patients with aPS, not receiving anticoagulation were 

similar to levels in the SLE aPL negative group and significantly higher than the control 

group. Due to the small number of SLE aPS patients not undergoing anticoagulation, it
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was not possible to assess associations between various aPL subgroups and activation 

markers. However, this study reports elevated FXIla and FVIIa in SLE patients. There 

has been one previous report of FVIIa in SLE patients, where FVIIa levels were 

increased in aPS patients but not in the aPL negative group (Matsuda et al, 1997a).

A thrombotic tendency in SLE patients is well documented and may reflect 

disease activity (Inoh et al, 1996). The presence o f aPL being the most common risk 

factor (Hasselaar et al, 1989a). Recent Ex Vivo models confirm this observed 

association with enhanced thrombin generation (Musial et al, 1997b). The incidence of 

Factor V Leiden or the prothrombin mutation was not increased in this population and 

therefore does not account for the hypercoagulable state associated with SLE.

Premature atherosclerosis has been proposed as a mechanism for vessel damage 

in SLE (Kabakov et al, 1992). It has been shown in an animal model that aPL are 

associated with atherosclerosis (Shoenfeld et al, 1998), while immunisation with p2GPI 

resulted in aPL, a-p2GPI and proatherogenic changes (George et al, 1998). It has also 

been suggested that immune complex vasculitis and its associated complement activation 

and leukocyte infiltration of vessel walls (Fauci et al, 1978) may play a role in 

heightened coagulation activation.

In this study I found no difference in the level of non-fasting triglycerides or 

cholesterol. The coexistence of aPL with endothelial damage in SLE patients has been 

described, and elevated levels of tPA, F I.2 and vWF detected (Ferro et al, 1997). 

However, it is possible that the existence of other autoantibodies, such as antiendothelial 

antibodies or anti-oxidised LDL may account for hypercoagulability in a proportion of 

these SLE patients.

In the normal pregnancy TAT, F I.2, DD and FVIIa were elevated in the first 20 

weeks of gestation. Enhanced thrombin generation (TAT) and fibrinolytic activity (DD) 

in normal pregnancy have previously been reported (Bremme et al, 1992). In this study I 

also observed elevated F I.2, FVIIa and FXIla, elevated FVIIa was previously reported 

by Morrisey et al (Morrissey et al, 1993). Elevated FVIIa, suggests activation of the 

tissue factor pathway resulting in heightened thrombin generation, fibrin formation and 

consequently fibrinolysis.

Despite a trend towards increased FVIIa in the later stages of gestation, it was not 

significantly higher than the level achieved in the first 20 weeks of pregnancy. It is 

feasible that TF expression in myometriun or extravillous trophoblasts are required in
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early pregnancy, perhaps in the blockade of the openings to the maternal spiral arteries, a 

function that is not required in later pregnancy. Tissue factor has been immunolocalised 

to the stroma of placental chorionic villi (Faulk et al, 1990), an observation I have 

confirmed using a number of different monoclonal antibodies to TF (see Figure 5.14), but 

its expression in invading extravillous trophoblasts and is unknown.
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F igu re 5.14: Localisation o f tissue factor by strepavidin biotin peroxidase 

immunohistochemistry on term placenta. 20x10. The arrow indicates TF, the arrow 

head indicated negative syncytiotrophoblast, and * a fetal vessel.

It is interesting that annexin V has been shown to inhibit FVIIa-TF activity (Kondo et al, 

1987). The absence of such inhibitory action may result in unrestrained thrombin 

generation. Little is known of the mechanisms, for the success o f heparin in aPS 

pregnancies. Neither the placental expression nor the plasma levels of TFPI in aPS 

patients have been reported. Heparin is known to release TFPI from the endothelium 

(Sandset et al, 1988), but prolonged heparin usage is thought to result in diminished TFPI 

release (Hansen et al, 1996). Failure of heparin to promote TFPI release may occur in a 

subgroup of patients who continue to have unsuccessful pregnancies with heparin 

therapy. It has recently been reported that a-p2GPI reduce the phospholipid dependent

207



inhibitory activity of TFPI on factor X activation (Salemink et al, 1998). This finding 

together with possible aPL mediated upregulation of TF (Branch & Rodgers, 1993), may 

result in a procoagulant environment. Finally, heparin has been demonstrated to inhibit 

TF production by monocytes (Gori et al, 1999). Perhaps a similar phenomenon 

occurring in the placenta, is a mechanism by which heparin improves the outcome o f aPS 

pregnancies.

The levels of TAT, F I.2 and DD continued to increase throughout pregnancy, 

reflecting heightened coagulation activation and fibrinolysis. A significant increase in 

FXIla was also observed, which was not sustained beyond 30 weeks. TAT and F I.2 

levels were positively correlated suggesting sustained, recent coagulation activation. 

Both markers correlated with triglycerides and cholesterol, which may implicate serum 

lipids in establishing a hypcoagulable state. TAT was not correlated with DD, which 

may reflect an imbalance between thrombin generation and fibrinolysis. Interestingly, 

TAT was weakly correlated with FXIla and FVIIa, but FI .2 was not.

Heparin has been reported to reduce the level of TAT, F I.2, DD and FVIIa (Elias 

et al, 1993). Heparin is known to reduce the ability of Cl-INH to inhibit FXIla 

(Gallimore et al, 1992), and increased FXIla in aPS pregnancy may reflect this, rather 

than enhanced FXIla. But loss of P2GPI inhibition of FXII activation by a-P2GPI may 

participate in the generation of elevated FXIla levels. The prophylactic use o f heparin in 

pregnancy is not directly comparable with heparin therapy after a thrombotic event and 

care must be taken when drawing comparisons. This study reports significantly 

increased levels of TAT, F I.2 during aPS pregnancies, despite heparin therapy. As in 

normal pregnancy, TAT and F I.2 were strongly correlated but were not correlated with 

serum lipids. TAT and F I.2 were correlated with FXIla, while only TAT levels had been 

correlated in the normal population.

DD reached significantly higher levels between 20 and 30 weeks and continued to 

increase in the later stages of pregnancy. Despite reports of increasing PAI-1 and PAI-2 

during pregnancy, an increase in cross-linked fibrin degradation products (DD) was 

observed. However, it has been suggested that increased fibrinolytic products may result 

from altered activity of the reticuloendothelial system (Wright et al, 1988). Yet, it is 

likely that a primed haemostatic system remains balanced, despite the heightened activity 

o f coagulation activation and fibrinolysis, which together limit the incidence of 

thrombosis and haemorrhage during pregnancy. Indeed, antepartum haemorrhage and
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placental thrombosis have been described in aPS pregnancies, suggesting some 

imbalance of haemostasis in aPS.

As in normal pregnancy, significantly increased levels o f FXIla were not 

observed until after 20 weeks gestation, which continued to increase with gestation in 

aPS pregnancies. Contrary to normal pregnancy, increased FVIIa levels were not 

observed in the first 20 weeks, but a significant increase was detected in the later stages 

of pregnancy. A previous report of elevated F X Ila , using an amidolytic assay, suggested 

an association between FXIla and FVIIa (Mitropoulos et al, 1990), and that reduced C l- 

INH levels in late pregnancy may account in part for the increased FXIla. In this study 

FXIla did not correlate with FVIIa in normal or aPS pregnancies

When the levels of activation markers of normal and aPS pregnancies were 

compared, no significant differences were detected, with the exception of elevated TAT 

between 20 to 30 weeks gestation. One can conclude that heparin therapy in pregnant 

aPS women, did not restrict thrombin generation markers to levels of a non-pregnant 

population. It follows that either aPS pregnancies are resistant to the effects of heparin or 

the procoagulant activity of aPL is limited to that of normal pregnancy by heparin. 

Contrary to my findings, there is one recent report of F I.2 levels in pregnant aPS women 

which identified levels above those of normal pregnancy despite heparin prophylaxis 

(Zangari et al, 1997). Other markers of activation were not assessed. In the aPS 

population I studied, heparin appears to effectively restrain thrombin generation to levels 

of normal pregnancy. This is in agreement with a case report, in which commencement 

of heparin treatment ameliorated the observed coagulation activation (Nilsson et al, 

1975b).

Unfortunately, in aPS women who miscarried or who developed obstetric 

complications, there was no distinguishing elevation in activation markers or serum 

lipids. In the cohort of high risk pregnancies not undergoing heparin prophylaxis, these 

markers were elevated and associated with pre-eclampsia.

Elevated fasting lipids have been described as a risk factor for vascular disease in 

lupus as in other populations. Hyperlipidaemia is an important feature in the 

pathogenesis of atherosclerosis. The presence of aPL with elevated plasma lipids have 

been reported to compound the risk of vascular disease in SLE patients (MacGregor et al,

1992). Antibodies to oxidised LDL have recently been identified, some of which cross 

react with aCL and (32GPI. Indeed it has been suggested that p2GPI may be an
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antiatherogenic protein and that antibodies to p2GPI may play a role in the development 

o f atherosclerosis (Hasunuma et al, 1997). It has recently been suggested that serum 

lipids are capable o f promoting coagulation (Rota et al, 1998). Due to the recent 

association between these antibodies and enhanced atherogenesis I decided to assess the 

level o f triglycerides and cholesterol in PAPS and SLE patients, and to access underlying 

associations with a history of thrombosis or aPL positivity. The level of triglycerides 

and cholesterol were not increased in PAPS or SLE populations. There was no 

association between the history of thrombosis, presence o f a-p2GPI and lipid levels.

During normal pregnancy there was a significant increase in triglycerides and 

cholesterol, which were strongly correlated. The level of serum lipid in aPS women was 

similar to the normal pregnant population. The observed increase of lipids during 

pregnancy may be sufficient to accentuate the hypercoagulability of the maternal 

circulation, and render the haemostatic system susceptible to the procoagulant 

perturbations o f aPL.

The activation markers assessed in this study reflect the balance of the underlying 

interactions o f plasma proteins and cellular components in maintaining haemostasis. 

These underlying interactions have been reported to have gender and age differences. In 

a normal population TAT + F I.2 were positively correlated with age in women but not 

men (Musial et al, 1997a). There is little doubt that the establishment of a procoagulant 

environment is multifactorial and that unrecognised confounding variables, such as 

individual adiposity (De Lorenzo et al, 1998), or high blood pressure exist in most, if  not 

all studies. Indeed, the reported relationship between blood flow and thrombin 

generation (Diquelou et al, 1994) may be of special relevance to SLE patients with renal 

involvement or during pregnancy where physiological changes to the maternal uterine 

spiral arteries allow an increased blood flow to the intervillous space.

This study confirms increased thrombin generation in pregnancy, demonstrating 

an increase in the first 20 weeks of gestation and reports a positive correlation between 

TAT and FI .2. FXIla and FVIIa were elevated during pregnancy, but no association was 

observed between FXIla and FVIIa throughout pregnancy. But, no difference was 

observed between normal and aPS pregnancies receiving heparin and aspirin 

prophylaxis.

Pregnancy is associated with an increased procoagulant activity, and both fibrin 

and fibrinoid deposition have been described in normal term placentae. Indeed, it has
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been suggested that fibrin formation is important in the normal implantation of the 

placenta and that fibrin may be important for the repair of the chorionic villi (Delorme et 

al, 1992). Fibrin deposition reflects the formation of fibrin from the prothrombinase 

complex (FXa, FVa, prothrombin) on negatively charged phospholipids of activated or 

damaged cell membranes. From this study it is evident that the tissue factor pathway and 

possibly the contact system contribute to the generation of FXa in pregnancy. However, 

it appears that pregnancy successfully adapts haemostasis to provide increased levels of 

thrombin and fibrin, while maintaining a balanced haemostatic system

Increased FVIIa and FXIla levels were a persistent finding in PAPS, SLE, and 

pregnant and non-pregnant patients. This suggests that activation of both coagulation 

pathways occur in situations of physiological adaptation and in disease processes. In 

both non-pregnant PAPS and SLE patients undergoing warfarin therapy the level of 

TAT’s, F I.2, DD and FVIIa were reduced to less than or equal to normal levels. But, 

FXIla not reduced by warfarin. While in aPS pregnancy heparin and aspirin therapy 

maintained activation markers at a level comparable to those of normal pregnancy.
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6 Anti-(32GPI And Anti-Prothrombin Antibodies In 

1501 Normal Pregnancies; Prevalence And

Pregnancy Outcome.

6.1 Introduction

Antiphospholipid antibodies have been associated with recurrent obstetric complications, 

recurrent thrombosis and thrombocytopaenia for many years (Nilsson et al, 1975a; 

Lockshin et al, 1985; Barbui et al, 1988). There are a number of excellent reports which 

estimate the prevalence of aCL and LA in a general pregnant population, but there have 

been some conflicting findings as to the obstetric risk associated with a positive test 

(Lockwood et al, 1989; Infante-Rivard et al, 1991; Harris & Spinnato, 1991; Pattison et 

al, 1993; Yasuda et al, 1995). In recent years the combination of improved obstetric 

monitoring and prophylactic anticoagulant therapy has resulted in a greatly decreased 

fetal mortality rate in patients with the aPS. It is therefore important to identify 

pregnancies at risk of aPL mediated complications and to initiate a suitable antenatal care 

regime.

Advances in ultrasound technology in the last twenty years have transformed 

perinatal medicine, by providing non-invasive access to fetal anatomy, maternal- 

placental and feto-placental blood circulation. Anatomical measurements (head 

circumference, abdominal circumference, femur length etc) during the late second 

trimester can identify babies which are statistically small for gestation and have an 

increased perinatal risk. A number of preclinical markers o f placental dysfunction have 

been identified which are associated with a risk o f developing PET and IUGR. Reduced 

umbilical artery blood flow is strongly associated with IUGR. Abnormalities of uterine 

artery blood flow wave forms are indicative of abnormal uteroplacental blood supply and 

predict PE and /or IUGR. Grannum grading is a classification of the acoustic texture of 

the of the mature placenta (28-32 weeks gestation) by ultrasound (Grannum et al, 1979). 

Detection of calcified lobes is indicative o f a pathological texture and predict an ensuing 

adverse outcome.
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Unexplained elevated maternal serum alpha fetoprotein (AFP) or human 

chorionic gonadotrophin (hCG) have also been associated with adverse perinatal 

outcomes which can be detected preclinically. Biochemical screening and ultrasound 

assessment of fetal growth are now part of routine antenatal care. These markers of 

preclinical pregnancy complications have not been correlated with the expression of 

elevated aPL in a large normal pregnant population.

In 1990 several research groups simultaneously reported that putative IgG 

antibodies to anionic phospholipids required a serum protein for reactivity in vitro (Galli 

et al, 1990), (McNeil et al, 1990a), (Matsuura et al, 1990). The serum “cofactor” was 

identified as P2GPI and antibodies to this protein have since been associated with 

thrombosis. It was subsequently shown that p2GPI dependent aCL were associated with 

an adverse obstetric outcome (Aoki et al, 1994). Prothrombin has also been recognised 

as an antigenic target for aPL, being detected in 50 to 90% of APS patients. Horbach has 

recently reported that the LA activity is associated with a~p2GPI or aPT, alone or 

combined in 75% of aPL coagulation inhibitors (Horbach et al, 1996).

At the start o f this study, the prevalence of a-P2GPI or aPT in normal pregnancy 

had not been established. In chapter four I established an ELISA for anti-prothrombin 

antibodies and demonstrated that a-p2GPI was a better marker for thrombosis than aPT or 

aCL, but the relevance of these antibodies in a general obstetric setting was unknown. I 

aimed to establish the prevalence of these antibodies and to correlate antibody levels with 

markers of preclinical pregnancy complications, maternal and fetal outcome. In this 

study I aimed to assess the ability of antibodies to these phospholipid binding proteins to 

selectively identify apparently healthy women at risk of developing obstetric 

complications.

Such a study would require a large cohort of clinically normal pregnant women, 

to be monitored throughout pregnancy for markers of placental function, maternal and 

fetal well being. Fortuitously such a cohort (the Fetal Growth Study) was being recruited 

by the Obstetric Department (University College Hospital), to test the Barker hypothesis. 

Barker observed that babies who were small at birth or showed poor growth during 

infancy have increased rates of cardiovascular disease as adults (Barker et al, 1992). 

From these epidemiological studies it has been proposed that different types of low birth 

infants have differing cardiovascular phenotypes.
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The study design was almost perfect for my aims and agreement was reached that 

I had access to samples for aPL testing. It was hoped to recruit 1500 normal pregnant 

women for antenatal measurements of growth obtained by fetal ultrasound at around 10, 

20 and 30 weeks of gestation. Serum samples were collected from all pregnancies, and 

were suitable for aPL testing by ELISA methodology. Unfortunately citrated plasma 

samples were not to be collected, thus prohibiting testing for LA. Fetal growth 

measurements, biochemical, placental and maternal parameters would be correlated with 

antibody titre.

6.2 M ethods

Patient recruitment, obstetric care, sample collection and separation was performed and 

recorded by members of the obstetric department. aPL analysis, data merging and basic 

statistical analysis of results were performed by myself.

6.2.1 Patient Recruitment for the study: Inclusion/ Exclusion criteria

Birthweight varies greatly between ethnic and racial groups (Gardosi et al, 1992). The 

racial group most represented in the antenatal clinic was Caucasian, and therefore only 

this group was recruited. Only singleton pregnancies having an ultrasound scan before 

20 weeks gestation were included. Women with a medical disorder that could 

significantly affect fetal growth were excluded.

Ethical approval was obtained from the Ethics Committee of UCL Hospitals. Written 

informed consent was obtained from all women recruited to the study.

6.2.2 Demographic data

A full medical, family and past obstetric outcome history was taken. Information was 

sought on alcohol intake, cigarette smoking, and medication.

6.2.3 Assessment o f fetal growth by ultrasound

All women had a booking scan to confirm fetal viability, ensure the pregnancy was 

singleton, and to date the pregnancy. In pregnancies between six and twelve weeks 

gestation, the crown-rump length (CRL) was measured in millimetres (mm), after 14 

weeks gestation the biparietal diameter (BPD) was measured. Between 12 and 14 weeks 

gestation either CRL or BPD was measured.
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A second trimester anomaly scan was performed between 17-21 weeks gestation, using 

the Acuson 128/Xpi with a 5 Mhz curvilinear transducer. If a significant abnormality was 

found e.g. neural tube defect, the woman was excluded from the study. Biometry 

measurements of fetal head circumference, BPD, abdominal circumference, femur length 

were also performed to check for fetal size. Centiles for each of the above measurements 

were calculated from growth centile charts (Chitty et al, 1994c), (Chitty et al, 1994b), 

(Chitty et al, 1994a).

At the second trimester and third trimester scans the amniotic fluid volume or liquor 

volume was assessed and interpreted as normal, increased or decreased for gestation. A 

third scan was performed between 28 and 34 weeks gestation, in order to assess fetal 

growth and wellbeing by calculating biometry measurements. Women not having a third 

trimester scan within this period, remained in the study having maternal and perinatal 

outcomes recorded.

6.2.4 Assessment of placental integrity

Doppler examination of umbilical and uterine arteries allows the assessment o f placental 

blood circulation. Umbilical artery Doppler assesses the blood flow between the 

placenta and the fetus. Uterine artery Doppler monitors the maternal uteroplacental 

circulation. Doppler assessment was performed in as many cases as possible at the 

second trimester scan and in all third trimester scans. Pulsed Doppler with colour 

Doppler facility was used in all cases. Each woman was examined in the semi- 

recumbent position after 10 minutes o f rest. Arteries were located using colour Doppler 

imaging and the Doppler velocity waveform obtained. The pulsatility index was used in 

the analysis of the results and the presence or absence of early diastolic notching was 

noted in uterine Doppler waveforms.

Acoustic texture o f the placenta can be assessed by ultrasound examination. 

During the third trimester scan the placenta was scored according to the grading system 

of placental maturity described by Grannum (Grannum et al, 1979).

Serum samples for AFP and hCG were collected between 15 and 20 weeks gestation as 

part of routine antenatal care. AFP and beta hCG were analysed by chemical pathology 

using a Microparticle Enzyme Immuno Assay (MEIA) technique on an Abbott Axsym. 

Levels were reported as multiples of median (MoM) for gestation.
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6.2.5 Sample collection

Whole blood samples were collected from pregnant women at booking and allowed to 

clot for serum. Serum was separated (section 2.2.2), removed and stored in plastic tubes, 

then frozen at -70°C until required.

6.2.6 Antiphospholipid antibody assays

Antibodies to cardiolipin (IgG and IgM) were measured after sample dilution in adult 

bovine serum as described in section 2.5.2. IgG and IgM antibodies to P2GPI were 

analysed according to the revised, part commercialised methodologies described in 

sections 2.5.4 and 2.5.5, where human P2GPI was used as the capture antigen. IgG and 

IgM antibodies to human prothrombin were assessed according to the optimised 

methodology described in sections 2.5.7.

6.2.7 Classification o f pregnancy complications

A number of pregnancy outcomes were identified. These included pregnancy induced 

hypertension (PIH) pre-eclampsia (PET), small-for-gestational age (SGA), intrauterine 

growth restriction (IUGR), gestational diabetes (GD), macrosomia, and perinatal 

mortality and morbidity were also noted

The hypertensive disorders of pregnancy remain the second most common condition 

after thromboembolism associated with maternal demise (Hibbard et al. 1996) and is 

defined as a blood pressure of greater than 140/90 mmHg (Davey & MacGillivray 1988). 

PIH is defined as hypertension without proteinuria, which develops during pregnancy. 

PE is a clinical sydrome that developes in a previously normotensive woman after 20 

completed weeks gestation (with no pre-existing renal disease) and resolve by the sixth 

week postpartum. PE is characterised by proteinuria in the presence of hypertension; BP 

>140/90 mm Hg, on two separate occasions at least 4 hours apart (Davey & 

MacGillivray 1988) or an increase in the systolic BP of >30 mm Hg and/or an increase in 

the distolic BP of >15 mmHg compared to the booking BP values (Roberts & Redman

1993).

Gestational Diabetes was identified in women with positive glucose tolerance tests 

(GTT) at 28 weeks (WHO criteria 1980), which returns to normal six weeks after 

delivery. Testing was performed if indicated: previous GD, first-degree relative with 

IDDM, previous unexplained stillbirth, previous macrosomic infant and persistent
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unexplained glycosuria.

6.2.8 Statistical analysis

Statistical analysis of data was performed on the Astute package for Excel and using Stat 

Graphics. Tests applied include the Mann-Whitney test, Fisher’s Exact test or Chi 

squared analysis and the Spearman rank correlation test. A p value < 0.05 was 

considered statistically significant.

6.3 Results

As with any large study, there was an inevitable loss of recruits from the study over time. 

This study was carried out at University College Hospital, London and the fall out level 

may be influenced by a somewhat transient population of a large metropolitan city.

6.3.2 Demographic data

Demographic details o f all women recruited to the study are given in Table 6.1. 

However, all samples were not available for aPL testing. A total of 1501 were tested for 

aPL at booking. The demographics of those tested for aPL are also given in Table 6.1 

and are identical to the recruited cohort for maternal age and parity. This infers that bias 

was not introduced due to fall out at this point.

N=1650 N=1501 Range

Mean maternal age (SD) 30.8 (5.6) 30.8 (5.6) 15-48

Mean parity (SD) 0.8 (1.2) 0.8 (1.2) 0-10

Cigarette smoking % 19.1 18.6

Alcohol consumption % 34.5 32.3

Previous low birth weight % 5.0 4.9 1-4

Previous still birth % 1.6 1.7 1-4

Table 6.1: Maternal characteristics o f  1650 women enrolled in the feta l growth study 

and o f  1501 women tested fo r  aPL.

All pregnancies were dated by ultrasound at the booking visit before 20 weeks gestation. 

The time of recruitment of patients is central for the detection of aPL associated early
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miscarriage. The frequency o f  pregnancies recruited at various weeks o f  gestation is 

demonstrated in Figure 6.1.
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Figure 6.1: Frequency o f gestation at which hooking bloods were collected for aPL 

testing.

Blood sampling was carried out at the booking visit. Table 6.2 indicates the percentage 

o f  w om en recruited, scanned and booked at each week o f  gestation.

Gestation at the next 
completed week

Percentage Cum ulative %

6 0.1 0.1
7 0.2 0.3
8 0.7 0.9
9 2.7 3.6
10 8.4 12.0
11 18.3 30.3
12 21.1 51.4
13 17.2 68.6
14 11.0 79.7
15 6.8 86.5
16 5.3 91.8
17 4.1 95.9
18 2.3 98.1
19 0.9 99.0
20 0.8 100.0

Table 6.2: Gestation (at the next complete week o f pregnancy) at which patients were 

tested for aPL; percentage and cumulative percentage o f total.

2 1 8



6.3.3 Prevalence o f aPL antibodies

The prevalence o f aCL (IgG and IgM), aPT (IgG and IgM) and a-p2GPI (IgG and IgM) 

was established in 1501 consecutively booked low risk Caucasian women and are 

detailed in Table 6.3. Five women had an aCL > 20 GPL, three of which had another 

positive aPL test (aPT or a-p2GPI), but had uncomplicated pregnancies. One further 

patient had an elective termination due to multiple abnormalities. Seven women had 

aCL IgM > 20 MPL, three had also an aPT or an a~p2GPI positive and had uncomplicated 

pregnancies. O f the four remaining women with aCL IgM greater that 20 MPL, one 

developed PE.

Anti cardiolipin

IgG IgM 

/ GPL / MPL

Anti-prothrombin

IgG IgM 

% Activity % Activity

a-p2GPI

IgG IgM 

% Activity % Activity

Prevalence % 2.1 2.1 3.1 6.0 3.2 3.6

Minimum 5.1 11.8 3.94 21.2 3.55 4.52

Maximum 50.9 56.3 24.8 112.0 63.8 113.8

Table 6.3: Prevalence and range o f  aCL, aPT and ap2GPI in a cohort o f  1501 low risk

pregnant Caucasian women.

A number o f recruits expressed more than one aPL type. Numerical details of combined

positives are given Table 6.4.

Anti cardiolipin Anti-prothrombin a-p2GPI

Antibody (No. positive) IgG IgM IgG IgM IgG IgM

aCL IgG (n= 31) n/a

aCL IgM (n=32) 0 n/a

aPT IgG (n=46) 2 1 n/a

aPT IgM (n=90) 3 5 2 n/a

a-p2GPI IgG (n=48) 6 2 1 2 n/a

a-p2GPI IgM (n=54) 3 5 3 7 5 n/a

Table 6.4: Number o f  positive samples expressing more than one aPL antibody.
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Figure 6.2 displays the distribution of antibody positivity detected in the serum of these 

low risk pregnant women. For illustration purposes, the distribution of positive aPL in 

58 aPS patients, reported in chapter four are included.
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F igu re 6.2: Box and Whisker representation o f positive samples ( displaying median and 

interquartile range) o f positive aPL in A) 1501 low risk pregnancies and B) 58 APS 

patients. aCL IgG and IgM are reported in GPL and MPL. Anti-PT and anti-^G PI are 

reported as a % o f a well characterised standard. The upper limit o f normal for each 

assay is indicated by a dashed line (—).

6.3.4 Fetal outcome o f  Cohort

Fetal outcome was unavailable on 141 pregnancies for various reasons given in table 6.5.

Number % of Cohort

Emigrated 15 1.0

Transferred 53 3.5

Withdrew 6 0.4

Lost to follow up 67 4.5

TOTAL 141 9.4

T able 6.5: Reasons for missing outcome data o f recruits tested for aPL.
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In this low risk population, the live birth rate was high and reflects the general wellbeing 

of the maternal population. Recruits with no fetal outcome data (Table 6.5) were 

excluded from these calculations. Details of fetal outcome in 1360 low risk pregnancies 

are given in Table 6.6.

Number % o f Cohort

Live birth 1334 98.09

Still birth 1 0.07

IUD 2 0.15

Miscarriage 10 0.74

TOP (fetal anomaly) 12 0.88

TOP (social reasons) 1 0.07

TOTAL 1360 100

Table 6.6: Fetal outcome o f 1360 low risk pregnancies tested fo r  aPL.

6.3.4.1 Fetal wellbeing at birth

The Apgar score reflects measurement of fetal wellbeing at birth, and was reported at one 

and five minutes post delivery. 64 (4.8%) preterm deliveries occurred and 174 (13%) 

infants required resuscitation, while 61 (4.5%) were transferred to the neonatal unit. Low 

birth weight is a major contributor to neonatal morbidity. Fetal birth weight is related to 

gestation. Centiles were calculated from well-established growth centile charts of 

Altman and Chitty. 99 (2%) of infants had a birth weigh less than the 5th centile, while 

83 (6.2%) were greater than the 5th centile but less than the 10th. Parameters reflecting 

fetal wellbeing are tabulated in Table 6.7.
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N um ber M ean (SD) M inim um  M aximum

Assessed

Gestation at Delivery 1333 39.4 (1.7) 28 43

Birth weight/g 1335 3397 (536) 651 5080

Birth weight centile 1332 >10th < 90th < 5th > 95th

Apgar at 1 minute 1308 8.3 (1.4) 1 10

Apgar at 5 minutes 1309 9.5 (0.80 1 10

Placenta weight/g 1173 666(133) 185 1400

Table 6.7: Parameters reflecting fetal wellbeing o f  the cohort at delivery; gestation, 

birth weight, birth weight centile, Apgar score at one and five minutes and placental 

weight.

6.3.5 Pregnancy outcome and aPL incidence

Only pregnancies tested for aPL and with outcome data are included in this section. 

1360 pregnancies with outcome data were tested for aPL. The prevalence of elevated 

antibodies in 1360 is almost identical to that calculated for 1501 samples screened at 

booking (Table 6.8).

Prevalence (%) of booking 

samples (N= 1501)

Prevalence (%) of pregnancies 

with outcome (N= 1360)

aCL IgG 2.1 2.2

aCL IgM ) 2.1 2.1

aPT IgG 3.1 3.2

aPT IgM 6.0 5.7

a-p2GPI IgG 3.2 3.3

a-p2GPI IgM 3.6 3.7

Table 6.8: Prevalence o f  aPL in all samples tested and in those whose pregnancy 

outcome is known.

Table 6.9 details the incidence of obstetric complications in 1360 low risk pregnancies.
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The low incidence of pregnancy complications reflects the underlying wellbeing of the 

cohort. 233 (17.1%) of pregnancies had an elevated levels of one or more aPL 

antibodies. Of pregnancies with aPL 56 (23.6%) had an obstetric complication. The 

number of pregnancies positive for one or more aPL was calculated for each obstetric 

complication and is detailed in Table 6.9. The incidence of aPL was reported as the % 

of pregnancies with a given complication. There were no peripheral or pulmonary 

thrombotic events in these 1360 pregnancies.

aPL Positive

Number % of cohort Number % of complications

Miscarriage 10 0.7 3 30

IUD 2 0.2 0 0

Still birth 1 0.1 0 0

Chromosome Anomaly 12 0.9 3 25

Preterm delivery 64 4.7 13 20.3

PET 41 3.0 2 4.9

PIH 92 6.8 10 10.9

APH 64 4.7 16 25

Birth weight < 5th centile 26 1.9 2 7.6

Birth weight < 10th 82 6.0 16 19.5

centile

Table 6.9: Prevalence o f  pregnancy complications in 1360 low risk pregnancies, the 

number and % o f  complicated pregnancies expressing aPL. Where IUD  = intrauterine 

death, PET  = pre-eclampsia and APH= antepartum haemorrhage.

The prevalence of aPL in these pregnancies with complications was compared with the 

prevalence in the cohort of 1360, using the chi squared test. The prevalence of aPL 

positivity in women with pregnancy complications are detailed in Table 6.9. The 

incidence of positive aPL tests in women with a given complication are not statistically 

different to those of the total cohort. There was no difference in the distribution of aPL 

levels between pregnancies developing complications, and those with a normal 

uncomplicated pregnancies (Figure 6.3).
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A break down of aPL positivity (aCL, aPT and ap2GPI) in complications was compared 

with the cohort prevalence, using the chi squared test (see Table 6.10). The prevalence 

o f aCL IgM in the miscarriage patients (2/10) was significantly greater than in the whole 

cohort (28/ 1360), p = 0.0002. There was no difference in the prevalence of aCL IgG, 

aPT (IgG or IgM) or a-p2GPI (IgG or IgM). Table 6.10 details the incidence o f each 

aPL parameter, in the major obstetric complications experienced in this low risk cohort.

aCL aPT a-P;,GPI

Complication (No) IgG IgM IgG IgM IgG IgM

Miscarriage (n = 10) 0 2* 1 0 1 0

Chromosome Anomaly (n= 12) 1 1 0 0 0 1

Preterm delivery (n = 64) 3 0 3 4 4 1

PET 0 0 1 1 0 0

PIH (n =101) 3 2 0 3 2 1

APH (n = 64) 3 0 4 6 4 0

Birth weight < 5th centile (n=26) 0 0 0 0 0 0

Birth weight < 10th centile (n= 82) 1 1 0 4 5 5

Table 6.10: Incidence o f  aPL in pregnancy complications. Where IUD = intrauterine 

death, PET = pre-eclampsia and APH= antepartum haemorrhage, * = incidence 

significantly higher than in the total cohort (p <0.05).

6.3.6 Outcome of aPL positive pregnancies

Of the 233 aPL positive pregnancies 56 (23.6%) had some pregnancy complication; 

preterm delivery, low birth weight (less than 5th centile), miscarriage, chromosome 

anomaly, APH or PE. Similarly o f the 1127 aPL negative pregnancies 189 (16.8%) had 

a complication of pregnancy. Table 6.11 details the incidence of obstetric complications 

in aPL positive and negative pregnancies.
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aPL Positive (n = 233) aPL Negative (n =1127)

Number % Number %

Miscarriage 3 1.3 7 0.6

IUD 0 — 2 0.2

Still birth 0 — 1 0.1

Chromosome Anomaly 3 1.3 9 0.8

Preterm delivery 13 5.6 51 4.5

PET 2 0.9 39 3.5

PIH 10 4.3 82 7.3

APH 16 6.9 48 4.3

Birth weight < 5th centile 2 0.9 24 2.1

Birth weight < 10th centile 16 6.9 66 5.9

Table 6.11: Incidence o f  obstetric complications in aPL positive and negative women.

The incidence of overall obstetric complications was significantly higher in patients with 

a positive aPL test (23.6% .v. 16.8%), [Chi squared test, with Yates correction; p < 0.05]. 

Yet, there was no difference in the incidence of specific pregnancy complications 

between aPL positive and aPL negative populations. Furthermore, there was no 

difference in maternal age, gestation at delivery, birth weight or placental weight 

between these two groups.

There was no correlation between any of the antibody isotypes using the 

Speraman rank test. The presence of multiple antibodies or higher levels were not 

always associated with complications. Surprisingly, a-p2GPI IgG was weakly associated 

(p = 0.049) with gestational diabetes.

6.3.7 Indicators ofplacental pathology and aPL incidence

Abnormal umbilical and uterine artery blood flow, placental texture grading or 

unexplained elevated AFP and hCG are suggestive of placental pathology. The 

incidence of abnormal indicators of placental function; Doppler investigation, Grannum 

grading, AFP and hCG assays are given in Table 6.12.
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Num ber Pregnancy Outcome of abnorm als

Tested Abnormal (%) Uncomplicated Complicated

AFP >2.5 MOM 995 13 (1.3) 8 5

hCG >2.5 MoM 990 78 (7.8) 50 (2 missing) 16

2nd trimester 858 0 (0)

Umbilical

Doppler

2nd trimester 725 10(1.4%) 7 3

Uterine Doppler 2 bilateral

3rd trimester 1248 2 (0.2) 1 1

Umbilical

Doppler

3rd trimester 1247 101 (8.1) 62 (4 missing) 35

Uterine Doppler 39 bilateral

Grannum Grading 1250 21 (1.7) 11 10

Table 6.12: Incidence o f  abnormal test for placental function, and the pregnancy 

outcome in women with abnormal tests. Pregnancies complications include; 

miscarriage, PET, APH, preterm delivery and low birth weight. Missing cases are those 

which were lost to follow -up.

The incidence of elevated aPL, in pregnancies presenting with abnormal markers of 

placental function are reported in Table 6.13. The prevalence of aPL in pregnancies with 

abnormal markers of placental function were compared with the prevalence in the cohort 

of 1360, using the chi squared test.
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No. Tested No (%) abnormal No (%) abnormals 
aPL Positive

AFP >2.5 MOM 995 13 (1.3) 0

hCG >2.5 MoM 990 78 (7.8) 14 (17.9)

2nd trimester 858 0 (0) 0

Umbilical Doppler

2nd trimester 725 10(1.4%) 1 (10.0)

Uterine Doppler 2 bilateral

3rd trimester 1248 2 (0.2) 0

Umbilical Doppler

3rd trimester 1247 101 (8.1) 8 (7.9)

Uterine Doppler 39 bilateral

Grannum Grading 1250 21 (1.7) 1 (4.8)

Table 6.13: The incidence o f  positive aPL in women with abnormal markers o f  placental 

function.

The prevalence of aPL in pregnancies with markers of placental dysfunction (Table 

6.12) are not statistically different to those of the total cohort. Elevated a-p2GPI IgM 

was detected in the serum of one woman presenting with a bilateral abnormal uterine 

artery Doppler. This pregnancy had a normal uterine Doppler at repeat testing and had a 

subsequent uncomplicated pregnancy.

A break down of aPL positivity (aCL, aPT and ap2GPI) in pregnancies with 

abnormal marker of placental integrity (Table 6.14) was compared with the cohort 

prevalence, using the chi squared test.
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aCL aPT a"P;tGPI

Abnormal marker (No) IgG IgM IgG IgM IgG IgM

AFP >2.5 MOM (n=13) 0 0 0 0 0 0

hCG >2.5 MoM (n=78) 2 3 5 3 0 3

2nd trimester Umbilical Doppler (n=0) 0 0 0 0 0 0

2nd trimester Uterine Doppler (n=10) 0 0 1 0 0 1
3rd trimester Umbilical Doppler (n=2) 1 0 0 0 0 0

3rd trimester Uterine Doppler (n=101) 0 1 2 2 0 3

Grannum Grading (n=21) 0 0 1 0 0 0

Table 6.14: Incidence o f  specific aPL in pregnancies with abnormal markers o f  

placental dysfunction.

There was no difference in the prevalence of individual antibodies in pregnancies with 

markers of placental dysfunction and the whole cohort.

6.3.8 aPL testing in the third trimester

184 patients had a repeat sample between 28 to 32 weeks gestation, which was tested for 

aPL. There was no change in the aCL IgG status of 183 patients, six o f which were aPL 

positive and remained positive. One sample with a negative aCL (4.0 GPL) at booking 

had a weak positive aCL IgG (5.1 GPL, upper limit 5.0 GPL) in the third trimester. This 

patient had a normal pregnancy outcome. There was no change in the aCL IgM status of 

182 of the 184 retested. Eight women had a persistently positive aCL IgM, but two 

further women had values, which converted from positive to negative (12.5 and 11.5; 

upper limit 11.4).

Five of the 184 women having a repeat test were positive for a-p2GPI IgG in the 

second trimester. a-p2GPI IgG levels in four women remained positive, while levels in 

one patient levels fell from a weak positive to negative. Six women had positive levels 

of a-p2GPI IgM, all of which remained positive.

12 women had persistently positive aPT IgG levels throughout pregnancy. Two 

patients had weakly elevated levels which became negative, while two further women 

converted from negative to weakly positive. aPT IgM was persistently positive in ten
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women. Serum levels fluctuated form negative to weak positive in two women and from 

weak positive to negative in a further two women.

6.4 Discussion

The association between aPL and obstetric complications is now well accepted. In high 

risk pregnancies this association has been substantiated by numerous publications 

(Gleicher & el-Roeiy, 1988). Initial studies included only women at a high risk of 

pregnancy complications or a documented aPL. The prevalence of LA and aCL in the 

general obstetric population has been established as between one and three percent, in a 

number of large cohort studies (Lockwood et al, 1989) and (Pattison et al, 1993), (Harris 

& Spinnato, 1991) and are similar to that of a non-pregnant population [El-Roiey and 

Gleicher]. However the significance of a positive aPL test in relation to outcome in the 

general obstetric population remains disputed (Lockwood et al, 1989; Harris & Spinnato, 

1991; Pattison et al, 1993).

The use of heparin and aspirin prophylaxis in aPS patients during pregnancy has 

significantly improved the rate of live births (Rai et al, 1997). It is therefore extremely 

important to identify pregnancies at risk of complications from aPL. Routine screening 

of all pregnant women has been suggested (Katano et al, 1996), but such an approach 

must be based on reliable corroborated evidence.

Our knowledge of the antigens to which autoimmune aPL are directed has 

evolved. In recent years, it has become apparent that aPL recognise anionic phospholipid 

binding proteins, of which p2GPI and prothrombin have been best characterised. At the 

outset of this study, it had been established that a-|32GPI IgG were associated with a 

history of thrombosis in aPS patients. The prevalence of a-p2GPI or aPT in a general 

obstetric population had not been reported. There has been a report of an increased 

prevalence of a-p2GPI in women with recurrent fetal loss (Katano et al, 1996). The aim 

of this study was to determine the prevalence and pregnancy outcome of patients with 

antibodies to p2GPI and prothrombin in a low risk population, thereby assessing there 

suitability as a screening test for pregnancy complications. aCL IgG and IgM were also 

measured and the results of all three aPL antibodies were correlated with pregnancy 

outcome, and second trimester preclinical markers o f adverse outcome. The obstetric 

team were not informed in the event of elevated antibody levels.

6.4.1 Antibody Prevalence
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O f the patients recruited for the fetal growth study 1501 were available for aPL testing. 

The prevalence of aCL IgG and IgM were established as 2.1% and 2.1% respectively and 

is higher, but similar to, the levels previously reported. Variations in recruitment and 

methodology are likely to account for differences in prevalence. Recruitment to this 

study was strictly of low risk singleton Caucasian pregnancies. The methodology used 

for aCL detection in this study is in accordance with the guidelines o f an International 

standardisation workshop (Harris, 1990), and assay standards had been calibrated against 

the standards in GPL and MPL. The distribution of data from which a reference range 

was established was skewed and therefore the geometric mean +/-2SD of log 

transformed data was used.

One of the first large cohort prevalence studies for aPL (Lockwood et al, 1989) 

used an aCL methodology which is not accepted by current guidelines [adult bovine 

serum not used in the diliuent buffer] established a prevalence of 1.6% for aCL IgG in a 

mixed race cohort. A further study established a lower incidence using accepted 

methodology, but established a reference range from the study population (Pattison et al,

1993). The study of Harris et al was carried out in 1449 healthy pregnant women 

establishing a prevalence of 1.7% and 4.3% in IgG and IgM respectively, which is 

similar to that obtained for this study and used an aCL methodology similar to that used 

in this study (Harris & Spinnato, 1991). This study is the first aPL prevalence study of 

low risk pregnant women in which aPT and a-p2GPI IgM were assessed. It is also the 

first aPL pregnancy prevalence study performed in the UK.

The incidence of a-p2GPI and IgG and IgM in 1501 low risk pregnancies were 

3.2% and 3.6% respectively, which is in agreement with a recent report from a 

population of 510 low risk pregnancies (Faden et al, 1997). Similarly, I established the 

incidence of aPT IgG and IgM as 3.1% and 6.0%. To the best of my knowledge there 

has been no published incidence of aPT in a large low risk pregnant population to date.

6.4.2 Fall out of Patients

As with any large cohort study there was an fall out of patients. In this study 1650 

patients were recruited, of these 1501 were available for aPL testing, with bloods 

collected at the first antenatal visit. The reasons for fallout at this stage was; insufficient 

sample, a number of samples had been thawed and maintained under conditions which 

may effect the validity of the results and were therefore not included. Pregnancy
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outcome was available on 1360, which were analysed statistically to assess association 

between aPL and pregnancy outcome. Fallout at this stage, was for a variety o f reasons; 

migration, transfer of care, diagnosed fetal anomaly or simply lost to follow up.

6.4.3 aPL testing

Using a comprehensive methodological approach in women with fetal loss it was 

reported that LA and aCL were independently associated with pregnancy failure (Creagh 

et al, 1991b). Unfortunately, only serum samples were available on this large cohort of 

strictly low risk pregnant women. A number of serum based lupus anticoagulant assays 

have been described. Due to possible variability in the clotting of samples or residual 

protease activity, it was decided that such a methods may be unreliable and therefore add 

little to my findings, and would not conform with current guidelines on LA testing. 

Accordingly only solid phase antibody assays were performed. However, it was recently 

reported that aP2GPI and aPT account for 75% of LA positivity (Horbach et al, 1996). 

This may not be true for in all aPS cohorts and may depend on the referral population at 

a given clinic, but was consistent with my findings in chapter four. aCL has been 

reported to be a more sensitive marker for obstetric complications than LA (Lockshin et 

al, 1985), (Pattison et al, 1987).

The prevalence of LA has been reported as 0.27% in a cohort of 706 general 

obstetric women and was lower than the prevalence of aCL reported (Lockwood et al, 

1989). The LA status was assessed using an APTT methodology which is sensitive to 

prolongation by LA (Lawrie et al, 1999), but the use of an aPTT test alone is not in 

accordance with the current guidelines for LA identification. The use of an APTT 

screening method during pregnancy may result in false negative tests due to the increased 

levels of coagulation factors such as FVIII and fibrinogen. The prevalence reported by 

Lockwood et al may have under detected LA. Therefore the ability of LA to predict 

pregnancy complications in a low risk population should be revisited. However, this was 

not within the scope of this thesis.

One of the primary aims of this study was to investigate the ability of ap2GPI and 

aPT to identify patients with obstetric complications in a low risk population. Prior to 

the advent of a-p2GPI testing it was reported that aCL IgG was the most sensitive test for 

autoimmune related fetal loss (Lockshin et al, 1985), (Parke et al, 1991). Aoki et al had 

noted that p2GPI dependent aCL assays were superior to cofactor independent or any
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other single aPL assay for the detection of autoantibody associated reproductive failure 

(Aoki et al, 1995). I therefore included aCL testing in this study, using a well 

established ‘in house’ method which utilises adult bovine serum as a diluent and source 

of p2GPI.

One hundred and eighty four women had a repeat test for all antibodies in the 

third trimester. Persistent positivity was observed in a number of women; six aCL IgG, 

8 aCL IgM, 4 a-p2GPI IgG, 6 a-p2GPI IgM, 12 aPT IgG and 10 aPT IgM. Persistent 

multiple positives occurred in some women. Fluctuation in antibody levels were 

observed in seven antibody results. One pregnancy having had a negative aCL IgG at 

booking and a weak positive in the third trimester (5.1 GPL; upper limit 5.0 GPL). Two 

aPT IgG results which were positive became negative, while two negative levels became 

weakly positive. A similar finding was observed with aPT IgM. Fluctuation in 

borderline levels may reflect a genuine physiological change, or acceptable levels o f inter 

assay variability detected in results close to the upper limit of normal. These results 

suggest that transient aPL production is not a predominant feature of normal pregnancy. 

However it remains a possibility that false negative testing occurs during pregnancy, as a 

result of antibody consumption at a pathological site, in early pregnancy. However, 

down regulation of maternal aPL in early pregnancy has been reported (Kwak et al, 

1994). This was not the finding in pregnant aPS women described in chapter four. The 

gestation at blood sampling in this cohort reflects the gestation at booking. To recruit a 

similar low risk population at an earlier gestation would not be feasible.

6.4.4 Association between markers o f placental pathology and aPL

Uterine artery Doppler and elevated unexplained maternal serum AFP/hCG are 

preclinical markers obstetric complications which are frequently performed as part of 

routine antenatal care. These markers reflect placental pathology and have been reported 

as abnormal in some APS pregnancies with adverse outcomes (Trudinger et al, 1988), 

(Silver et al, 1994). but they have not been correlated with aPL in a low risk setting. 

This study is therefore unique in that it prospectively assesses preclinical markers of 

adverse outcome alongside aCL, a-p2GPI and aPT.

O f women tested for aFP and hCG 1.3% and 7.8% were positive respectively. 

No correlation between maternal serum AFP or hCG and aCL, ap2GPI or aPT levels was 

observed. Positive aPL levels were not associated with elevated levels of AFP or hCG.
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At the second trimester scan approximately 800 pregnancies were assessed by Doppler. 

Doppler assessment of umbilical and uterine arteries is not part of routine antenatal care 

at our hospital and was not performed in some pregnancies due to time restrictions. Of 

the 725 women assessed, 10 (1.4%) had abnormal uterine artery Doppler waveforms, two 

o f which were bilateral. In this study I was unable to demonstrate an association between 

abnormal uterine artery Doppler at the second trimester scan and aCL, a(32GPI or aPT. It 

is likely that the pathology responsible for these preclinical markers is heterogeneous and 

given the small number of pregnancies with abnormal markers the possibility of 

detecting an underlying association with aPL is limited. There was also no association 

with third trimester abnormalities of uterine arteries or placental Grannum grading in the 

third trimester.

6.4.5 Pregnancy outcome

Outcome was available in 1360 low risk pregnancies. The prevalence of abnormal 

results and adverse outcome in this cohort was low, reflecting the composition o f the 

population. Consequently this cohort is appropriate to assess the significance o f a 

positive aPL tests in a general obstetric setting.

The gestation at the time of blood sampling is pertinent to the detection of first 

trimester miscarriage. Twelve percent of the population were collected prior to ten 

weeks gestation, but 51% had been collected before 12 weeks. The prevalence of 

spontaneous miscarriage was low in this cohort. Ten (0.74%) women miscarried, of 

these three had some aPL; two of which were aCL IgM and one a-p2GPI IgG. aCL IgM 

was significantly associated with miscarriage, but due to the small numbers involved it 

should not be over emphasised. However, this finding is in agreement with Matzner et al, 

who reported that aCL IgM was strongly associated with fetal loss (Matzner et al, 1994). 

The results of other aPL assays [aCL IgG, a-p2GPI IgG or IgM and aPT IgG or IgM] 

were not associated with miscarriage in this cohort.

There are conflicting reports of the association between aPL in a general obstetric 

population and miscarriage. In such a population with blood samples collected before 

nine weeks gestation, a high level of miscarriage was reported which was associated with 

aCL IgG (Yasuda et al, 1995), but this is contrary to the report o f Infante-Rivard et al 

(Infante-Rivard et al, 1991). Yasuda established a prevalence of 7.0% using an aCL 

assay described by Loizou, which does not include adult bovine serum for dilution and it
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is therefore difficult to compare with my study. The high prevalence detected by Yasuda 

may reflect pathogenic aCL causing early first trimester losses or transient non- 

pathogenic antibodies.

In this study I was unable to find any associations between aCL, ap2GPI or aPT 

with PIH, PE, preterm delivery, APH or IUD, although some aPL positive pregnancies 

did have complications. These finding are in agreement with those of Harris et al (Harris 

& Spinnato, 1991). Although methodologically satisfactory he assessed aCL levels at or 

near term and actively recruited women with late second trimester and third trimester 

complications. However, aPL positivity in this cohort was not associated with pregnancy 

complications and is in agreement with my findings.

Improved understanding of aPL assay methodology identifies flaws in some of 

these studies which have assessed the aPL in a general pregnant population . The study 

of Lockwood 1989 identified an association between positive aCL tests and low-birth 

weight or spontaneous abortion. Unfortunately the aPL methodology used for the 

identification of LA and aCL no longer meet recommended criteria for aPL testing. Yet, 

in the study of Lockwood and this study, aPL positive pregnancies expressing some of 

the highest levels, had a normal outcome.

The inclusion of P2GPI in aCL methodology has been reported to improve the 

sensitivity for obstetric complications in at risk pregnancies (Yamamoto et al, 1993), 

(Aoki et al, 1995). These finding have recently been disputed (Maejima et al, 1997). In 

a large general obstetric population p2GPI dependent aCL IgG was reported as a 

predictor of adverse pregnancy outcome (Katano et al, 1996). The assay methodology 

for p2GPI dependent aCL involves the addition of purified P2GPI in an aCL type assay. 

The fraction of antibodies detected by such a method is likely to be included in the aCL 

assay used in my study, and that of Harris et al, which use bovine serum as a source of 

p2GPI. However, our standard aCL assay may in theory detect other subgroups of 

autoantibodies, as bovine serum may provide a number of phospholipid binding proteins 

which are recognised by autoantibodies. In a recent report the prevalence o f a-p2GPI in 

500 low risk pregnancies was reported and related to pregnancy outcome (Faden et al, 

1997). Bloods were collected between 15-18 weeks and the assay methodology was 

similar to that used in this study. The prevalence of a-p2GPI was similar, but an 

association with PE and eclampsia was observed, based on the outcome of two patients. 

This group found no association with aCL and adverse outcome using accepted
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methodology and do not recommend routine testing o f pregnant women. A further study 

establishing a reference range from within the study cohort found a-(32GPI to be of 

limited clinical value in a low risk obstetric population (Lynch et al, 1999).

There are no previous reports of aPT prevalence in pregnancy, indeed there are 

few studies on the clinical significance of aPT. Elevated levels of aPT during pregnancy 

have been reported in habitual aborters, but aPT and a-p2GPI were associated with 

gestational diabetes (Ailus et al, 1996). In this study, 1.2% of pregnancies developed 

gestational diabetes, 11.8% (2/17) of whom had a-p2GPI IgG, this association just 

reached statistical significance (p = 0.049). Interestingly, pregnancies of women with 

habitual abortion are more often complicated by gestational diabetes than in women with 

an normal obstetric history (Tulppala et al, 1993).

In this study of 1360 low risk pregnancies with outcome data, I identified 233 

women with aCL, a-P2GPI, or aPT antibodies, of whom, 56 had an adverse pregnancy 

outcome. The incidence of obstetric complications in women with a positive aPL was 

significantly higher than the incidence for the cohort. The presence of aPL in an 

otherwise normal population does not preclude a successful outcome. When individual 

antibodies were assessed for an association with specific complications, aCL IgM were 

found to be associated with miscarriage, the number of pregnancies which resulted in 

miscarriage having aPL was small (n= 3) and should therefore not be over emphasised. 

Surprisingly, a-P2GPI IgG was weakly associated with gestational diabetes and the 

significance of this to be elucidated. aCL IgG, aPT (IgG or IgM) and a-p2GPI IgM were 

not associated with any particular complication. In this setting, antibodies to cardiolipin, 

P2GPI or prothrombin were not correlated or associated with any markers of placental 

dysfunction. Screening for these antibodies in a general obstetric population is not 

recommended but the evidence for screening pregnancy complications remains 

convincing.

The lack of uniformity in pregnancy outcome in women with elevated aPL 

suggests heterogeneity of aPL. I was unable to identify an aPL test which was more 

specific or sensitive for an adverse outcome in this low risk population. It appears that 

along with antibody heterogeneity, there exists variability in the tolerance of an 

individual to the pathological activity o f aPL. Evidence for this comes from the myriad 

of obstetric complications associated with these antibodies and the currently accepted 

‘second hit’ hypothesis for the aPS.
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The Prevalence O f Antiphospholipid Antibodies 

In Pregnancies With Preclinical Markers O f

Placental Dysfunction

7.1 General Introduction

The principal obstetric complications responsible for the increased perinatal mortality 

and morbidity associated with the aPS are pre-eclampsia (PET) and intrauterine growth 

restriction (IUGR) (Branch, 1994). aPL are thought to mediate their adverse effects by 

escalating the level of placental thrombosis. Placental thrombosis and infarction occur in 

normal gestation, but are more common and extensive in PET and IUGR when compared 

with healthy pregnancies. The primary pathology associated with these conditions is the 

incomplete conversion of maternal spiral arteries to flaccid uteroplacental vessels.

In normal pregnancy, trophoblasts induce vascular changes, which appear to 

occur in two stages. Firstly, between 10-12 weeks gestation, endovascular trophoblast 

migration and infiltration of the decidual segments of spiral arteries occurs, which 

proceeds to the myometrial segments early in the second trimester. This infiltration 

enables the destruction of the musculoelastic tissue in the media of the uterine spiral 

arteries, which become distended. Both PET and IUGR are associated with partial or 

total failure of trophoblast migration into the myometrial portions of the spiral arteries. 

Conversion of spiral arteries into low-resistance uteroplacental arteries is absent in such 

pregnancy complications (Robertson et al, 1976). Absence of these physiological 

changes of the uterine arteries, results in reduced uteroplacental blood flow, high blood 

resistance, ischaemia and/ or inadequate fetal nutrition (uteroplacental insufficiency).

Elevated uterine artery resistance to blood flow is detectable by Doppler 

ultrasound. Ultrasound examination of the proximal uterine arteries at 20-24 weeks of 

gestation, and has become a valuable tool in the identification of pregnancies at risk for 

PET and/or IUGR (Bower et al, 1993).

Routine antenatal care provides both ultrasound examination and serum screening 

for structural fetal defects or Down’s Syndrome as indicated by an abnormal mid

trimester maternal serum biochemistry test. Unexplained elevated maternal serum alpha
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fetoprotein (AFP) or human chorionic gonadotrophin (hCG) have been associated with 

adverse perinatal outcomes (PET, IUGR, preterm birth and perinatal death) and are 

helpful in the preclinical identification of pregnancies at high risk of developing PET or 

IUGR. Indeed, both abnormal Doppler ultrosonography and unexplained elevated mid 

trimester maternal serum AFP or hCG are preclinical predictors of adverse perinatal 

outcome(Jauniaux et al, 1996).

Abnormal uteroplacental blood flow velocity wave forms have been identified in 

aPS patients (Trudinger et al, 1988). aPS patients presenting with unexplained elevated 

AFP in pregnancy, have a significantly poorer obstetric outcome than those with a 

normal AFP (Silver et al, 1994). Vascular thrombosis has been associated with 

impairment of uteroplacental and/or fetoplacental blood flow in pregnancies with IUGR 

(Kingdom et al, 1997a). aPL are not thought to cross the placenta and aPT and a-p2GPI 

(Chapter four) antibodies are predominantly of the IgG2 subclass, whose placental 

transfer is not facilitated. An aPL mediated pathology in the fetal placental circulation is 

unlikely. However, it is possible that aPL may mediate PE and/or IUGR by a 

thrombotic mechanism which limits blood flow in the uterine arteries.

I investigated patients presenting with preclinical markers of placental 

insufficiency to see if a significant proportion have aPL, which may be responsible for 

placental ischaemia and subsequent adverse pregnancy outcome. My hypothesis was that 

preclinical placental pathology, indicated by bilateral notched uterine artery Doppler 

waveforms or unexplained elevated maternal serum AFP or hCG in the second trimester, 

might identify a population of pregnancies, whose complications are mediated by 

maternal aPL. This hypothesis was examined by two separate studies, one assessing the 

prevalence of aPL in pregnancies presenting with bilateral abnormal uterine artery 

Doppler and reporting the pregnancy outcome. The second study assessed the prevalence 

in pregnancies with elevated maternal serum AFP and/or hCG. In this study I also aimed 

to correlate antibody levels with pregnancy outcome. Both studies were we performed on 

stored serum samples, thus preventing assessment of LA. However, assays for 

antibodies to cardiolipin, p2GPI and prothrombin were performed, which were the major 

antigens implicated in the pathogenesis of the aPS at the outset of this thesis.
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7.2 Prevalence of aPL in pregnancies with bilateral abnormal uterine artery 

Doppler

7.2.1 Introduction

The blood flow within spiral arteries is converted from low blood flow, prior to 

pregnancy or during early pregnancy, to high blood flow and low resistance in advanced 

pregnancy. With a pulsed Doppler it is possible to measure velocities at specific 

locations in the path of the transmitted ultrasound beam, while colour Doppler displays 

both real time anatomical detail and identifies blood flow in small vessels. 

Ultrasonography is the only noninvasive method available which allows assessment of 

placental function, vascular change, monitoring of blood flow and fetal development 

during pregnancy (Maulik et al, 1989). Assessment in the second trimester is by a 

transabdominal examination.

The maximum Doppler shift corresponds to changes in peak velocity of red blood 

cells during one cardiac cycle. The flow velocity waveform (FVW) is displayed as an 

ultrasonogram, where the vertical axis refers to the frequency shift and the horizontal 

axis is time (Figure 7.2). Analysis of waveforms provides information regarding the 

direction of flow, while the shape indicates resistance to flow within the vessel, and is of 

particular benefit in the preclinical identification of pregnancies at risk of PE (Bower et 

al, 1993). The presence of an early diastolic notch in the uterine artery waveform (see 

Figure 7.2) after 20 weeks gestation is a sensitive predictor of preterm complications 

(Bower et al, 1996). The resistance to flow can be quantified and is expressed as an 

index o f impedance to flow. Both resistance index (RI) and pulsatility index (PI) are 

based on a calculation of the ratio between peak systolic and end diastolic velocity. 

Figure 7.1 displays typical ultrasonographic waveform traces and colour imaging of 

uterine arteries during a second trimester scans.
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A) B)

F igu re 7.1: Uterine artery Doppler waveform (lower section) and colour imaging

(upper section) used to localise uterine arteries in the second trimester. A) A normal 

uterine artery Doppler velocity waveform, B) An abnormal waveform with reduced 

diastolic flow velocity and the characteristic notch (arrowhead) associated with adverse 

pregnancy outcome.

In the large cohort of low risk pregnancies described in chapter six, a low incidence of 

bilateral uterine artery abnormalities was detected before 20 weeks. In this cohort the 

presence of a bilateral abnormal Doppler was not associated with aPL or an adverse 

outcome. These studies are not directly comparable as many abnormalities of uterine 

Doppler resolve with advancing gestation. In this study only patients having a persistent 

abnormal bilateral Doppler were studied.

The primary aim for this study was to assess an association between aPL and a 

persistent bilateral abnormal Doppler. The hypothesis being that aPL mediates 

thrombosis in the uterine arteries, which limits blood flow to the placenta and increases 

resistance.
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7.2.3 M ethods

7.2.3.1 Study design

A blinded retrospective case controlled study performed in collaboration with the 

Obstetric Department UCH and Kings College, London.

1.2.3.2 Subjects selection

Cases (bilateral abnormal uterine Doppler at 24 weeks gestation) and controls (normal 

uterine Doppler at 18-20 weeks).

7.2.3.3 Study subjects

A population of 47 singleton pregnancies with bilateral abnormal uterine artery Doppler 

waveforms at 24 weeks of gestation (cases) were included. Cases were identified at the 

time of the anatomical anomaly scan (17 and 20 weeks), and those patients with a 

persistent bilateral abnormal uterine artery Doppler at 24 weeks were included in the 

study and followed until delivery. 100 healthy singleton pregnancies defined by a normal 

medical history and normal uterine artery Doppler waveforms between 17-20 weeks 

gestation (controls; part of the FGS population; see Chapter Six) were studied. A 

number of controls had a repeat blood sample between 30 - 32 weeks gestation, which 

were also tested for aPL.

7.2.3.4 Doppler assessment

The ultrasound examination was performed by an obstetrician using a 5MHz curvilinear 

transabdominal transducer with pulsed and color Doppler facilities (Acuson, California, 

USA). Waveform analysis involved the calculation of the pulsatility index (PI= 

maximum systolic velocity - end diastolic velocity / mean velocity. The presence of an 

early diastolic notch in the flow velocity waveform or a PI greater the 95th percentile for 

the gestational age was considered abnormal (Bower et al, 1993).

7.2.3.5 Sample collection

Serum samples were collected, prepared and stored as outlined in sections 2.2. A repeat 

serum sample was collected from 54 controls at 30-34 weeks and from a number o f the 

cases.
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7.2.3.6 Antiphospholipid antibody assays

As only serum samples were available, assays for LA were not possible. aCL (IgG and 

IgM), a-P2GPI (IgG) and aPT0 (IgG and IgM) were analysed as described previously, in 

sections 2.5.2, 2.5.3 and 2.5.6 respectively.

7.2.3.7 AFP and hCG assays

AFP and hCG levels were assessed as part of routine antenatal screening procedures, 

performed by the hospital Biochemistry Department. AFP was measured by ELISA and 

pHCG was assayed by an immunoradiometric assay (IRMA). The results were 

expressed in multiple of the median for gestation and were recorded from the patient 

notes.

7.2.3.8 Data analysis

Results were correlated with obstetric outcome. The difference in the proportion of 

women with positive antibody tests between the study and control groups was assessed 

by the Fishers Exact Test or the Chi squared test where relevant. A p  < 0.05 was 

considered statistically significant.

7.2.4 Results

Patient demographics and details of previous miscarriage in cases and controls are 

summarized in Table 7.1. One patient with an abnormal uterine Doppler had a prior 

history of three miscarriages and one intrauterine death, but had not been investigated for 

aPL.

Cases (n=47) Controls (n=100)

Maternal age (years) 30.4 (5.6) 31.1 (5.0)

Parity 2.2 (1.5) 0.8 (1.2)

Smoking during pregnancy 30 17

Miscarriage 15 2

Miscarriage > 2 3 0

Table 7.1: Patient demographics and miscarriage history o f  cases and controls. 

Parameters are expressed as mean (standard deviation) where relevant.
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7.2.4.1 Pregnancy outcome

Pregnancy outcome was documented according to classical definitions of the major 

obstetric complications. PE was defined as a rise in blood pressure to 140mmHg systolic 

and 90mmHg diastolic persisting and having been normal up to 20 weeks of gestation 

together with proteinuria (>0.3g in 24 hours or >2+ on dipstick testing) (Redman & 

Jefferies, 1988). In the absence of proteinuria, a sustained elevation in blood pressure 

(>140/90 mmHg) was termed pregnancy-induced hypertension (PIH). IUGR was defined 

by birthweight <10th percentile for gestation and sex, accompanied by two of the 

following; serial ultrasound evidence of impaired fetal growth, reduced amniotic fluid 

volume for gestation, or an umbilical artery Doppler pulsatility index (PI) value >95th 

percentile for gestation.

Obstetric complications occurred in 24/47 (51%) of cases and in 10% of control 

pregnancies as summarized in Table 7.2.

Cases (n=47) Controls (n=100)

Pre-eclampsia 2 2

IUGR 14 4

(combined with PE) (4) (0)

(combined with PIH) (2) (0)

PIH 4 1

Antepartum haemorrhage 3 3

IUD 1 0

No of pregnancy complications 24 10

Gestation at delivery (weeks) 36.5 (4.4) 39.3 (1.6)

Birthweight (g) 2423 (1000) 3395 (532)

Table 7.2: Obstetric outcome and fetal birth-weight o f  cases and controls. Parameters 

are expressed as mean (standard deviation) where relevant.

7.2.4.2 Antiphospholipid antibodies and pregnancy outcome

There was some degree of variation in the prevalence of aPL detected in cases and 

controls. Table 7.3 summarizes the prevalence of elevated aPL in cases and controls.
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aCL IgG 
n(% )

aCL IgM 
n (%)

aPT0 IgG 
n (%)

aP T Ig M  
n (%)

a-p2GPI IgG 
n (%)

Controls 
(n =100)

4(4) 6(6) 4(4) 2(2) 3(3)

Cases 
(n = 47)

7(15)* 6(13) 0(0) 5 (11)** 0(0)

Table 7.3: Prevalence o f  antiphospholipid antibodies in cases and controls. Differences 

were assessed using the Chi squared test (* p  values <0.02, **p<0.025).

aCL IgG values in the cases (5.5 - 35.3 GPL [median 6.3 GPL]) and controls (5.09- 30.7 

GPL [median 11.9 GPL]) were similar. For aCL IgM the corresponding values were 

cases (3.4 - 14.7MPL [median 5.3 MPL] and controls (4.56 -19.08 MPL [median 16.76 

MPL]. aCL IgG or IgM were detected in 11/47 (23%) cases and 10/100 (10%) of 

controls, the proportion of positives in these groups were found to be statistically 

different (p = 0.031). a-P2GPI IgG was not detected in any of the cases, but was 

observed in three of the controls (values; 14.0, 14.4 and 42.4%). aPT0 IgG were not 

detected in any of the cases, but occurred in four of the healthy controls [values; 3.0, 3.3, 

3.6, 4.3%]. aPT0 IgM antibody was detected in five cases [values; 14.5 - 32.9%, median 

= 21.3%] and in two control samples [values; 12.2 and 16.4%].

In the abnormal Doppler cases, a raised aCL IgG was significantly associated 

with a subsequent adverse pregnancy outcome, complicated by pre-eclampsia, PIH 

and/or IUGR (p<0.05). Six of the 23 cases with an abnormal outcome were positive for 

aCL IgG. One of the 24 abnormal Doppler case with a normal outcome was positive for 

aCL IgG (Table 7.4). A similar association was not seen for aCL IgM.
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Pregnancy aCL IgG aCL IgM aPT0 IgG aPT0 IgM a-p2GPI IgG
Outcome n n n n n

Normal 
(n = 24)

1* 3 0 4 0

Complications 6* 3 0 1 0
(n = 23)

Table 7.4: Pregnancy outcome in abnormal Doppler cases with elevated aPL [aCL IgG, 

aCL IgM, aPT0 IgM  and a-foG P I IgG] (n= number and * denotes a significant 

difference, where p  < 0.05).

Four of the five cases with aPT IgM had a normal pregnancy outcome (Table 7.4). Three 

o f the four cases with elevated aPT IgM having a normal pregnancy outcome had a 

phCG <3 MoM (Table 7.5). aCL did not co-exist with aPT in any cases. Table 7.5 

indicates the aPL level, hCG level, pregnancy outcome and birth-weight of antibody 

positive cases and controls.
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aPL

Positive

aCL IgG 

GPL

aCL
IgM

MPL

aPT0 

IgM %

a-p2GPI 
IgG %

phCG

MoM

Clinical

Outcome

Gestation at 
Delivery 
(weeks)

Cases
1 6.1 5.2 Neg Neg 3.3 PIH 26
2 6.8* <3.0 Neg Neg 3.3 IUGR 40
3 6.3* 5.2# Neg Neg 2.2 normal 39
4 35.3 <3.0 Neg Neg 2.4 PIH/IUGR 33
5 5.7* <3.0 Neg Neg 3.5 PET 34
6 6.7 <3.0 Neg Neg 3.6 PIH/IUGR 32
7 5.5* <3.0 Neg Neg 2.8 PIH/IUGR 30
8 <5.0 14.7 Neg Neg 2.2 Abruption 32/IUD
9 <5.0 7.7# Neg Neg 0.6 IUGR 29
10 <5.0 3.7* Neg Neg 4.1 normal 40
11 <5.0 3.4 Neg Neg 2.0 normal 39
12 <5.0 <3.0 21.3# Neg 4.9 normal 41
13 <5.0 <3.0 18.6* Neg 5.4 IUGR 39
14 <5.0 <3.0 32.9 Neg 0.7 normal 39
15 <5.0 <3.0 16.8* Neg 0.3 normal 39
16 <5.0 <3.0 26.5 Neg 1.4 normal 42

Controls
1 5.1 <3.0 Neg Neg - normal 41
2 11.9 <3.0 Neg Neg 1.2 normal 38
3 30.7 <3.0 Neg Neg - normal 40
4 10.1 <3.0 Neg Neg 2.7 normal 41
5 <5.0 15.6 Neg Neg 1.6 normal 41
6 <5.0 18.0 Neg Neg 1.5 normal 40
7 <5.0 19.1 Neg Neg 1.4 normal 40
8 <5.0 4.6 Neg Neg 1.2 normal 40
9 <5.0 5.1 Neg Neg 1.0 normal 39
10 <5.0 17.9 Neg Neg - normal 37
11 <5.0 <3.0 16.4 Neg 1.5 normal 39
12 <5.0 <3.0 12.2 Neg - normal 36
13 <5.0 <3.0 Neg 14.4 - normal 40
14 <5.0 <3.0 Neg 42.4 1.4 normal 36
15 <5.0 <3.0 Neg 14.0 0.7 APH 34

Table 7.5: Pregnancy outcome, maternal serum fihCG [expressed as multiples o f  median 

fo r  gestational age -MoM], gestation at delivery and antibody level in cases and controls 

positive aCL (IgG, IgM), aPT0 (IgM) and a-foG PI IgG. Upper limits o f  normal; aCL 

IgG=5GPL, aCL IgM=3MPL, aPT0 IgM=11.9% and a-foG P IIgG  =10.65%. Where * 

and # respectively were positive or negative when re-tested between 28 to 32 weeks 

gestation.
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Four of the seven cases expressing aCL IgG had a repeat sample tested for aCL between 

28 to 32 weeks gestation, and all four were positive. Three of the six aCL IgM positive 

cases had a repeat test, two of which gave negative results with the repeat sample.

7.2.4.3 Maternal serum AFP and hCG

Three of the four cases with elevated aPT IgM having a normal pregnancy outcome had a 

phCG <3 MoM but four of seven women with raised aCL IgG demonstrated increased 

values phCG in excess of 3.0 MoM for gestation and had an adverse pregnancy outcome 

(Table 7.5).

7.2.5 Discussion

Persistent early-diastolic notching in the uterine arteries after 22 weeks of gestation, 

typically accompanied by high-impedance waveforms, is associated with a number of 

clinical complications related to disordered placentation, such as PET and IUGR(Bower 

et al, 1993). At delivery the placentas of such patients demonstrate features of 

uteroplacental ischaemia and are often excessively infarcted (Salafia et al, 1997b). 

Postnatal investigations, following either early-onset PE (Dekker et al, 1995), and/or 

IUGR (de Vries et al, 1997) have revealed an increased incidence of underlying maternal 

haemostatic defects (protein S, protein C, ATIII deficiency, aCL or 

hyperhomocysteinaemia). These results suggest that a proportion of obstetric 

complications may be mediated through placental thrombosis, but unfortunately 

placental pathology was not described in the study.

aPL are implicated in the pathogenesis of thromboembolic events and obstetric 

complications. The expression of IgG aCL in particular is associated with poor perinatal 

outcome(Shimada et al, 1989). The thrombotic process in the placenta may involve 

occlusion of spiral artery branches of the uteroplacental circulation, since abnormal 

uterine artery Doppler in an aPS population has identified women with a poor perinatal 

prognosis(Caruso et al, 1993). aCL may also damage the placenta by inducing 

intervillous thrombosis or trophoblast denudation. The latter results in increased 

placental permeability and is reflected by otherwise unexplained mid-trimester elevation 

in maternal serum AFP (Brownbill et al, 1995), which is another important marker of 

adverse perinatal outcome in pregnancies complicated by the antiphospholipid syndrome
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(Silver et al, 1994).

The underlying mechanism by which aPL exert their pro-thrombotic action is not 

fully understood. These antibodies may interact with specific proteins bound to anionic 

phospholipids, as demonstrated in chapter three, thereby altering their normal function. 

O f these, p2GPI and prothrombin are the best characterised. The cardiolipin antibody 

assay used in this study employed adult bovine serum as a blocking agent /diluent, which 

incidentally serves as a source of bovine p2GPI, and other potential phospholipid binding 

proteins. As such, this assay protocol increases the detection of autoantibodies in women 

with recurrent pregnancy loss (Aoki et al, 1995).

In this study aCL IgG and IgM occurred more frequently in cases than controls. 

In the cases, aCL IgG occurred more frequently in pregnancies with an adverse outcome. 

aCL IgM were detected in abnormal Doppler cases, some of whom preceded to have a 

normal pregnancy, while others were complicated by PIH, abruption and IUGR. O f the 

three cases with a history of more than twro non concurrent miscarriages, one had raised 

aCL IgM and resulted in abruption and intrauterine death at 32 weeks. Low titre aCL 

IgG remained elevated in four cases having a repeat sample collected between 28 to 32 

weeks. Low titre aCL antibodies have been shown to be of little significance in an 

otherwise healthy population (Harris & Spinnato, 1991), an observation I confirmed in 

the large cohort described in chapter six. However, from this study, the presence o f low 

titre aCL IgG in pregnancies presenting with a bilateral abnormal uterine artery Doppler, 

was associated with pregnancy complications. The pathogenic nature o f these antibodies 

has not been assessed by this study. Indeed the expression of these antibodies may be an 

epiphenomenon occurring as result of the placental pathology responsible for the 

abnormal Doppler. In Chapter four, I observed fluctuations in aPL levels, and 

heterogeneous trends in antibody levels throughout pregnancy, in aPS patients; 

pregnancies having a persistently positive aPL, resulted in pregnancy having normal and 

complicated outcomes. Although a decline in aPL levels during pregnancy was observed, 

in a subgroup of pregnancies having a favourable outcome. Since our study was 

retrospective and limited samples were available, I was unable to assess the existence of 

other haemostatic defects, which may act as a second hit in precipitating a pathological 

mechanism.

a-p2GPI IgG were not detected in samples from women with bilateral abnormal 

uterine artery Doppler, suggesting three diverse possibilities; 1) a-p2GPI mediated
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disturbance of the function of this trophoblast protein had not occurred in vivo, 2) a- 

(32GPI had been absorbed onto placental tissues causing disruption, or 3) the aCL 

detected are transient as have been associated with infection or tissue damage. However, 

as these patients had been recruited between 17 and 20 weeks of gestation, one cannot 

exclude a pathogenic role of a-(32GPI in early pregnancy failure. Repeat samples were 

available from 4/7 aCL IgG positive cases and expressed persistent elevated low titre 

aCL IgG during pregnancy. Repeat aPL testing remote from pregnancy would give 

insight as to the generation of such aPL, but unfortunately such samples were not 

available.

Prothrombin is the main antigen to which the lupus anticoagulant 

immunoglobulins are thought to be directed(Bevers et al, 1991b). aPT are heterogeneous 

(Galli et al, 1997). In chapter six I established the prevalence of aPT in a normal 

pregnant population and reported that the presence of aPT were not predictive of an 

adverse outcome. Though a higher proportion of study cases were found to express this 

antibody than healthy controls, pregnancy outcome was typically normal in all but one 

pregnancy which was complicated by IUGR and presented with an elevated hCG. In 

conclusion aPT do not appear to be associated with the pathophysiology of 

uteroplacental ischaemia.

aPL are heterogeneous and an ever increasing number of proteins have been 

identified as antigenic targets. The low titre aCL detected in the abnormal Doppler group 

may be a cross reacting population of antibodies directed against proteins not 

investigated in this study.

In chapter three, I demonstrated that affinity-purified human aPL from individual 

patients bind in a heterogeneous manner to protein extracts from normal term placentas. 

At present these protein bands remain unidentified, which serves to illustrate our lack of 

knowledge of how these antibodies alter placental function in-vivo. In vitro studies using 

cultured trophoblast cells have shown that aCL antibodies affect total and pulsatile 

placental hCG secretion, suggesting that aCL may modify trophoblast differentiation 

(Shurtz-Swirski et al, 1993). In this cohort increased aCL IgG co-existed with mid

trimester elevations of hCG, which may indicate an effect upon trophoblast 

differentiation, or simply a stimulatory effect of hormone secretion in response to villous 

ischaemia. Furthermore, a significant association between abnormal development of the 

utero-placental circulation, elevated mid-gestation maternal serum AFP and hCG, and
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subsequent adverse pregnancy outcome has been reported (Jauniaux et al, 1996).

The ability of abnormal uterine Doppler to identify high risk pregnancies has 

been disputed: in a group of unselected women with abnormal uterine artery Doppler 

waveforms at 24 weeks of gestation, the majority subsequently had normal pregnancy 

outcomes(North et al, 1994). In this study a bilateral abnormal uterine artery Doppler 

was associated with an adverse outcome in 49% of cases. Identification o f aPL may 

increase specificity in the identification of pregnancies at risk of complications. Dekker 

et al have identified underlying haemostatic abnormalities, including aCL IgG in a high 

proportion of pregnancies complicated by PET (Dekker et al, 1995). Although 

controversial, a subgroup of women with bilateral uterine artery notching at 24 weeks 

with underlying haemostatic defects such as aPL, may potentially benefit from specific 

anti-thrombotic treatment (i.e. aspirin or low molecular weight heparin)(Bower et al, 

1996). Further large cohort studies, are required, in order to clarify the association, 

between uteroplacental ischaemia and maternal thrombophilia.

7.3 aPL in pregnancies with unexplained elevated alpha fetoprotein and human 

chorionic gonadotrophin

7.3.1 Introduction

HCG is a glycoprotein produced by the trophoblast, which is vital for pregnancy. HCG 

modulates placental hormone production and maintains progesterone in early pregnancy. 

The process of syncytial fusion is associated with hCG synthesis. It’s production peaks 

between 10-12 weeks in normal pregnancy, and both autocrine and paracrine regulation 

are thought to occur (Barnea & Schurtz-Svirsky, 1992). AFP is a glycoprotein 

synthesised in fetal liver and the embryonic yolk sac which is secreted into the 

circulation. Unexplained maternal serum levels are thought to occur as result of 

increased transfer from the fetal circulation to the maternal via the fetal maternal 

interface, in cases of abnormal placentae (Thomas & Blakemore, 1990).

Unexplained elevated maternal serum AFP or hCG have been associated with 

adverse perinatal outcomes (PET, IUGR, preterm birth and perinatal death) (Jauniaux et 

al, 1996). Structural analysis of the placenta in these circumstances offers some insight 

into the pathology. Absent umbilical blood flow associated with uteroplacental 

ischaemia in pregnancies with IUGR have excessively infarcted placentas (Salafia et al,
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1997b). While, the features of placental pathology described in a general pregnancies 

with unexplained elevated AFP include chronic villitis and placental vascular lesions of 

infarction or intervillous thrombosis (Salafia et al, 1988), (Jauniaux et al, 1990). AFP 

may be elevated when the placental villous barrier loses integrity, allowing increased 

levels of AFP to enter the maternal circulation. It has been suggested that increased hCG 

may also occur as result of a reduced blood supply to the intervillous space and ensuing 

trophoblast ischaemia.

Patients with medium to high aCL IgG levels present in pregnancy with 

unexplained elevated serum AFP, and have a significantly poorer obstetric outcome than 

those with a normal AFP. In a recent study, placentas from eight out of nine APS 

patients, with a raised maternal serum AFP showed signs of infarction (Silver et al,

1994).

In vitro studies with antiphospholipid antibody-containing sera demonstrated an 

effect on basal and gonadotrophin releasing hormone dependent hCG release by cultured 

trophoblast cells (Shurtz-Swirski et al, 1993), (Di Simone et al, 1995). It is possible that 

aPL may interfere with placental function in a heterogeneous manner, but identification 

of pregnancies complicated with aPL is the first step to providing improved obstetric 

care.

7.3.2 Study design

A blinded retrospective case controlled study was performed in collaboration with the 

Guthrie Institute, Glasgow. Serum samples, which had been analyzed for AFP and hCG 

during pregnancy, were categorized and coded by the Guthrie Institute into one of four 

populations according to the AFP and hCG results: A) normal AFP and hCG, B) 

elevated AFP (>2.5 MOM) and normal hCG, C) normal AFP and an elevated hCG (>3.0 

MOM) and D) elevated AFP and elevated hCG. These samples were then analysed for 

aPL, blind to AFP, hCG and pregnancy outcome.

7.3.3 Methods

7.3.3.1 Antiphospholipid antibody assays

As only serum samples were available on these samples clotting assays for the detection 

of the LA were not possible. aCL (IgG and IgM), a-p2GPI (IgG and IgM) and aPT (IgG
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and IgM) were analysed as described previously, see sections 2.5.2, 2.5.4, 2.5.5 and 2.5.7 

respectively.

7.3.3.2 AFP and hCG Assays

AFP were measured by ELISA and pHCG was assayed by an immunoradiometric assay 

(IRMA). The results were reported in multiples of the median for gestation. Both AFP 

and hCG results were supplied by the Guthrie Institute after all aPL assays had been 

performed.

7.3.3.3 Data analysis

Descriptive data analysis was carried out, reporting the median and 25th/75th percentiles 

for each group. Significance testing was carried using the Wilcoxon Rank test. 

Correlation of aPL and biochemical markers was assessed using Spearman’s Rank 

correlation coefficient. /?<0.05 was considered statistically significant. Differences 

between the proportions of antibodies positive for the various categories were assessed 

by the Chi squared test. Statistical analysis was carried out using Astute (a statistical 

package compatible with Excel 5.0)

7.3.4 Results

The sample number and the maternal serum AFP and hCG for each sample group 

population analysed for aPL are given in Table 7.6.

Category Description No. of Samples AFP (MOM) hCG (MOM)

1 Normals 236 <2.0 <2.0

2 Raised AFP 196 >2.5 <2.0

3 Raised hCG 203 <2.0 >3.0

4 Raised AFP+ hCG 54 >2.5 >3.0

Table 7.6: The number o f  serum samples analysed fo r  aPL in each o f  four categories 

with defined AFP and hCG levels in multiples o f  median fo r  gestation.

The samples described in Table 7.6 were accumulated over a three year period. The low 

number o f samples with unexplained elevated AFP and hCG reflects the low incidence of
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this phenomena. The occurrence of an elevated unexplained AFP and hCG in the 

population from which these samples were collected is one in 1500.

The prevalence of positive aPL in each category was calculated and found not to 

differ significantly (Table 7.7).

Anti cardiolipin Anti-prothrombin a-3,GPI
IgG IgM IgG IgM IgG IgM

Normal N = 236 20 (8.5) 13 (6.3) 10(4.2) 22 (9.3) 7 (3.0) 13 (5.5)

Raised AFP N=196 12(6.1) 11 (5.6) 11 (5.6) 14(7.1) 5 (2.6) 19(9.7)

Raised hCG N=203 10(4.9) 13 (6.4) 8 (4.9) 11(5.4) 6 (3.0) 11(5.4)

Raised AFP and 5 (9.3) 3 (5.6) 5 (9.3) 6(11.1) 1(2) 2 (3.7)
hC G N  = 54

Table 7.7: Prevalence o f  aPL in pregnancies with variable levels o f  AFP and hCG. 

Results expressed as No (% ) o f  the subgroup.

The descriptive statistics for aPL tests in pregnancies with normal AFP and hCG are 

given in Table 7.8.

Anti cardiolipin Anti-prothrombin a-p2GPI

IgG IgM IgG IeM IgG IgM
/GPL /MPL % Activity % Activity % %

Activity Activity
Upper Limit

of normal 5.0 11.4 3.9 20.1 3.5 4.5
Median 1.5 2.4 2.6 7.7 1.4 2.4

Minimum 0.1 0.1 1.6 1.7 0.3 0.5
Maximum 18.2 29.7 6.8 130.8 25.2 33.2
25th Centile 0.8 0.6 2.3 4.8 1.0 1.8
75th Centile 2.8 4.8 2.9 12.6 1.8 3.1

Table 7.8: Descriptive statistics fo r  aPL levels in pregnancies (n = 236) with normal 

AFP and hCG levels. Results expressed in median and interquartile range.

The descriptive statistics for aPL tests in pregnancies with unexplained elevated AFP 

(>2.5 MOM) and a normal hCG are given in Table 7.9.
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Anti cardiolipin Anti-prothrombin a-p2GPI

IgG IgM IgG IgM IgG IgM
/GPL /MPL % Activity % Activity %

Activity
%

Activity
Upper Limit 

o f normal
5.0 11.4 3.9 20.1 3.5 4.5

Median 1.30 1.18 2.72 6.48 1.46 2.66
Minimum 0.1 0.1 1.66 1.55 0.2 0.6
Maximum 20.2 23.26 21.94 46.27 13.65 12.1
25th Centile 0.7 0.1 2.42 4.55 1.18 1.98
75th Centile 2.24 3.61 3.13 10.77 1.82 3.45

Table 7.9: Descriptive statistics fo r  aPL levels in pregnancies (n = 196) with 

unexplained elevated AFP (>2.5 MOM) and a normal hCG. Results expressed in median 

and interquartile range.

The descriptive statistics for aPL tests in pregnancies with a normal AFP and 

unexplained elevated hCG (>3.0 MOM) are given in Table 7.10.

Anti cardiolipin Anti-prothrombin a-p2GPI

IgG
/GPL

IgM
/MPL

IgG 
% Activity

IgM 
% Activity

IgG
%

Activity

IgM
%

Activity
Upper Limit 

o f normal
5.0 11.4 3.9 20.1 3.5 4.5

Median 1.2 1.4 2.6 6.6 1.5 2.4
Minimum 0.1 0.1 1.7 2.0 0.2 0.5
Maximum 17.4 27.2 7.4 58.2 15.1 24.5
25th Centile 0.7 0.2 2.3 4.3 1.2 1.9
75th Centile 2.4 3.9 3.0 10.5 1.8 3.0

Table 7.10: Descriptive statistics fo r  aPL levels in pregnancies (n = 203) with a normal 

AFP and unexplained elevated hCG (>3.0 MOM). Results expressed in median and 

interquartile range.

The descriptive statistics for aPL tests in pregnancies with unexplained elevated 

AFP(>2.5 MOM) and hCG (>3.0 MOM) are given in Table 7.11.
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Anti cardiolipin Anti-prothrombin a-p2GPI

IgG
/GPL

IgM
/MPL

IgG 
% Activity

IgM 
% Activity

IgG
%

Activity

IgM
%

Activity
Upper Limit 

of normal
5.0 11.4 3.9 20.1 3.5 4.5

Median 1.30 1.40 2.63 8.16 1.40 2.62
Minimum 0.3 0.1 1.72 3.01 0.2 1.20
Maximum 14.34 17.05 7.15 35.32 3.94 5.80
25th Centile 0.64 0.2 2.39 5.16 1.04 1.83
75th Centile 3.70 4.00 3.05 12.32 1.80 3.26

Table 7.11: Descriptive statistics fo r  aPL levels in pregnancies (n = 54) with 

unexplained elevated AFP (>2.5 MOM) and hCG (>3.0 MOM). Results expressed in 

median and interquartile range.

There was no apparent difference between the median and range of elevated antibodies in 

any of the categories, as displayed in Figure 7.2.
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F igu re 7.2: Box and Whisker representation o f aPL positive samples. aCL IgG and IgM  

are reported in GPL and MPL. Anti-PT and a-foGPI are reported as the % activity o f a 

well characterised standard. The upper limit o f normal is indicated by a red line ( ------).

I had hoped to compare the outcome of pregnancies with and without aPL for each 

category. As this study was retrospective and the number of patients large it was not 

feasible to establish pregnancy outcome from the patient notes. Pregnancy outcome data 

is recorded by the Edinburgh Scottish Office and access to these data is currently being 

sought by my collaborators in Glasgow. Unfortunately, these data will not become 

available within the time frame of this thesis.

7.3.5 Discussion

There is mounting evidence which suggests that aPL mediated placental pathology is 

associated with disruption of placental hCG and increased feto-matemal transfer of AFP, 

which are reflected in maternal serum levels of these proteins. Elevated maternal serum 

levels of hCG reflect increased trophoblast levels (Liu et al, 1999). Unexplained
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elevated levels of these proteins are pre-clinical indicators of subsequent obstetric 

complications. The underlying pathology which establishes increased maternal serum 

levels of these proteins is unknown. High levels of first trimester hCG retard trophoblast 

invasion in vitro (Yagel et al, 1993), a feature associated with recurrent miscarriage. 

Unfortunately, hCG and aFP levels were not available on the pregnant aPS women 

described in chapter five.

aPL are reported to affect gonadotrophin releasing hormone (GnRH) induced 

signal transduction and thereby effect the production of HCG (Di Simone et al, 1995). 

Contrasting effects of aPL on hCG production have been reported. Mouse moAb have 

been shown to effect the pulsatile secretion of placental HCG, while patient aPL had an 

inhibitory effect on hCG secretion (Shurtz-Swirski et al, 1993).

aPL bind to human trophoblast in vitro either directly or through adhered P2GPI, 

and reduce hCG secretion and trophoblast invasiveness (Di Simone et al, 1998). Heparin 

corrects hCG secretion (Di Simone et al, 1997) and restores invasiveness. Elevated AFP 

is marker of adverse perinatal outcome in pregnancies complicated by the 

antiphospholipid syndrome (Silver et al, 1994).

In this study the prevalence of aPL was no higher in pregnancies presenting with 

elevated unexplained maternal serum AFP or hCG, than those with normal levels of 

these markers. In chapter six, I established that the presence of aPL (aCL, aPT or a- 

p2GPI) were not associated with obstetric complication in a low risk pregnant population. 

The prevalence of aPL in women with normal aFP and hCG levels were higher than 

those of the low risk population. Both these studies were performed using the same 

standard and control preparations. Exclusion criteria was employed in the recruitment of 

low risk population in chapter six. Subjects in this study were chosen and categorised 

according to AFP and hCG levels, and may include women with undiagnosed aPS. It 

remains to be seen, if  the combined expression of aPL and abnormal biochemical 

markers have an increased risk of an adverse pregnancy outcome in these pregnancies. 

In the abnormal Doppler study in the earlier section of this chapter 4/7 cases with 

elevated aCL had a hCG >3.0 MOM and experienced an adverse outcome. Thrombosis 

of the spiral arteries results in placental hypoxia, and it has been proposed that hypoxia 

increases hCG production by increasing differentiation and syntytium formation 

(Kingdom & Kaufmann, 1997b). Concomitant with hypoxia induced proliferation is an 

inhibition of invasion (Genbacev et al, 1996), a feature of PE and IUGR.
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In a recent report the prevalence of aCL IgG and/ or IgM in 80 women with 

unexplained elevated maternal serum AFP, was significantly higher than the control 

population (Yetman et al, 1997). When aCL IgG alone was compared the prevalence 

was not statistically different. There was no difference in the outcome o f patients with 

and without a positive aCL.

The evidence for aPL interfering with hCG and AFP production is substantial and 

is not incompatible with my findings. aPL may interfere with placental and decidual 

function in a manner which results in increased production or secretion. The pathologies 

and mechanisms which precipitate unexplained elevations of maternal serum AFP and 

hCG may be numerous. It appears that a theoretical aPL mediated disruption of AFP or 

hCG transfer to maternal serum is not a predominant pathology. However, the 

interaction of aPL with AFP and hCG provides evidence that aPL mediated pathologies 

may not be exclusively thrombogenic.
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Placental Expression o f /32GPI and Annexin V in 

Normal and aPS Pregnancies

8.1 Introduction

Placental thrombosis has been described as a feature of placentas from pregnancies 

complicated by aPL (see chapter one). aPS pregnancies existing beyond 20 weeks are 

frequently complicated by pre-eclampsia (PET) or intrauterine growth restriction 

(IUGR), conditions which are initiated in early pregnancy. Placental thrombosis is 

more common and extensive in each of these conditions when compared with healthy 

pregnancies. It is thought that aPL may mediate their adverse effects by accelerating the 

rate of placental thrombosis to a point beyond which the placenta can not sustain fetal 

growth and well-being. Is it possible that aPL mediate non-thrombogenic mechanisms 

such as reduced invasion, increased apoptosis and that thrombosis may be secondary 

event.

The placenta is critical for the maintenance of pregnancy from implantation to 

delivery. In my opinion it is at the feto-maternal junction that aPL may initiate 

pathological mechanisms. In chapter three, I demonstrated that affinity purified aPL could 

bind normal human term placenta. Identification of the target antigens for aPL, expressed 

by the placenta, would advance our knowledge of the pathological mechanisms of aPL 

mediated obstetric complications. The time of placental expression of these proteins is 

relevant to the potential pathogenic role if their function is disrupted.

There is no direct vascular continuity between the mother and fetus, yet contact 

occurs at the feto-maternal junction (placenta) where fetal trophoblast cells are in direct 

contact with maternal cells. The two sites where the fetal placental trophoblast cells are in 

contact with maternal circulation in the established pregnancy are (see Figure 8.1): (i) the 

villous surface of the placenta; where syncytiotrophoblast cells are bathed in maternal blood 

and, (ii) in the placental bed, where heterogeneous extravillous cytotrophoblasts cells are in 

contact with maternal uterine cells and blood.
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F igu re 8. 1: Marginal Region o f Human Placenta, demonstrating trophoblast invasion 

o f the maternal uterine wall by extravascular trophoblasts, and the uterine arteries by 

intravascular trophoblasts. Adapted from uPathology o f  the Human Placenta” , Bernirschke and 

Kaufmann, 1995.

[BGPI has been described as having anticoagulant activity and is the primary antigen to 

which aPL are thought to be directed. In chapter four, I confirm ed the im portance o f  a- 

[LGPI as a marker for throm bosis in the aPS. In chapter three, I demonstrated by 

im m unofluorescence that p2GPI was present in the normal term placenta, w hich  are in 

accordance with the report o f  P2GPI elution from term placenta (C ham ley et al, 1993). 

The findings o f  an im m unofluorescent study indicate an increase in p2GPI staining in 

term aPS placentas (La Rosa et al, 1994). It becam e apparent that the placental 

ontogeny o f  P2GPI should be established, and my secondary aim w as to exam ine (TGPI 

expression in aPS placentas.

Other anionic phospholipid binding proteins with anticoagulant activity have 

been implicated as targets for aPL; these are; protein S, protein C, and annexin V (AV). 

AV is known to behave as a potent anticoagulant protein and is abundant in the placenta. 

AV is localised to the apical surface o f  syncytiotrophoblast in human normal term placenta 

(Krikun et al, 1994), but a complete ontogeny had not been described. The tissue 

disruption and cellular functions o f  AV, along with it's high affinity for anionic 

phospholipids suggests that it may be a target protein for aPL, capable o f  causing placental
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dysfunction.. Furthermore, a recent report described a reduction of placental AV in aPS 

placentae (Rand et al, 1994a), which was contrary to the finding of La Rosa (La Rosa et 

al, 1994). A role for AV in the pathophysiology of the aPS was relatively unsubstantiated. 

The immunohistochemical observation of reduced placental AV may have been due to 

steric hindrance of bound aPL. It remained to be established how representative was the 

finding of reduced syncytiotrophoblast AV, of aPS pregnancies.

The aim of this study was to investigate the placental localisation of (32GPI and 

AV throughout gestation by immunohistochemistry, and to quantitate protein 

expression. I aimed to establish an immunohistochemical technique capable of 

identifying cellular or tissue antigens ((32GPI and AV). An avidin-biotin method was 

chosen for it’s high sensitivity and reduced cross reactivity due to high antibody 

dilution. Counter staining of the tissue was required to localise [32GPI and AV relative 

to nuclear staining. The use of insoluble chromogens would provide a permanent record 

of protein localisation. Placental protein expression of these proteins in aPS and aPL 

negative IUGR would be compared with gestation matched normal placentae. It was 

also hoped to correlate immunohistochemical findings with the maternal serum antibody 

profile of aPS patients.

8.2 Methods

8.2.1 Tissue Collection and preparation

Ethical approval and informed patient consent was obtained prior to the collection of 

tissues. Placentae from normal first trimester pregnancies were obtained immediately 

after elective termination of pregnancies (ranging from 7- 16+4 weeks gestation). The 

week of gestation was calculated from the crown to rump length (crl) or biparietal 

diameter measurements, evaluated by ultrasound just prior to termination. Both preterm 

placenta and term placentas were collected immediately post spontaneous delivery or 

caesarean section. Placentas from pregnancies complicated by maternal or fetal 

abnormalities were excluded. Multiple adjacent villous placenta samples were collected 

from placentas of advanced gestation (see section 2.4.1). Placental tissue was collected 

from the first (7-11 weeks; n = 10) and second (15-16 weeks; n=4) trimesters. Placentas 

were similarly sampled following preterm (24-31 weeks; n=5) and term (38-40 weeks; 

n=7) deliveries of normally formed singleton appropriately grown pregnancies to 

normotensive mothers. A collaborator collected a number of placental bed biopsies.
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Samples of placenta were collected from two groups of pathological pregnancies, 

and were processed or stored as described in sections 2.2.1. to 2.2.5. Tissues from 

women with aPS delivering preterm (26-32 weeks; n =1) or at term (37-40 weeks; n =8) 

and miscarried in the first trimester (10-11 weeks; n =2) were collected. The second 

pathological group were severe early-onset intrauterine growth restriction (IUGR) (Krebs 

et al, 1996) who were delivered preterm (27-29 weeks; n =3) in the fetal interest, with 

birthweight <10th percentile and absent end-diastolic flow velocity in the umbilical 

arteries before delivery.

8.2.2 Immunohistochemical Investigation

Commercial polyclonal rabbit antibodies, which had not previously been used for 

immunohistochemistry, were used for the localisation of p2GPI and AV. It was therefore 

necessary to perform an initial assessment of the staining procedure and antibody 

dilution using frozen term sections. Preliminary studies indicated that an indirect 

strepavidin biotin method using alkaline phosphatase was unsuitable, as alkaline 

phosphatase endogenous to the placenta is levamisole resistant and results in false 

positive background staining. Therefore a strepavidin-biotin peroxidase procedure was 

adapted, which included pre-incubation of sections in absolute methanol containing 0.5 

per cent hydrogen peroxide, to abolished endogenous peroxidase activity. The 

endogenous peroxidase blocking step did not effect p2GPI or AV immunoreactivity.

Assessment of P2GPI and AV on placental tissue after fixation by formal saline 

and paraffin wax embedding demonstrated that there were no alterations in the 

expression of either antigen, when compared with stained section from frozen tissues. 

Therefore paraffin sections were used, which enables section cutting at 3 pm and superior 

microscopic resolution.

Optimal staining without non specific precipitation or false negatives requires 

that the anti serum is applied at an appropriate dilution and that evaporation and carry 

over are prevented. Initial studies indicated that an evaluation of the primary antibody 

titre was required on both first trimester and term placentas. Streptavidin-biotin staining 

was performed using a broad range of primary antibody dilutions and the optimal 

antibody titre identified after microscopic examination o f both first trimester and term 

sections. Due to variations in staining intensity from first trimester to term I decided to 

carry out the staining procedures at two antibody dilutions. The intensity o f staining was

262



reproducible when strict peroxidase development times were adhered to. The final 

staining procedures for P2GPI and AV are detailed in sections 2.5.1 and 2.5.2 

respectively. Staining patterns were observed under conventional light microscopy, 

recorded and photographed.

8.2.3 Staining validation.

A negative control was included to demonstrate that no staining occurred in the absence 

o f the primary antibody or in the presence of an irrelevant antibody. In this study, 

commercial polyclonal P2GPI and AV antibodies were studied for their reactivity with 

purified p2GPI and AV, and extracted placental proteins. After SDS-PAGE separation 

(section 2.8.1) and transfer to nitro-cellulose by western blotting, these commercial 

antibodies were used for immunodetection (section 2.8.3).

8.2.4.Protein Extraction

The aim of the extraction procedure was to provide a solution for the quantification of 

P2GPI and AV, which reflected their expression in placental villous tissue throughout 

gestation. The quantity of tissue available from early first trimester pregnancies was 

approximately 0.5 to 1.5g, and limited the extent of handling. For convenience I aimed 

to use the same extraction procedure for both proteins. A number of extraction protocols 

had been described in the literature for AV quantification o f (Romisch & Heimburger, 

1990), (Schlaepfer & Haigler, 1990), but P2GPI had been considered to be a plasma 

protein produced by the liver, and tissue extraction procedures had not been described.

A preliminary study to assess the suitability of various extraction buffers and the 

effect of pre-extraction handling with respect to p2GPI quantification was performed on 

term placenta. A term placenta delivered by caesarean section was processed within 30 

minutes. Six tissue blocks of similar size (wet weight; Table 8.1) were collected from 

central regions of the placenta (midway between the cord and the periphery), avoiding 

infracted or necrotic patches.
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Tissue Block Wet Weight/g Final Rinse / Extraction Buffer
1 2.78 TBS (0.1M ) +2M KSCN
2 2.55 TBS+azide+benzamadine+2M KSCN
3 2.24 TB S+azide+benzamadine

+ Tween 20 (0.1%)+2M KSCN
4 2.69 PBS+2M KSCN
5 2.73 PBS+azide+ benzamadine#2M KSCN
6 2.49 PB S+azide+benzamadine

+ Tween 20 (0.1%)+2M KSCN

Table 8.1: Wet weight o f  tissue blocks from a term placenta used to assess pre

extraction handling and buffers fo r  placental extraction on P2 GPI quantitation.

All blocks were rinsed four times in PBS, followed by a final rinse in the relevant buffer 

described in Table 8.1, ground in a manual tissue grinder in 20mls of extraction buffer 

(Table 8.1), sonicated for eight cycles on ice (30 sec on : 20 sec off, [Soniprep, MSE]) 

and mixed by inversion for 24 hours at 4°C. Cellular debris was removed by 

centrifugation @ 10,000g for 30 min and the supernatant was analysed by western 

blotting. p>2GPl was quantified by an adaptation of the "in house’ ELISA for plasma 

p2GPI, as described in section 2.7.2. This revealed that p2GPI was quantifiable by 

ELISA from a crude extraction preparation, being barely detectable by western blotting. 

All extracts were assayed at five dilutions (1/10 to 1/160) and the results adjusted 

accordingly (see Table 8.2).

Block Final Rinse / Extraction Buffer P2GPI |4g/g
1 TBS (0.1M ) +2M KSCN 4.51
2 TBS+azide+benzamadine+2M KSCN 4.50
3 TB S+azide+benzamadine 7.76

+ Tween 20 (0.1%)+2M KSCN
4 PBS+2M KSCN 4.21
5 PBS+azide+ benzamadine#2M KSCN 5.72
6 PB S+azide+benzamadine 6.50

+ Tween 20 (0.1%)+2M KSCN

Table 8.2: P2 GPI pg/g extracted from placenta tissue under various conditions.

It appears that either a Tris or a Phosphate buffer are suitable for the extraction of p2GPI. 

Tissue blocks extracted in Tween had a higher yield in both buffer systems, which was
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highest with the Tris buffer. I chose to use a Tris EGTA buffer for further extractions as 

had been described in a previously reported protocol for the extraction o f AV from rat 

heart (Jans et al, 1995). I decided to report the concentration of P2GPI and AV with 

respect of the total protein level (section 2.7.1), as the weight of tissue from which the 

extraction was performed may not give an accurate estimate of protein, due to variation 

in the proportion of fluid trapped in the intervillous spaces.

p2GPI is known to associate with high molecular weight molecules such as 

lipoprotein, DNA, mitochondria and heparin and it was feasible that such a fraction may 

be lost during a high speed centrifugation. Therefore, Triton X-100 was included to 

enhance protein solubilisation. The effect of centrifugation speed on the relative 

concentration of p2GPI in the final supernatant was assessed. The results of p2GPI 

quantitation from extraction preparations after different centrifugation speeds are given 

in Table 8.3.

Gestation 
(weeks+ days)

P2GPI pg/mg 
after 6,OOOg

P2GPI pg/mg 
after 10,OOOg

7 0.40 0.50
7 1.10 0.34

7+1 0.64 0.90
8+4 1.26 0.75
9+4 0.71 0.77
10+3 0.93 0.89
15+4 0.10 0.12
15+5 0.61 0.40
16+4 1.09 1.25

Term 1 4.48 3.31
Term 2 2.30 2.57
Term 3 3.76 1.67
Term 4 3.56 1.52
Term 5 4.81 1.75
Term 6 3.58 1.79

Table 8.3: /?2 G P/ jug /mg in supernatant after centrifugation at 6, OOOg orl. 0, OOOg

Graphical representation of these clearly indicated increased extraction of P2GPI at the 

lower centrifugation speed (Figure 8.2).
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F igu re 8.2: Graphical presentation o f (32GP1 concentration in supernatants after 

centrifugation at 6,000 or 10, OOOg

Variability in the concentration of p2GPlpg/ mg total protein throughout gestation is 

apparent. A reduction of extracted P2GPI / mg total protein with increased centrifugal 

speed was observed in term placentas. A protocol using a final centrifugation step at 

6,OOOg was chosen and is described in section 2.6.

It would be interesting to further investigate the distribution o f P2GPI and AV in 

various placental fractions, but it was beyond the scope of this study. P2GPI and AV 

were quantified from normal and aPS placentas, by ELISA (2.7.2 and 2.7.3) and reported 

as the mean of the doubling dilutions for a given sample. Total protein was reported in 

mg/ml. P2GPI and AV results were expressed P2GPI pg / mg total protein in placental 

extracts.

8.2.5 Statistical Analysis

Correlation between parameters was assessed using the Spearman rank test and 

comparison of unpaired groups was performed using the non-parametric Mann-Whitney 

test. A probability value of less than 0.05 was considered statistically significant.
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8.3 Results

8.3.1 Placental tissues collected

The gestation at times of placental collection, method of delivery and placental weight of 

normal pregnancies is summarised in Table 8.4.

Number Gestation (Weeks + Days) Delivery Placenta Weight /g

1 7 Surgical n/a
2 7+1 Surgical n/a
3 7+1 Surgical n/a
4 7+5 Surgical n/a
5 8+4 Surgical n/a
6 8+5 Surgical n/a
7 9+1 Surgical n/a
8 9+4 Surgical n/a
9 10+3 Surgical n/a
10 10+6 Surgical n/a
11 15+4 Surgical n/a
12 15+5 Surgical n/a
13 16 Surgical n/a
14 16+4 Surgical n/a
15 24+2 VD 145
16 25 VD 210
17 26+5 VD 280
18 30 CS 255
19 31+3 VD 235
20 38 CS 790
21 38+5 CS 790
22 39+1 CS 700
23 39+1 CS 700
24 39+4 VD 500
25 40+2 VD 690

Table 8.4: Gestation, mode o f  delivery and placental weight o f  normal placentas 

collected fo r immunohistochemistry. Where VD = vaginal delivery, CS = caesarean 

section, n/a = not applicable.

Due to the limited number of aPS patients receiving anti-natal care at our hospital, it 

became necessary to collaborate with another centre (Obstetric Department, Liverpool 

Womens Hospital). Unfortunately, paired placental tissue and maternal blood samples 

were not available. IUGR placentas were collected by Dr Burrell, Obstetrics Dept, UCH 

Details of the aPS and IUGR placentas collected and stained are given in Table 8.5.
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8.3.2 Immunolocalization general

A strepavidin-biotin peroxidase procedure with pre-incubation in absolute methanol 

containing 0.5% hydrogen peroxide abolished endogenous peroxidase activity was 

established on paraffin sections. A control section of term placenta was included with 

each staining procedure, which was completely immuno-negative on all occasions 

(Figure 8.3).

%.’ • t .

F igu re 8.3: Negative control for indirect strepavidin biotin peroxidase

immunohistochemistry on placental tissue. 10x10. IVS =  intervillous space, and the 

arrow indicated the apical surface o f the villus (the syncytiotrophoblast)

Figure 8.4 is a diagrammatic representation the morphological features of placental 

villous at term, indicating the outer syncytiotrophoblast, inner cytotrophoblast and the 

inter villous space. The calibre o f the villous varies throughout gestation, and at term 

few cytotrophoblasts are visible.
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Microvillous surface

Cytotrophoblast

Intervillous space

Fetal blood cell
Fetal vessel

F igu re 8.4: Diagrammatic representation o f term placental villi in cross section. Adapted 

form “ Pathology o f  The Human Placenta”, (Benirschke& Kaufmann, 1995).

8.3.3 Immunolocalization o f  f32GPI in normal placenta

8.3.3.1 Immunolocalization o f P2 GPI in the villous placenta

[32GPI w as expressed throughout gestation (Figures 8.5a to e) by the syncytiotrophoblast 

in normal v illou s tissue. Figure 8.5a is an overview  o f  p2GPI staining in the first 

trimester placenta. The m orphology and maturity o f  the villi are characteristic for seven  

w eeks o f  gestation. The v illous type is predominantly m esenchym al, with early fetal 

vascularization and peripheral v illous sprouts. The dominant feature being the thick  

trophoblast layer, consisting o f  the inner cytotrophoblast and outer syncytiotrophoblast, 

w hich faces the intervillous space.

At a higher m agnification it is apparent that trophoblast staining is in the outer 

syncytiotrophoblast, w hile the cytotrophoblasts were predom inately negative (Figure 

8.5b).
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Figure 8.5a: flgGPl is localised (arrow) to the trophoblasts o f  mesenchymal villi, and 

trophoblast sprouts, with staining around fetal capillaries (*) at 7 weeks 10x10

Figure 8.5b: fy G P I localised to the outer syncytiotrophoblast layer(arrow) o f  a villous 

sprout, while the cytotrophoblast layer (arrowhead) is predominantely negative. 40 x  10
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The trophoblast architecture in the early second trimester is m ainly that o f  immature 

intermediate villi w hich  have a reduced cytotrophoblast layer. p2GPI staining is positive  

in the syncytiotrophoblast, but show s variable intensity. The cytotrophoblasts remain  

predom inantly negative (Figure 8.5c).

F igu re 8.5c: P2 GPI is localised to the syncytiotrophoblasts (arrowsj o f immature 

intermediate villi, but the cytotrophoblasts (arrowheads) are predominantely negative, at 

16 weeks 40x10

Syncytial staining in terminal, mature intermediate and large stem  v illi w as observed in 

pre-term villous tissue (Figure 8.5d). In the preterm and term placenta the trophoblast 

layer consists primarily o f  syncytiotrophoblasts. Scanty and discontinuous underlying  

cytotrophoblasts were m ostly  im m unonegative, as demonstrated in Figure 8.5d. W eak  

stromal and positive staining o f  occasional large m ononuclear ce lls w as observed at both  

preterm (Figure 8.5d) and term placentae (Figure 8.5e).
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F igu re 8.5d: Placental P2 GPI at preterm localised to the syncytiotrophoblast

layer(arrow). Arrow heads indicate a cytotrophoblast and * degenerative villus. 40x10

In the term placenta strong syncytial staining w as observed, w hich  was generally  

intensified around syncytial knots. Cells trapped in fetal capillaries w ere in som e cases  

strongly positive. Maternal red blood cells w ere m ostly negative (Figure 8.5e).
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F igu re 8.5e: P2 GPI in term placenta localised to syncytium (arrow) o f terminal villi; the 

arrowhead indicates a synctial knot, * a fetal capillary, and { a collection o f maternal 

red blood cells in the inter villous space. 20x10

F etal m acrop h ages or H ofbauer ce lls  are found in the hum an p lacen ta  from  early  

gesta tion . H ofbauer c e lls , sta in ing  p o sitiv e  for (32GPI w ere a d om in an t feature o f  the 

v illo u s  p lacenta  b etw een  w eek s  sev en  to 16. F igure 8 .6  d isp la y s the characteristic  

reticular strom a o f  an im m ature interm ediate v illo u s , w ith  p o s it iv e  H ofb au er  c e lls  and 

sy n cytio trop h ob last ce lls .
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F igu re 8.6: fgG P I staining o f Hofbauer cells (indicated by arrows) in an immature 

intermediate villous at 7 weeks and 4 days. 40 x 10

A  further (32GPI staining pattern seen in the first and second trimester placentas w hich  

demands more detailed reporting was that o f  perivascular staining. From seven  w eeks  

gestation the first indications o f  perivascular staining were apparent. Figure 8.7a  

displays a cross section  and figure 8.7b is a longitudinal section  o f  a fetal vesse l, both  

with perivascular (32GPI staining.
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F ig u re  8.7a: Perivascular J32 GPI staining around a cross section o f a fetal vessel at 7 

weeks gestation. 40x10. Arrow = negative endothelium, arrowhead =  @2GPI-
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F ig u re  8.7b: Perivascular P2 GPI staining on a longitudinal section o f a fetal vessel at 7 
weeks gestation. 40x10.
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In the second trimester, the perivascular staining was more pronounced in mature villi. 

An overview of P2GPI staining at 16 weeks demonstrated that perivascular staining 

forms a distinct staining pattern (Figure 8.7c). Also visible are some degenerating villi, a 

feature on normal placentas, which are P2GPI positive.

F igu re 8.7c: Perivascular P2 GPI staining around fetal vessel in immature intermediate 

and stem villi at 16 weeks gestation. Arrows indicate perivascular staining and * 

degenerative villi. 4x10

High power magnification reveals a P2GPI negative endothelium in fetal vessels with 

perivascular staining (Figure 8.7d).
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F igu re 8.7d: Perivascular fcGPI staining (arrow) on a cross section o f a fetal vessel at 

16 weeks gestation, demonstrating a immuno-negative endothelium (arrowhead). 40x10

8.3.3.2 Immunolocalization o f P2 GPI in extravillous tissue

P2GPI staining on basal plate sections and placental bed biopsies revealed an extravillous 

distribution of P2GPI. At the first point of contact with the maternal uterine wall, the 

extravillous trophoblasts of the cell column (anchoring villus) which is attachment to the 

basal plate, were primarily negative. Immediately to the rear of the cell column, was an 

intensification of weakly positive stromal cells in the anchoring villus (Figure 8.8a).
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F igu re 8.8a: Predominantly frG Pl negative extravascular trophoblasts (arrowheads) in 

a cell column at 14 weeks gestation. 40x10

Placental bed b iopsies and basal plate sections im m unolocalised for P2GPI, demonstrated  

im m uno-positivity in large rounded cells, which w ere m orphologically similar to invasive  

extravascular trophoblast ce lls (Figure 8.8b). H ow ever without double labelling it is not 

possib le to categorically identify this cell type.
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F igure 8.8b: P2 GPI staining o f second trimester decidua. Immuno-positive staining of 

large, rounded mononuclear cells (arrow). Endothelium o f a uterine vein is negative 

(arrowhead) 40x10

8.3.4 Immunolocalization o f  A V  in normal placenta

8.3.4.1 Immunolocalization o f AV in villous placenta

A V  w a s exp ressed  throughout gesta tion  (F igu res 8 .9 a  to 8 .9 c )  by trophoblasts in norm al 

v illo u s  tissu e . F igure 8 .9a  d isp lays A V  sta in ing  in a first trim ester p lacenta, w here it w a s  

in ten se ly  lo ca lised  to apical surface o f  the syn cytiu m . F lom ogen ou s sta in ing w a s  

ob served  in the cytop lasm  o f  both syn cytio trop h ob last and cytotrophoblast c e lls  and in 

H ofb au er ce lls .
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Figure 8.9a: Placental immunolocalisation o f AV at 7 weeks. Strong immuno-positivity 

on the apical surface (arrow), with cytoplasmic staining in syncytiotrophoblast and 

cytotrophoblast cells 20x10

A V  stain ing in the early secon d  trim ester h igh ligh ts ch an ges in the trophoblast m em brane  

com p o sitio n . S trong im m u n o-p ositive  sta in ing  o f  the d iscon tin u ou s cytotrophoblast layer  

w a s ob served . Intense A V  sta in ing  o f  the m icro v illo u s  surface o f  syn cytiotrop h ob last  

c e lls  in the p resen ce  o f  v irtually  n egative  cytop lasm  w a s a lso  detected  (F igure 8 .9b ).
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Figure 8.9b: Placental immunolocalisation o f AV at 16 weeks. Strong immuno-positivity 

on the apical surface (arrowhead), with cytoplasmic staining o f cytotrophoblast cells 

(arrow) 20x10

In the preterm  and term p lacenta sta in in g  in term inal, m ature interm ediate and large stem  

v illi w a s  on the ap ical surface o f  the predom inant syn cytiotrop h ob last ce lls . Scanty  

underlying cytotrophoblasts w ere  m ostly  im m u n o-p ositive . T he strom a and fetal 

cap illaries w ere  n egative  (F igure 8 .9 c ).
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Figu re 8 .9 c: Placental immunolocalisation o f AV at term, localises AV to the 

syncytiotrophoblast with some apical surface staining (arrow). 20x10. Stroma and fetal 

vessels (*) are negative.

8.3.2.4 Immunolocalization o f AV in extravillous tissue

E xtrem ely  strong A V  im m u n o -p o sitiv ity  w as ob served  in large rounded c e l ls ,  w h o se  

m o rp h o lo g y  su g g ests  th ey  are in v a siv e  extravascular trophoblast c e lls  (F igu re  8 .1 0 ). 

H o w ev er , w ith ou t d ou b le  lab e llin g  it is not p o ss ib le  to ca teg o r ica lly  id e n tify  th is ce ll  

typ e.
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F ig u re  8.10: Decidual immunolocalisation o f AV at 7 weeks. Strong immuno-positivity 

staining o f large extravillous cells 20x10

8.3.5 Immunolocalization o f  f32GPI in the placental tissues o f  aPSpregnancies

A b n orm al strom al {32GPI lo ca lisa tio n  w as ob served  in an aPS p lacen ta  from  a pregnancy  

lo s s  at < 1 1 /4 0  w e e k s , p eri-vascu lar sta in ing w as absent in  h y p o v a scu la r  v illi  in the  

p resen ce  o f  norm al syn cytio trop h ob last sta in ing  (F igure 8 .1 1 a ). T h is patien t had an 

e lev a ted  anti (32G PI IgM  (chapter four). A V  im m u n o lo ca lisa tio n  in  th is p lacen ta  w as  

norm al. p 2GPI lo ca lisa tio n  in preterm  and term  aPS p lacen tas w ere  s im ilar  to th ose  in  

g e sta tio n a lly  m atched  p lacentae. T w o placentas had a slig h t red u ction  in the in ten sity  o f  

sta in in g  ob served  (F igure 8.1 lb ).
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F ig u re  8.11a: P2 GPI localisation in a aPS placenta at 10 weeks gestation,
demonstrating a hypovascular villus with increased trophoblast sprouts (arrows). 40x10

F ig u re  8.11b: Slightly reduced P2 GPI staining to syncytium on a term aPS placenta. 
20x10
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8.3.6 Immunolocalization o f  A V  in the placental tissues o f  aPS pregnancies

O ne aPS p lacenta assoc ia ted  w ith  an early m iscarriage (1 0 /4 0 )  d em onstrated  a dram atic  

reduction  o f  m icro v illo u s A V  exp ression  (F igure 8 .1 2 ), but norm al P2GPI exp ression . 

A V  sta in in g  in preterm  and term aPS placentas w ere  sim ilar to th o se  in g e sta tio n a lly  

m atched  p lacentae. O ne aPS p lacenta had trophoblast m o rp h o lo g ica l characteristic  o f  

IU G R  and strong syn cytio trop h ob last sta in ing for A V .

Figure  8.12: Reduced syncytiotrophoblast AV staining (arrowhead) in the presence o f 

intense cytotrophoblast (arrow) staining on a first trimester aPS miscarriage 40x10.

8.3.7 Immunolocalization o f  f 2GPI and A V  in the placental tissues o f  IUGR  

pregnancies

N o  ch an ges in v illo u s  exp ression  o f  P2GPI or A V  w as detected  in  the IU G R  p lacen tas  

studied . C haracteristic IU G R  m orp h o logy  o f  reduced  term inal v il l i  and e lo n g a ted  

slen d er m ature in term ediate v illi  w ere ob served  (B en irsch k e &  K aufm ann, 1 9 9 5 ) (F igure  

8 .1 3 ).
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Figure 8.13: A V localisation in an aPS placenta, demonstrating elongated mature 

intermediate trophoblasts, typical o f IUGR. 20x10

8.3.8 Protein extraction and quantitation

A V  and P2 GPI w ere extracted  from  v illo u s  tissu e  throughout gesta tion  u sin g  an E G T A  or 

an E G T A -triton  buffer. S u ffic ien t m aterial w a s  not availab le  from  all p lacen tas to 

perform  protein extraction. O nly h isto lo g ica l sp ec im en s w ere  co llec ted  for both preterm  

and som e pregnancy com p lica tion s.

8.3.8.1 P2 GPI extraction and quantitation

The concentration  o f  P2 GPI extracted from  p lacental extracts throughout norm al 

gesta tion  and in aPS pregn an cies are g iv en  in T ab le 8 .6 , w h ich  ind icates an increase in 

protein exp ression  /  m g  total protein extracted  at term . D escr ip tive  sta tistics for P2 GPI 

p g /m l protein extracted from  v illo u s  tissu e  throughout norm al gesta tion  and aPS  

p regn an cies are a lso  included .
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7 to 11 weeks 15 to 17 weeks Term APS

Number 6 4 7 8

Median 0.82 0.55 3.67 2.32

Minimum 0.40 0.10 2.11 1.44

Interquartile Range 0.64-1.10 0.29-0.85 2.58-4.48 1.87-2.49

Maximum 1.26 1.09 5.00 2.69

Table 8.6: Descriptive statistics fo r  P2GPI jug/ml protein extracted from  villous tissue 

throughout normal gestation and aPS pregnancies.

There was significantly higher concentration of p2GPI extracted from villous tissue at 

term than in early pregnancy, as depicted by Figure 8.13. The aPS placentas used for 

protein extraction were collected from pregnancies delivered after 34 weeks gestation, 

and were therefore compared with term placentas for difference in levels o f extracted 

p2GPI. A significantly lower (p <0.05) mean concentration of p2GPI /mg protein was 

extracted from aPS placentas than from normal term placentas (Figure. 8.14).
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Figure 8.14: fy G P I pg / mg protein extracted from placentas; before 11 weeks, 15 to 17 
weeks, term and aPS.

Horizontal line indicates median, box the interquartile range and bars the 95% confidence interval.
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8.3.8.2 Annexin V Extraction and quantitation

The quantity of tissue available from some early first trimester pregnancies was 

insufficient for AV quantification. The concentration of AV/ mg protein extracted from 

villous tissue of normal and aPS pregnancies are given in Table 8.7.

7 to 11 weeks 15 to 17 weeks Term APS

Number 5 4 7 8

Median 4.26 4.73 2.64 2.03

Minimum 1.99 4.41 1.50 0.34

Interquartile Range 3.91-5.16 4.22-6.01 1.99-3.35 1.07-2.40

Maximum 9.74 6.86 5.17 3.10

Table 8.7: Descriptive statistics fo r  AVpg/ml protein extracted from  villous tissue 

throughout normal gestation and aPS pregnancies.

The concentration of AV extracted showed a small decrease with gestational age, 

although this did not achieve statistical significance. The AV extracted from the term 

aPS placentas was slightly lower than that of normal term placentas, but again this 

difference did not reach statistical significance (Figure 8.15).

289



25

C
© ■t—»o

20 ns

ns ns -

>  10
c

C  5 
<

0
<11/40 15-17 Term APS

Gestation

Figure 8.15: AV  jug/ mg protein extracted from placentas; before 11 weeks, 15 to 17 

weeks, term and aPS.

Horizontal line indicates median, box the interquartile range and bars the 95% confidence interval.

8.4 Discussion

The association between aPL mediated obstetric complications and placental thrombosis 

has been established for many years, but the expression of target antigens on placental 

tissue has not been well defined. In chapter three, I demonstrated by 

immunofluoresence, that (32GPI is present on normal term placenta, and others have 

eluted (32GPI from term placenta. The reduction of AV reported by Rand et al in aPS 

placentas (Rand et al, 1994a), is contrary to the finding of La Rosa et al 1994 (La Rosa 

et al, 1994). A detailed localisation of p2GPI and AV in placenta throughout gestation, 

as well as the physiological role of these proteins remained to be identified. In this 

study, I established sensitive immunohistochemical methods and localised p2GPI and 

AV in placenta. The use of paraffin embedding supports the tissue, thus allowing 

thinner sectioning, and results superior resolution of the stained tissue.

p2GPI and AV were localised in villous placental syncytiotrophoblast cells from 

as early as seven weeks gestation to term. Syncytiotrophoblasts are in direct contact 

with the maternal circulation from around 11 weeks gestation. Syncytial localisation is 

consistent with an anticoagulant function; indeed, p2GPI and AV are anionic
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phospholipid binding proteins described as having anticoagulant activity. 

Differentiating cells are known to express phosphatidylserine and phosphatidylserine 

exposure on the trophoblast surface has been demonstrated in normal term (Lyden et al, 

1992) and in first trimester placenta (Katsuragawa et al, 1995). The expression of 

anionic phospholipid binding proteins with anticoagulant function on the placental 

trophoblast is not surprising, but disruption of their function could result in intervillous 

thrombosis.

The first and second trimester placental expression of p2GPI and AV, suggests 

that these proteins are possible targets for aPL in early pregnancy. Syncytiotrophoblast 

expression of these proteins may enable binding of maternal aPL. If aPL binding 

interferes with the function of p2GPI, AV or other proteins, obstetric complications 

originating in early pregnancy may result. Indeed, the pathology o f obstetric 

complication associated with aPS; miscarriage, PE and IUGR are though to originate in 

early pregnancy. In vitro, aPL recognise an epitope of p2GPI exposed when bound to 

anionic phospholipids but the conditions for binding to trophoblast antigens are 

unknown. Although binding of some aPL to endothelial cells occurs via adhered p2GPI 

(Del Papa et al, 1997).

The placental function of p2GPI and AV are unknown, but their expression 

throughout gestation may give some insight into their functions. The staining patterns 

of p2GPI and AV are not identical, suggesting that they have different physiological 

roles. Placental expression prior to a true maternal circulation suggests a role other than 

anticoagulation. It is conceivable that p2GPI or AV may be involved in defining the 

boundaries of different tissue types during growth and differentiation and possibly 

influencing processes such as angiogenesis.

P2GPI is a constituent of lipoproteins of various densities and a role in lipid 

metabolism has been suggested (Nakaya et al, 1980), (Wurm et al, 1982). The apical 

syncytiotrophoblast and Hofbauer localisation of p2GPI may facilitate such a function in 

the placental. Physiological interaction of lipoproteins with the placenta include 

delivery of VLDL by the lipoprotein lipase reaction (Bonet et al, 1992) and delivery of 

LDL and HDL2 cholesterol via receptor dependent and independent mechanisms 

(Lasuncion et al, 1991). In 1980 p2GPI was reported to be a regulator lipoprotein lipase 

activity in triglyceride metabolism (Nakaya et al, 1980). Maternal lipoprotein transfer 

to the placenta is thought to support fetal growth (Bonet et al, 1992) disruption o f which
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may result in intrauterine growth restriction, placental dysfunction, atherosclerosis or 

thrombosis. Contrary to this, is the finding that in a small number of adults studied with 

absent plasma P2GPI, there was no association with thrombosis. The placental 

morphology or obstetric history of such individuals has not been reported.

p2GPI has recently been identified as a ligand for apolipoprotein a [apo(a)] 

(Kochi et al, 1997) and is capable of binding apo (a) or Lp(a) in plasma. Apo (a) 

complexes with low density lipoprotein (LDL) to form lipoprotein (a) [Lp(a)]. Lp(a) is 

an independent risk factor for atherosclerosis and plasma Lp(a) levels are elevated in 

aPS patients with arterial thrombosis (Yamazaki et al, 1994). Binding of Lp(a) to 

p2GPI may facilitate Lp(a) uptake by macrophages such as the placental Hofbauer cells. 

If p2GPI is involved in Lp(a) removal from the intervillous space, inhibition may result 

in placental atherosclerosis or thrombosis, which are features o f the aPS placenta. 

Recent in vitro experiments suggest that oxidised LDL is cytotoxic to Hofbauer cells 

and to a lesser extent trophoblasts (Bonet et al, 1998).

Hofbauer cells are macrophages but it is not known if they synthesise p2GPI or 

AV. Macrophages are “professional phagocytes” which remove apoptotic cells and 

P2GPI is a predominant protein associated with rapidly cleared liposomes in Vivo 

(Chonn et al, 1995) while antibodies to P2GPI enhance phagocytosis (Balasubramanian 

et al, 1997). A role for p2GPI in the clearance of aPL-opsonized apopotic cells 

(Manfredi et al, 1998) has been reported. Both p2GPI and AV have been associated 

with apoptosis and the microvillous and Hofbauer expression of these anionic 

phospholipid binding proteins may simply reflect placental apoptosis and phagocytosis. 

The significance of p2GPI and AV localisation to Hofbauer cells remains to be 

elucidated.

Localisation of p2GPI and AV to Hofbauer cells was most obvious in the first 

(Figure 8.6) and early second trimester. At this stage of placental development there is 

an increase in the number of immature intermediate villi. These villi have a 

characteristic reticular stroma that reveals more Hofbauer cells than at other stages of 

gestation.

In the first and early second trimester placentas p2GPI also localised to 

perivascular stromal cells (Figure 8.7a and Figure 8.7b). This distinct perivascular 

pattern suggests a possible role in the angiogenesis o f the fetal placental vasculature. 

However p2GPI is known to bind negatively charged macromolecules; including
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lipoproteins, heparin, DNA, mitochondria and anionic phospholipids and this staining 

pattern may simply mirror the localisation of one of these molecules.

In one of the two first trimester aPS miscarriages, perivascular stromal staining 

was absent in the hypovascular villi. The absence of perivascular staining may simply 

reflect the absence of fetal vessels. Hypovascular villi have previously been described 

as a feature of aPS placentas and placentas of aembryonic or fetal chromosomal 

anomalies (Salafia & Parke, 1997a). This patient had been assessed as morphologically 

normal by ultrasound and chromosomal analysis performed.

Localisation of p2GPI in term aPS placentas was similar to that of normal term. 

This is contrary to the increased placental P2GPI in aPS pregnancies detected by 

immunofluorescences (La Rosa et al, 1994). I have studied a larger number of patients, 

using a more sensitive technique. The microscopic increase of P2GPI observed by 

LaRosa (La Rosa et al, 1994) was on term aPS placentas from patients’ not receiving 

heparin.

An EGTA-Triton buffer was used for the extraction of Ca2+ and membrane 

associated villous p2GPI and AV. I observed an increase in EGTA-Triton extractable 

p2GPI throughout gestation, concurrent with a decreased AV. This increase may reflect 

increased physiological requirements for P2GPI activity during pregnancy. The level of 

P2GPI extracted from term aPS placentas was significantly lower than that of normal 

term placentas. This difference was generally not observed by qualitative microscopy, 

although one aPS placenta had an apparent reduction in staining intensity when 

compared with term placentas. All of aPS placentas quantitated for p2GPI were from 

pregnancies in which heparin/ aspirin prophylaxis had been administered. p2GPI can 

bind heparin but the effect of heparin on the placental concentration of p2GPI is 

unknown.

At the outset o f this study p2GPI was considered to be a plasma protein 

produced primarily by the liver. It has since become apparent that it may also have 

functions at a tissue level. In this study I have identified p2GPI expression in villous 

placenta from seven weeks gestation to term, and in placental bed biopsies. mRNA 

studies have revealed that p2GPI is synthesised by both term placenta and human 

choriocarcinoma cell lines (Chamley et al, 1997). It has been localised to intestinal 

enterocytes (Avema et al, 1997) and renal medulla (Klaerke et al, 1997).
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Further physiological functions of (32GPI have also been recognised over the 

course of this project, which broaden the possible pathogenic mechanisms of aPL 

directed against this protein. Interactions of P2GPI with calmodulin implicate a role in 

modulation of intra cellular Ca2+ (Rojkjaer et al, 1997) et al 1997). Calmodulin is a 

small intracellular protein abundant in placenta (Umeki et al, 1981), which modulates a 

multitude of enzymes such as the plasma membrane Ca2+-ATPase (Kessler et al, 1992). 

p2GPI has also been implicated in macrophage recognition of oxodised LDL 

(Hasunuma et al, 1997), (Balasubramanian & Schroit, 1998).

As previously reported, AV was localised to trophoblast cells in the first 

trimester placenta (Rambotti et al, 1993) with most reactivity in the syncytiotrophoblast, 

stromal and Hofbauer cells. Syncytial localisation observed throughout gestation is 

consistent with an anticoagulant or membrane trafficking role. AV has been described 

as a Ca2+ channel, although this role is disputed. I observed a striking distribution of 

AV to the cytoplasm of cytotrophoblasts in early second trimester placentas in the 

presence of apical syncytiotrophoblast immunoreactivity (Figure 8.9b). Translocation 

of AV from the cytotrophoblast cytoplasm to the syncytiotrophoblast plasma membrane 

may reflect recruitment for a specific function. Although hypothetical, disruption of 

such a translocation process may account for, reduced syncytiotrophoblast AV in the 

presence of abundant cytotropoblast levels. AV expression has been described as a 

function of cell growth, whose expression varies with cell differentiation(Schlaepfer & 

Haigler, 1990). In this study AV was localised to differentiated syncytiotrophoblasts 

and cytotrophoblast stem cells. Investigation of protein synthesis at the mRNA level 

may provide insight into the expression of AV after cell differentiation.

AV is abundant in placenta. AV has a high affinity for anionic phospholipids, 

which it binds in a Ca2+ dependent manner. The phospholipid bilayer composition 

affects AV conformation and its ability to mediate calcium influx across membranes. 

Thrombin has been reported to cause relocation of AV in platelets (Trotter et al, 1995). 

AV may mediate Ca2+ influx at the plasma membrane in cells expressing PS. Ca2+ 

influx has been reported to be inhibited by anti-AV antibodies (Kirsch et al, 1997), 

indicating a connection between Ca2+ influx and aPL. Anti annexin V (anti-AV) 

antibodies have been detected the sera of patients with SLE patients with aPL (Matsuda 

et al, 1994b), 36% of women with habitual fetal loss [n =11] and 20% with PE [n =10] 

(Matsuda et al, 1994a). Anti-AV antibodies have been reported to be p2GPI dependent
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(Matsuda et al, 1994b), but these observations have not been confirmed. Unfortunately,

I was unable to establish an assay for anti-AV in an aPS population, due to the 

continued detection of antibody titre of a similar potency in healthy staff and normal 

donors, as described in chapter four.

In one of two placentas from first trimester pregnancy losses, assessed by 

immunochemistry, there was a dramatic reduction of apical syncytiotrophoblast 

staining, in the presence of intense cytotrophoblast staining. This staining pattern, is 

similar to one previously reported (Rand et al, 1994a), but contrary to those of La Rosa 

(La Rosa et al, 1994). In eight aPS pregnancies continuing into the third trimester we 

found no difference in the immunolocalisation of AV. I considered it possible, that the 

apparent aPL mediated reduction of apical AV, may correlate with the time of 

miscarriage, obstetric history or prophylaxis administered. La Rosa at al 1994 studied 

four aPS placentas from deliveries after 32 weeks (n=4 >32/40: two of which had severe 

obstetric histories, one severe early onset PET, and one aPS with no previous 

pregnancies). The study reported by Rand et al 1994, examined placentas from eight 

aPS patients with significant histories of obstetric complications; Index pregnancies 

were from two second trimester losses and six deliveries after 32 weeks. O f these 

placentas 7/8 were reported to have a greatly reduced AV by computerized 

morphometric analysis. In my study, seven patients had obstetric histories of adverse 

pregnancies, three had a history of thrombosis with no previous pregnancies, and one 

had a history o f thrombosis together with an uncomplicated pregnancy. Only one of 

these 11 placentas displayed unequivocal reduction of syncytial AV, which was in a 

first trimester placenta.

Blood samples were not available to assess the a-|32GPI status of all aPS 

pregnancies, although aCL had been assayed in the presence of BSA, a source o f p2GPI. 

The presence of a-p2GPI did not correlate with the expression of either AV or p2GPI.

I quantitated AV in human placentas throughout gestation and in aPS placentas. 

The EGTA-Triton extraction buffer used allows the estimation of Ca2+ and membrane 

associated AV. A decrease in AV was observed with advancing gestation. Decreased 

AV with gestation has previously been reported in placental microvillous vesicles 

(Kaczan-Bourgois et al, 1996). A slight reduction of AV extracted from aPS placentas 

was detected, but this was not statistically significance.
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The extraction buffer used allows the estimation of Ca2+ and membrane 

associated AV. Other extraction protocols have demonstrated that a substantial 

proportion of AV is bound to cell membranes in a Ca2+ independent manner and is not 

extractable by EGTA (Bianchi et al, 1992). Different tissues display individual AV 

extraction properties (Bianchi et al, 1992). The use of such buffers may allow the 

identification of the fraction of cellular AV, which is depleted in the presence o f aPL 

and will be addressed in future studies.

On a small number of placental bed biopsies and basal plate sections I 

demonstrated P2GPI and AV expression. p2GPI was negative in the invasive 

trophoblast cells of the cell column. p2GPI immuno-positive large mononuclear cells 

which were morphologically similar to extravillous trophoblasts were observed. 

Similarly AV activity was observed in what appear to be extravillous trophoblasts and 

in intra vascular trophoblasts lining maternal uterine artery. Without performing dual 

staining for trophoblast antigens these cells can not be identified.

The expression of p2GPI and AV in placental bed biopsies has important 

implications for aPL mediated obstetric complications. aPL may reduce the invasive 

capacity of the trophoblast, resulting in shallow invasion, which has been demonstrated 

in miscarriage. aPL may cause thrombosis in the uterine artery and reduce placental 

blood flow detectable by an abnormal uterine artery Doppler. Further studies must be 

performed to assess pathological mechanism occurring at the placental bed and 

chorionic villous site.

A new model for p2GPI dependent aPL mediated thrombosis has evolved which 

associates a reduction of surface AV with a procoagulant environment on cellular and 

non-cellular phospholipid surfaces (Rand et al, 1997). AV binding antibodies in patients 

with a Lupus anticoagulant have been shown to induce apoptosis on endothelial cells 

(Nakamura et al, 1998). It is possible that a similar response may occur on trophoblast 

cells causing a procoagulant surface. However a significant reduction of AV in aPS 

placentas was not a common finding in this study. The serum of aPL antibodies in aPS 

patients is extremely heterogeneous as is the clinical presentation. Heparin and aspirin 

prophylaxis appears to ameliorate the pathogenic effects of aPL in many aPS 

pregnancies, while it’s failure of in others is not understood. Different antibody profiles 

with distinct underlying pathological mechanisms may exist.
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Placental thrombosis has been implicated as the pathogenic mechanism of aPL 

mediated obstetric complications. Yet, it has been suggested that the extent of placental 

infarction observed is not sufficient in to cause fetal demise and that the degree of 

placental infarction does not relate to the pregnancy outcome. I propose that other yet 

unidentified mechanisms o f placental pathology are instigated by aPL, some of which 

may culminate in thrombosis. Further pathogenic mechanisms such as Hofbauer 

cytotoxicity, disrupted placental lipoprotein metabolism or atherosclerosis may be 

involved. However, the expression of target antigens for aPL at the placental bed, means 

that this too is a possible site for aPL mediated pathology.

In this study, I demonstrated the co-expression of p2GPI and AV in the villous 

placenta throughout gestation and in extravillous trophoblasts. Altered localisation of 

AV and p2GPI was observed in the villous placenta of first trimester losses, and may play 

a role in the pathogenesis of aPS. A reduction of the extractable p2GPI from aPS 

placentas was observed, but the significance of this finding is speculative. Numerous 

functions have been ascribed to AV, yet the interaction of aPL and placental AV 

expression remains a conundrum. However the placental expression for these antigens in 

conjunction with detailed characterisation of maternal antibodies may provide further 

insight into the pathogenesis of aPS into the heterogeneity of aPL mediated obstetric 

complications. Further experiments are required to assess the role of p2GPI and AV at 

the feto-matemal junction and how aPL may interfere with their function.
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9 Summary & Conclusion.

The objective of this thesis was to assess the involvement of antibodies to phospholipid 

binding proteins in the pathology of the aPS, with an emphasis on pregnancy 

complications. aPL have been implicated in recurrent fetal loss for many years. Yet the 

pathologic mechanisms of aPL mediated placental pathology remained largely unknown. 

It had become apparent, that the presentation of clinical events in aPS patients was a 

“two-hit” phenomenon, and that in some women pregnancy presented the second hit. 

Based on a limited number of histological reports, the prevailing hypothesis was that 

pregnancy complications were mediated by placental thrombosis.

The concept of localised aPL tissue interaction had not been assessed. Yet, it was 

recognised that placental thrombosis occurred in the absence of systemic thrombosis. In 

chapter three, I established an immunofluorescent method, and demonstrated that aPL 

had the ability to bind normal placental tissue.. aPL binding to normal term placenta, 

indicates that antigens to which aPL were directed were expressed by, or adhered to 

placental tissue. Heterogeneity of staining in placental tissue may reflect localisation of 

target antigens whose conformation varies according to the composition of adjacent 

membrane phospholipids and trophoblast differentiation. In a preliminary study I 

demonstrated that some aPL bound placental proteins and that (32GPI was present in 

normal term placenta. The heterogeneity of aPL binding to placental tissue suggested 

that these antibodies recognise a variety of different antigens. A role for target antigens 

other than (32GPI was indicated. aPL binding by immunofluorescence and western 

blotting are not necessarily directed towards the same antigens. It is also possible that 

epitopes detected by immunoflourescence are denatured under western blotting 

conditions. Antigens recognised by aPL under western blotting conditions may not be 

relevant in a cellular context.

Antigens to which clinically relevant aPL are directed are likely to be associated 

with a history of clinical complications in aPS patients. Although my primary interest 

was in the obstetric interaction of aPL, the clinical association of antibodies to
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phospholipid binding proteins had at first to be established in a non pregnant population. 

IgG antibodies to p2GPI were strongly associated with thrombosis in aPS, but the clinical 

significance of IgM a-p2GPI antibodies, and antibodies to other anionic phospholipid 

binding proteins, was poorly researched. I re-established the methodologies for p2GPI 

purification and quantification within the laboratory. A number of the earlier a-p2GPI 

studies in this thesis were performed using the protein I purified and an in house a-p2GPI 

IgG. Protein purification was performed on plasma from one donor, which in theory 

may limit the detection of antibodies from genetically variant individuals. Using the in- 

house method I confirmed the correlation between aCL and a-p2GPI IgG, and the high 

prevalence of these antibodies in aPS patients.

Little was known about circulating antibody levels over a long period of time, 

and whether the expression of these antibodies fluctuated, or preceded the clinical event. 

aPL levels were assessed in serial samples from seven patients with a thrombotic 

/neurological events during the course of a retrospective longitudinal study. This study 

revealed that a-p2GPI IgG was present in most patients and fluctuated less than aCL. a- 

P2GPI IgG may be a better marker for thrombotic /neurological events than aCL. An 

aPT° assay, which was subsequently revised to improve sensitivity, did not detected aPT° 

in any of these patients. It was also demonstrated that IgG2 was the predominant 

subclass, before and after events, a finding which confirms the recent report of {Arvieux, 

Roussel, et al. 1994 ID: 882}. This may explain the absence of systemic fetal thrombosis 

in pregnancies complicated with aPS, since IgG2 does not readily cross the placenta.

Thrombosis was the most common clinical feature of the aPS population studied, 

occurring in 80% of patients, which is likely to reflect the referral pattern. 48% of 

women who had been pregnant, had had a live birth, 36% had experienced thrombosis 

and fetal loss and 17% had just experienced fetal loss. It is extremely difficult to assess 

the prevalence of aPL in women with obstetric complications from details recorded in 

patient notes. Obstetric details of older females are often poor and may only include 

IUD, or recurrent miscarriage. Low birth weight infants and live births are often not 

recorded, especially in cases where the primary medical complication is SLE or ITP. In 

calculating the prevalence of fetal loss, I excluded females who had never been pregnant, 

but had a history of thrombosis. It was not possible to assess the contribution of 

anticoagulant prophylaxis. In most cases of fetal loss, chromosome analysis of the 

conceptus or partners was not performed. As with other cases of recurrent miscarriage, it
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is important that patients with the aPS should be screened for other contributing 

physiological factors such as; underlying infections, hormonal or chromosome 

abnormalities.

A commercial a-p2GPI IgG ELISA was established which purified p2GPI 

according to our laboratory procedure. The kit was assessed and established against my 

in house standard, and used to test aPS patients. a-p2GPI was strongly correlated with 

aCL IgG and was associated with thrombosis and/ or fetal loss. This kit was then 

adapted for the detection o f a-p2GPI IgM and both isotypes were again assessed in cross 

sectional study of PAPS and SLE patients with aPS. a-P2GPI IgM was correlated with 

aCL IgM, and was found to be weakly associated with thrombosis and/ or fetal loss. 

These results suggested that a~p2GPI IgG and IgM may be involved in the pathology of 

obstetric complications, and that they may be suitable markers for the identification of 

pregnancies at risk of complications. The need to assess the significance o f elevated a- 

p2GPI in a normal low risk pregnancy population, and in pregnancy complications was 

apparent. These questions were addressed in two separate studies later in the thesis.

Despite my many attempts, the ELISA assays I established for anti-AV, 

persistently detected antibodies in normal healthy individuals, with frequencies and 

levels similar to those observed in aPS. This suggests that reported associations between 

positive anti-AV results, based on an arbitrary OD cut-off and clinical complications 

should be confirmed. It is possible that these antibodies are involved in immune 

mediated removal of apoptotic cells. For the above reasons it was not possible to evaluate 

associations between anti-AV and the clinical features of aPS. It also suggest that anti- 

AV are poor markers of the aPS. Nevertheless, a pathological role for abnormal AV 

expression at the feto-matemal junction is feasible.

A preliminary aPT ELISA (aPT°) was established based on a published method, 

which when used in a cross sectional study of aPS and infection patients, was found to 

have poor sensitivity for the aPS. It was also demonstrated that aPT0 were not 

discriminate markers for the aPS, being detected in SLE patients negative for aCL and 

LA, and in infection samples. However, the low levels of aPT0 detected during infection 

may reflect the normal prevalence of these antibodies. Interestingly, a revised 

methodology using a higher antigen concentration, proved to be more sensitive in the 

identification of aPT in aPS patients. Using this revised methodology, aPT IgM was 

found to be significantly associated with thrombosis and /or fetal loss.
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Assessing correlations between various aPL and the clinical presentation of aPS 

patients, revealed that although associations existed, it was not possible to identify any 

combination of positive antibodies, which was predictive of a specific clinical outcome.

A strong correlation between aPL and systemic thrombosis and/ or fetal loss had 

been established, and placental thrombosis had been proposed as a mechanism of fetal 

loss. I therefore employed recently established assays for activation markers, to assess 

levels o f procoagulant markers in pregnant and non-pregnant aPS patients. By 

measuring a selection o f markers, I hoped to identify the point in the coagulation 

cascade, at which activation was occurring. FXIIa was elevated in PAPS patients, with a 

history of thrombosis, but not those with miscarriage. However, many of these patients 

were taking oral anticoagulants. When results of 16 PAPS patients, who were not 

anticoagulated, were compared with controls, they were found to have elevated TAT, 

F I.2, DD, and FVIIa, but not FXIIa, triglycerides or cholesterol. In these non 

anticoagulated PAPS patients, TAT levels were correlated with a~p2GPI IgG and aPT 

IgM. Interestingly, in chapter four I reported an association between elevated aPT IgM, 

or elevated a-p2GPI IgG with a history of thrombosis. The observed correlation between 

elevated TAT and aPT IgM and a-p2GPI IgG in patients not receiving anticoagulation, is 

suggestive of these antibodies having a procoagulant effect.

Non-pregnant SLE patients without aPS, had levels of TAT, F I.2, DD, FXIIa 

and FVIIa, which were significantly higher than the control population. These results 

suggested underlying activation of both contact activation and tissue factor coagulation 

pathways. The procoagulant state observed in SLE patients, may present the ‘second 

hit’ to patients with aPS. The cumulative procoagulant effect of aPL in SLE patients 

may overwhelm anticoagulant pathways and culminate in thrombosis. In the cohort of 

SLE patients with aPS studied, thrombosis was the most common clinical presentation,. 

Activation markers in SLE patients with aPS, not undergoing anticoagulation were 

similar to PAPS patients: TAT, F I.2, DD and FVIIa were similar to levels in the SLE 

aPL negative group and significantly higher than the control group. FXIIa was also 

elevated in this group. It must be remembered that not all SLE patients with aPL 

develop thrombosis. It would appear that the pathogenic activity of aPL is 

heterogeneous, as is the individual’s anticoagulant/fibrinolytic potential to stifle a 

procoagulant state. Together these variables determine who succumbs to a prevailing 

procoagulant state.
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In PAPS and SLE patients with aPS, the success of warfarin in controlling 

thrombin generation was evident from the lower levels o f TAT, F I.2, DD and FVIIa 

detected in aPS patients.

In normal pregnancy, I confirmed a previously reported increase in thrombin 

generation. During the first 20 weeks of gestation a decrease in triglycerides and 

cholesterol was observed, concurrent with an increase in TAT, F I.2, DD and FVIIa. 

Elevated FXIIa, FVIIa, TAT, F I.2, DD and lipoproteins were detected in later 

pregnancy. There was no correlation between FVIIa and FXIIa, but TAT and F I.2 were 

found to be correlated with serum lipids. It has previously been suggested that 

lipoproteins support thrombin generation. This is apparently not a mechanism of 

enhanced thrombin generation in early gestation, when decrease lipoprotein levels were 

observed. However, thrombin generation on lipoproteins may play a role in later 

gestation or in pregnancy complications, such as pre-eclampsia. Interestingly, p2GPI has 

been described as being an activator of lipoprotein lipase, which in turn facilitates FVIIa 

and FXIIa generation on lipoproteins. Elevations in this array of procoagulant markers, 

suggest that thrombin generation is a consequence of a variety of activation pathways.

An increase in TAT and F I.2 was observed in early pregnancy in aPS women 

undergoing heparin and aspirin prophylaxis. Triglycerides and cholesterol were 

positively correlated. Increases in FVIIa, FXIIa and DD were apparent later in 

pregnancy. FVIIa was weakly correlated with F I.2 in aPS pregnancies. FVIIa levels at 

<20 weeks gestation and between 20 to 30 gestation were lower in aPS women than in 

normal pregnancy. This is likely to be a response to the heparin prophylaxis in aPS 

pregnancies, as heparin has been shown to reduce FVIIa in the non-pregnant individual. 

Unlike normal pregnancy TAT and F I.2 were not correlated with serum lipoproteins. 

Surprisingly, TAT levels were higher in aPS women between 20 to 30 weeks of gestation 

than in normal pregnancy, while there was no difference in F I.2, DD or FXIIa, and 

FVIIa was reduced. The increase in activation markers was observed during aPS 

pregnancies, despite heparin and aspirin prophylaxis. This suggests that aPS pregnancies 

are resistant to the effect of heparin, or more likely, that heparin limits thrombin 

generation to levels observed in normal pregnancy. It is possible, that this general 

increase in thrombin generation is an essential factor in sustaining an advancing 

pregnancy.

aPL negative pregnancies presenting with obstetric complications, had higher
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levels of TAT, F I.2 and DD, than normal pregnancy. Women with pre-eclampsia 

presented elevated levels of FXIIa. It is unknown if increased thrombin generation in 

pregnancy is a cause of pre-eclampsia, or an effect. It is possible that this heightened 

procoagulant state exacerbates pre-eclampsia, by facilitating thrombus formation at the 

feto-maternal junction. It is has become apparent in recent years, that thrombophilia 

plays a role in fetal loss and obstetric complications.

At the outset of this thesis, aPL levels in serial samples during pregnancy had not 

been reported. It was possible that trends in various aPL levels during pregnancy could 

predict pregnancy outcome, and evidence of the suitability of aPL testing during 

pregnancy was awaited. Having established assays for a-p2GPI (IgG & IgM) and aPT 

(IgG & IgM), I assessed levels of these antibodies, as well as aCL and LA, in serial 

samples from 17 pregnant aPS patients. These women were undergoing heparin and 

aspirin prophylaxis, and the effect of heparin and aspirin prophylaxis on maternal aPL 

levels is unknown. Unfortunately, serial studies have not been carried out in aPS 

pregnancies, prior to the currently widespread use of heparin and aspirin prophylaxis, and 

such studies may now be considered unethical. In this study, most patients displayed 

fluctuations in antibody levels during pregnancy. Some patients with normal and 

complicated pregnancies had aPL levels which became negative. The heterogeneity of 

aPL became apparent once again. Greatest variability was observed in the DRVVT and 

aCL IgG results. Shortening of DRVVT, may be explained in part by increased 

fibrinogen and FVIII levels associated with advancing gestation. In this small cohort, it 

was not possible to statistically assess associations between the various aPL types and 

pregnancy outcome. Trends in aPL status and subsequent pregnancy outcome were 

observed; a small subgroup of patients, whose aPL status reverted to negative by the 12th 

week of gestation, all proceeded to have uncomplicated pregnancies. If this observation 

is a true reflection, then the inability to detect these women, may identify women not 

requiring heparin and aspirin beyond the first trimester. A larger proportion of patients 

presented a peak in aPL levels, in the mid to late first trimester, which returned to 

preconception levels, before declining gradually through pregnancy. This trend was 

observed in pregnancies with normal and complicated pregnancies. In most aPS 

pregnancies, antibody levels remained positive until mid second trimester. Negative 

levels were detected in a proportion of women when pre-eclampsia and IUGR are 

clinically detectable. These results indicate that the majority of aPL would be detected if
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assessed at antenatal booking.

In chapter four, I observed associations between a-p2GPI IgG, aPT IgM and 

thrombosis. These associations suggested that a-p2GPI and aPT may also be relevant in 

the context of pregnancy complications. The significance of these antibodies in a low 

risk pregnant population had not been established. Recent advances in obstetric care had 

established preclinical indicators of impending adverse pregnancy outcome. The 

usefulness of a-p2GPI, aPT, aCL testing as part of routine antenatal screening was 

investigated in this thesis. It was my hypothesis that the presence of antibodies to 

anionic phospholipid binding proteins, together with preclinical indicators of imminent 

obstetric complications, would identify pregnancies at risk from aPL pathologies. This 

hypothesis was tested in two chapters. Firstly, I established the prevalence and 

significance of antibodies to cardiolipin, p2GPI and prothrombin in a large cohort of 

1501 low risk pregnancies (chapter six). In a second study, I assessed the prevalence of 

aPL in pregnancies presenting with abnormal bilateral uterine artery Doppler, and in 

pregnancies with unexplained elevated maternal serum biochemical markers of placental 

dysfunction; AFP and hCG (chapter seven).

Samples from a low risk population, were collected at antenatal booking. 50% of 

samples were collected before 12 weeks, 80% before 14 weeks of gestation, a further 

12% before 16 weeks and the final 8% were collected before 20 weeks gestation. 12% of 

the cohort had repeat aPL testing on samples collected between 28 to 32 weeks of 

gestation. The changes in aPL testing status in these patient was minimal. In this low 

risk population, IgG and IgM isotypes of antibodies to cardiolipin, p2GPI and 

prothrombin were detected. There was no correlation between any of the antibody types 

studied in this cohort. These low risk pregnancies had been monitored for fetal growth 

parameters, indicators of maternal well being, pre-clinical markers of obstetric 

complications and evidence of placental pathology, prior to delivery. The markers of 

placental dysfunction assessed included: uterine artery Doppler, umbilical artery 

Doppler, placental Grannum grading, maternal serum AFP and hCG. There was no 

difference in the incidence of pregnancy complications between aPL positive and aPL 

negative women. Some pregnancies having elevated aPL had adverse outcomes, while 

others had normal pregnancies. The expression of multiple antibodies did not identify 

pregnancies at risk of an adverse outcome. There was no association between positive 

aCL, a-p2GPI or aPT levels with unexplained elevated maternal serum AFP of hCG or
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abnormal Doppler findings. None of the aPL were associated with pre-eclampsia or 

IUGR, intrauterine death or antepartum haemorrhage. aCL IgM was the only antibody 

associated with miscarriage, but the number of pregnancies involved was small and 

should not be over emphasised. a-p2GPI IgG was weakly associated with gestational 

diabetes in this cohort, a complication previously associated with habitual abortion. In 

conclusion, this study demonstrated that an adverse outcome is not an invariable 

consequence of aPL, and indicate that routine testing of antenatal women for aPL is not 

indicated.

Pre-clinical markers of placental dysfunction, are sensitive but poorly specific 

predictors of pregnancy complications. A small cohort of pregnancies with bilateral 

abnormal uterine artery Doppler were studied for aPL, and the pregnancy outcome 

analysed for associations with aPL positivity. In this study, low titre aCL IgG and IgM 

occurred more frequently in pregnancies with a bilateral abnormal Doppler, than in the 

control pregnancies. aCL IgG was associated with obstetric complications in 

pregnancies presenting with a bilateral abnormal Doppler. It is important to ascertain the 

nature of aCL detected in this study. Negative a-p2GPI results, suggest that these 

antibodies are transient, but this must be confirmed. Unfortunately, it was not possible to 

assess aCL tests in these women after pregnancy. It is therefore unknown if these low 

titre aCL are an ephiphenomen, occurring as a result of the placental pathology 

responsible for the abnormal Doppler. The alternative being, that aCL IgG are intrinsic 

to the primary pathology, which results in abnormal blood flow through the uterine 

arteries, to the intervillous space. If this is the case, subsequent placental pathology and 

fetal complications may be secondary to hypoxia.

An association between an abnormal Doppler and aPL was not observed in the 

low risk population. This may be explained by the low number of persistent abnormal 

bilateral pregnancies in this cohort. Therefore these cohorts are not directly comparable.

In a separate case control study, the prevalence of aCL, a-p2GPI and aPT was 

assessed in pregnant women with unexplained elevated maternal serum AFP and/ or 

hCG,. There was no difference in the prevalence of aPL in women with abnormal 

biochemical markers of placental function. Unfortunately, the outcome of the 

pregnancies in this study was not available within the time frame of this thesis. It 

remains possible that the presence of specific aPL, in pregnancies presenting with 

elevated AFP and/ or hCG, may provide the final insult to an undermined system, and
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culminate in fetal demise or lesser obstetric complications.

In the pregnancy studies presented, the recruitment of women did not include 

women in the early stages of the first trimester. One cannot exclude a pathogenic role of 

aCL, a~P2GPI or aPT in early pregnancy failure. Indeed, it likely that several types of 

aPL interactions with maternal and placental tissues occur, which together determine the 

outcome of pregnancy.

The success of heparin and aspirin prophylaxis in preventing miscarriage in aPS, 

may be a major clue in the identification of the pathological mechanisms of aPL. A 

thrombotic mechanism for an aPL associated pathology has been proposed, and is 

supported by the observed elevation of procoagulant markers in patients with aPS. Over 

the course of this study, a role for thrombophilia as a predisposing factor for placental 

dysfunction, associated with pre-eclampsia and IUGR has been established The 

anticoagulant activity of heparin is likely to be one route through which heparin achieves 

successful pregnancies in aPS patients. However other physiological interactions of 

heparin may be involved in attaining decreased fetal mortality in aPS pregnancies. It has 

recently been reported that heparin restores invasiveness to trophoblasts incubated with 

aPL, a function central to the success of pregnancy.

In chapter three, I demonstrated binding of affinity purified aPL to normal term 

tissue and indicated a role for placental proteins in aPL binding. The demonstration of 

P2GPI on term placental tissue, together with the association of a-P2GPI with thrombosis 

and fetal loss, suggested that P2GPI may be a target protein for aPL, on placental tissue. 

Obstetric complication associated with aPL occur throughout gestation. I therefore 

assessed the ontogeny of p2GPI and AV placental tissues throughout gestation. I aimed 

to investigate the aPL specificity for AV and p2GPI in maternal serum, and to quantify 

these proteins in placental tissue. I considered that the expression of placental AV and 

p2GPI may be determined by the specificity of aPL within the maternal serum. 

Unfortunately, I was unable to establish an anti-AV assay with which I could assess the 

significance of anti-AV in aPS patients, and paired serum samples and placental tissues 

were not available in all pregnancies.

I established immunohistchemical methods for the localisation of AV and P2GPI, 

using an avidin biotin method, for it’s high sensitivity. Placental tissues from seven 

weeks gestation through to term, were immunolocalised for P2GPI and AV. In parallel, I 

extracted proteins from placental tissues, which were quantified by ELISA for p2GPI and
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AV.

p2GPI and AV were localised to placental tissue from as early as seven weeks 

gestation. Staining was localised to the syncytium, thus making it accessible to 

circulating maternal aPL in the intervillous spaces. The presence of a true maternal 

circulation in the intervillous space prior to 11 weeks gestation has been disputed. Fetal 

development in the first trimester is thought to require a hypoxic environment. Invading 

trophoblasts have been reported to plug the openings of the spiral arteries into the 

intervillous space. The exclusion of maternal red blood cells from the intervillous space 

establishes hypoxic conditions. Evidence of immunoglobulin attachment to villous tissue 

suggests that maternal plasma gains access to the intervillous space. It is therefore 

feasible that maternal aPL gain access to target antigens on the placenta in the first 

trimester.

The staining patterns of p2GPI and AV are not identical, suggesting that they 

have different physiological roles, although both were observed in the villous placenta 

and possibly extravillous trophoblasts. p2GPI was detectable in the syncytiotrophoblasts, 

Hofbauer cells throughout gestation, and displayed a perivascular location in early 

pregnancy. An increase in the level of extractable p2GPI from placental tissue during 

gestation was also observed. The level o f extractable p2GPI from term aPS placentas 

was lower than that of normal placentas. Reduced p2GPI immunolocalisation was not a 

prominent feature o f term aPS placentas. It remains to be established if the reduction in 

quantifiable p2GPI accurately reflects total placental p2GPI.

The function of P2GPI in placental tissue is unknown, but one can of speculate 

about a number of functions, based on its currently recognised activities. p2GPI is a 

constituent of lipoproteins of various densities and it has been reported to be a regulator 

lipoprotein lipase activity in triglyceride metabolism. The apical syncytiotrophoblast and 

Hofbauer localisation of P2GPI may facilitate such a function in the placenta. p2GPI has 

recently been identified as a ligand for apolipoprotein a [apo(a)], which complexes with 

low density lipoprotein (LDL) to form lipoprotein (a) [Lp(a)]. Lp(a) is an independent 

risk factor for atherosclerosis and plasma Lp(a) levels are elevated in aPS patients with 

arterial thrombosis. Binding of Lp(a) to p2GPI may facilitate Lp(a) uptake by 

macrophages such as the placental Hofbauer cells. If p2GPI is involved in Lp(a) uptake, 

inhibition may result in placental atherosclerosis, which has been described as a feature 

aPS placentas. A further possible function of p2GPI in placenta is indicated by the
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distinct perivascular pattern observed in first and second trimester placentas. This 

perivascular pattern suggests a possible role in the angiogenesis of the fetal placental 

vasculature. Perivascular staining was absent from the hypovascular villi o f a first 

trimester miscarriage in an aPS patient.

Hofbauer cells are macrophages whose functions normally include the removal 

o f apoptotic cells. A role for p2GPI in the clearance of aPL-opsonized apopotic cells 

has been reported. Indeed, p2GPI and AV have been associated with apoptosis and the 

microvillous and Hofbauer expression of these anionic phospholipid binding proteins 

may simply reflect placental apoptosis and phagocytosis. The significance of p2GPI and 

AV localisation to Hofbauer cells remains to be elucidated.

The placenta throughout gestation also expressed AV. The immunohistochemical 

localisation of AV in term aPS was similar to normal pregnancy. However, dramatically 

reduced staining to the apical syncytiotrophoblast was observed in villous tissues o f a 

first trimester miscarriage in an aPS patient undergoing warfarin prophylaxis. These 

finding indicate that reduced placental AV is not a common finding on the placentas of 

aPS patients.

Our understanding of the mechanisms of aPL mediated pathology has evolved 

during the time span of this thesis. Where once thrombosis was the proposed pathology 

responsible for the clinical presentation of aPS, now arrays of interacting mechanisms are 

implicated. Tissue or protein malfunctions have been associated with apoptosis, which 

exposes prothrombotic cell membrane components. aPL have also been implicated in the 

promotion of atherosclerosis. It is likely that these and other systems, such as cell 

adhesion, cell migration and healing are involved in the pathophysiology of aPL 

mediated disease. Given that thrombosis is a frequently observed endpoint in patients 

with aPL, an opportunity is provided for the investigation of cellular interactions which 

modulate procoagulant activity, culminating in the formation of a thrombus. The extent 

of aPL mediated procoagulant interactions are evidenced by the association between aPL 

and arterial thrombosis. Pregnancy is life’s experiment where the balance of many 

systems, such as the haemostatic, endocrine and immune systems are adjusted to allow 

the development of the genetically distinct fetus. It is not surprising that the pathogenic 

activities of aPL sometimes come to light during pregnancy.

The results of studies in this thesis demonstrate an association between a-p2GPI 

(IgG & IgM) and aPT (IgM) with thrombosis and / or fetal loss in aPS patients.
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However, an antibody profile, which included LA, and IgG & IgM isotypes of antibodies 

to cardiolipin, (32GPI and prothrombin, did not predict clinical presentation, in aPS. A 

low prevalence of aCL, a-p2GPI and aPT was detected in a low risk pregnant population, 

which were not always associated with an adverse outcome. This study establishes that 

routine antenatal testing for aCL, a-p2GPI and aPT testing is not indicated. Positive, low 

titre aCL IgG were associated with pregnancies presenting with a persistent abnormal 

bilateral uterine artery Doppler, who subsequently developed obstetric complications. 

The role of these antibodies remains to be established, but thrombosis o f uterine arteries 

may be involved. Elevations of procoagulant markers studies in this thesis provide 

further evidence of the procoagulant effect of aPL. In non-pregnant PAPS and SLE 

patients, thrombin generation, FVIIa and FXIIa were significantly increased, and was 

ameliorated by oral anticoagulants (except FXIIa). Increased activation markers were 

also observed in normal and aPS pregnancies, despite heparin and aspirin prophylaxis. 

Enhanced thrombin generation associated with aPL is likely to play a role in pathologies 

occurring at the feto-maternal interface.

This thesis also illustrates that aPL can bind placental tissue. p2GPI and AV are 

target antigens for aPL, which I have demonstrated to be expressed by the placenta from 

as early as seven weeks gestation, and throughout pregnancy. Syncytiotrophoblast and 

placental bed expression of P2GPI and AV, suggest that these proteins are accessible to 

circulating maternal aPL. The immunolocalisation of p2GPI and AV in term aPS 

pregnancies was similar to normal, but anomalous staining patterns were detected in 

aborted first trimester aPS placentas. Extractable p2GPI was reduced in term aPS 

placentas.. Expression of P2GPI and AV throughout pregnancy implies that disruption of 

their function may contribute to placental dysfunction in the first, second or third 

trimester. aPL may initiate a placental pathology by binding placental proteins and 

modulating their function.

In conclusion, this thesis provides evidence of aPL procoagulant activity, 

heterogeneity of specificity for target antigens, and illustrates that direct interaction of 

aPL with tissue antigens is possible. Nevertheless, an adverse pregnancy outcome in not 

an invariable consequence of aPL. Although, there are still many more questions than 

answers, the results presented in this thesis go some way to advancing our understanding 

of aPL associated obstetric complications.

In view of the findings of this thesis, my current hypothesis is that the clinical
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presentation o f aPS is determined by the specificity of antibodies along with individuals 

cellular responses. My research aims for the future are to investigate the identity of 

placental antigens to which aPL are directed, and to assess cellular properties modulated 

by aPL using placental explant and cell culture models. Recent advances in the sciences 

interacting with haemostasis have paved way for exciting and challenging research into 

the mechanisms of aPL mediated obstetric complications.
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AGEN Biomedical Ltd.

Alpha Laboratories Ltd.

American Diagnostica Inc.

Amersham Pharmacia Biotech Ltd

Amicon Ltd.

Anthos

Atlantic Antibodies 

Bayer UK Ltd

Becton Dickenson Ltd

Bright Instrumentation Co. Ltd

Cadbury’s Ltd.

Dade-Bering Diagnostics Ltd.

Dako Ltd.

DDU Software

Diagen

Diagnostic Reagents Ltd. 

Diagnostica Stago Ltd.

Brisbane, Australia.
Distributed in UK by Quadrateck (see below)

40 Parham Drive, Eastleigh,
Hampshire, S05 4NU.

222 Railroad Avenue, PO Box 1165, 
Greenwich, CT, USA.
Distributed in UK by Alpha Laboratories

Amersham Labs, Building 19 / AL41, White 
Lion Road, Amersham, HP6 9LL

See Millipore (UK) Ltd

see Labtech

Distributed in UK by Alpha Laboratories

Bayer House, Strawberry Hill, Newbury, 
RG13 1JA

Between Towns Road, Cowley,
0X 4 3LY.

St Margaret’s Way, Huntingdon, Stukley 
Meadows, Huntingdon PEI 8 6EB

Boumville, Birmingham, B30 2LU

Hoechst House, 50 Salisbury road, 
Hounslow, TW4 6JH.

16 Manor Courtyard, Hughenden Avenue, 
High Wycombe, HP13 5RE

University of Leeds, Old Medical School, 
Leeds, LS2 9JT

see Diagnostic Reagents Ltd

Chinnor Road, Thame,Oxon. 0X 9 3NY

Asnieres-Sur -Seine, France.
(Distributed in UK by Sheild Diagnostics
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Warrington, Cheshire WAS 7PB.

distributed by Biostat Diagnostics, Biostat 
House, Pepper Road, Hazel Grove, Stockport, 
Cheshire. SK7 5W

1 Acorn House, The Broyle, Ringmer, East 
Sussex BN8 5NW

3 Fountain Drive, Inchinnin Business Park, 
Paisley PA5 9RF.

Hunter Boulevard, Magna Park,
Lutterworth, Leicester L E I7 4XN.

The Boulevard, Blackmoor Lane, Watford, 
WD1 8YW

distributed by Thermo FI, Sussex manor 
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