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Abstract

Pre-eclampsia is a multisystem obstetric diseasenkhown aetiology that is associated
with enhanced coagulation, endothelial activatiod eeduced placental function. A two-
stage model for pre-eclampsia has been proposetiving abnormal placentation and the

maternal response to this.

In this thesis, | have identified a possible relaship between annexin V expressed on the
surface of syncytiotrophoblasts and fibrin depositisuggesting that annexin V may serve
to protect the surface of placental villi from essiwe coagulation. A prothrombinase assay
was developed for the purpose of measuring matg@aama microparticle procoagulant
activity between pre-eclamptic women and healthygpant control women. No
significant difference was found in microparticlopoagulant activity between these two
groups. However, quantitation of fetal CorticotropReleasing Hormone mRNA (CRH
MRNA) in maternal plasma as a measure of placeethbebris was undertaken between
pre-eclamptic and healthy control groups. Thereeweur-fold higher levels of placental
cell debris in the maternal blood of pre-eclamiitients compared to healthy pregnant
controls and the mean fetal CRH mRNA level was tgrem the group of pre-eclamptic
patients over 36 weeks’ gestation compared to playetic patients under 36 weeks’
gestation. Factor VIl coagulant activity was alsisifively correlated with placental cell
debris in maternal circulation in pre-eclampsia chhsuggests that placental cell debris
may have procoagulant potential. Measures of caéigul activation, endothelial
activation and placental function in maternal plasmwere in keeping with the pattern
expected for pre-eclamptic patients. Maternal eogite fatty acid status was measured in
pre-eclamptic patients and Body Mass Index-matchedlthy pregnant controls. Pre-
eclamptic patients were found to have a lower peege of total polyunsaturated fatty
acids and total n-6 fatty acids as well as lowerants of dihomorlinolenic acid,
arachidonic acid and docosahexaenoic acid compgaréealthy pregnant controls. This
change in maternal fatty acid profile would be d¢stent with a greater synthesis of the
potent eicosanoid thromboxane k summary, these results are overall consistettt avi
state of enhanced coagulation priming in pre-eciap
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A STUDY OF COAGULATION POTENTIAL IN PRE-ECLAMPSIA

Chapter 1 Introduction

1.1 Introduction

1.1.1 Clinical features of pre-eclampsia

Pre-eclampsia is a disease of pregnancy resultorg & maternal physiological response
to abnormal placentation. It is a multisystem digoraffecting approximately 2-7% of all
pregnancies in the United Kingdom and is a sigaificcause of maternal and fetal
morbidity and mortality(1). According to the Intational Society for the Study of
Hypertension in Pregnancy, pre-eclampsia is defamthaving a diastolic blood pressure
greater than 110mmg Hg on one occasion, or gréaer90 mmHg on repeated readings,
with proteinuria of greater than or equal to 0.34/hours, or 2+ proteinuria on dipstick
testing, in the absence of renal disease or imfectin the seventh report of the
Confidential Enquiry into Maternal and Child Hea{bEMACH) report 2003-2005, there
were 295 maternal deaths in the UK. Of these, 1®@mal deaths were attributable to pre-
eclampsia and its associated complications(2). Webards to perinatal mortality,
according to the CEMACH report 2007 on perinatalrtaday, there were 120 antenatal
fetal deaths as a result of pre-eclampsia(3). Wthidee has been a gradual reduction over
the years, pre-eclampsia nevertheless remainsndficagmt cause of maternal and fetal
morbidity and mortality. Risk factors for develoginpre-eclampsia include being
primiparous, having a previous history of pre-eqam (particularly if onset was before
the third trimester), a family history of pre-eclpsia, chronic hypertension, diabetes or
kidney disorder, obesity [greater than 30 kg/body mass index (BMI)], multiple
gestation, maternal age under 20 years or overedssyof age, thrombophilia, renal and

connective tissue diseases(4).
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Maternal complications of pre-eclampsia includeseisinated coagulopathy / HELLP
(Haemolysis, Elevated Liver enzymes and Low Pl&gkeyndrome, cerebral haemorrhage,
abruption placentae, pulmonary oedema, renal &illiver failure or haemorrhage,
cerebro-vascular accident and death(1). In sevacenirolled cases of pre-eclampsia, the
patient may go into grand-mal seizures (an eclamijijiwhich can be life threatening and
lead to maternal and fetal mortality. Pre-eclampaia also affect the fetus as the condition
is associated with abnormal placentation, placetimeambosis and infarction. This can
lead to a reduction in nutrient supply to the feamsl may manifest clinically as reduced
fetal movement, reduced liquor volume and a fatad below that expected for gestational
age. Worsening pre-eclampsia, progressive placémtambosis and subsequent reduced
blood supply to the fetus may eventually lead twauterine fetal death as a result of
hypoxia. Other fetal complications of pre-eclampisielude pre-term delivery (with its
associated complications), hypoxic-neurologic ipjuand perinatal death(1). Normal
healthy pregnancy is known to be a pro-thrombotadition in preparation for the
haemostatic demands of delivery and there is are@se in pro-coagulant activity and a
decrease in anti-coagulant activity as pregnanogrmesses(5;6). In pre-eclampsia, there is
a shift in the haemostatic balance towards a prantbotic state, together with changes in
endothelial and placental function(1;7). The exaatises of pre-eclampsia are still
undefined, however various factors such as an iamgal between pro-and anti-coagulant
activity, endothelial dysfunction, endothelial sihmation and syncytiotrophoblast

shedding have been proposed.

Pre-eclampsia can sometimes but not always be iatsdavith fetal intrauterine growth
restriction (IUGR). IUGR is a failure of the fettrs achieve the growth potential that is
expected by its genetic constitution and envirortademfluences endogenous to the
pregnancy. The fetus has subnormal body weight assnand is growing under the™0
centile for its gestational age. [IUGR can maniesta result of various causes and these
causes can be divided into maternal, placentalferad factors. Maternal factors include
cardiac disease, renal disease, cigarette smokidgeacessive alcohol consumption.
Placental factors include pre-eclampsia, placeataliption, thrombosis, infection and
vasculitis. Fetal factors can include intrauterimafection, cardiac disease and
chromosomal abnormalities(8). While the causes dd-gulampsia are likely to be
multifactorial, it is accepted that the placental dhe mother’'s response to placentally-

derived factors and proteins plays a major rolésipathogenesis.
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1.2 The Placenta

1.2.1 Development of the normal placenta

The placenta functions as a feto-maternal interfalsieh supplies the growing fetus with
essential nutrients obtained from the maternal d&upply. Post-conception, the fertilized
zygote develops into a flattened vesicle (the blagt) which comprises of an outer wall
of cells called trophoblasts, the blastocystic gaand an inner cell mass. The trophoblasts
eventually develop into the placenta while the moel mass develops into the embryo,
umbilical cord and amnion. Within days after imghtion, the trophoblasts proliferate to
form a layer which invades into the endometriume Titophoblast gives rise to three main
cell types; the syncytiotrophoblast (which forme thain epithelial covering of the villous
tree and is in direct contact with the maternabtlepace), the cytotrophoblast (which is
the germinative population that proliferates thiomigt pregnancy and fuses to generate the
syncytiotrophoblast) and the extravillous trophsbleells which are non-proliferative and
invade the maternal endometrium. The syncytiotrbfdsi layer is a continuous structure,
without boundaries between neighbouring syncytmitablast cells. On the villous side of
the syncytiotrophoblast are numerous microvilli gfhiserve to increase the cell surface
area. As pregnancy progresses, the syncytial lagewmes variable in thickness. It may be
thinned to become the vasculosyncytial membraniesyncytiotrophoblast nuclei may
become piled up in areas forming syncytial knotse Byncytiotrophoblast is involved in
various activities such as protein and lipid systheand breakdown, water and gas
diffusion between fetal and maternal circulatiorgnsfer of glucose, amino acids and
electrolytes and production of hormones (Human ddtd Lactogen and Human
Chorionic Gonadotrophin). If there is damage to tfophoblast layer, fibrin deposition

occurs and cytotrophoblast cells proliferate tarethe damage(9).

Stem villi form the ‘trunks’ and ‘branches’ of tidlous tree. They function to support the
structure of the villous trees and but not havegaificant role in feto-maternal exchange.
The stroma consists of collagen fibre bundles, siocal fibroblasts, macrophages and
mast cells. Larger stem villi often have a centraéry and vein with smaller vessels and
capillaries within its stroma. Approximately half the stromal volume is taken up by

vascular lumen and there are no vessels otherctdyaitiaries and sinusoids. Terminal villi
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are the final outgrowths of the villous tree. Tamalivilli are formed from capillary growth
and coiling, not by outgrowths. Terminal villi agpeas bulbous structures and may be
single or have side branches. Terminal villi havéhia trophoblastic surface in close
contact with dilated capillaries within and funct®o as the main site of feto-maternal

exchange. At term, terminal villi will make up 4586 more of placental volume.

The decidua is supplied by uteroplacental artenb&h are derived from uterine spiral
arterioles. During placental growth and tropholtastvasion into the decidua, trophoblast
cells invade into the walls of uteroplacental aeerThere is proteolysis of the elastic and
smooth muscle cells of the spiral artery walls Ioyasive extravillous trophoblast
cells(10). There is ‘fibrinoid’ material depositian the walls of these spiral arteries in
which cytotrophoblastic cells are embedded. Assaltethe spiral arterioles change from
flexible channels to large diameter (up to 5 tintesoriginal size) rigid channels, now
incapable of vasoconstriction. This change to s@rterioles occurs in the majority of
myometrial spiral arteries located in the centrahaf placenta and to lesser extent at the
peripheral vessels. The net effect of which is tkduction of uteroplacental flow
resistance leading to increased blood flow to tlaeegmtal villi thereby increasing feto-
maternal transfer(10). By losing their elastic laeneand smooth muscle, these remodelled

spiral arteries also lose their responsivenesasoactive agents such as thromboxane(11).

The intervillous space is an area where materr@dflows freely around the placental
villi thereby facilitating feto-maternal exchandéaternal blood flows into the intervillous
space from decidual arteries located near the egwt the villous trees and this blood is
drained via outlets to decidual veins located itwieen the villous trees. Each villous tree
has a corresponding perfused portion of the intens space and together they make up a
feto-maternal circulatory unit (placentone). Thare about 40 to 60 placentones in total in

a normal placenta.

1.2.2 Placental changes in pre-eclampsia

In pre-eclampsia there is failure of extravillouvsphoblast invasion into the myometrium

and spiral arteries(10;12) and uterine spiral eEr$egire not converted into large capacitance
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channels as they would in healthy pregnancy. Téagl$ to inadequate maternal blood
perfusion into the intervillous spaces to supplg tleveloping fetus and reduced feto-
maternal exchange. The failure of extravillous kraiplast spiral artery invasion into the
uterine spiral arteries also leads to these spntgries maintaining their thick muscular
coat which in turn allows them to be influencedvagoactive agents such as thromboxane
As.

Within the arterioles of placental bed arteriegréhis atherosis of the uterine vascular
endothelium (where the vessel wall is replaced ibyinf and the intima is invaded by
macrophages which engulf lipid, becoming foam ¢edlsd fibrinoid necrosis. This tends
to occur in arterioles which have failed to convestlarge capacitance vessels(13).
Damage to the endothelium leads to thrombosis amdueal thrombus may develop,
further occluding blood flow, leading to reducedenvillous blood flow. If blood flow is
significantly impaired, this may lead to placentgpoxia with resultant cell death. This
can be seen macroscopically as areas of infarcimopre-eclampsia placentas, there is a
greater percentage of villi with fibrinoid depositsompared to healthy pregnant

controls(14).

1.2.3 Placental changes in IUGR

IUGR is associated with a reduced numbers of stetermediate and terminal villi as well
as a reduction of the intervillous space. Theralg an associated reduction in the
trophoblast volume, stromal volume and fetal capyllvolume. Furthermore there is a
reduction in villous surface and capillary surfdég( There is reduced linear growth of
villi and fetal capillaries along with reduced dkgry volume and surface(16). This results
in a reduction in the exchange area between fatal maternal circulation which
contributes to the clinical condition of IUGR.

IUGR has been found to be associated with matgriaglental floor infarction. There is
gross deposition of perivillous fibrinoid materaahong the basal villi of the maternal floor
of the placenta(17-19) which suggests there is sorder of coagulation. Increased

trophoblastic cell apoptosis in IUGR has been naiethg electron microscopy and
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confirmed by terminal deoxynucleotidyl transferasediated dUTP nick end labelling
(TUNEL) staining(20). A significantly higher indeaf M30 cytodeath antibody (which
recognises a fragment of cytokeratin 18 which &aekd by caspases in early apoptosis)
staining has also been found in the trophoblasU@R patients(21), suggesting there is
increased trophoblast apoptosis in IUGR.

1.2.4 Coagulation in the placenta

1.2.4.1 Placental Tissue Factor

Tissue factor (TF) is a membrane-bound protein famgtions as a potent initiator of
coagulation by acting as a cell-surface receptor dctivated factor VII(22). TF is
expressed on subendothelial cells such as vasadiantitial cells and smooth muscle
cells(23). In its subendothelial location, TF forrasboundary around blood vessels.
Mechanical or chemical damage of the blood vessaébtelium can lead to blood leakage
from the vascular space into the subendotheliatespalowing circulating activated factor
VII (FVIla) to become exposed to subendothelialld&ding to the formation of the FVlla-
TF complex, a key step in coagulation activatiohe FFVIla-TF complex increases the
enzymatic activity of activated factor VIl approxately 2x10-fold towards factors IX and
factor X in the extrinsic coagulation cascade §illated in figure 1.4.1 and reviewed in
(22;24)].

In healthy pregnancy, high concentrations of TFehlawen detected in the placenta(25). TF
expression has been localised to placental macgashandothelial cells and fibroblast-
like cells in loose connective tissue but was ragenved in trophoblast or trophoblastic
basement membranes(26) although cultured synaypibtiblast cells have been found to
express TF(27). Higher levels of TF mRNA have b&mmd in pre-eclamptic placentas
compared to healthy pregnant control placentas¢®) Estelleset al noted greater
amounts of TF antigen and TF mRNA in the placewfagrzomen who had severe pre-
eclampsia with associated IUGR compared to healtiegnant controls(29). Addition of
tumour necrosis factar- (TNF-o) into cytotrophoblasts isolated from healthy ané-p
eclamptic placentam vitro has been found to increase the amount of TF espdeby
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trophoblasts. The amount of TF expressed was greapFe-eclamptic samples compared
to healthy pregnant samples, suggesting that TFesgn by pre-eclamptic placentas may

be more sensitive to pro-inflammatory cytokines(30)

1.2.4.2 Placental fibrinoid

In haemostasis, fibrin is the end product in thecpss of coagulation. In the placenta,
placental fibrin-type fibrinoid is extracellularigeposited materials composed mostly of
fibrin. Electron microscopy of fibrinoid materialeveals a longitudinal filamentous
structure similar to that of true fibrin(18). Fibaid is a product of maternal blood and is
present at all stages of pregnancy. It is presentbath healthy and pathological
pregnancies [reviewed in(10)]. Perivillous fibriegbsition is a normal finding in healthy
placentas. Various functions of perivillous fibriddhave been proposed, such as having a
role in maintaining the mechanical stability of tpecenta and regulating blood flow
between the villi and villous repair(10). Culturegllular trophoblasts have been grown on
a fibrin matrix and morphological differentiatiomto trophoblast resembling the
trophoblast of term villi occurred, suggesting tipativillous fibrin may be involved in
trophoblast repair(31).

As normal pregnancy progresses, there is often &dsareas of syncytiotrophoblast
(possibly due to syncytial degeneration or trophsblturnover) and these areas of
trophoblast discontinuity are replaced by periviidibrinoid(32;33). Electron microscopy
has revealed apoptotic changes of syncytiotroplsbbia these areas of fibrinoid
deposits(34). While fibrinoid material may have piojogical functions, the deposition of
perivillous fibrinoid at the trophoblast surfacesticts feto-maternal exchange and in
cases of gross deposition, may lead to placensalfficiency. Excessive perivillous fibrin
deposition has been found in conditions of IUGR(&RAM pre-eclampsia(14;35), both

conditions that are associated with placental figahcy.
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1.2.4.3 Placental annexin V

Annexin V belongs to the family of annexins, white highly homologous phospholipid
binding proteins. Annexin V can be found in variotsl types such as platelets and
endothelial cells and has also been detected irrmalt blood and amniotic fluid(36).
While the plasma concentration of annexin V is I@5ng/ml), it is high within the
placenta at approximately 250mg/kg (37). Within giecenta, annexin V has been found
in various cell types such as capillary endotheat@ls, fibroblasts, Langhans cells and
Hofbauer cells. However annexin V is most abundaithin trophoblastic cells(38).
Annexin V is expressed constitutively by syncytptinoblast cells(39) and has been found
to be localised to the microvillous surface of ggratrophoblastic cells(40). Annexin V is
expressed by the placenta from as early as 7 wegglssation and is highly expressed on
the syncytiotrophoblast microvillous surface thrbagt gestation(41). Annexin V has a
high affinity to negatively-charged phospholipidels as phosphatidylserine and therefore
can act to bind phosphatidylserine-exposing celimimanes [reviewed in(36)]. The
presence of annexin V on a cell surface confergc@agulant properties. Annexin V
trimerises on the phospholipid cell membrane aresdhtrimers polymerise to form
hexagonal 2-dimensional crystals that form a latbger the phospholipid membrane(42).
This lattice is stabilized by protein-protein irgetions(36). The presence of the annexin V
lattice reduces lateral mobility of already-boum@gulation factors on cell membranes(39)

thus preventing the propagation of these coaguldtiotors.

A deficiency of annexin V has been implicated ire throcoagulant effects of the
antiphospholipid syndrome (which is associated wiibreased arterial and venous
thrombosis, placental thrombosis and fetal deashjeduced amounts of annexin V have
been found on the syncytiotrophoblast apical memdgaof these patients(43h vitro
experiments have shown that antiphospholipid immglotmulins lead to reduced annexin
V binding to phospholipid bilayers(43;44) as wedl teophoblast cell surfaces(45) with an
associated increase in prothrombin binding on thesghoblast cells(45). In pregnant
mice, infusions of antibodies towards annexin V evdound to lead to placental
thrombosis, placental necrosis and fetal loss(46)ections of phosphatidylserine-
containing vesicles (which are prothrombotic) imdce also led to thrombosis of the
placental bed and IUGR, while subsequent injectbmecombinant annexin V led to a

reversal of these effects(47).
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Lower amounts of annexin V expression on trophdblaas been noted in pre-eclamptic
patients compared to healthy pregnant controls@9#h association with lower annexin
V expression on the trophoblasts, higher amountsiboin degradation products and
thrombin-antithrombin complexes has been notedgesigng an inverse relationship
between the expression of annexin V and coagul@®)nSeveral studies have suggested
that annexin V may afford the syncytial surfacet@ction against clot formation(45-47).
Therefore, it is possible there may be a relatignbletween the distribution of annexin V

and fibrin deposition on the syncytial surfacetd placenta.

1.2.5 Placental apoptosis

As the placenta develops, its tissues undergo relimogl and central to this process of
remodelling is cellular apoptosis. Apoptosis is @fighe main types of programmed cell
death which involves a series of biochemical everading to changes in cell morphology
and ultimately the cellular death. The characterishorphology of cells undergoing
apoptosis are cell membrane blebbing, changes docéfi membrane such as loss of
membrane asymmetry and attachment, cell shrinkageear fragmentation, chromatin
condensation and chromosomal DNA fragmentatioralBinthe apoptotic cell breaks into
small membrane-wrapped fragments known as apopboiiites or microparticles which
are eventually engulfed by phagocytic cells. Apsds distinct from necrosis in that
apoptosis is an active form of cell death whicltastrolled, while necrosis is accidental
cell death as a result of external factors. Theegsses associated with apoptosis in the
disposal of cellular debris do not damage the asganin necrosis the whole cell along
with its organelles swell as the plasma membragernes unable to control the passage of
ions and water into and out of the cell, leadingldakage of cellular contents and

inflammation of surrounding tissues(49).

Apoptosis occurs during organ development and 1 p& normal cellular turnover.

Apoptosis involves a complex set of signalling ncoles such as Fas ligands, Fas
receptors and death signalling genes such as BBtR2 has been immunolocalised to
syncytiotrophoblasts of normal pregnancies throughpregnancy. Apoptosis can be
identified using cellular cytokeratin 18 which hbsen found to be cleaved in early

apoptosis. M30 CytoDEATH (Roche Molecular Biocheaté} is a mouse monoclonal
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antibody that detects a specific caspase cleavisgenghin cytokeratin 18 that is not
revealed in normal healthy cells. Thus, M30 is efuistool for localising apoptotic cells. A
previous study looking at M30 localisation withihet healthy placenta in the third
trimester showed that the majority of M30 stainimgs localised to extravillous
trophoblasts as well as syncytiotrophoblast cellgh wabundant M30 staining of
syncytiotrophoblast cells in areas of greater piéwivs fibrinoid deposition(50). As
cytokeratin is located within the cell cytoplasm3®limmunoreactivity is confined to the
cytoplasm although non-specific M30 staining of theclei of highly proliferating cells
has also been recorded(51).

In the developing placenta, cytotrophoblast cetistinually proliferate, differentiate and
fuse into the syncytiotrophoblast layer. A secoifféentiation process occurs at the outer
syncytiotrophoblast layer where syncytial apoptasisurs and ageing syncytiotrophoblast
nuclei are packed into syncytial knots and extruded the maternal circulation to be
replaced by a younger population (9;49). These tpiopsyncytial knots are cleared away
by villous stromal macrophages as well as circatptnacrophages (which occurs to a
large degree in maternal lungs) [reviewed in(52)he ingestion of apoptotic cells
(exposing phosphatidylserine) by macrophages hexs gigownin vitro to produce TGB-1
which suggests that macrophages may attenuateatexmal inflammatory response in the
placenta(53). In normal pregnancy, in the firanaster, there is a greater cytotrophoblast
volume in relation to syncytiotrophoblast volumeowirever this changes towards the end
of pregnancy where the syncytiotrophoblast volureeomes greater along with a greater

amount of syncytial knots and bridges(54).

Pre-eclamptic and IUGR placentas have a greateedeay syncytiotrophoblast apoptosis
as well as a greater number of syncytial knots bndges in comparison to healthy
placentas(20;55;56). In pre-eclampsia, the incekagpoptosis is associated with a
reduction in syncytiotrophoblast area and almdsteaminal villi in late pregnancy show
syncytial knots(57).In vitro, hypoxia has also been shown to induce apoptosis in
trophoblasts(58;59). As the syncytiotrophoblastefais in contact with the intervillous
space which is in turn in contact with the matesyatemic circulation, it is possible that
apoptotic syncytiotrophoblasts would release miarbgles into the maternal circulation.
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1.3 Placental debris and microparticles

1.3.1 Microparticle generation and characteristics

Microparticles range from 0.1 to 2um in size ane aroduced during cellular activation
and apoptosis. In normal cell conditions, membraminophospholipids such as
phosphatidylserine and phosphatidylethanolamineaateely transported from the outer
leaflet to the inner (cytosolic) leaflet of the lcelembrane by cell membrane translocase.
During cellular apoptosis, there is release of inalicfrom the endoplasmic reticulum
resulting in an increase in intracellular calciuevdls leading to the inhibition of
translocase. As a result of inhibition of transkmaphosphatidylserine is no longer
actively maintained at the inner leaflet and becomeposed on the outer surface of the
cell membrane[reviewed in (60)]. This increasealtiim also activates cytosolic calpain
which cleaves cytoskeletal filaments leading tobbleg of the cell membrane and the
eventual release of these cell membrane blebs timoextracellular environment as
microparticles[reviewed in(61)]. The released nwendicles contain cytoplasmic
components with phosphatidylserine exposed on tm@mbrane surface. Cell-specific
antigens particular to the cell type that the npemticles originated from are exposed on
the microparticle membrane surface(62). For examphcroparticles derived from
endothelial cells express CD31, CD51, CD54 and GD&2d CD106. Microparticles have
been identified from various cell types such aso#melium, T-cells, monocytes and
platelets(63-66). Microparticles have been founchttivate platelets(66) and they have
also been found to increase the adhesion of moesd¢gthuman umbilical vein endothelial
cells(HUVEC) via an up-regulation of intracellulaell adhesion molecule-1 (ICAM-
1)(64).

Microparticles have been proposed to be procoagutamature due to the exposed
phosphatidylserine on their surface, as phospHagdpe provides a surface for the
assembly of coagulation factors in the conversigorothrombin to thrombin via the tissue
factor pathway (67;68). Indeed, plasma levels ofraparticles have been found to be
raised in various prothrombotic conditions such agite coronary syndrome(69),

diabetes(70), heparin  induced thrombocytopenia(71paroxysmal nocturnal
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haemoglobinuria(72) and severe hypertension(73krdgarticle levels have also been
found to be raised in women with a history of iditipc pregnancy loss(74).
Microparticles may however also possess anti-c@gubroperties. Tanst al showed
increased platelet inactivation of activated fadtafter thrombin stimulation and this was
associated with microparticle release(75).

1.3.2 Syncytiotrophoblast membrane particles

The syncytiotrophoblast layer of the placenta idinect contact with the intervillous space
and therefore is in contact with maternal blood.hkalthy pregnancy, with constant
placental remodelling and renewal of the syncybiofioblast layer, there is apoptosis of
syncytiotrophoblasts (9) and this has been propasedesult in the shedding of

syncytiotrophoblast membrane fragments(STBMs) itite maternal side of placental

circulation(76). In healthy pregnancy, STBMs haeem identified in the maternal uterine
vein circulation (77;78). While STBMs have beenrfdun the uterine vein circulation of

60% of healthy pregnant women, only 10 % of thesadthy pregnant women had STBMs
detected in their peripheral circulation(78). A® ttnechanism of STBM generation is
similar to that of microparticle generation (i.e.cansequence of cellular apoptosis);
STBMs may be considered to be microparticles otgtatrophoblast origin.

In pre-eclampsia, there is greater trophoblast ey@igpcompared to healthy pregnancy(79)
and higher levels of STBMs have been found in thetemmal blood of pre-eclamptic
women compared to healthy pregnant controls(78@80%wamiet a81) measured STBM
levels in pre-eclamptic patients by means of ELIS#ng an anti-trophoblast antibody
(NDOG2) to capture the particles and STBM levelsravéound to be significantly
increased in early onset pre-eclampsia patientie(ga who developed pre-eclampsia
under 34 weeks’ gestation) compared to healthy rameig controls but they were not
statistically different when compared between lanset pre-eclamptics (over 34 weeks’
gestation) and healthy pregnant controls. STBMsHaeen found in the uterine veins of
71% of pre-eclamptic women but only 10% of thesenen had STBMs detected in their
peripheral circulation which suggests that whileréhis greater trophoblast apoptosis in
pre-eclampsia compared to healthy pregnancy, velgtiittle STBMs reach the maternal

peripheral circulation(78). There was also an iaseel amount of STBMs found in the
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peripheral circulation of early-onset pre-eclamptiomen compared to normotensive
IUGR pregnancies (81). lim vitro studies, STBMs from pre-eclamptic patients havenbe
shown to interfere with endothelial cell prolifecat (82) as well as impair small artery
relaxation(83;84) although another study of myoraktirteries perfused with STBMs in
levels up to 100 times that reported in pre-eclamgailed to show any effect on
bradykinin-mediated arteriolar dilatation(85). Tdfere, there is evidence that STBMs

may affect endothelial function and blood flow iregeclampsia.

1.3.3 Microparticles in healthy pregnancy

Microparticle levels in peripheral blood have bee@asured in healthy pregnant and non-
pregnant controls using flow cytometry. In a studyl5 healthy pregnant women and 19
non-pregnant controls, Bretellet al showed that platelet and endothelial-derived
microparticles were higher in healthy pregnant caragd to non-pregnant controls(86). In
contrast, in another study of 10 healthy pregnadit/iduals and 10 non-pregnant controls,
Van Wijk et aldid not find any significant difference in platelatonocyte, granulocyte or
endothelial-derived microparticle levels betweeagmant and non-pregnant controls(87).
With regards to coagulation, using a prothrombinaseay, Bretellet a86) found that
total microparticle pro-coagulant activity was sfgrantly increased in healthy pregnant
individuals compared to their non-pregnant contrblswever, VanWijket al measured
microparticle thrombin generating abilityn vitro and did not find any significant

difference between healthy pregnant and non-pregaantrols(88).

1.3.4 Microparticles in pre-eclampsia

When microparticle levels were compared betweeneplamptic women and healthy
pregnant controls, increased numbers of micropestiderived from endothelial, T-helper,
T-suppressor, monocyte, granulocyte cells were doimthe plasma of pre-eclamptic
patients compared to healthy pregnant controls{8990) although some studies did not
detect any significant difference in endotheliatrded microparticles between pre-
eclamptic and healthy pregnant controls(86;87). Miglest proportion of microparticles

in both pre-eclamptic and healthy pregnant womesn bbe®en found to be platelet-derived
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microparticles(87) although in contrast, Bretadkeal found a lower amount of platelet-
derived microparticles in pre-eclamptic pregnancmsmpared to healthy pregnant
controls(86). Despite differences in micropartitdeels in these cell subpopulations, no
differences have been found in the total numbemafroparticles in maternal plasma
between pre-eclamptic and healthy control group8{@®6 With regard to microparticle
pro-coagulant activity, in a study of 10 pre-eclaimpnd 10 healthy controls, VanWigt

al measured microparticle thrombin generating abilityvitro and did not find any
significant difference between pre-eclamptic andlthg pregnant controls (88). Breteé
al(86) using a prothrombinase assay did not find any iiffee in microparticle pro-

coagulant activity between pre-eclamptic and hggitegnant control groups.

1.3.5 Fetal Corticotrophin-releasing hormone mRNA

For purposes of measuring placental cell debrimaternal circulation, a measure of fetal
cellular products in maternal circulation may belemaken. Several studies have shown
that fetal DNA was detectable in maternal plasnmnfras early as 6 weeks’ gestation
onwards with a gradual increase of fetal DNA levass pregnancy progresses(91-93).
However, the use of fetal DNA as a measure hagdtmans as in order to differentiate
placental cellular debris from maternal cellulabidg only male offspring DNA could be
used and this precluded the study of pregnanciegitcg female fetuses(94). Fetal mMRNA
was then discovered to be detectable in materrednpm by using a 2-step reverse
transcription-PCR assay(95) and fetal mRNA appedmede protected from serum
RNAses as they were circulating within apoptoticlies(96;97). Fetal mRNA in maternal
plasma would be presumed to originate from theguitc as the placenta is genetically
identical to the fetus and is in direct contactrmiie maternal circulation. The measure of
fetal mMRNA in maternal blood would therefore beslection of the amount of placental

cell debris in maternal systemic circulation.

In human physiology, Corticotrophin-releasing homaqCRH) is a neurotransmitter
synthesised and released from the hypothalamughetbypothalamo-hypophyseal portal
system where it acts on the anterior pituitary dlaBue to the blood-brain barrier,
maternal CRH mRNA is not detectable in the matesyatemic circulation. The placenta

and fetal membranes produce CRH (98) and immurafismical studies have shown
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intense CRH staining at the syncytiotrophoblastetapf the chorionic villi, fetal
membranes and the invasive trophoblast cells indbedua(99;100). Therefore, any
measurable CRH mRNA in maternal circulation shoottne from the placenta. The
measurement of fetal corticotrophin releasing harenonRNA (CRH mRNA) can
therefore be used as a measure of placental-dedeiddebris in maternal systemic

circulation.

Fetal CRH mRNA levels have been measured in mdtplasma in healthy pregnancy and
have been found to increase as pregnancy prog(&8igsand in labour(102). The
presence of fetal CRH mRNA was found to clear froaternal circulation within 2 hours
after caesarean delivery(103). In pre-eclampsighédni levels of placental-derived CRH
have been found in the maternal serum as well #seiplacental circulation compared to
healthy pregnant controls(104;105) and the fetaHGRRNA concentration in maternal
plasma has also found to be higher in pre-eclampsiapared to healthy pregnant
controls(106;107). Fetal CRH mRNA levels have b&emd to be higher in early-onset
pre-eclamptics compared to late-onset cases, ppsedfiecting increased placental

damage in early onset pre-eclamptic patients(107).

1.4 Blood coagulation (haemostasis)

In order to place the coagulation changes in pregynand pre-eclampsia in context, it is
useful to review the function of various coagulatfactors in normal haemostasis and then
examine the changes in pregnancy and pre-eclamysimal haemostasis is an important
physiological reaction to prevent loss of bloodniralamaged blood vessels into the
extravascular space. This is achieved by the foomatf a localised insoluble blood clot (a
fibrin mesh) to plug the damaged area of the bleegsel. As the damage is repaired, the
clot is gradually removed by fibrinolysis.

Haemostasis is initiated and terminated in a cdliettdashion. This is necessary to ensure
formation of a blood clot in the correct locationdato prevent excessive propagation of
the clot. Various components of blood and the blo@m$sel wall are involved in

haemostasis, such as the haemostatic factorslgidatisssue factor and the endothelium. A
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fine balance of activation and inactivation of wais coagulation factors is necessary to
control clotting and this occurs by various feedb&mops in the haemostatic network.
Dissolution of the fibrin mesh is controlled by theasminogen activation system. The

normal haemostatic network will now be reviewed.

1.4.1 The haemostatic network

With reference to figure 1.4.1, there are two maathways (the intrinsic pathway and the
extrinsic pathway) that leads to the formation cfiveated factor X (FXa) which is
involved in the formation of the prothrombinase @bex. The intrinsic pathway is
initiated when the proteins prekallikrein, kallikiefactor XI (FXI) and factor XII (FXII)
are exposed to a negatively-charged surface sucbllagen on the blood vessel wall. This
is the contact phase. Prekallikrein is convertedkatikrein which then activates FXII.
Activated factor XII (FXlla) hydrolyses more prekltein to kallikrein thus amplifying
this cascade. FXlla also activates factor XI (FXActivated factor XI (FXla) in the
presence of calcium ions then activates factor FKK). The main function of activated
factor IX (FIXa) is to combine with activated factd@lll (FVIlla) to form the factor Xase

(FXase) complex. The FXase complex then activate®f X (FX).

The extrinsic pathway (see figure 1.4.1) is indehtvhen circulating activated factor VII
(FVIla) comes into contact with tissue factor (TFjssue factor is normally located at the
subendothelial matrix of blood vessels. Damagehw \tasculature leads to circulating
FVlla coming into contact with TF at the subendd#ienatrix leading to formation of the
FVila-TF complex which then activates factor X (FXjctivated factor X (FXa) then
activates factor V by proteolysis. FXa assembleth orothrombin, activated factor V
(FVa) and calcium ions on the phospholipid surfavided by cell membranas vivo to
form the prothrombinase complex. FXa can also tiregenerate small amounts of
thrombin from prothrombin (the ‘initiation’ stagand these small amounts of thrombin
back-activate FV and factor VIII (FVII) initiatingthe ‘amplification’ phase of

coagulation.
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Prothrombin is a protein. It is converted to thramiby cleavage of 2 peptide bonds by the
prothrombinase complex. Fully cleaved thrombirersriteda-thrombin and is active in free
solution. Thrombin cleaves the fibrinogen molecatet's a- and - chains thus exposing
N-terminal sequences that allow attachment of arotleaved fibrinogen molecule. This
allows progressive polymerization in either direntof cleaved fibrinogen molecules thus
forming elongating fibrils of fibrin, the blood dloThrombin has several positive feedback
mechanisms to enhance coagulation (see figure)lfiitombin can activate factor V.
Thrombin can also activate circulating factor Xl form activated factor Xl (FXIlla)
which functions to crosslink fibrin and other prote in the clot thereby stabilising the
whole clot structure. Factor VIII (FVII) circulagein blood bound to VonWillebrand
Factor (vWF) and is proteolysed by thrombin to faativated factor VIII (FVIIla) which
functions as an essential co-factor in the FXaseaton of Factor X. Thrombin can also

affect the intrinsic coagulation cascade by cleguiiXI into FXla.

There are several anticoagulant pathways in thenbsiatic network (see figure 1.4.1).
Protein C, a potent anticoagulant is synthesizethbyliver and is activated by cleavage to
form activated protein C (APC). APC acts to inaatey FVa as well as FVllla, thus

interfering with the formation of the prothrombieasomplex as well as the FXase
complex. The cleavage of protein C to APC can leelacated by thrombin, thus acting as
a negative feedback loop toward the generatiomdhér thrombin. Antithrombin (AT) is

synthesized by the liver and functions to inacevtitrombin by cleavage resulting in an
inactive complex, the thrombin-antithrombin compl€KAT). Antithrombin can also

inactivate FIXa, FXla and FXllla, but to a muchdesdegree than thrombin itself. Tissue
factor pathway inhibitor (TFPI) is synthesized bhatplets, endothelial cells, smooth
muscle cells, monocytes and fibroblasts. When therendothelial damage, platelets
aggregate and when activated by thrombin, rele&$d ihto the site of coagulation. TFPI
forms a complex with TF-FVlla-FXa, inactivating #eeco-factors and directly affecting

the formation of the prothrombinase complex.

1.4.2 The plasminogen-activation system of fibringkis

Fibrinolysis is important to ensure that fibrin dsfiion does not exceed beyond that

which is required to prevent loss of blood from thasculature. Following repair to the
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vasculature, the process of fibrinolysis ensures tihe fibrin mesh is removed as part of
the process of tissue repair and remodelling. Radbysis mainly occurs on the surface of
cells in close proximity with the cross-linked fibritself. These steps are illustrated with

reference to figure 1.4.2.

Factor XII (FXIl) is known as Hageman factor andsimthesised in the liver. FXII is
cleaved by Kkallikrein and plasmin into activated IFX{FXIla). FXlla activates
prekallikrein on the surface of endothelial celdls iecome kallikrein. Kallikrein then
breaks down high molecular weight kininogen (HMWIQ) bradykinin. Bradykinin then
stimulates the release of endothelial cell tisype-tplasminogen activator (tPA) from
endothelial cells(108). tPA is also secreted byo#imelial cells when stimulated by other
factors such as venous occlusion, adrenaline andchthin. Circulating tPA is inactive until
it becomes bound to fibrin, forming tPA-fibrin whiconverts fibrin-bound plasminogen
to plasmin. Urinary plasminogen activator (UPA)sinthesised by kidney tubules and
collecting ducts. uPA is secreted in an inactivenf@pro-urokinase) which is cleaved by
kallikrein and plasmin to become active uPA.

Plasmin plays a major role in the plasminogen-atiom pathway of fibrinolysis (see
figure 1.4.2). Plasmin hydrolyses the fibrinogem dibrin components of the blood clot
into small soluble peptides [known collectively fsrin degradation products (FDPs)]
leading to clot dissolution. Fibrin-bound plasmieags converted to plasmin by tPA and
uPA. It can be seen that fibrin combines with tBAattivate plasmin. Thus, fibrin plays a
major role in its own lysis. Plasmin can enhaneealticoagulant effect indirectly by
activating FXII (thus leading to greater conversadrprekallikrein to kallikrein) as well as
by activating pro-urokinase to active uPA. The @ttof these plasminogen activators are
regulated by plasminogen activator inhibitors (PA$ee figure 1.4.2). Plasminogen
activator inhibitor 1 (PAI-1) is secreted by endsial cells and platelets and functions to
inactivate tPA, uPA and plasmin. Plasminogen atgivanhibitor 2 (PAI-2) is mainly
produced by the placenta where it is synthesiseddryocytes and trophoblast cells. It acts
to bind both tPA and uPA but its potency is atid&sfold less than PAI-1.
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Edition, Blackwell Publishing 2005. Hofforand AVa@vsky D, Tuddenham EDG).(24)
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1.4.3 Markers of coagulation in pregnancy and pre-@ampsia

1.4.3.1 Soluble Tissue Factor

Tissue factor is not expressed by the endotheliumiroulating monocytes under normal
physiological conditions and therefore, there idleliappreciable contact of TF with
circulating blood. However, when stimulated by vas cytokines or mediators, TF can be
expressed by the endothelium, monocytes and maagesh[reviewed in(22;23)]. The
endothelium has been shown to express TF when lstieauby cytokines such as tumour
necrosis factor: (TNF-o) and interleukin 13 (IL-)(109) or when stimulated by mediators
such as thrombin, oxidized LDL(110) or vascular athdlial growth factor. Monocytes
can express tissue factor when stimulated by erdwp C-reactive protein(CRP) and
oxidised LDL (111)[reviewed in(23)].

Soluble TF has been found to be present in blo&)(a4 well as expressed by endothelial
cells after stimulation by proinflammatory cytokenguch as TNéand interleukin-6(113).
Giesenet al (112) has identified neutrophils and monocytesaiaimg tissue factor in the
circulation and this tissue factor was found todntively procoagulant. Higher plasma
levels of soluble TF have been associated with ise@gherosclerosis and diabetes
[reviewed in (114)], diseases which are associatigd a procoagulant state. Therefore,
increased levels of tissue factor reflect a sthteaeased coagulation potential.

TF expression by monocytes was found to be sigmifly lower in healthy pregnancy
compared to non-pregnant controls(115). In prerepkaa, plasma levels of TF has been
found to be significantly elevated compared to tigalbregnant controls(28;116;117).
However in a prospective study involving 2190 pegnwomen, Djurovicet al did not
find any difference in plasma TF levels at 18 weéejestation between women who

subsequently developed pre-eclampsia and theirmadtcontrols(118).
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1.4.3.2 Tissue Factor Pathway Inhibitor (TFPI)

Tissue factor pathway inhibitor (TFPI) antagonisies effects of TF by inactivating the
FVIla/TF complex, thereby preventing the productiohFIXa and FXa(119). Higher
plasma levels of TFPI have been found in variowstprombotic conditions such as acute
myocardial infarction, diabetes mellitus and disseted intravascular coagulation
[reviewed in(119;120)]. Plasma levels of TFPI halso been found to be raised in
hypercholesterolemic patients and TFPI was strongtyelated with total cholesterol and
low density lipoprotein levels(121). It was hypatlsed that this increase may be a
compensatory mechanism to prevent activation of ékiinsic coagulation system by

tissue factor and factor VIl in hypercholesterolempatients(121).

TFPI can be synthesized by the liver, monocytescrophages, megakaryocytes and
cultured human umbilical vein endothelial cells. PTHs produced constitutively by
microvascular endothelial cells [reviewed in (11#pproximately 50 to 80% of TFPI is
located in the endothelium with 10 to 50% circulgtin plasma and a small amount in
platelets [reviewed in (122)]. Plasma levels of THRs been shown to be positively
associated with markers of endothelial cell actorasuch as t-PA, thrombomodulin and
von Willebrand factor (VWF)(123). The plasma forml&PI may therefore be a marker of
endothelial cell activation(120). In the placent&Pl has been found to be expressed by
cytotrophoblasts, syncytiotrophoblasts and the wlasc endothelium(124). Cultured
syncytiotrophoblasts express higher TF levels lowtel TFPI levels in comparison to
cultured human umbilical vein endothelial cells.isTlsuggests there is a need for an
increased pro-coagulant activity in the placenmétnvillous space, perhaps in preparation
to prevent excessive haemorrhage [reviewed in {12#yher levels of TFPI in plasma
have been found in pre-eclamptic patients compared healthy pregnant
controls(117;125;126).

1.4.3.3 Thrombin-antithrombin complex

Once thrombin is formed, it circulates in the sgstecirculation bound to endogenous

serine protease inhibitors such as antithrombins Tésults in an inactive complex, the
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thrombin-antithrombin complex (TAT)(24). A measurm of TAT levels can therefore
be used to reflect the amount of thrombin in ciatioh(127). Serum TAT levels have been
found to gradually increase as pregnancy progré&8d£8-131). In one study, the median
TAT levels went up between 4.1 to 7.8 times from s$tart of labour to the end stages of
labour(132) which may reflect increased levelgiotulating thrombin in preparation for
haemostasis at delivery. TAT levels have been fouadreduce and normalise

approximately 24 hours postpartum(128).

Higher TAT levels have been found in the materdasima of pregnancies complicated by
pre-eclampsia when compared against healthy prégrantrols(125;128;129;133) and

TAT levels have been found to significantly increas tandem with both systolic and
diastolic blood pressures(88). In pre-eclampsighéi TAT levels have been found in
uterine veins compared to the maternal systemauleition, which may reflect increased
pro-coagulant activity of the placental circulationpre-eclampsia(134). Lower levels of
anti-thrombin have been found in patients with sev@re-eclampsia(125;129;133)
possibly reflecting antithrombin utilisation by meased levels of thrombin in this pro-
coagulant state. In an attempt to reduce the hamifflects of increased coagulation in pre-
eclampsia, a double-blinded randomised controlkl tvas undertaken to administer
antithrombin to patients with pre-eclampsia. Antitinbin was administered over a 7 day
period which resulted in an improvement in matesyhptoms, fetal biophysical profile

and fetal weight gain(135). This suggested a beiaeffect of antithrombin, possibly by

reducing available circulating thrombin, reducingagulation activation, reducing

placental thrombosis and leading to a consequegmovement in the clinical condition.

1.4.3.4 Prothrombin fragment 1+2

During the conversion of prothrombin to thrombimpthrombin fragment 1+2 (F1+2) is
released. F1+2 may therefore be used as a surragaieer to quantify the amount of
thrombin generated(127;136). Increased levels ef2Hiave been found in various pro-
thrombotic conditions such as end-stage renal sef&87), disseminated intravascular
coagulation(138), septic shock(139), haematologmalignancies(140), unstable angina

and acute myocardial infarction(140-142).
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In healthy pregnancy, it was found that there wgwagressive rise in F1+2 levels as
pregnancy progressed(131;140;142-144). This rise wand to be associated with
increasing levels of fibrinogen(143), TAT(88;1310)4and APC resistance(88). In pre-
eclampsia, levels of F1+2 were found to be highkenvcompared to healthy pregnant
patients(88). Patients who had a history of seyweeclampsia were found to have
increased levels of F1+2 and thrombin-antithrombii) six to fifteen months after
delivery(145).

1.4.3.5 Factor Vlic

Factor VII (FVII) is activated by cleavage, yieldira 2-chain disulphide-linked FVlla
molecule. With damage to the blood vessel and plism of the endothelial cell layer,
circulating factor Vlla comes into contact withstiee factor at the subendothelial matrix.
This leads to the formation of the TF-FVIla compteat initiates coagulation by directly
activating FX and FIX(24). Recombinant FVlla hasemesuccessfully used as a
procoagulant to control excessive postpartum hadrage(146) and also in bleeding
disorders such as haemophilia(147). The factor adhgulant activity (FVIIic) can be
measured in a bioassay that is sensitive to FMMlaich would be a more accurate
assessment of the activity of FVlla in comparisomteasuring levels of FVlla antigen in
blood. FVlic levels have been found to be raisetigalthy pregnancy(148). There is little
in the literature regarding FVII levels in pre-eulasia although one study did not find any
significant difference in FVII levels between womemho had hypertension and
superimposed pre-eclampsia and healthy control pg(d49). Postnatally, FVII levels
have been found to be significantly raised in priewaptic pregnancies 6 to 15 months

after delivery compared to healthy pregnant cos(ial5).

1.4.3.6 Factor Xlla

The precise role of FXlla is not well defined asIBXmay have both pro- and anti-
coagulant effects. It has a pro-coagulant effecthat it activates factor XI to become
factor Xla which participates in the intrinsic codagion pathway. It also has anti-

coagulant effects in that it leads to productiorplaflsmin which is involved in blood clot
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dissolution. FXII deficiency has been found in meeat venous thrombosis(150), but
found to be raised in diabetes mellitus(151) angtiseshock(139;152). Several studies
have shown an association of FXII deficiency wisurrent miscarriage(153-155) and as
early pregnancy loss is associated with placertabntbosis, FXII deficiency may
predispose to thrombosis.

In normal pregnancy, FXIl has been shown to beadhigp to 150% in the third trimester
compared to non-pregnant controls(156). Higherlgeweé FXlla were also found in the
third trimester compared to the first trimester(l5& longitudinal study of FXlla in
normal pregnancy showed a progressive increaseXdflaHn pregnancy but which
decreased postpartum. This increase was most isamtifat 3 points between 12 to 35
weeks' gestation(157). In a study of 12 pre-eclaengatients, FXIl levels were
significantly higher compared to healthy pregnaomtools(158). Therefore, FXII levels

appear to be raised in pregnancy and further ramspce-eclampsia.

1.4.3.7 Activated protein C (APC)

FVilla and FVa are potent coagulation factors ire tformation of the FXase and
prothrombinase complexes respectively. FVilla anda Factivity is inhibited by the
‘protein C pathway’. Protein C is a vitamin K-depgent serine protease that is synthesised
in the liver. Protein C is activated by cleavageitefheavy chain by thrombin to form
activated protein C (APC). This reaction is acakd on the surface of endothelial cells
by receptors for both thrombin and protein C. AR@Gctions to bind to Protein S in the
presence of thrombin and thrombomodulin leadintpéoinactivation of FVa and FVllla in
the extrinsic coagulation cascade. Therefore, APG@nticoagulant in nature [reviewed
in(24)].

The activity of protein C can be measured as th€ Ad&io. A lower ratio corresponds to
APC resistance and reduced anticoagulant propeifies APC ratio has been found to
progressively reduce in healthy pregnancy and ithisiost significant after 20 weeks’
gestation(142;159;160). APC resistance has beendfda be higher in patients who

suffered first and second trimester losses(161miAdtration of APC has been found to
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reverse the effects of IUGR induced by procoagupdraspholipid vesicles in mice(162).
A point mutation in the factor V gene (FV:Q506) sas a condition known as factor V
Leiden which leads to APC resistance. A prospecsitely of 2480 women in early
pregnancy showed less intrapartum haemorrhage iengm who had factor V
Leiden(163). Factor V Leiden is also associatedh & increased risk of developing pre-
eclampsia (88;164-166).

1.4.3.8 Plasminogen activator inhibitor type 1 (PAl

Plasminogen activator inhibitor type 1 (PAI-1) ioguced by endothelial cells, platelets,
kidney tubule cells, adipose tissue, liver, thecpida and myometrium(167). Active PAI-1
may be freely circulating in plasma or bound to atdbilised in its active form by
vitronectin which is found in abundance in the sudmhelial matrix. With damage to the
endothelium and activation of the pro-coagulantesys PAI-1 bound to vitronectin in the
subendothelial matrix is ideally placed to partatg in and influence the process of clot
dissolution and vascular repair(168). Plateletsestarge amounts of PAI-1 within its
granules and is released during platelet aggragd®8). PAI-1 indirectly inhibits the
process of fibrinolysis by binding and inactivatitige 3 main proteases involved in
fibrinolysis (tPA, uPA and plasmin). These compkexee then removed by the liver. PAI-
1 is the primary inhibitor of tPA. Raised PAI-1 &% have been found in obesity, ischemic

cardiovascular disease(169) and type Il diabet¢s(24

In normal pregnancy, there is an increase in matelasma levels of PAI-1(6;170) but
this has been found to fall quickly after deliveryQ-172). Maternal plasma levels of PAI-
1 in pre-eclampsia have been found to be signifigamaised when compared to healthy
pregnant controls(125;173-175). Patients with mlarapsia with extensive placental
infarction have been found to have increased plaewels of PAI-1 when compared to
pre-eclamptics without extensive placental infamfl72). However in cases of pre-
eclampsia complicated with IUGR, lower levels of IRAin maternal serum have been
found compared to patients with just pre-eclampdtme(125). Greater levels of PAI-1
have been found in the syncytiotrophoblasts ofgmlemptic patients compared to normal

healthy controls, with greater PAI-1 expressioara@s of placental infarction(176).
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1.4.4 Markers of vascular inflammation and endothehl function

1.4.4.1 Intercellular adhesion moleculel (ICAM-1)

Intercellular adhesion molecule 1 (ICAM-1) and vdac adhesion molecule 1 (VCAM-1)
belong to the immunoglobulin superfamily of Cell #esion Molecules (CAMs). ICAM-1
and VCAM-1 are involved in the leukocyte-endotheliall adhesion cascade, where
circulating leukocytes are attracted to areas fdinmmation. In the leukocyte-endothelial
cell adhesion cascade, circulating leukocytes #tracked by chemotaxis to the site of
inflammation and margination towards the vasculatoghelium occurs mediated by E-
and P-selectin. Integrins on the surface of thd&deutes interact with ICAM-1 on the
surface of the endothelium leading to leukocyteeagihce. This then leads to leukocyte
flattening and eventual transmigration through fions between endothelial cells into the
basement membrane. After a brief pause, they neign& the interstitial tissue [reviewed
in(177)]. In inflammation, pro-inflammatory cytoleds such as interleukin-1, tumour
necrosis factorr and interferons activate endothelial cells and leukocytes leadiog
shedding of CAMs from their surface into the systemirculation. This leads to the
presence of soluble ICAM-1(sICAM-1) and soluble V@A (sVCAM-1) in plasma. Thus,
measurement of these soluble forms may serve akersaof endothelial activation and
vascular inflammation [reviewed in(178)]. ICAM-1 @roduced by macrophages and

endothelial cells and is present on these celbses.

ICAM-1 may have a role in coagulation as a relaiop has been discovered between
ICAM-1 expression and acquired APC resistance(1Mpnocytes have thrombin
receptors and thrombin has been shown to upregoiatecyte ICAM-1 expressioim
vitro(179). Soluble ICAM-1 levels have been measurethénmaternal plasma of healthy
pregnant women and no significant difference irele\have been found between pregnant
and non-pregnant women(180;181) although Céirkl noted higher levels of monocyte-
derived ICAM-1 in healthy pregnant compared to poagnant women(179). Heimragh

al noted higher levels of SICAM-1 in patients with gmancy-induced hypertension (PIH),
compared to healthy pregnant controls(182). In epédi with pregnancy-induced
hypertension, higher levels of ICAM-1 have beennfbwn the surface of lymphocytes in

the peripheral circulation as well as decidual Mogytes, with decidual lymphocytes
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expressing greater amounts of ICAM-1 than perighgraphocytes(183). In IUGR
patients without pre-eclampsia, sICAM-1 levels iaternal plasma have been found to be

higher when compared to healthy pregnant contrd{g(1

In pre-eclampsia, the literature is conflicting wi#everal studies showing maternal plasma
SICAM-1 levels significantly higher in pre-eclamptipatients compared to healthy
pregnant controls(181;184;185) but in a study of Pbe-eclamptic patients,
Chaiworaposangat al did not find any significant difference in sICAMiévels between
pre-eclamptic and healthy pregnant controls(180)n ket al also did not find any
significant difference in sSICAM-1 levels betweeraliry pregnant and mild pre-eclamptic
women but sICAM-1 levels were significantly higher severely pre-eclamptic women
compared to the healthy pregnant patients(186ndJsnmunocytochemistry, Lya#t al
did not find any difference in ICAM-1 expression dme endothelium between pre-
eclamptic and healthy controls(187;188). In theceida, ICAM-1 was found to be
expressed by the endothelium of spiral arteriesthedrophoblastic cells. There was no
difference in the amount of ICAM-1 expression bedwere-eclamptic pregnancies and

healthy pregnant controls(189).

1.4.4.2 Vascular cell adhesion molecule-1 (VCAM-1)

VCAM-1 is produced mainly by endothelial cells boan also be expressed by
macrophages, myoblasts and dendritic cells(190)teial serum soluble VCAM-1
(sVCAM-1) levels have been measured in normal hgghregnancy and no significant
differences were found between healthy pregnant raomdpregnant controls(180;181).
However maternal plasma sVCAM-1 levels have beamdoto be higher in IUGR
pregnancies compared to healthy pregnant cont&4$(1n pre-eclampsia, several studies
have shown that maternal plasma levels of sVCAMerewsignificantly raised in pre-
eclamptic pregnancies compared to healthy pregeantrols (180;181;184;186;191).
sVCAM-1 levels have also been shown to be sigmtigahigher in severe pre-eclampsia
compared to mild pre-eclampsia(186;191). In prewagltic pregnancies complicated with
IUGR, greater levels of sVCAM-1 have been foungia-eclamptic patients with IUGR
compared with patients who had pre-eclampsia withilGR(192). A prospective

longitudinal study of 1543 pregnancies showed tiakien together, raised levels of
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prenatal SICAM-1 and sVCAM-1 had an overall preditvalue of 64% towards

developing pre-eclampsia(193).

Lyall et al detected significantly higher levels of sSVCAM-1 pre-eclamptic patients,
compared to healthy pregnant controls(187;194).| idewl detected increased amounts of
VCAM-1 and ICAM-1 on the surface of cultured humambilical vein endothelial cells
after stimulation with sera from pre-eclamptic pragcies suggesting that there was
endothelial cell activation as a result of exposuoe sera(195). However, using
immunocytochemistry, no difference was found in émeount of VCAM-1 expression in
the endothelium of spiral arteries and the tropasiid cells of pre-eclamptic pregnancies
compared to healthy pregnant controls suggestiaigthie increased levels of sSVCAM-1 in
pre-eclampsia may not be of placental origin(186)19

1.4.4.3 Von Willebrand factor

Von Willebrand factor (VWF) is synthesised predoamthy within vascular endothelial
cells(197). Von Willebrand factor may be releasddaaconstant rate into plasma
(constitutive pathway) or may be stored within WekiPalade bodies in endothelial cells to
be released when stimulated (regulated pathwaypakkayocytes also synthesise VWF
which are stored in thex-granules of platelets(198). However, very littléatplet-
synthesized VWF is released into plasma. The releasWF is stimulated by thrombin.
There are two functions of VWF in haemostasisgeives as a carrier for factor VIII by
forming a complex with circulating factor VIl targtect it from degradation and vVWF also
functions to mediate platelet adhesion to the Jascsubendothelium. Damage to the
vasculature exposes circulating blood to collagédrickvis present at the subendothelial
matrix. Circulating VWF attaches to collagen legdio platelet adhesion, aggregation and
platelet activation with the release e@fgranules at the site of injury. Locally-activated
endothelial cells can also release stored VWF. mbio formation at the site of injury
further stimulates VWF release. This leads to anemsed local concentration of VWF at
the site of injury encouraging further plateletgding at the site of endothelial damage.
The physiological release of VWF by the endothelaifows it to be a useful marker of

endothelial activation. Increased levels of vWFéaeen found in various prothrombotic
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conditions such as deep venous thrombosis(199;286)ve inflammatory bowel
disease(201) and acute stroke(202).

Von Willebrand factor levels rise as pregnancy peeges and levels resolve to normal
after delivery(203;204). Von Willebrand factor isactivated by cleavage of a plasma
metalloproteinase; a disintegrin and metallopr@sewith a thrombospondin type 1 motif,
member 13 (ADAMTS 13) and ADAMTS 13 activity in hiégy pregnant women have

been found to reduce from around 12 weeks’ gestatidil early puerperium, then found

to increase again(205). In patients with pregnanduced hypertension, VWF levels have
been found to be higher compared to healthy pragramtrols(206) and plasma levels of
VWF were found to be linearly correlated to the esgy of pregnancy-induced

hypertension(207). Higher levels of vWF have beaimél in women with pre-eclampsia
compared to healthy pregnant controls(208-210)vdiéxl levels of vWF were also found
in patients with HELLP syndrome compared to heatirggnant controls. However levels
of VWF returned to normal when measured 6 monthstpaotum(211). Patients with

HELLP syndrome also showed reduced levels of ADAMBS~hen compared to healthy
pregnant controls. However level of ADAMTS 13 reted to normal when measured 6

months postpartum(211).

1.4.5 Measure of placental function

1.4.5.1 Plasminogen activator inhibitor type 2 (F2Al

PAI-2 is a serpin and is produced by placentalousl syncytiotrophoblasts as well as
monocytes and macrophages. PAI-2 is mainly locatdcellularly but has been found to
be released during cell activation or apoptosisi¢reed in (212)]. PAI-2 functions to

inhibit fibrinolysis by inhibiting uPA and tPA inhe plasminogen activation system of
fibrinolysis by forming stable complexes. Inactieat of uPA and tPA leads to reduced
conversion of plasminogen to plasmin and consetjueeduced degradation of fibrin by
plasmin. PAI-2 levels in plasma are normally undetkle but have been found to be
raised in healthy pregnancy(170;172) and there psogressive increase with increasing

gestation(172). A positive correlation has beemtbbetween maternal serum PAI-2 levels
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and birth weight in healthy pregnancy(172). Aftelieery, maternal PAI-2 levels may
remain elevated for up to 11 days, suggestingithagty still be secreted from placental

remnants still present in the uterus(172).

In pre-eclampsia, maternal serum PAI-2 levels Hasen found to be significantly lower
compared to their healthy pregnant controls(1251720213). Maternal plasma PAI-2
levels have also been found to be low in severeepl@mpsia, with an associated increase
in tPA levels (214). PAI-2 levels in pre-eclampiatients with associated IUGR have been
found to be lower compared to patients with predegsia alone(125).
Immunohistochemical staining of PAI-2 and uPA asrtig in pre-eclamptic placental tissue
was not found to be as intense compared to healtBgnant control placental tissue
suggesting there is less PAI-2 expression in plargesia(170). The PAI-1/PAI-2 ratio has
been found to be significantly raised in pre-eclampregnancies compared to healthy
pregnant controls(213). As plasma levels of PAlal’éhbeen found to be raised in pre-
eclampsia and the plasma levels of PAI-2 decreasgite-eclampsia, the PAI-1/PAI-2
ratio can be a useful marker for pre-eclampsiaedadd 2 prospective studies found
elevated PAI-1/PAI-2 ratios in pregnant women whbsgequently went on to develop pre-
eclampsia (215;216).

1.5 Eicosanoids in coagulation

1.5.1 Eicosanoids in coagulation and vasoactive pperties

Platelets are small anucleate cells in the systemnaulation that play a critical role in
thrombosis. Activated platelets provide a negaynadlarged surface for the assembly of
the prothrombinase complex by externalising phosgyiaerine onto the surface of its cell
membrane. Activated platelets form a bridge witiraunding polymerised fibrin which is
generated in the coagulation cascade. Activatedelpta also provide additional
coagulation factors such as factor V, factor Vhddibrinogen. Platelet activation results
in the exposure of phosphatidylserine on its plasneebrane surface as well as forms

membrane blebs with the release of micropartigiedg¢wed in (217)].

50



Thromboxane is an eicosanoid and is involved inpteeess of coagulation, as activated
platelets release thromboxane at the site of gliaselhesion. Released thromboxane in turn
activates other platelets via G-protein coupledriivoxane receptors. This leads to a
positive feedback loop of activation and recruittneh more platelets into the growing
thrombus [reviewed in (217)]. Thromboxane is sysibed by platelets as well as by
placental trophoblasts(218). Thromboxanes are sgigbdin vivo in platelets from
polyunsaturated fatty acids (PUFAS) liberated froefi membrane phospholipids by the
action of phospholipase,A

Prostacyclin (PG) is also an eicosanoid. Prostacyclin is synthdsisainly by the
vascular endothelium and also by the vascular oflihe placenta, the membranes, the
myometrium and the endothelium of umbilical, plaeénand uterine vessels(218)
Prostacyclin is a major endothelium-derived intdbibf platelet activation, acting through
a G-coupled receptor [reviewed in (217)]. Prostacytias been shown to inhibit platelet
adhesion and thrombus formation on vascular wadlesdothelium(219). Prostacyclin, as
well as being an inhibitor of platelet aggregatisnalso a potent vasodilator (220).

Thromboxane and prostacyclin therefore have aniatjoeffects.

1.5.2 Thromboxane and prostacyclin in pregnancy angre-eclampsia

In healthy pregnancy, thromboxane and prostacyagiproduced in equal amounts(218).
In pre-eclampsia, both the trophoblast and theepiat villous core secrete higher levels
of both thromboxane and prostacyclin compared #dthye placentas(221). Pre-eclamptic
trophoblasts have been found to produce over ttmees as much thromboxane but less
than 50% as much prostacyclin compared to healdgeptas(218;222). Greater amounts
of thromboxane B (the metabolite of thromboxane,)Ahas been found compared to 6-
keto-prostaglandin Fl ( the metabolite of prostacyclin) in the materplsma of pre-
eclamptic pregnancies compared to healthy pregeantrols(223). Higher levels of
thromboxane Band lower levels of 6-keto-prostaglandinaAiave also been found in the
urine of pregnant women who have gone on to devetepgeclampsia(224). A higher ratio
of maternal urinary thromboxane; A0 6-keto-prostaglandin klhas also been found in
IUGR pregnancies compared to healthy controls(225).
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Women with pre-eclampsia have also been found ve hagher amounts of thromboxane-
induced platelet aggregation compared to healthgtrots in both early and late
pregnancy(226). Plasma levels of prostacyclin aiced in both mild and severe pre-
eclampsia. In contrast, thromboxane levels werehamged in mild pre-eclampsia but
significantly higher in severe pre-eclampsia, whigltonsistent with platelet activation in
pre-eclampsia(218). Cultured pre-eclamptic tropastsl have been found to produce more
thromboxane B(a metabolite of thromboxane)Aand phospholipase,Avhen compared
to cultured trophoblasts from healthy pregnancies the production of thromboxane B

and phospholipase,Avas further increased when cultured under hypoarditions (227).

Thromboxane is a vasoactive substance and stinsulisoconstriction. In contrast,
prostacyclin is a vasodilator. In pre-eclampsiarehis failure of uterine spiral arteriole
conversion by extravillous trophoblasts into lacg@acitance vessels. As a result of failure
of conversion, these arterioles maintain their rmalasccoat and they would be influenced
by the vasoconstrictive properties of thromboxarteerefore, the increased thromboxane:
prostacyclin ratio can lead to the features ofgumkmpsia such as vascular hypertension,

increased platelet aggregation and reduced uteremial blood flow (218).

1.5.3 Thromboxane and prostacyclin synthesis fromafty acids

The eicosanoids thromboxane and prostacyclin arghegised from their fatty acids
precursors arachidonic acid and eicosapentaenaic(BPA) [illustrated in figure 1.5.3].
Arachidonic acid is the parent compound for thettsgsis of the 2-series thromboxane and
prostacyclin while EPA is the parent compound fbe tsynthesis of the 3-series
thromboxane and prostacyclin. The 2-series throrabeg and prostacyclines have a
greater potency of action than 3-series thromboxamel prostacyclines. As the 2-series
thromboxanes and prostacyclins are synthesised fneén fatty acids while 3-series
thromboxanes and prostacyclins are synthesised firk@nfiatty acids, the balance of n-6 to
n-3 fatty acids in the body can, by virtue of haygreater substrate, determine the quantity
of which of these types of eicosanoids will be progtl. For example, a greater proportion
of n-6 fatty acids to n-3 fatty acids in membrarwgpholipids may shift the balance of
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Figure 1.5.3: Eicosanoid synthesis from the essential fatty acetursor’s linolenic acid

(n-6 series) and-linolenic acid (n-3 series). Adapted from: Dietdoyg-chain n-3 fatty

acids for the prevention of cancer: a review ofeptial mechanisms. Larsson etAam J
Clin Nutr 2004. LT, leucotrienes; PG, prostaglandins; LOX, lipoxygee; COX,

cyclooxygenase.
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eicosanoid synthesis to favour the production afrtiboxane A As thromboxane Ahas
a greater potency of action compared to thromboxangreviewed in (228)], greater
thromboxane A synthesis in platelets will lead to greater pkttedctivity and thus an

greater procoagulant state.

1.5.4 Fatty acids

Fatty acids are important constituents of the phobpid layer of cell membranes as well
as precursors of eicosanoids. In polyunsaturatiéyl daid (PUFA) metabolism in humans,
the precursor of the n-6 series PUFAs is linolaid and the precursor of the n-3 series
PUFAs isa-linolenic acid. Linoleic acid and-linolenic acid are essential fatty acids.
These precursors are metabolised into their reispegotoducts by the sequential actions of
desaturases and elongases. These desaturasesoagdset are shared between the
different groups of fatty acids (such as the n-3%, m-7 and n-9 series). There is
competitive inhibition by these fatty acid groups flesaturases and elongases and the
major determinant of which fatty acid group is prehtially metabolised into its products
is the amount of substrate present. PUFAs are ifapbprecursors of eicosanoids such as

thromboxanes, prostacyclins and leucotrienes (fefare 1.5.4).

In Western diets, there is a tendency towards grea6 fatty acids intake compared to n-3
fatty acids and this leads to arachidonic acid dpeihe predominant substrate for
eicosanoid synthesis. This leads to the majoritgicbsanoids produced in the body being
of the 2-series prostaglandins (including thromlmax&y) which have greater potency of
action compared to the 3-series prostaglandins. leveis of the n-3 fatty acids EPA and
DHA have been found to be associated with increaisédof death from cardiovascular
disease(229) and high intakes of n-3 fatty aciddi@t are associated with a significant
reduction in cardiovascular mortality(230). Thedwmae of n-6 and n-3 fatty acids has been
shown to affect platelet function as platelet adtu with the n-3 fatty acids
eicosapentaenoic acid (EPA), docosapentaenoic @ithA) and docosahexaenoic acid
(DHA) showed a decreased platelet aggregation nsgpto collagen(231) and in culture,
DPA was found to suppress thromboxand@mation by platelets which were exposed to
collagen(232).
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Figure 1.5.4: Pathways of the n-3, n-6, n-7 and n-9 groups dl fatid metabolism.

Adapted from:Unsaturated fatty acids- Nutritional & physiologicaignificance. The

report of the British Nutrition Foundation Task Feer (1992).
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1.5.4.1 Fatty acid synthesis

Fatty acids may be saturated, mono- or polyunsimir&aturated fatty acids do not have a
double bond in its hydrocarbon chain. Monounsaéardatty acids have a single double
bond while polyunsaturated fatty acids have moaa thne double bond in its hydrocarbon
chain. A double bond leads to a ‘kink’ in the hycldoon chain and a greater number of
double bonds will lead to increased ‘kinking’. Cethembranes are composed of
phospholipid molecules arranged in a bilayer andspholipid molecules have two fatty

acid tails. Increased ‘kinking’ of fatty acids irdjacent phospholipids leads to the
phospholipid molecules being less densely packegther leading to an increase in
membrane fluidity. Therefore, greater amounts olyynwsaturated fatty acids in cell

membranes lead to greater membrane fluidity(233).

Fatty acids may be obtained from the diet or sysitieel by the human body (refer figure
1.5.4). Fatty acids that can be synthesised byhthmean body are termed non-essential
fatty acids while fatty acids that cannot be sysibed in the human body are termed
essential fatty acids. In mammals, fatty acids timg) of up to 16 carbons in length are
synthesised by cytoplasmic fatty acid synthase )(2Bdrther lengthening of the carbon
chain is performed by elongase enzymes which amabrane-bound enzymes located in
the endoplasmic reticulum. Elongases function td 2dccarbon units to the hydrocarbon
chain of the fatty acid molecule thereby lengthgnihe hydrocarbon chain. There are
different elongase systems specific for fatty a@tslifferent chain lengths and different
degrees of unsaturation [reviewed in(235)]. At pristhe regulation of elongase enzymes
are not fully understood [reviewed in(234)]. Desase enzymes introduce a double bond
into the carbon chain of the fatty acid moleculer Example A° desaturase introduces a
double bond between carbon atoms 5 and 6 in dihgtmmlenic acid to form arachidonic
acid (20:4 n-6). Fatty acids of various seriesisgilthe same elongase and desaturase
enzymes and in fatty acid synthesis, there is caitigpe of each of the fatty acid classes
for the same elongation and desaturation enzynessejred in(236)]. For example, both
n-6 and n-3 class fatty acids use the sAfaesaturase enzymes to introduce double bonds

between carbon atoms 5 and 6 into their respentatabolites.
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Stearoyl-Co-A desaturasa¥ desaturase) is a highly regulated enzyme thalysas a
crucial step in the biosynthesis of monounsaturéaéy acids from saturated fatty acids
leading to the synthesis of membrane phospholigrdgycerides, cholesterol esters and
alkyl-1,2-diacylglycerol. A deficiency im® desaturase can lead to reduced fatty acid
oxidation and thus, reduced lipid synthesis andag®m A° desaturase can also lead to
increased insulin sensitivity and increased metabrate(237;238). It is known that there
is dysfunction of lipid metabolism in pre-eclampsiad pre-eclampsia is associated with

hypertriglyceridemia(239), raised low density lipogins and raised free fatty acids(240).

1.5.5 n-6 and n-3 series polyunsaturated fatty acsd

Polyunsaturated fatty acids (PUFAS) are fatty acith 18 carbons or more in the
hydrocarbon chain with two or more double bondsFR& are important components of
cell membranes and they confer fluidity and selecpermeability to the cell membrane.
Two important groups are the n-6 and n-3 PUFAs(2BBg pathways of n-6 and n-3 fatty
acid metabolism are illustrated in figure 1.5.4eTprecursors of n-6 and n-3 fatty acid
metabolism (linoleic acid and-linolenic acid respectively) are classed as esalefattty
acids as humans lack the 12-desaturase enzymeaimagrts oleic acid into linoleic acid.
The human body also lacks the 15-desaturase enagchgo cannot convert linoleic acid
to a-linolenic acid. These desaturase enzymes are fouptants and so linoleic ang
linolenic acid must be obtained from the diet. Caumflower and soybean oils are high in
linoleic acid. Linseed oil is high im-linolenic acid. In a typical diet of the UK poptitan
the main polyunsaturated fatty acid (PUFA) is leiolacid (14g/day) witl-linolenic acid
comprising approximately 2g/day(241).

Linoleic acid anda-linolenic acid are metabolised down their respectpathways into
long-chain polyunsaturated fatty acids (LCPUFAd)eR® desaturase enzyme is the rate
limiting enzyme in n-3 and n-6 metabolism to LCPWRd it has the highest affinity first
for a-linolenic acid (n-3 PUFA), then linoleic acid (nFBJFA) and the lowest for oleic
acid (n-9 PUFA)(242). In the n-6 series, linoleicidais metabolised into dihome-
linolenic acid (20:3 n-6) and arachidonic acid &0:6). In the n-3 series;linolenic acid

is metabolised into eicosapentaenoic acid (20:5 {&=BA), docosapentaenoic acid (22:5 n-

3) (DPA) and docosahexaenoic acid (22:6 n-3) (DHA).
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Arachidonic acid (20:4 n-6) is the most abundanERUh cell membranes and the typical
Western diet contains approximately 20% of totalglahain PUFAs as arachidonic acid,
with the n-6 fatty acid dihome-inolenic acid making up 2%. In contrast, the fagy
acid eicosapentaenoic acid makes up less than l#tabffatty acids consumed [reviewed
in(228)]. LCPUFAs may also be obtained directlynfirish. Fish is high in n-3 fatty acids.
In particular, oily fish such as herring, mackeaetl sardines contain high amounts of the
n-3 fatty acids eicosapentaenoic acid (EPA) anasiaitexaenoic acid (DHA). These fatty
acids are also high in the liver of certain fisbr, €&xample cod. Both EPA and DHA are
present in 10 to 100-fold greater amounts in fismpared to land animals (243). Fish oil

preparations contain approximately 20-30% EPA ahid\D

It has been suggested that humans originally edodwvea diet where n-6 to n-3 fatty acid
intake was in the ratio of 1:1. In contrast, thereot western diet n-6: n-3 ratio ranges
from 10:1 to 25:1(244). As both the n-6 and n-3yfaicids share desaturase and elongase
enzymes, an increase in one class of fatty acidltseegh substrate competition for the
shared desaturase and elongase enzymes leadingda@ed amount of metabolites of the
other class. For example, an increase of the rity daid linoleic acid in the diet will lead

to an increased amount of its n-6 metabolites by\frdesaturase enzyme but will result in

a reduced amount of n-3 fatty acid metabolites(242)

1.5.6 Fatty acids in healthy pregnancy and pre-eafapsia

1.5.6.1 Maternal fatty acid changes in healthy pasgy

Plasma maternal fatty acids have been measuredmy studies but were measured from
plasma lipoproteins and thus affected by mateawstirig status. The results show a general
trend towards an increase in absolute amountstaf fatty acids, n-6, n-3 fatty acids as
well as percentages of some fatty acids(245-24@)tlis is in keeping with the increased
state of lipolysis in pregnancy. A method of ciratenting the problem of maternal fasting
status would be to analyse the fatty acid compwsitdf maternal erythrocyte cell
membranes. The half-life of an erythrocyte if 12(ysland so a measure of its membrane

fatty acid composition would be representative e tmother’s fatty acid status over the
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preceding 3 months, although, Skeafffal had noted that dietary-induced changes in the
fatty acid composition of plasma fatty acids wes#ected in erythrocyte cell membrane
fatty acids after just 2 weeks(248). Neverthelassieasure of fatty acids from erythrocyte
membrane would not be confounded by the subjeti'sediate fasting status.

Stewartet al performed a longitudinal assessment of erythrocgtemembrane fatty acid
composition in 47 healthy pregnant women measurexhch trimester of pregnancy(249).
There were significant increases in the percentagdsabsolute amounts of DPA (22:5 n-
6) a-linolenic acid (18:3 n-3) and DHA (22:6 n-3). Thexere also significant increases in
the absolute amounts of palmitoleic acid (16:1 @) nervonic acid (24:1 n-9) but not as
a percentage of total fatty acids. These changearmd between the first and second
trimester(249).

Other groups have also measured erythrocyte faity @mposition in pregnancy(250-
254) and have found that in healthy pregnancy, wethards to n-6 fatty acids, linoleic
acid, dihomoy-linolenic acid, arachidonic acid, and n-6 docosdé@enoic acid (n-6 DPA)
were found to be higher either as a percentagetalf fatty acids or in absolute amounts or
both. With regards to n-3 fatty acids/inolenic acid and DHA were found to be higher
both as a percentage of total fatty acids and solabe amounts. With regards to other
fatty acid classes, nervonic acid (24:1 n-9) arlchpgaleic acid (16:1 n-7) were found to be
higher in healthy pregnancy compared to healthytrobnThis general increase of fatty
acids may be due to increased maternal mobilisatidatty acids in healthy pregnancy. In
the third trimester, the levels of fatty acids sasharachidonic acid, EPA, n-6 DPA and
DHA may become reduced compared to the seconddtem&evels. Therefore, in healthy
pregnancy, most fatty acids are increased as pnegr@ogresses and this is probably as a
result of increased maternal mobilisation from $tewres(247). DHA has been found to be
higher in women than in men and is further incrdasewomen taking the combined
contraceptive pill (which contains estrogen)(296)s possible that estrogen promotes the
synthesis of DHA which might explain why it can kased in pregnancy. In the third
trimester, some fatty acids such as arachidonid, &PA, n-6 DPA and DHA may be
reduced. Arachidonic acid and DHA are importanacttiral components of fetal central
nervous system and so a reduction may be due ttegréetal accretion in the third
trimester. In healthy pregnancy, supplementatioriighf oil high in n-3 fatty acids was

shown to be associated with a reduction of urinergretion of thromboxane A
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metabolites, suggesting that high dose n-3 suppi@ahen in pregnancy may reduce

maternal thromboxaneAynthesis(256).

1.5.6.2 Maternal fatty acid changes in pre-eclampsi

There is some evidence that n-3 fatty acids magrbeective against the development of
pre-eclampsia. A prospective cohort study of 17b8men found that individuals who had
an increased intake of DHA and EPA (both n-3 PURAs)e associated with a lower risk
of developing pre-eclampsia(257). A case-contnatigtof maternal erythrocyte n-3 and n-
6 fatty acids of 99 pre-eclamptic and 100 healtrggpant women was carried out and it
was shown that low maternal levels of total n-3yfaicids as well as low levels of EPA
and DHA was associated with an increased risk efgmtampsia(258). It was also found
that pregnant women with low levels of total n-Byacids and pregnant women with the
lowest ratio of n-3 to n-6 fatty acids had a highisk of developing pre-eclampsia
(258;259). However there was no reduced risk okeliging pre-eclampsia with reduced
n-6 fatty acid intake(257) and there was no astioacidbetween arachidonic acid levels

with risk of developing pre-eclampsia(258).

Various changes in fatty acid levels in maternakpia have been noted in pre-eclampsia
compared to healthy pregnant women. Serum fattgsabiave been measured in the
maternal plasma of pre-eclamptic pregnancies aeik ttvas a trend towards lower levels
of total PUFAs (260;261) in pre-eclampsia. Thereen@gher absolute levels of palmitic
(16:0), palmitoleic (16:1 n-7), oleic (18:1 n-9)dadihomogamma-linoleic acid (20:3 n-6)
in the plasma of pre-eclamptic women in late preggacompared to healthy pregnant
controls(260;262). The relative percentage of 1&1to total fatty acids was found to
increase and the relative percentage of linoleid é8:2 n-6) was found to decrease as
pregnancy progressed in pre-eclamptic patients aeoedpto healthy controls (260). Higher
levels of arachidonic acid both as absolute ley262)and as a percentage of total fatty
acids have been found in pre-eclampsia(263). Watlpard to n-3 fatty acids, lower
absolute amounts of total n-3 fatty acids, EPA BirtA have been found in pre-eclamptic
patients compared to healthy pregnant controlsgssl); A greater n-6: n-3 ratio has also

been found in pre-eclamptic patients compared #dtle controls(264). While these fatty
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acid changes were noted in maternal plasma, therenat appear to be any studies

measuring maternal erythrocyte cell membrane fatigt changes in pre-eclampsia.

1.5.6.3 Fatty acid utilisation by the fetus

In the third trimester, the fetus begins to depfatisubcutaneously and a healthy fetus at
term would have deposited 500g of fat subcutangowxtal adipose tissue is rich in
saturated fatty acids, especially palmitic acid al&ic acid but is low in linoleic acid(265).
In normal pregnancy, the developing fetus is depehadn the mother for its supply of
essential fatty acids. At al showed supplementation of linoleic acid (n-6) richds from
20 weeks gestation resulted in a significant ineegia the total amount of n-6 PUFAs and
a significant reduction in n-3 PUFAs(266), whilsHioil supplements (rich in n-3 fatty
acids) given from 30 weeks gestation onwards led w&gnificant increase in the total
amount of n-3 PUFAs (including DHA) with a sign#ict reduction in n-6 PUFAs in cord
blood (267). In the last trimester of pregnancy tétal requirements of arachidonic acid
and DHA as especially high as there is rapid dgareknt of fetal retinal as well as brain
tissue(247;268). DHA is selectively accumulatedhie membrane phospholipids of the
developing fetal retina and the brain grey mattevipwed in (268)] where it is involved in
the structure and function of the retina [reviewrd(269;270)]. A reduction in DHA
supply to the fetus has been found to be associaitdvisual and learning difficulties
(268). Placental transfer of arachidonic acid amiACirom the maternal circulation into
the placenta occurs by active transport by fattg &nding proteins and arachidonic acid
and DHA are preferentially taken up by the placesampared to their parent fatty acids
linoleic acid andx-linolenic acid(269;271;272).

1.6 Aims and objectives

Pre-eclampsia is a state of enhanced coagulati@videnced by an increased amount of
clotting factors in maternal circulation and inged fibrin deposition in the placenta.
Micropatrticles are released from apoptotic celld amy have procoagulant properties.

Microparticle levels have been found to be raigeddrious prothrombotic diseases. My
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primary hypothesis is that there may be a relalignbetween microparticle procoagulant

activity and coagulation in the placenta as welinaternal circulation.

1.6.1 Coagulation in the placenta

There is greater trophoblast apoptosis in pre-goégmand IUGR and microparticles
(which may be procoagulant in nature) are rele&sed apoptotic cells and this may lead
to fibrin deposition. Annexin V is located on that@rnal surface of syncytiotrophoblasts
and has anticoagulant properties. Tissue factexpsessed by the placenta and is a potent
initiator of coagulation. | hypothesise that theray be associations between fibrin
deposition, annexin V and tissue factor expressmopre-eclamptic, healthy and IUGR
placentas. Immunocytochemistry was chosen as thibogh¢o localise fibrin, annexin V
and tissue factor staining within the placenta.kB@acback staining was used as a method

to identify any relationships between these stgsin

1.6.2 Coagulation in maternal systemic circulation

The levels of circulating microparticles in plasimae been found to be raised in various
prothrombotic diseases. As pre-eclampsia is a martbotic state with associated
endothelial activation, platelet activation andptioblast apoptosis, microparticles may
play a significant part in this procoagulant stdkcroparticle procoagulant activity has
previously been measured using a plate-based naidrole capture assay(65). | wished to
develop and validate this assay to measure midiofgaprocoagulant activity in pre-
eclamptic patients and matched healthy pregnartalgeatients to identify if there is any
difference in microparticle procoagulant activitgtlween these two groups. With greater
trophoblast apoptosis in pre-eclampsia, the placeanay be a significant source of
microparticles in maternal circulation. The measafreetal CRH mRNA in maternal blood
would allow the identification and measure of plae¢ cellular debris in maternal

circulation.
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In pre-eclampsia, there is coagulation activatiendothelial activation and reduced
placental function. | hypothesised that there mayakrelationship between microparticle
procoagulant activity as well as placental cellutlbris with coagulation activation,
endothelial activation and placental function ineqeclamptic and healthy pregnant
patients.

1.6.3 Fatty acid changes in pre-eclampsia

Fatty acids of the n-6 and n-3 groups are precsrgwards the synthesis of thromboxane
and prostacyclin. The n-6 fatty acids are the jigans of the potent 2-series thromboxanes
while n-3 fatty acids are precursors of the ledemto3-series thromboxanes. Thromboxane
is a potent platelet aggregatory factor as wellasoconstrictor. Pre-eclampsia is a state of
enhanced coagulation along with maternal hypemensiplacental ischemia and
insufficiency. In pre-eclampsia, there is greaterommboxane and lesser prostacyclin
synthesis by the placenta. There is also greatemifioxane-induced platelet aggregation
in pre-eclampsia. | hypothesised that maternay fattd patterns may be different between
pre-eclamptic and healthy pregnant women, which heag to a shift of balance towards
the synthesis of greater amounts of the potentntboxane A. There may also be a
relationship between the maternal fatty acid contjpos with maternal coagulation
activation, endothelial function and placental fime in pre-eclamptic and healthy

pregnancies. Fatty acid composition was measureghbyghromatography.

63



Chapter 2 Methodology

2.1 Ethics approval

This project was approved by the Ethics Commitfedarth Glasgow NHS Trust at

Glasgow Royal Infirmary and all recruits gave vanitinformed consent.

2.2 Pre-eclamptic, healthy and type |l diabetic sujects

2.2.1 Pre-eclamptic cases and healthy pregnant cools

Pre-eclamptic and healthy pregnant matched contel® recruited as the primary test
subjects of this project. Pre-eclamptic patients mxatched healthy pregnant controls were
recruited in their third trimester of pregnancy @840 weeks’ gestation) from Glasgow
Royal Infirmary Maternity Unit. There were 32 prelamptic patients and 32 healthy
pregnant controls recruited into this study. Theyrevmatched by age (+/- 2 years), body
mass index (BMI +/- 2 kg/fy and parity (0, 1, greater than 1). Pre-eclamymitents were
defined using the International Society for thedgtof Hypertension in Pregnancy criteria
(diastolic blood pressure greater than 110mmg Hgma occasion, or greater than 90
mmHg on repeated readings, with proteinuria of tgrethan or equal to 0.3g / 24 hours or
2+ proteinuria on dipstick testing in the absenteenal disease or infection). Patients
were excluded from this study if they had multigstation, any medical conditions which
led to a procoagulant state or if they were on amycoagulant medication such as aspirin
or heparin. Patients with any suspected fetal ahemavhich were likely to lead to

intrauterine growth restriction were also excluded.

All pre-eclamptic and healthy pregnant controlsewveot in labour at the time of sampling.
For each patient, blood pressure, smoking statugelisas any treatment for hypertension
was noted. Eleven pre-eclamptic patients were betddol at the time of sampling. These
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patients were on treatment for less than 3 daysr go blood sampling. Pregnancy
outcome data such as the mode of delivery, fetaweand sex of the fetus was obtained
from the patients’ notes after delivery. Placentaight was not always obtainable as it
was seldom recorded. The fetal weight values wereverted into birth weight centiles

calculated using the Gestation Network Centiledator version 5.4 from:

http://www.gestation.net/birthweight_centiles/céntonline.htm

2.2.2 Healthy volunteers

Healthy subjects were recruited as a pilot studyassess the range of microparticle
procoagulant activity in healthy population. Heglthb staff volunteers who did not have
any medical problems and who were not on any medicavere recruited. A total of 13

volunteers were recruited.

2.2.3 Complicated and uncomplicated type Il diabeti patients

Type Il diabetes is a chronic disease marked bly higod glucose levels which occurs as
a result of insulin resistance. Diabetes may leadetinopathy, neuropathy, nephropathy
and cardiovascular disease and patients who devblege conditions are defined as
‘complicated diabetics’. Diabetics without symptoorssigns of these complications are
defined as ‘uncomplicated diabetics’. Higher mianjele levels have been found in
complicated type Il diabetic patients compared iocamplicated type Il diabetics (273).
This may translate to greater microparticle progedant activity in complicated type I
diabetics compared to uncomplicated controls. Tiymkabetic patients with and without
complications were recruited as a pilot study teeas if differences in microparticle
procoagulant activity could be found between cooghd and uncomplicated type Il

diabetic patients. This data would also inform plogver calculation for the main study.
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Type |l diabetic patients who attended for theinael review at the diabetic outpatients
department at Glasgow Royal Infirmary were recrlit®ix patients with complications of

diabetes (3 with ischaemic heart disease, 2 witlmapathy and 1 with retinopathy) and 10
uncomplicated diabetics were recruited into thelwtPatients were excluded from this
study if they had any other medical conditions whicedisposed them to a procoagulant
state. Patients who were taking anticoagulant na¢idic such as aspirin, heparin or

warfarin were also excluded.

2.3 Blood and placental tissue collection and stoge

2.3.1 Blood collection and storage

Approximately 50 mls blood was taken by venepurecttrom pregnant women into
various Vacutainer blood tubes (Becton Dickinsoyn IRtl): 15% EDTA (10mls volume),
0.105 M citrate (4.5mls volume), 145 i.u lithiumpaein (6mls volume), plain silicone
(6mls volume) and fluoride/oxalate (2mls volume)itWregards to complicated and
uncomplicated diabetic and healthy volunteer grodfsnls of blood was collected from
each individual into 0.105M citrate Vacutainer tsball samples were immediately put on
ice and transferred to the lab. The samples weare dpun for 20 minutes at 2000g at a
temperature of 4°C to separate plasma from blobsl. dene plasma from all samples was
immediately aliquoted and stored in a -80°C freePacked cells from EDTA tubes were
removed and stored in a -80°C freezer. The cotlacof platelet-poor plasma was
achieved by spinning the plasma collected in 0.1@%&kte tubes at 13000g for 4 minutes
to pellet the platelets to the bottom of the tublee supernatant (now platelet-free) was

removed and stored in a -80°C freezer for latelyarsa

2.3.2 Placental tissue collection and storage

The placental samples analysed were archival samptdd at the department of
reproductive medicine, Glasgow Royal Infirmary. T$a@mples were previously obtained

by other researchers and collected with informeuseat. Samples were analysed from 6
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IUGR pregnancies, 6 pre-eclamptic pregnancies, d@thhe first trimester and 6 healthy
third trimester pregnant controls. The procedureptacental sample collection was thus;
the placenta was immediately brought to the lakeatedivered. Samples of approximately
2 cubic centimeters in size were taken randomlynfeb quadrants of the placenta, then
immediately and copiously washed in Phosphate BedfeSaline (PBS). These samples
were then fixed in 10% buffered formalin (BDH, UKgr 24 hours, followed by 50%
ethanol for 8 hours and finally 70% ethanol fort&3urs. These placental samples were
then brought to the Pathology Department of Glas@owyal Infirmary to be embedded

into paraffin blocks.

2.4 Immunocytochemistry (ICC)

Immunocytochemistry is the application of immunatad methods to cells or tissue
sections to enable protein visualization by the aiestration of a marker conjugated to the
final reactant. The method employed was the auimin complex (ABC) method,

diagrammatically shown in figure 2.4.1 where (a)thse tissue antigen (b) the primary
antibody (c) the biotinylated secondary antibodyl gd) the avidin-biotin peroxidase

complex.
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Figure 2.4.1: The Avidin-Biotin Complex [adapted from the Handko of
Immunochemical Staining Method<? &dition, Boenisch et al 200@74)].

Annexin V, fibrin, tissue factor and M30 cytodeathmunostaining within the placental

tissues were studied. Tissue sections were prepemedparaffin embedded tissue using a
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microtome (Leica model RM2135), cutting sections5pim thickness. In back-to-back
section preparations, consecutive sections wermntakd stained for comparison. Slides
were placed in plastic racks, heated in an overb&C for 35 minutes and then
deparafinised using xylene 2 x 10 minutes. Theyewteen rehydrated through graded
alcohols: 100% ethanol for 2 x 5 minutes, 95% eth&r 2 x 5 minutes, 70% ethanol for
1 x 5 minutes and finally Phosphate Buffered SalPBS)(1.2g NaHPO,, 9.0g NaCl, 1L
distilled water, pH 7.6) for 5 minutes. Endogendissue peroxidase activity was
inactivated by immersion in freshly prepared 0.5¢6rbgen peroxide (prepared using 5
ml of 30% hydrogen peroxide in 300 ml methanol) 3 minutes. Samples were then

washed twice for 10 minutes in PBS.

Antigen retrieval was performed by microwaving fominutes under pressure. One litre of
0.01M citrate buffer (pH 6.0) was prepared and pdunto a sealed container. This
solution was brought to boil within the microwaveea, the slides added, the container
covered, locked and then further boiled at full povior 8 minutes (the container was at
pressure after 3 minutes, leaving the slides tonberowaved for 5 minutes under
pressure). The slides were then allowed to codiiwithe sealed container for 20 minutes
and then washed in water for 5 minutes followed RBS for 2x5 minutes. Antigen
retrieval was not performed in the preparation phexin V slides. Wax rings were
carefully drawn around the sections and the samptre blocked with the appropriate
serum(see table 2.4.1) in PBS for 30 minutes at roomperature in a humidified box.
Excess serum was tapped off. The primary antibody @iluted in serum, added to each
slide and incubated overnight for 16 hours at 47@ humidified box (see table 2.4.1 for

details). The samples were then washed with PB3 0% minutes.

The secondary antibody was prepared by dilutingaihygropriate serurwith 5% human
serum added. Details of the secondary antibody dalading serum are shown in table
2.4.2. This prepared secondary antibody was addeitiet slides and incubated for 30
minutes at room temperature in a humidified boxe Samples were then washed in PBS
for 2 x 5 minutes. Positive controls are listedtable 2.4.3. For negative controls, the
tissue of interest was incubated with the primargbady substituted with a monoclonal
IgG mouse antibody (DAKO code no. X 09312) directetvards Aspergillus niger

glucose oxidase which is an enzyme neither presamninducible in mammalian tissues.
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Antigen Pre- Blocking serum  Primary Type Diluting Dilution  Source
treatment antibody serum factor
Annexin V none 20% rabbit / Goat anti-  Poly 2% rabbit  1:500 Santa Cruz
20% human human IgG serum (SC-1929)
serum annexin V
Fibrin microwave 20% horse / Mouse Mono 2% horse  1:200 Immunotech
citrate buffer, 20% human anti-human 1gG serum (Cat. No 0541)
pH 6.0 serum fibrin
Tissue microwave 20% horse / Mouse Mono 2% horse  1:50 Calbiochem
Factor 20% human anti-human 1gG serum (Cat.No 612161)
serum tissue
factor
M30 microwave 20% horse / Mouse Mono 2% horse  1:10 Roche
Cytodeath 20% human anti-human serum Molecular
serum M30 Biochemicals
cytodeath Cat. No 2 140
322

Table 2.4.1:Primary antibodies and blocking serum

Antigen Secondary antibody Diluting serum Dilutionfactor
Annexin V Biotinylated anti-goat 2% rabbit serum with 5% 1:200
lgG human serum added
Fibrin Biotinylated anti- 2% horse serum with 5% 1:200
mouse IgG human serum added
Tissue Factor Biotinylated anti- 2% horse serum with 5% 1:200
mouse IgG human serum added
M30 Cytodeath Biotinylated anti- 2% horse serum with 5% 1:200

mouse IgG

human serum added

Table 2.4.2:Secondary antibodies and diluting serum
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Antigen Positive control tissue

Annexin V Placenta

Fibrin Placenta and decidua
Tissue Factor Breast tissue

M30 Cytodeath Tonsil

Table 2.4.3:Positive controls

Preparation of the avidin/biotin solution was asalded by the manufacturer Vectastain
ABC (Vector Laboratories) working solutions kit tngctions. The avidin/biotin solution
was added to the slides and incubated for 30 nsraiteoom temperature in a humidified
box. The slides were then washed in PBS for 2 xiutas. Diaminobenzidine (DAB)
solution (1 DAB tablet [DAB/Sigma UK] in 15mls oM Tris with 12ul 30% hydrogen
peroxide, pH 7.6) was prepareatided to cover each slide and left for 10 minata®om
temperature. DAB was oxidised by the peroxidasach#d to the secondary antibody
forming an insoluble brown precipitate. The DAB w@n was tapped off into sodium
hypochlorite to be inactivated and the slide washed in water for 5 minutes. The slides
were then counterstained with Harris haematoxyfiigifia) for 15-20 seconds and then
washed in running tap water. The samples were datedl through alcohols (70%, 90%,
95%, and 100%) to xylene. Finally they were moumte@P X.

An Olympus BX50 microscope equipped with x4, x120>nd x40 lenses, connected to a
3-CCD colour camera (JVC) was used for digital imagpture of the slides. Computer
visualisation of the images was achieved with thage analysis program Image-Pro Plus
version 4.5.1 (Media Cybernetics Inc). For bacl#ok sections, the corresponding photo
was taken and turned mirror-image by the Imagefus program to facilitate an easier
comparison of the staining pattern between thelaak-to-back slides. Adobe Photoshop
Elements version 2.0 was used to correct any baakgr discoloration (as a result of the

microscope light source) as well as to insert et the pictures.
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2.5 Preparation of synthetic phosphatidylcholine: posphatidylserine vesicles

Synthetic phosphatidylcholine (PC): phosphatidyse(PS) vesicles were prepared as per
the method of Pigauéit ak275) to be used as a standard in the prothrombiassay to

measure the procoagulant activity of micropartiatelslood samples.

2.5.1 Materials and reagents

NaCl and chloroform were purchased from BDH Lab [BSupNaN;, Hepes, k-
phosphatidylcholine (PC) andotphosphatidylserine (PS) was purchased from Sigma
Chemical Co. N-octyBD-glucopyranosideptOG) was purchased from Roche Chemical

Co. Spectra/Por No.1 dialysis tubing was purch&sed Spectrum Laboratories Inc.

The following reagents were prepared:

Buffer A This solution was made with HEPES 10mM, NaCl 1M)niNaN3 0.02%,

distilled water and made to a pH of 7.4.

40mg/ml le-phosphatidylcholine10mg La-phosphatidylcholine was dissolved in 250

chloroform.

5mg/ml la-phosphatidylserinie 5mg Lo-phosphatidylserine was dissolved in 1000

chloroform.

20% N-octy|sD-glucopyranosidef-OG). 0.5gB-OG was dissolved in 2.5mls chloroform.
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2.5.2 Preparation of synthetic PC:PS vesicles

Positive displacement pipettes were usegtphosphatidylcholine (88 of 40mg/ml) and
La-phosphatidylserine (320 of 5mg/ml) were added into a glass tube, covevitd metal
foil and shaken gently. To this, 2 mIs of 20% Nyb@D-glucopyranoside solution was
added, the tubes covered with metal foil and shaestly again. The tube was put into a
rotary evaporator (Jouan RC10-22) and dried foro@r$ at 55°C +/- 5° resulting in a
pearly white residue at the bottom of the tube. flitee was then removed and allowed to
cool. Two mls of buffer A solution was then addedrtexed gently until the pearly white
residue at the bottom of the tube had completedgatved. The solution was then allowed
to stand for 1 hour. The solution was then poun¢al & Spectra/Por No.1 Dialysis tube and
was dialysed against 200mls buffer A with gentigiag of the buffer. Three bath changes
of 200mls buffer A were performed with 24 hoursvin each bath change. The solution
was then removed and stored in glass screw cap.tlibés solution of PC: PS vesicles had
a concentration equivalent to 1mM phosphatidylserin

2.6 Preparation of microparticles from BeWo cell clture

BeWo cells are a commercially available choriogawoia cell line. Induced apoptosis of
BeWo cells in culture by tumour necrosis factorhalpf TNFx) and interferon gamma
(IFNy) would lead to the release of ‘natural’ micropaes into the culture medium. These
microparticles could then be isolated and utiligeda standard in the prothrombinase
assay. These ‘natural’ microparticles would haveemmalised phosphatidylserine on its
surface as well as contain various cell membrgmeddiand proteins that would stabilise
these microparticles in storage.

2.6.1 BeWo cell culture

BeWo cells were obtained from ATCC (catalogue numiCL98) and grown as per

manufacturers instructions. BeWo cells were cuttuireHams medium (ICN 12-467-S4),
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10% Foetal Calf Serum (Sigma F9665), 1% Penic8lirédptomycin (Gibco BRL 15140-
122), 1% 200mM Glutamine (ICN 1680149) and 1% Fuoge (ICN 16-723-48). BeWo
cells were cultured in flasks with 15 mls of cu#tumedium in each flask. These flasks
were stored in the incubator at 37°C (5%;@ented and the medium was changed every
other day. BeWo cells were subcultured once a veeekwere grown to confluence of 60
to 70%.

2.6.2 Preparation of tumour necrosis factore (TNFa) and interferon y

(IFNv) solutions

Tumour necrosis factor alpha (TMF [R+D systems 210-TA] was made up to a
concentration of dg/ml in PBS. Interferon gamma (IfFN[R+D systems 285-IF] was
made up to a concentration qigZml in PBS. These solutions were stored at -204@ u

use.

2.6.3 Stimulation of microparticle release from BeWs cell culture

Apoptosis was induced by adding 15@f 1ug/ml TNFa and 79l of 2ug/ml IFNy into
each flask to give a final concentration of 10ngiMiFe. and 10ng/ml IFN in each flask.
The culture was then incubated for another 24 hau8s°C. The culture medium was then
removed and centrifuged for 20 minutes at 2000getoove any non-adherent cells, then
the supernatant further ultracentrifuged at 130@flg4 minutes. The supernatant was
removed and 5 mls Biostab biomolecule stabilisitogagye solution (Fluka 92889, Sigma-
Aldrich) added. This supernatant was then meastwednicroparticle activity in the
prothrombinase assay. In cases where further ctratiem was required to increase
microparticle pro-coagulant activity, this was permied by dialysis through a semi-

permeable membrane on sucrose. Storage for analgsign a 4°C fridge.
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2.7 Prothrombinase assay

The prothrombinase assay was chosen as a methmoeéasure the procoagulant activity of
microparticles in the blood sample. The method opi&x et al (65) was used. This assay
is based on the principle that phosphatidylseriseexternalised on the surface of
microparticles and phosphatidylserine catalyses toaversion of prothrombin to

thrombin. The prothrombinase assay captures midiolgs in the sample and measures
the coagulation potential of microparticles in temple by quantifying the amount of

thrombin generated.

2.7.1 Materials

NaCl, KCI, CaCj, EDTA, NaOH pellets and HCI were purchased fromHBDab Supp.
Human Serum Albumin (HSA) and Tris were purchasesmf Sigma Chemical Co.
Annexin-V-Biotin, Streptavidin coated 96 well mititcation plates, Factor Xa and
Chromozym TH were purchased from Roche Chemical @»Phe-Pro-Arg-
chloromethylketone HCL (PPACK) and 1-5 Dansyl-Glly-@rg-chloromethylketone
DIHCL (DnsGGACK) were purchased from Calbiochem Qfwals. Factor Va was
purchased from American Diagnostica Inc and pratifnio was purchased from Hyphen

Biomed.

2.7.2 Assay reagents

TBS-Calcium solutianTris 50mM, NaCl 120mM, KCI 2.7mM, CagZlmM, pH of 7.5.

TBS-Calcium HSA 0.3% (TBS-Ca-HSHuman serum albumin (HSA) was added to TBS-

Calcium solution and made up to a concentratiaBgoif.

Annexin-V-Biotin 350ng/mlAnnexin-V-Biotin (0.1ug/ul concentration) was diluted into
TBS-Ca-HSA (175ul into 49825ul) to make a 50 ml solution. This was stored as 2ml

aliquots at -20°C.
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CaCk 13mM solutionCaC} (14.4mg) was dissolved into 10 mls TBS-Ca-HSA.

Factor Va 3.6nNFactor Va (pl of 15.5uM) was added to 210 TBS-Ca-HSA to make a
final concentration of 360nM. This was stored agll@liquots at -20°C. Prior to use,
99ul TBS-Ca-HSA was added to make a 3.6nM solution.

Factor Xa 500pMFactor Xa (10l of 350uM) was added to 7mils TBS-Ca-HSA to make a
500nM solution. This was stored at -20°C. Priouse, pl was added to 4996 TBS-Ca-
HSA to make 500pM solution.

Prothrombin 3.9M TBS-Ca-HSA (3.6mls) was added to 13.9nmols pwoottiin to make a
3.9uM solution for immediate use.

Chromozym TH 1.52mMDistilled water (19.87mls) was added to 30vidls Chromozym
to make a final concentration of 1.52mM. This wiased at 4°C.

EDTA 25mM:This was prepared by adding 2.326 g EDTA to 250ditilled water.
NaOH pellets were gradually added until EDTA dissdlL The pH was adjusted to 8.0 and

the solution was then stored at room temperatutieready for use.

PPACK 1mM:PPACK (5mg) was dissolved in 9.54 mls of 10mM HGlution to make a
1mM concentration of PPACK.

1-5 Dansyl-GGACK 1mM1-5 Dansyl-GGACK (5mg) was dissolved in 7.15mIsL6hM

HCI solution to make a 1mM concentration of DnsGGAC

HCI 10mM This was made by diluting 8Fof 11.5M HCI with 100ml distilled water.

CaClL 1M: This was made by dissolving 11.099g Ga€I100mls distilled water.

‘Inhibitor mix’: This was prepared by adding 5.5mlIs of 1mM PPAGKomIs of 1mM

GGACK and 14.85 miIs of 1M Cafto 24.15mls TBS-Ca solution and the pH was
adjusted to 7.4. This was stored in aliquots of &mP0°C
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‘Master mix: The amounts and reagents required for each wadl 1l of 13mM CaC},
15ul of 3.6nM FVa, 1@l of 500pM FXa and 58 of TBS-Ca-HSA. To calculate the
amount of ‘master mix’ required for the assay, i@l number of wells to be used was
determined. The required amounts of each reagernt ten mixed to make a single
solution of ‘master mix’ and 1Q0 of this ‘master mix’ was added into each well.

2.7.3 Methodology of prothrombinase assay

Into each well of a streptavidin coated 96 well moiitration plate, 100ul of 350ng/ml
Annexin-V-Biotin (Roche) in TBS-Ca-HSA was addedhisTwas incubated at 37°C for 30
minutes with gentle shaking. The plate was wash&th8s with 250ul TBS-Ca-HSA per
well. ‘Inhibitor mix’ (10ul) was added into each well followed by 100ul of gample to
be measured. For negative control wells, [10UBS-Ca-HSA was used. This was
incubated at 37°C for 30 minutes with gentle shgkiBach well was then washed out 3
times with 250ul TBS-Ca-HSA. ‘Master mix’ (10) was added into each well followed
by 50ul of 3.9uM prothrombin solution. The plateswacubated at 37°C for 30 minutes
with gentle shaking. EDTA (20 of 25nM) was then added into each well. The plass
immediately brought to the plate reader. ChromoZyin(50ul of 1.52nM) was added into
each well, the plate was gently shaken and immelgligiut into the microtitration plate
reader equipped with kinetics software. Linear dbmoce changes were recorded at

405nm wavelength over 20 minutes.

2.8 Fetal corticotrophin-releasing hormone (CRH) mRIA measurement

While maternal CRH mRNA is undetectable in the mrak systemic circulation, fetal

CRH mRNA has been detected in maternal plasma aithyepregnancy and levels have
found to increase as pregnancy progresses. As CigHbben immuno-localised to the
placental syncytiotrophoblast layer, the measure¢mkfetal CRH mRNA can therefore be
used as a measure of placental-derived cell dabnmsaternal systemic circulation. The
method of Nget alwas used(106)
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Maternal plasma was collected in EDTA and stored irB0°C freezer as described in
section 2.3.1. When required, the plasma sample twawed; 1.6mls removed and
centrifuged at 16000g for 10 minutes at 4°C. Tingesnatant was removed and 2mls of
Trizol LS (Invitrogen) added to the pellet. The RN#as then isolated as per the
manufacturer’s instructions. The RNA in ethanol veasmicentrated on an RNeasy mini
column (Qiagen) and eluted in 30mls RNase-free mateording to the manufacturer’s
instructions. Dithiothreitol (048, 1nM) and 40 Units RNaseOUT (Invitrogen) wererthe
added into each RNA sample before storing at -80%Gs RNA (4u) was then reverse
transcribed to cDNA in a final reaction volume diuR using a High Capacity cDNA
Archive kit (from Applied Biosystems, 4322171). TG&RH and GAPDH mRNA levels
were then quantified (in triplicate) inuR cDNA using commercially available primer
probes sets (Hs00174941 ml and 4310884E respscfrarh Applied Biosystems) on a
ABI/7900 sequence detection system (Applied Biaaysi) according to the manufactures
instructions. TagMan Universal Master Mix, No Amase UNG was used in a final assay
volume of 5@l and the number of PCR cycles was increased td&gpression of CRH
was expressed relative to the expression of GAPD&)(1as an index of total plasma
RNA). The ratio of CRH to GAPDH was calculated bypsacting the Ct values (threshold
cycle - logarithmic) values (delta Ct), taking tatilog and multiplying by 100. Ct values
for the control gene GAPDH did not differ betweere-pclampsia and control groups
(median Ct 33.0 vs. 33.8, p=0.18).

2.9 Markers of coagulation activation, endothelial activation and placental

function

The blood samples to be analysed were collectedstordd as detailed in section 2.3.1.
Coagulation markers, markers of endothelial adovaaind markers of placental function
were analysed using commercially available kitdetailed in table 2.9.1.
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2.10 Erythrocyte cell membrane fatty acid compositn

2.10.1 Extraction of fatty acids from erythrocyte ell membranes

The method of Stewart et al was used (249). Paekgthirocyte samples were collected
and stored as detailed in section 2.3.1. Totay fatid extraction from erythrocyte cell
membranes was performed by a modified Folch extnacPacked erythrocytes (44D
were suspended in 10nM Timffer at pH 7.0 and incubated at room temperainr&0
minutes. They were then centrifuged in a Beckmar6@8! Ultracentrifuge Type 50.4
rotor (Fullerton, CA, USA) at 49000rpm at 4°C fd@ Binutes. The erythrocyte membrane
pellet was then resuspended in 208 distilled water and 150 was transferred to a glass
screw-top tube. Methanol:toluene at 4:1 ratio (2ratsitaining heneicosanoic acid internal
standard (0.2mg £H40./ml toluene) was then added followed by gD6f 100% acetyl
chloride while mixing. The tubes were capped, skalgh teflon tape, and then heated at
100°C for 1 hour. When cooled, 10%,®0; (3mis) was slowly added to each tube
followed by 10@l toluene. The tube was then centrifuged for 8 r@awat 3000 rpm, 5°C
and the upper toluene phase was then transfermgastohromatography vials and stored at
-20°C.

2.10.2 Identification and quantification of fatty acids

Fatty acid analysis was carried out using gas chtography. Methyl fatty acids were
separated (L injection volume), identified and quantitated arShimadzu GC 17A gas
chromatograph (Kyoto, Japan) using flame ionisatietection and Class VP software. A
DB-23 fused silica capillary column (J&W Scientifieolson, CA, USA), 30m x 0.25mm
internal diameter with a film thickness of 026 was used in conjunction with a Hewlett-
Packard 7673B on-column auto-injector (Palo Altd, ©SA). Ultra high purity hydrogen

and air was used as carrier gases at a flow ratenmdf/min. A temperature gradient
programme was used with an initial temperature 5i°C, increasing at 20°C/min up to
190°C, then at 5°C/min up to 210°C, then at 2°C/aprto 230°C and then at 4°C/min up
to 240°C (final time 18.5 minutes), and with an iéhration time of 1 minute. The total

programme time was 22 minutes. The identificatibfatty acid methyl esters was made
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by comparison with the retention times of authestandard mixtures (fatty acid methyl
ester mixture no. 189-19, product no. L9405, Sig8tackholm, Sweden). Absolute values
of fatty acids were calculated by comparison adathe heneicosanoic acid internal
standard. Percentage values of fatty acids werleé¢d as a percentage of total fatty

acids in the sample.

Measure Method Manufacturer of assay kit

Coagulation markers

TF ELISA Imubind, American Diagnostica, Axis-
Shield
TFPI ELISA Imubind, American Diagnostica, Axis-
Shield
TAT ELISA Enzygnost, Dade Behring
F1+2 ELISA Enzygnost, Dade Behring
FVlic assayed in MDA 180 reagents from Biomerieux Ltd,
coagulometer Basingstoke, UK
FXlla ELISA Shield Diagnostics, Axis-Shield
APC assayed in MDA 180 Chromogenix APC resistance Kkit,
coagulometer Quadratech, UK
PAI-1 ELISA Tint-Elize, Alpha Laboratories

Markers of endothelial activation

sICAM-1 ELISA R&D Systems

sVCAM-1 ELISA R&D Systems

VWF ELISA Imubind, American Diagnostica, Axis-
Shield

Marker of placental function

PAI-2 ELISA Imubind, American Diagnostica, Axis-
Shield

Table 2.9.1:List of commercially available kits used in the asarement of coagulation
markers, markers of endothelial activation and madf placental function.
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2.11 Statistical analysis

An a priori sample size calculation was based on data frorudy ©f acute coronary
syndrome patients which observed a 2-fold incr@aseicroparticles above control(69). A
sample size of 8 predicted 95% power at the 5%ifgignce level to detect a difference of
20% in microparticle levels measured with a 10%ndsad deviation. All statistical

analysis was performed using Minitab version 13.32.

2.11.1 Prothrombinase activity, measures of coagulan activation,

endothelial activation, placental function and fethCRH mRNA measurement

The Ryan-Joiner test was used to assess the digtnbof values for normality. It was
found that to achieve a normal distribution, valoé&1+2, PAI-1, PAI-1/PAI-2 ratio and
the microparticle prothrombinase activity requitedbe transformed to log values. The
values of sSVCAM-1 and TAT required to be transfodiie square root values. Analysis
for significant differences was carried out usingotsample T-tests for continuous
variables, on transformed data where necessary ummngg the chi-square test for
categorical variables. To analyse for correlatidhsarson’s correlation coefficients were
measured, using transformed data where necessartheACRH/GAPDH mRNA ratio of
some samples included some zero values, the Wilcoaiok sum test was used to test the
difference between groups and Spearman rank ctorelanalysis was used. Multivariate
analysis was used to assess the independence moking by using a General Linear
Model. For the purposes of multivariate analysie CRH/GAPDH mRNA ratio was
divided into 3 categories: equal to 0, range frono(01.0 and range greater than 1.0.

Statistical significance was set at p<0.05.

2.11.2 Fatty acids

The Ryan-Joiner method was used to assess thiuiigtn of values for normality. It was
found that to achieve a normal distribution, thecpatage values of 24:0, 22:6 n-3 and the

absolute value of 22:6 n3 required to be transfdrtodog values. Analysis for significant
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differences was carried out using two-sample Tstefslr continuous variables, on
transformed data where necessary. To analyse foelabons, Pearson’s correlation
coefficients were measured, using transformed datsgere necessary. Statistical

significance was set at p< 0.005 to account foeatgd analysis.
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Chapter 3 Immunocytochemical study of the relationsip between

annexin V, fibrin and tissue factor at the trophobhst

3.1 Introduction

3.1.1 Coagulation at the placenta

Fibrin is the end product in the process of coagra While fibrin has a useful function
by forming a plug to prevent blood loss from theadar space, fibrin deposition on the
surface of the syncytial layer of the placenta ghysically obstruct and reduce the surface
area available for feto-maternal exchange. Largtschay reduce the flow of blood within
the intervillous space, thus impeding fetal growaiid development. Perivillous fibrin
deposition is a normal finding in healthy placentast excessive perivillous fibrin
deposition has been found in conditions of IUGR preteclampsia, both conditions that
are associated with placental insufficiency(14;8Y.1

Annexin V is expressed constitutively by syncytminoblast cells and annexin V has been
localised to the microvillous surface of syncytopthoblast cells. Several studies have
suggested that annexin V may afford the syncytiaifase protection against clot

formation(45-47). Therefore, it is possible theraymbe a relationship between the
distribution of annexin V and fibrin deposition ¢ime syncytial surface of the placenta.
Annexin V staining intensity in trophoblasts haveeb found to be reduced in pre-

eclamptic patients compared to healthy pregnartrais(39;48).

Tissue factor (TF) is a powerful initiator of codapion. In the coagulation cascade, TF
combines with activated factor VIl forming the aetied factor Vll-tissue factor (FVlla-
TF) complex, a key step in coagulation activatiBoltured syncytiotrophoblast cells have
been found to express TF(27). In healthy pregnanEyhas been detected in the placenta
and myometrium(25) and TF expression has also loeatised to placental macrophages,
endothelial cells and fibroblast-like cells in leosonnective (26). Estellest al noted
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greater amounts of TF antigen and TF mRNA in tleeghtas of women suffering severe

pre-eclampsia with IUGR compared to healthy pregoantrols.

3.1.2 Placental development

In pregnancy, there is progressive remodelling denklopment within the placenta with
constant turnover of the trophoblast layer of ptagkvilli. The trophoblast layer consists
of cytotrophoblasts and syncytiotrophoblasts. Gyatoblasts are the stem cells of and
are located basal to the syncytiotrophoblasts (wti¢he trophoblast layer in contact with
the intervillous space). As part of the renewal cpgs of syncytiotrophoblasts,
cytotrophoblast cells proliferate, differentiatedagventually become incorporated into the
syncytiotrophoblast layer via syncytial fusion. Agncytiotrophoblasts age, their nuclei
accumulate and become packed into membrane-seagohdnts within the syncytium
forming syncytial knots. These syncytial knots eventually extruded into the intervillous
space where they enter the maternal circulationaardeventually taken up by maternal
macrophages (which occurs to a large degree inrmateings). In the first trimester, there
is a greater cytotrophoblast volume in relatiosyacytiotrophoblast volume. Towards the
end of pregnancy, the syncytiotrophoblast volumecobees greater than the
cytotrophoblast volume and there is also a greareount of syncytial knots and
bridges(54). Cytotrophoblast cells can be visudliag a distinct layer in the first trimester
but this layer becomes thinner and less distingiragnancy progresses. In comparison to
placentas in healthy pregnancy, IUGR and pre-edianmacentas have a greater number
of placental knots and bridges along with a gredegree of trophoblast apoptosis(20;56).

Apoptosis is the process of programmed and coettotiell death which is initiated
through the cleavage of native intracellular prageby caspases (Cysteinyl-aspartic acid
proteases). Apoptosis can be identified using lzelloytokeratin 18 which is cleaved in
early apoptosis. M30 CytoDEATH (Roche Molecular @&iemicals) is a mouse
monoclonal antibody that detects a specific caspésgrage site within cytokeratin 18.
Thus, M30 is a useful tool for identifying apoptotells. A previous study looking at M30
localisation within the healthy placenta in therdhirimester showed that the majority of
M30 staining was localised to extravillous troptadtt as well as syncytiotrophoblast

cells, with abundant M30 staining of syncytiotroptest cells in areas of greater
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perivillous fibrinoid deposition(50). As cytokematis located within the cell cytoplasm,
M30 immunoreactivity is confined to the cytoplasdowever non-specific M30 staining

of the nuclei of highly proliferating cells has @lseen recorded(51).

3.1.3 Histological features of placental villi

A Dbrief review of healthy placental villi would beuseful to interpret the
immunocytochemical findings in this chapter. Insfirtrimester placentas both the
cytotrophoblast and syncytiotrophoblast layers ealearly seen to be separate. The
syncytiotrophoblast layer has flattened nuclethiss most superficial layer of the placental
villi and is in direct contact with the intervillsuspace. The cytotrophoblast layer is
directly under the syncytiotrophoblast layer. Csaphoblast cells appear cuboidal or
ovoid in shape and have well demarcated cell berdéth lightly staining large nuclei.
Syncytial sproutsare outgrowths and proliferation of chorionic vilsyncytial sprouts
appear as a prolongation of the villous tip oftathwnultiple syncytial nuclei present at
the end. The stromal core of each placental villsusomprised of collagen fibres with
fibroblasts, tissue macrophages (Hofbauer cellgstroells, plasma cells and capillaries.
The space between the placental villi is the inllens space within which flows maternal
blood.

As the placenta develops, the cytotrophoblast labkecomes thinned and the
cytotrophoblast cells become incorporated intosyrecytial layer by membrane fusion. In
comparison to first trimester placentas, third &@ster placentas have a very much thinner
cytotrophoblast layer as most cytotrophoblast célésre differentiated and become
incorporated into the syncytial layer at this stagée syncytial layer is variable in
thickness. It may be thinned to become the vasgntygial membrane or the nuclei may
be piled up in areas forming syncytial knots. Syrat\bridges can also be seen and they
are a result of fusion of adjacent vill. On thetenvillous space side of the
syncytiotrophoblast cell membrane, there are nuaseraicrovilli present and on higher
magnification, can be identified as a fuzzy appeegaon the cell surface. Stem villi are
present which are large villi involved in the ploadi support of the villous tree. Larger
stem villi may have a central artery and vein witthie stroma with branching vessels and

capillaries leading to terminal villi. Villous aries and veins have an endothelial lining.
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Terminal villi appear as bulbous structures and imagingle or have side branches. They

have a thin trophoblastic surface in close contaitt the dilated capillaries within.

3.1.4 Hypothesis

There is greater trophoblast apoptosis in pre-ge&arand IUGR in comparison to healthy
pregnancy and this may lead to greater micropart@neration. Microparticles may be
procoagulant and this may lead to fibrin depositidnnexin V is located on the maternal
surface of syncytiotrophoblasts and has anticoagpieoperties. Tissue factor is expressed
by the placenta and is a potent initiator of coagoh. | hypothesise that there may be
associations between fibrin deposition, annexinxgression and tissue factor expression

in pre-eclamptic, healthy and IUGR placentas.

Objectives:

1) Identify areas of fibrin staining in healthy grant, IUGR and pre-eclamptic
placentas.

2) Identify areas of annexin V staining in healfirggnant, IUGR and pre-eclamptic
placentas.

3) To investigate a possible relationship betweenegin V expression and fibrin

deposition in healthy pregnant, IUGR and pre-eclianplacentas using back-to-

back samples.
4) To investigate a possible relationship betweeneain V expression and TF
expression in healthy pregnant, IUGR and pre-eclangtacentas using back-to-

back samples.

5) Identify areas of apoptosis in healthy pregnd&R and pre-eclamptic placentas

using the M30 antibody as a marker for apoptotilsce
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3.2 Results

Six first trimester placentas, six third trimespdscentas, six IUGR placentas and six pre-
eclamptic placentas were stained for annexin \fjrfiand tissue factor. For M30 staining,
placental samples from eight first trimester abbrpgegnancies and two healthy third
trimester pregnancies that were delivered normelgre analysed. All samples were

archival samples.

3.2.1 Fibrin localisation in first and third trimester healthy placentas, IUGR

and pre-eclamptic placentas

In healthy first trimester placentas, there werdea sporadic areas of fibririFib)
deposition seen (as a brown precipitate) at x 1@mifiaation. There was perivillous fibrin
staining seen at lower magnification (figure 3.2.4). At higher magnification, fibrin was
identified on the maternal surface of syncytiotrolplast cells (figure 3.2.1.1 B). The large
areas of perivillous fibrin deposition appearedhtve a foundation on the surfaces of
syncytiotrophoblasts. Some typical characteristitdirst trimester placenta are seen in
figures 3.2.1.1 A and 3.2.1.1 B: for example thecgyial sproutSySp)and the clearly
defined and abundant cytotrophobl#€yT) layer (with large pale staining cuboidal-
shaped nuclei) separate from the syncytiotrophokdger(SyT). In healthy third trimester
placentas, perivillous fibrin(Fib) deposition appeared to be more widespread in
comparison to first trimester samples (figure 32 A, B). Once again, the foundation for
the deposition of fibrin appeared to be the symtyaphoblast layer(SyT) (figure
3.2.1.2B). Various characteristics of the thiraniester placenta were present, such as the
thin cytotrophoblast layer, with just the syncytialer visible in some parts of the villi
surface. There was also greater development ofptheental villi, with branching of
intermediate villi into terminal villi and syncytiaknots (SyKn). There was fibrin

deposition within the villous capillari¢€ap) (figure 3.2.1.2 B).
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Figure 3.2.1.1 Fibrin staining in healthy first trimester plaxta at x 10
magnification A) and x 100 magnificatiorB).
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Figure 3.2.1.2 Fibrin staining in healthy third trimester platem@t x 10
magnification A) and x 40 magnificatiorB).
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In [IUGR placentas, perivillous fibri(Fib) deposition was widespread. There appeared to
be a greater amount of syncytial knots and bridéigare 3.2.1.3 A, B) and the terminal
villi appeared smaller and shorter compared to $esnfpom healthy pregnancies. There
was also a ‘congested’ appearance to the distabudf villi. In pre-eclamptic placentas,
large areas of fibrin staining were seen at thevileus areas (figure 3.2.1.4 A). There
appeared to be a greater amount of syncytial kaats bridges compared to healthy
pregnant samples. On higher magnification (figu134 B), there appeared to be fibrin
staining of some syncytial knots. The terminaliappeared short and branched.

3.2.2 Annexin V localisation in third trimester hedthy placentas, IUGR and

pre-eclamptic placentas

In healthy third trimester samples, localisatioranhexin V(AnnV) was clearly identified.
The distribution was extensive and was mainly ligeal to the syncytiotrophoblast layer
(SyT). Annexin V was seen in the trophoblast layer ofvdli types, from stem villi(SV)

to terminal villi (TV) (figure 3.2.2.1A). However at higher magnificatiohere were areas

of absent annexin V staining at the syncytiotropastband in these areas, there appeared

to be less numbers of syncytial nuclei seen (figu2e2.1 B).

In IUGR placentas, there appeared to be largersacdaabsent annexin V staining
compared to healthy third trimester samples (figgu22.2 A, B) and in some areas of
absent annexin V staining, there appeared to beasmociated loss of underlying
trophoblast and stromal architecture (figure 32.B). In these areas of abnormal
architecture, the trophoblast cell surface andhotyast nuclei appeared indistinct. The
underlying stromal tissue appeared disorganisedthare appeared to be less cellular
nuclei seen. There were no clear features of tetpillaries in these disorganised areas. In
pre-eclamptic samples, there were also large areabsent annexin V staining and this
appeared greater in comparison to healthy thirdester samples. In these areas of absent
annexin V staining, there were large areas of wllth underlying loss of stromal
architecture similar to that seen in IUGR sampliggi(es 3.2.2.3 A, B).
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Figure 3.2.1.3 Fibrin staining in IUGR placenta at x 10 magrafion A) and x
40 magnification B).
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Figure 3.2.1.4 Fibrin staining in pre-eclamptic placenta at xmi@gnification A)
and x 40 magnificatiors).
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Figure 3.2.2.1 Annexin V staining in healthy third trimester pémta at x 10

magnification A) and x 20 magnificatiorB
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Figure 3.2.2.2 Annexin V staining in [IUGR placenta x 10 magrafion (A) and x
40 magnificationB).
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Figure 3.2.2.3 Annexin V staining in pre-eclamptic placenta d@Omagnification
(A) and x 40 magnificatiorB).
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3.2.3 Comparison of annexin V and fibrin localisatbn in back-to-back

samples in healthy third trimester, IUGR and pre-etamptic placentas

In healthy third trimester samples, there appe#énede an inverse relationship between
annexin V and fibrin staining. Where there was am& staining, there was little fibrin
staining in the same area of the corresponding s$kidt was cut back-to-back. Conversely,
in areas of minimal annexin V staining, there wiasrgy fibrin staining in the same place
on the corresponding slide (figures 3.2.3.1A to E3sentially there appeared to be an
inverse localisation between annexin(A&nnV) and fibrin (Fib) between corresponding

slides that were cut back-to-back.

In IUGR samples, there was also inverse localisalietween the staining of annexin V
and fibrin between corresponding back-to-back sli@s shown in figures 3.2.3.2 A to F).
In figure 3.2.3.2A, numerous syncytial knots weresent and these knots were stained
with annexin V. In the back-to-back slide showrfigure 3.2.3.2B, there was little fibrin
deposition on these knots. There was prominennfgiaining in areas of disorganised villi
architecture (figure 3.2.3.2D and figure 3.2.3.BB)h on the syncytial surface and within
the underlying area of villous disorganisation.pire-eclamptic samples, there was also
inverse localisation between the staining of ammexiand fibrin in the corresponding
back-to-back slides (figure 3.2.3.3 A to F). Thatprn was consistent for all of the slides
examined. Again, there was prominent fibrin stagnim areas of disorganised villi
architecture (figure 3.2.3.3 D). There was alsoithpression of more and larger areas of

fibrin deposition in pre-eclamptic samples compdamegamples from healthy pregnancies.
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Figure 3.2.3.1 Inverse localisation between annexin V and filmmunocytochemical
staining in healthy third trimester placentas aDxmagnification [annexin VA), fibrin

(B)], x 20 magnification [annexin \Q), fibrin (D)] and x 40 magnification [annexin V
(E), fibrin (F)].
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Figure 3.2.3.3 Inverse localisation between annexin V and filmmunocytochemical
staining in pre-eclamptic placentas at x 10 magaiion [annexin VA), fibrin (B)], x 20
magnification [annexin V), fibrin (D)] and x 40 magnification [annexin \EJ, fibrin

(F).
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3.2.4 Comparison of annexin V and TF staining in bek-to-back samples in

normal, IUGR and pre-eclamptic placentas

In healthy third trimester samples, very littlestie facto(TF) staining was seen with only
approximately only 4 to 5 small areas of distin€t Jeen throughout the whole slide. For
example, only a single area of TF staining was sesea brown precipitate in the middle of
figure 3.2.4.1B at x 10 magnification. TF stainings mainly at the trophoblast layer
(figures 3.2.4.1 D and 3.2.4.12 F). There was Méthe TF staining within the fetal
vascular endothelium in these healthy pregnantiesomparison, there were large areas
of annexin V (AnnV) staining on the surface of the syncytiotropholslasith some
smaller areas of non-staining (figure 3.2.4.1 A)eile was no clear relationship in staining
pattern between annexin V and TF in these healtbgrant samples (see figures 3.2.4.1 A
to F).

In IUGR samples, there were very few scattered Isanabs of TF staining throughout the
whole slide (figure 3.2.4.2B). In back-to-back skdcomparing TF with annexin V, there
was no consistent relationship between the TF amtxan V staining. For example,
comparing between figures 3.2.4.2C with 3.2.4.2[0 &etween figures 3.2.4.2E and
3.2.4.2 F, there was TF staining in areas of amm&Xistaining and also TF staining in
areas with no annexin V staining. In pre-eclamptimples, there were very few scattered
small areas of TF staining throughout the wholdeslishown in figure 3.2.4.3 B) but
staining appeared to be at the trophoblast lapebatk-to-back slides comparing TF with
annexin V, there was no consistent relationshipveeh TF and annexin V staining
patterns, (figures 3.2.4.3 C and D and figuresA33Z and F).

3.2.5 Ma30 localisation in first and third trimester healthy placentas

In first trimester healthy placentas, there wasiris M30 staining at the trophoblast layer
(figure 3.2.5.1A). There was greater M30 stainibhgha cytotrophoblasfCyT) compared
to the syncytiotrophoblagiSyT) layer and this is quite evident when seen at great
magnification at 40 x (figure 3.2.5.1B) and 100 =agnification (figure 3.2.5.1C). This
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Figure 3.2.4.1 Annexin V and TF immunocytochemical staining galihy third trimester
placentas at x 10 magnification [annexinA),(TF B)], x 20 magnification [annexin V
(C), TF O)] and x 40 magnification [annexin \E), TF (F)].
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Figure 3.2.4.2 Annexin V and TF immunocytochemical staining AR placentas at x
10 magnification [annexin VA), TF B)], x 20 magnification [annexin \Q), TF (D)] and
x 40 magnification [annexin \E), TF F)].
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Figure 3.2.4.3:Annexin V and TF immunocytochemical staining ie4gclamptic
placentas at x 10 magnification [annexinA)(TF B)], x 20 magnification [annexin V
(C), TF D)] and x 40 magnification [annexin \EJ, TF F)].
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Figure 3.2.5.1:M30 staining of first trimester placenta at x rh@gnification A),
x 40 magnificationB) and x100 magnificatiornQ).
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may represent non-specific staining of the nuclehe proliferating cytotrophoblast cells.
There was also some staining of the nucleus of sstmoenal cells which appear to be

fibroblasts with their elongated spindle shapedtscel

In third trimester healthy placentas, M30 stainiugs present at the trophoblast layer.
However there appeared to be a lesser degree otfd@loblast staining in third trimester
placentas compared to first trimester placentagui@ 3.2.5.2 A, B). At higher

magnification (figure 3.2.5.2 B), M30 staining wiasind to be present mainly at the nuclei

of cytotrophoblast cells with very little M30 staig of the cytoplasm.

3.3 Discussion

It is known that initial deposition of fibrin lead® a cascade reaction that leads to
elongation of the fibrin polymer chain leading teetformation of a blood clot. | was
interested in identifying areas of fibrin depogitim healthy first trimester, healthy third
trimester, IUGR and pre-eclamptic placentas asviplens fibrin deposition on the surface
of the trophoblast can act as a barrier betweea-rfetternal exchange, which can

ultimately affect fetal wellbeing.

Perivillous fibrin deposition was found to be pneisen healthy first and third trimester,
IUGR and pre-eclamptic placentas but there appetrdok a greater amount of fibrin
deposition in pre-eclamptic and IUGR placentas cameg to healthy first and third
trimester placentas. Perivillous fibrin depositisas found to be present on many syncytial
knots (which are composed of ageing syncytiotropdsitmuclei prior to extrusion as part
of the process of villous trophoblast apoptosis andover(52)) and Nelsoet al has
shown apoptotic changes in the syncytiotrophobtastreas of fibrinoid deposit(34). It is
known that apoptotic cells expose phosphatidyleeon the cell surface which is pro-
coagulant and can lead to lead to coagulation abdegjuent fibrin deposition. Therefore,
this deposition of fibrin on syncytial knots mayleet syncytiotrophoblast apoptosis in
these knots. This impression of greater amountilwfnf deposition in IJUGR and pre-
eclamptic samples was not quantitated however. Qaaon may have been achieved by

simply directly classifying each fibrin depositam area of the slide as small, medium, or
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M30 staining

syncytial layer

Lbar 10 micrometers

Figure 3.2.5.2 M30 staining of third trimester healthy placeata 10
magnification A) and x100 magnificatiorB)).

105



large and the total value added up. This shouldidee with at least two independent
observers to reduce operator error. Alternativedyeology could be employed for a more

quantitative answer.

The results from immunocytochemical staining showed annexin V was present on the
surface of syncytiotrophoblasts but annexin V stgirwas found to be discontinuous in
some parts. This pattern was present in all healldsR and pre-eclamptic sample
groups. It was noted that when compared to hegithgentas, IUGR and pre-eclamptic
placentas appeared to have greater areas of aoseenin V staining (denudation). Some
areas of annexin V denudation appeared to be lbcdtareas of the placental villi where
there was no clear appearance of normal syncygdl morphology and where the
underlying stromal tissue also appeared disorgdmist no clear features of stromal cells
or blood vessels, thus appearing rather amorphbus.possible these amorphous areas
represented areas of villi infarction as infarcéeelas of placental villi would not be able to
sustain its trophoblast layer thus leading to syiatydeath with the resultant loss of
annexin V expression. However, in some areas ofx@nrvV denudation on the syncytial
surface, there was normal appearance of underljiligcellular architecture. Here, the
lack of annexin V may possibly be due to syncytiptroblast damage or apoptosis thus
leading to reduced annexin V expression. These amsims would be in keeping with the
greater amount of placental infarction and tropasbtlamage in the conditions of IUGR

and pre-eclampsia.

As annexin V prevents coagulation, | was interestediscover if there was a correlation
between the distribution of annexin V expressiontlus syncytiotrophoblast surface and
areas of TF expression and areas of fibrin depositBack-to-back slides of annexin V
and fibrin revealed that in areas of annexin V diation, there was often fibrin deposition
in the same area in the corresponding slide (imvérsalisation). This fibrin deposition
also often extended into the underlying areas obrphous-looking stroma in the villi.
Perivillous fibrin deposition of the intervillougpace also occurred in some of these areas.
This pattern was consistent in all healthy, IUGR pare-eclamptic samples although it was
noted that in contrast to healthy pregnant placentdGR and pre-eclamptic placentas
seemed to have greater areas of annexin V denudaiibh associated greater areas of
fibrin staining in the corresponding slides. ThisuM be in keeping with the findings of

Shu et al who found plasma level of the fibrin degradatioroducts and thrombin-
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antithrombin 1l complex from pre-eclamptic patienwere elevated as the expression of

annexin V in the placenta was reduced(48).

As TF is a potent initiator of coagulation, one htigxpect that there would be greater
expression of TF in the areas where there is akmeméxin V staining. Certainly, high
levels of TF as well as TF mRNA have been foundh@ placentas of pre-eclamptic
women compared to healthy pregnant controls(29)veéver there were only very sporadic
areas of TF staining found (3 to 6 small areas Bfsfaining per slide) in the placental
samples of the healthy pregnant, IUGR and pre-qmianpregnancies despite the large
amounts of perivillous fibrin deposition in [IUGR dapre-eclamptic placental samples. A
simple explanation is that there was only veryeliitF expression in the placenta. Estelles
et al did not find any appreciable expression of TF ithex healthy or pre-eclamptic
placentas although they found a five-fold increaséhe amounts of TF mRNA in pre-
eclamptic compared to healthy placentas(29). Perhglpacental TF only becomes
expressed in more severe pre-eclampsia. It is @ssible that as TF is such a potent
initiator of coagulation, even slight expression tifsue factor in the placenta would
immediately lead to the deposition of fibrin, theyepreventing the primary antibody
directed towards TF from attaching. As a resulswb-optimal TF staining, a comparison
of back-to-back staining between TF and fibrin s possible during this project. It
would have been interesting to see if there wamanreased deposition of fibrin even on

these very small areas of TF expression in thesplac

It is possible that annexin V prevents coagulatarthe trophoblast surface and this may
be the mechanism by which the placenta preventesske fibrin deposition on its
syncytial surface thereby facilitating effectivetdenaternal transfer. An absence of
annexin V on the surface of the syncytium may leefibrin deposition leading to reduced
feto-maternal exchange, subsequent trophoblash daad followed by underlying villi
death and necrosis. This might explain the areaddisbrganised villi architecture
underlying areas of annexin V denudation. On tlmemohand, these amorphous areas may
represent areas of villi infarction as a resuliptsfcental vessel thrombosis, villi hypoxia
and subsequent syncytial death with subsequenbfaasnexin V synthesis and expression
on the syncytiotrophoblast. IUGR and pre-eclamplécentas had greater areas of annexin
V denudation with associated greater fibrin depamsiin those areas when compared to

placentas from healthy pregnant individuals. ltksly that the greater syncytial damage in
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the conditions of IUGR and pre-eclampsia is re#ldcin loss of annexin V expression.
IUGR and pre-eclampsia are also associated withtgrglacental infarction and this may
lead to villi ischemia, loss of annexin V synthesisd subsequent perivillous fibrin
deposition. Another possibility is there may beuszl expression of annexin V in the
conditions of IUGR and pre-eclampsia compared talthg pregnancy. A way of

investigating this possibility would be by measgriand comparing total annexin V

MRNA in the placenta of healthy, IUGR and pre-e@#ampregnancies.

M30 was used as a marker to identify cellular apsistwithin the trophoblast layer in first
and third trimester samples in healthy pregnandredirst trimester samples, there was
abundant M30 staining of cytotrophoblast nuclei litle staining of the cytotrophoblast
cytoplasm. While M30 was utilised as a marker &nitfy apoptotic cells, it is known that
M30 can also stain the nuclei of actively proliterg cells(51). The high number of
cytotrophoblast cell nuclei stained by M30 in tivstftrimester compared to third trimester
placenta samples suggests that there was a laggeedef cytotrophoblast cell proliferation
occurring in the first trimester. This is in keepiwith the function of cytotrophoblast cells
being the stem cells of the syncytium, activelylifgoating and differentiating into the
syncytiotrophoblast. Staining of trophoblastic sjgsowas also seen, possibly reflecting the
developing placenta where the villi are activelpwing and the placental sprouts are
remodelling and forming new villi. In the third imester, there were less cytotrophoblasts
present and less staining of cytotrophoblast nwdeipared to the first trimester samples.
This may simply reflect a lower degree of trophsblgroliferation in the third trimester
compared to the first trimester. The uncertaintgrahe M30 staining meant that it was not
possible to investigate any relationship betweeaptgsis and fibrin deposition or annexin
V expression in the trophoblast. Perhaps anothekenaf apoptosis may be employed

and this may be scope for future work.

The main aim of this chapter was to investigate rifle of annexin V and apoptosis in
coagulation in pre-eclamptic placentas. IUGR ane-quiamptic placentas appeared to
have greater amounts of fibrin deposition in theilous spaces compared to healthy
pregnancies and this is in keeping with curreetrditure. However, | have discovered that
there is a relationship of inverse localisationAmsEn annexin V and fibrin staining on the
surface of the syncytiotrophoblasts in healthy pesqg, IUGR and pre-eclamptic

pregnancies. This suggests that annexin V on thHacguof the trophoblast may confer
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anticoagulant properties to the placental villi.thViegard to TF, there were only a few
sporadic areas of TF staining in the placentasaifthy pregnant, IUGR and pre-eclamptic
pregnancies and there was no clear relationshitifeel between annexin V expression
and TF expression in these placentas. M30 stafioingpoptotic cells was not satisfactory
and | was therefore unable to identify if there wasy association between cellular

apoptosis and annexin V, TF expression and fibepodition in the placenta.

There was the impression of a greater amount oihfibeposition on the trophoblasts of
pre-eclamptic pregnancies compared to healthy jreges. Microparticles are

prothrombotic and the level of microparticles ire thystemic circulation has previously
been found to be raised in various prothrombotioddmns such as acute coronary
syndrome, diabetes, paroxysmal nocturnal haemagloli and severe hypertension.
Microparticle levels have also been found to beewiin late miscarriages(74), suggesting
they may play a part in placental thrombosis(2T6)s possible that there may also be
greater levels or procoagulant activity of micrdjgdes in pre-eclampsia which may

contribute to the procoagulant state of pre-eclamps the next chapter, | set out to
develop an assay to measure the pro-coagulanttgafvmicroparticles in maternal blood

in pre-eclamptic and healthy pregnant women.

109



Chapter 4 Microparticle procoagulant activity and placental debris in

pre-eclampsia

4.1 Introduction

In mammalian cells, cell membrane phospholipidsaaygnmetrically distributed with PS
normally maintained at the inner leaflet of cellmi@anes by an active process. When the
cell undergoes activation or apoptosis, PS becartsnalised onto the outer surface of
the cell membrane by a ‘phospholipid scramblas#iyway. The cell membrane then forms
blebs which are released into the blood circulati@s microparticles(277).
Phosphatidylserine is a phospholipid and is knosvprovide a surface for the conversion
of prothrombin to thrombin by various clotting facd(278;279). Phosphatidylserine now
located on the external surface of micropartickesuld be in a position to act as a surface
upon which these clotting factors assemble, formimg prothrombinase complex which

then catalyses the conversion of circulating puatiisin to thrombin.

Microparticles are procoagulant in nature and kwélcirculating microparticles in blood
have previously been quantified using flow cytometFlow cytometry has several
advantages. It can identify the subpopulation dfsdeom which the microparticles are
derived by using an appropriate fluorescent angbddor example fluorescein
isothyocyanate [FITC]-conjugated monoclonal antyjospecific to that cell population.
The total amount of microparticles in the sample edso be measured using FITC-
conjugated annexin V which binds to all micropaetcin the sample. In pre-eclampsia,
microparticles from different cell subpopulationsick as endothelial, T-helper, T-
suppressor, granulocyte and platelets have beesumeshand all have been found to be
raised compared to healthy pregnant controls(88997 although one study found lower
levels of platelet-derived microparticles(86). Diesplifferences in microparticle levels in
these cell subpopulations, no difference was fownthe total amount of microparticles
(from all cells of origin) between pre-eclampticdamealthy control groups(86;87). While
flow cytometry is a useful technique to quantife timount of microparticles in a sample,
it has a disadvantage in that it cannot measureatitaal procoagulant activity of

microparticles in the sample.
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One of the primary aims of this thesis is to meastive procoagulant activity of
microparticles in the maternal blood of pre-eclampnd healthy pregnant controls as well
as to relate microparticle pro-coagulant activity nharkers of coagulation, endothelial
function and placental function. While the amourftsnicroparticles have previously been
measured by other researchers, | was interestateasuring the procoagulant activity of
microparticles. Aupeixet al65) used a plate-based prothrombinase assay tcumgea
procoagulant activity of microparticles in HIV patits. This assay worked by measuring
the amount of thrombin generated from prothrombia the phosphatidylserine (PS)
component of microparticles. The amount of thrombenerated was then used as a
surrogate end-point to determine the procoagulatengial of microparticles in the
sample. This assay measured the procoagulant tgabifviall microparticles in the blood
sample, regardless of its cell of origin and whetthey were of placental or maternal

origin.

Aside from the determination of the procoagulartivag of microparticles in maternal
blood, | was also interested in measuring the armofiplacental-derived microparticles in
maternal blood. The syncytiotrophoblast layer af fflacenta is in direct contact with
maternal blood. In healthy pregnancy, constantguitad remodelling and renewing of the
syncytiotrophoblast layer results in apoptosisyoicytiotrophoblasts (9) and this has been
proposed to result in the shedding of syncytiotodppast membrane fragments(STBMS)
into the maternal side of placental circulation(7djcroparticles are also released from
apoptotic cells and therefore, it is possible tf®iBMs are placentally-derived
microparticles. As microparticles are known to b®cpagulant, so may STBMsn
comparison to healthy pregnancy, there is greadteptal apoptosis in pre-eclampsia.
This may lead to greater amounts of micropartidesyncytiotrophoblast origin which

may contribute to the overall procoagulant statprefeclampsia.

Fetal CRH is synthesised by the placenta in largeumts and its synthesis has been
localised to the trophoblast(98). When micropagscbleb off from the cell membrane,
they are released as little packets which contagitoptasm from the cell of origin.
Microparticles from the trophoblast would thereforentain within them fetal CRH
MRNA. As maternal CRH mRNA is undetectable inttegernal systemic circulation(98),
any measurable CRH mRNA in maternal circulation Maoriginate from the placenta.

However it is possible that not just microparticlast cellular fragments released from
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damaged trophoblasts, for example, may also cofégtahCRH mRNA. Thus any measure
of fetal CRHMRNA would include a measure of thesifcagments. It would therefore be
appropriate to collectively term both micropartecland cellular fragments as ‘placental
cellular debris’. The amount of fetal CRH mRNA waeasured as a ratio of CRH to
glyceraldehyde-3-phosphate dehydrogenase (GAPDHj)hé&time of commencement of
this project, measurement of placental-derived oparticles had not been done although
subsequently Goswanet a[81) measured syncytiotrophoblast microparticleelewsing
an anti-trophoblast antibody (NDOGZ2). This antiboggs not commercially available

however.

4.2 Principle of the prothrombinase assay

The principle of this prothrombinase assay is thpture of PS-expressing microparticles
using a specific binding protein and quantificatadrthe procoagulant activity of these PS-
expressing microparticles using a chromogenic satestThe method of Aupeit al65)
was used in the development of this prothrombiressay. In their assay, results were
expressed as nanomolar PS equivalents with referena standard curve created from
synthesised phosphatidylcholine: phosphatidylseri(feC:PS) vesicles of known
composition. | prepared synthetic PC:PS vesiclepraing to the method of Pigaudt
al(275), as detailed in Chapter 2 of this thesissThethod resulted in the production of
vesicles with a concentration of 1mM phosphatidytee in solution, i.e: 1mM

phosphatidylserine equivalents (PS equivalents).

4.3 Steps of the prothrombinase assay

The different steps of the prothrombinase assa wsrfollows, with reference to figure
4.3.1. Biotinylated annexin V was added to them&@din-coated wells of a microtiter
plate and incubated for 30 minutes (Step 1). Bytdited annexin V became bound to
streptavidin in the wells with the result that twells became lined with annexin V (Step
2). Excess biotinylated annexin V was then wash#anod ‘Inhibitor mix’ was then added
into the well (Step 3). ‘Inhibitor mix’ is a mixtarof Phe-Pro-Arg-Chloromethylketone

[PPACK (a rapid inhibitor of thrombin)] and 1-5 DahGlu-Gly-Arg-
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Chloromethylketone [DnsGGACK (an inhibitor of factXa)] and ‘inhibitor mix’
functions to inactivate any endogenous thrombifactor Xa (which converts prothrombin

to thrombin) that may be present in the sample.

The sample to be measured was then added into éigStep 4) and incubated for 30
minutes, allowing any PS-containing particles ia fample to be captured by annexin V
lining the wells (Step 5). The wells were then waslout. ‘Master mix’ (a mix of factor
Va, factor Xa and calcium chloride in buffer) waen added into the well (Step 6). The
activated factor V, activated factor X and calciimthe ‘master mix’ assembles on the
phospholipid surface of the captured micropartitdeming the prothrombinase complex.
Prothrombin was then added into the wells (Stepa@yl was converted by the
prothrombinase complex assembled on the surfacapitired microparticles to thrombin
during incubation over 30 minutes. The conversibprothrombin to thrombin was then
halted by the addition of ethylenediaminetetraacatid (EDTA) which chelates calcium,
which is essential to the functioning of the prothbinase complex (Step 8). The amount
of thrombin generated by the prothrombinase complexid be a surrogate measure of the

procoagulant activity of captured microparticleghie sample.

The amount of thrombin generated was quantifiedhgyaddition of chromozym TH (a
chromogen that is converted to a yellow-coloured product by thrombin) into the well
(Step 9). The plate was immediately put into a otitnation plate reader to quantify the
change in optical density of chromozym TH over ti(@D/time) at 405nM wavelength
(Step 10) over the course of 20 minutes. The rawoversion of chromozym TH to its
coloured end product is related to the amount afntibin present, which is in turn related
to the amount of prothrombinase complex formed dptered microparticles. In this way,
the procoagulant activity of the microparticlestive sample could be measured. The rate
of colour change of chromozym TH in an unknown slamp compared to a standard
curve created by synthetic phosphatidylcholine: gphatidylserine (PC: PS) vesicles of

known concentration.
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Step 1:Addition of biotinylated annexin V (Bi-V) into siptavidin coated well.

V V V V V VvV
Bi Bi Bi Bi Bi Bi

Step 2:Annexin V lining the well.
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Step 3:‘Inhibitor mix’ added.
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Sample to
be
measure
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Step 4:Addition of the sample to be measured (eg. pasigiiasma).

PS on the surface of particles
bound to Annexin '

vV V. V V V
Bi_ Bi Bi Bi Bi Bi

Step 5:Annexin V lining the well captured PS-expressinignoparticles from the sample.

Master

mix

vV V V V V
Bi Bi Bi Bi Bi Bi

Step 6: Addition of ‘master mix’ (a mix of factor Va, famt Xa and calcium chloride in

buffer) which together with the captured PS forrttesl prothrombinase complex.
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Thrombin is

Prothrombil aenertec

vV V VvV Vv VvV
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Step 7:Prothrombin was converted to thrombin by the patibinase complex.

EDTA

Thrombin
inhibition generation is
Prothrombil inhibited

vV V VvV Vv Vv
Bi Bi Bi Bi Bi Bi

Step 8: Addition of EDTA to stop the conversion of prothtbin to thrombin after 30

minutes.

Chromozym
TH

Coloured end product
[ Thrombir

Step 9: Chromozym TH is added and was converted to a cetbend-product by the

generated thrombin. For purposes of clarity, ammékiBiotin and captured PS particles

are not shown in the diagram.
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OD is read
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Chromozym converted to a coloured
end product
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Light at wavelength 405nm

Step 10: Intensity of the end-product of chromozym TH wasugified in a plate reader

equipped with kinetics software. Colour change veasrded at set time intervals.

Figure 4.3.1 The steps of the prothrombinase assay
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4.4 Hypotheses and objectives

There is greater maternal endothelial activatiotatepet activation and trophoblast
apoptosis in pre-eclampsia and | hypothesise thiatrhay lead to greater microparticle
generation. This may in turn lead to greater miarbple procoagulant activity in maternal
blood. | also hypothesised that greater trophob#gsiptosis and possibly trophoblast
damage in pre-eclampsia may lead to greater l@faisllular debris of placental origin in
maternal blood and this debris may contribute ®dtterall procoagulant activity of total

microparticles in maternal blood.

Objectives:

1) To set up and validate a prothrombinase assaym&asure microparticle
procoagulant activity in blood.

2) To recruit healthy individuals and type Il digibs (with and without diabetic
complications) in order to pilot the prothrombinassay.

3) To recruit pre-eclamptic and healthy pregnantcimed controls to measure and

compare their microparticle procoagulant activitynaternal blood.

4) To measure the amount of fetal CRH mRNA in makblood in pre-eclamptic

and healthy pregnant matched controls as a measptacental cell debris.

4.5 Development of the prothrombinase assay

4.5.1 Concentration: activity relationship

The concentration-activity relationship was firgtemined for the standard vesicles.
Several dilution series of synthetic PC: PS vesialere performed to identify a linear

relationship between the change in OD/minute [membas Absorbance Units/minute
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(AU/min)] with increasing concentrations of syntietesicles. It was found that a linear
relationship between concentration and activitysed in the concentration range of

between 0-50nM PS equivalents (figure 4.5.1).

0.1 A /
0.08

0.06

0.04

Prothrombinase activity (AU/min)

0.02

0 20 40 60 80 100 120
PS equivalents (nM)

Figure 4.5.1:Concentration: activity relationship of synthetis:FPC vesicles

4.5.2 Assay validation

In order to validate the assay, inter-vesicle prafan, intra-assay and inter-assay
reproducibilities were assessed. The inter-vegiceparation variability was calculated
using 3 independently prepared synthetic vesiadpamations (svA, svB and svC) prepared
and analysed on the same day using the same pllagevesicles were analysed at a
concentration range from OnM to 50nM PS equivaleAlis3 preparations gave a similar
curve (figure 4.5.2.1). Analysis of the slopes bé ttrendlines of all samples gave a
coefficient of variation of 9.09% (mean 0.0011, 8001 AU/min/nM).

The intra-assay variability was analysed by meagusamples of synthetic PC:PS vesicles
at 20nM PS equivalents in 8 consecutive wells. Thes performed on 3 different
preparations (svA, svB and svC) all measured irsttmee assay. The results are as shown
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Figure 4.5.2.1 Inter-vesicle preparation variability of 3 sefdala prepared samples (SVA,

svB and svC). Standard error bars shown.

in table 4.5.2.1. The coefficients of variationtbk samples were 2.76% (svA), 3.77%
(svB) and 1.21% (svC) respectively, giving an ageraoefficient of variation of 2.85%

between the 3 preparations.

In order to obtain the inter-assay variability,eirseparate prothrombinase assays were
carried on the same sample synthetic vesicle paéipar (svB) on different days. The
results are as in figure 4.5.2.2. It was found tiin® prothrombinase activity of these
vesicles appeared to decline whilst in storage #47@ fridge. These assays were carried
out 38 days, 43 days and 112 days after the vesiabee synthesized. A comparison of the
slopes of the trendlines showed that there wasge ldrop in vesicle activity when stored
for 112 days when compared to storage at 38 anda§8 [the gradient dropping from
0.001 AU/min/nM (at 38 and 43 days storage) to 0408U/min/nM (at 112 days storage);

a drop of 2.5 fold]. The inter-assay CV was 45.8%ese results suggested that there was

degeneration of vesicle activity whilst in storage.
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Prothrombinase activity (AU/min)

Well Preparation svA Preparation svB Preparatidd sv
1 0.040 0.038 0.038

2 0.038 0.038 0.038

3 0.038 0.038 0.038

4 0.038 0.036 0.038

5 0.037 0.038 0.039

6 0.038 0.036 0.039

7 0.038 0.036 0.038

8 0.040 0.040 0.038
Std deviation 0.00106 0.00141 0.00046
Mean 0.0384 0.0375 0.0383
Coefficient of 2.76 3.77 1.21

variation (%)

Table 4.5.2.1:Measurement of intra-assay variation at 20nM P Svatgnts.

Prothrombinase activity (AU/min}

— —+— — 38 days storage

#— 43 days storage
---A--- 112 days storage

T
30

T T
40 50

PS equivalents (nM)

Figure 4.5.2.2: Analysis of inter-assay variability. Note the preggive drop in vesicle
activity of sample svB from 38 days storage to HH¥s storage. Standard error bars

shown.
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4.5.3 Synthetic PC: PC vesicle stability

The results so far suggested that these PC:PSetyntresicles could be synthesized
relatively consistently but there appeared to lwkecine in vesicle procoagulant activity
over time whilst in storage. A possible reason tloe reduction in activity could be
degradation of the synthetic PC:PS vesicles whiiststorage. In order to test this
hypothesis, a new sample of PC:PS vesicles weree r{labelled svD). Three different
methods of storage (fridgstep-freezing and flash-freezing) were carriedusihng sample
svD to identify if any one method was superior imimtaining vesicle activity. Fridge
storage was in a 4°C fridge. In step-freezing, sample was put in a 4° C fridge for an
hour, followed by -20°C freezer for an hour andntli@ally stored in a -80°C freezer. In
flash-freezing, the freshly made sample was imnteljiastored in a -80°C freezer. All 3
samples were analysed on the same day of prepafday 1), after 2 days, after 10 days,
after 16 days and after 30 days in storage. Thaltseshowed that there was a drop in
vesicle activity in all 3 methods of storage conggiato the fresh sample. The drop was
greatest within the first 2 days with little furthéegradation from 2 to 30 days storage. In
all 3 methods of storage, the slope of the activityconcentration curve went from 0.0029
AU/min/nM for the day 1 sample, dropping to betw@0012 and 0.0015 AU/min/nM for
the stored samples (table 4.5.3.1). This showetdbp oh activity of between 1.9 to 2.4
fold. It was evident that none of these 3 metholdstorage were able to preserve the
activity of these vesicles (figures 4.5.3.1 to 3.3).

Storage Fridge Step freezing Flash freezing
(days) (AU/min/nM) (AU/min/nM) (AU/min/nM)
1 0.0029 0.0029 0.0029

2 0.0015 0.0014 0.0015

10 0.0014 0.0013 0.0014

16 0.0013 0.0012 0.0012

30 0.0014 0.0012 0.0014

Table 4.5.3.1: Values of the slopes of the concentration-activatyves for synthetic
PS:PC vesicles by fridge storage, by step-freeamtjflash freezing.
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Figure 4.5.3.1:Synthetic vesicle preparation (svD) analysed onlq@y) and after 2(D2),
10(D10), 16(D16) and 30(D30) days in storage ifi@ #idge. Standard error bars shown.

Figure 4.5.3.2: Synthetic vesicle preparation (svD) analysed og @igD1) and after
2(D2), 10(D10), 16(D16) and 30(D30) days in storégestep freezing. Standard error

bars shown.
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Figure 4.5.3.3:Synthetic vesicle preparation (svD) analysed onld®1) and after 2(D2),
10(D10), 16(D16) and 30(D30) days in storage bghldreezing. Standard error bars

shown.

4.5.4 BeWo culture-derived microparticle preparations as a standard

Naturally occurring microparticles express phosiolyégerine on their surface and
microparticles are known to be released from aafidergoing apoptosis. There was the
possibility that ‘natural’ microparticles could generated from cultured cellsvitro, then
isolated and stored to create a standard preparatidiese ‘naturally-derived’
microparticles could potentially be more stablesiarage as they would contain various
proteins and lipids in their cell membrane whichyraal surface stability.

A BeWo choriocarcinoma cell line was cultured apd@osis was initiated by addition of
tumour necrosis factar (TNF-o) 10ng/ml and interferomp (IFN-y) 10ng/ml and incubated
for 24 hours. The cell culture medium was removed eentrifuged at 3000g to remove
cellular debris. This solution was then immediathalysed by the prothrombinase assay
to measure prothrombinase activity. Two culturesewaitially prepared: BeA and BeB.
The change in AU/min of the culture medium was tbio be under the required range
when compared to the values obtained using thénsfiatPC: PS vesicles. Clearly, these

samples were not going to provide the appropretge of PS equivalents.
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In order to increase the specific activity of theseparations, it was decided to concentrate
the culture medium. Two further cultures were maBeC and BeD and the culture
medium was concentrated 10 times by sucrose dsalggrial dilutions were performed
and the OD/min of each dilution was charted. It feasd that samples BeC and BeD had
a higher activity compared to non-concentrated $esnfBeA and BeB). However the
change in OD/min of BeC and BeD varied greatly. Thange in OD/min of sample BeC
was 0.538 AU/min/ul which was above the range efdtandard curve produced from the
synthetic PC:PS vesicles. In comparison, the chan@@D/min of sample BeD was only
0.127 AU/min/ul. Clearly the microparticles pro-godant activities produced by these 2

separate BeWo cultures were very different.

In order to test for stability in storage, the cemitated culture medium of BeC was stored
at 4°C and measured after 7 days. Sample BeC shavess of activity when measured
after 7 days storage (figure 4.5.4.1) and caloutabtf the initial slope of the trendline
showed that there was a 3.1-fold drop in activily0{73 AU/min/ul [day 1] to 0.0056
AU/min/ul [day 7] ). Therefore it appeared thatatren of microparticles using a BeWo
culture was not a satisfactory way of producingicles for the purpose of creating a

standard as there was high inter-preparation viiitiahs well as degradation in storage.

1.2

—e—D1
-&-D7

Prothrombinase activity (AU/min)

culture medium (microlitres)

Figure 4.5.4.1:Loss of activity of sample BeC when measured afteays storage (D7)

compared to when fresh (D1). Standard error baya/sh
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4.5.5 Pilot studies of prothrombinase assay

The aim of developing the prothrombinase assaytwasiow us to measure the degree of
microparticle pro-coagulant activity in the matdrbéod of pre-eclamptic and healthy
control patients. Various attempts at producingatlé vesicles for the purposes of a
standard curve showed that the most satisfactotirodeof producing consistent vesicles
was by the creation of synthetic PC:PS vesiclesthete was the drawback of vesicle
degradation in a very short time regardless of ookthf storage. Due to time limitation,
rather than continue trying to find a solution e fproblem of vesicle degradation, it was
decided to use freshly prepared on-the-day symth®@:PS vesicles as a standard when
analysing blood samples. For purposes of pilothegassay, | recruited healthy volunteers
from the laboratory to enable me to identify anragpnate range of microparticle pro-
coagulant activity in the healthy population. lalecruited groups reported to have had
higher levels of microparticle procoagulant activibr purposes of informing the power
calculation of the pre-eclamptic/control analy#sliterature search at the time revealed
that plasma microparticle levels had been measuraghcomplicated and complicated
type Il diabetics and greater amounts of microplasi were found in type Il diabetic
patients with complications. Using flow cytomet@motoet al (273) showed that there
were significantly increased levels of platelet amohocyte-derived microparticles in type
Il diabetics compared to healthy non-diabetic aastr When microparticle levels were
compared between uncomplicated diabetics and disbetith complications of the
disease, increased levels of microparticles wemedan patients with complications such
as retinopathy (approximately 100% increase) anghropathy (approximately 160%
increase)(273). Using flow cytometry, Oga&tiaal (280;281) also compared the levels of
platelet-derived microparticles in type Il diabegtatients and discovered a 10 % increase
in microparticle levels in patients who had diabetbmplications. The available literature
therefore indicated that plasma microparticle Isweére increased in type Il diabetes and
further increased in diabetic patients with comgdimns. This suggests that microparticle
procoagulant activity may be greater in complicatgde Il diabetics compared to

uncomplicated type Il diabetics.
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4.5.5.1 Micropatrticle pro-coagulant activity in ltbg persons

Healthy male and female volunteers from the lakewecruited. There were 13 individuals
recruited, all without any medical illnesses anglytivere not on any medication. The mean
was 12.2 (SD 12.2) nM PS equivalents with a 95%idence interval of 12.2 +/- 6.6. The
results are as per table 4.5.5.1 and figure 4.5.5.1

Mean SD 95 % confidence interval
Prothrombinase activity 12.2 12.2 5.6t0 18.8
(nM PS equivalents)

Table 4.5.5.1:Prothrombinase activity of healthy individualsikl PS equivalents.

T T T T
5 15 25 35 45

Prothrombinase activity (nM PS equivalents)

Figure 4.5.5.1:Dotplot of prothrombinase activity in normal héglindividuals in nM PS

equivalents.
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4.5.5.2 Micropatrticle pro-coaqulant activity in &/ diabetic patients

Two groups of type |l diabetic patients were reiadi well controlled diabetics (n=10) and
diabetics with microvascular complications (n=6heTresults are as per table 4.5.5.2 and
figure 4.5.5.2. While there was an 80.5% increaséotal pro-coagulant activity in the
group with microvascular complications comparedthe well controlled group, the

difference was not statistically significant (pwead 0.12).

Diabetics with Diabetics without P value
complications complications
(n=6) (n=10)

Prothrombinase 14.8 (8.7) 8.2 (5.3) 0.12*

activity
(nM PS equivalents)

Table 4.5.5.2: Comparison of prothrombinase activity between eli@ls with
complications and diabetics without complicationsasured in nM PS equivalents. The
results are shown as: mean (SD). *P value was megdly a two sample T-test using log

transformed values.

Complicated
diabetics

T T T
Uncomplicated. .3 . .
diabetics T T T
5 15 25

Prothrombinase activity (hnM PS equivalents)

Figure 4.5.5.2: Dot plot of prothrombinase activity between comgiled and
uncomplicated diabetics in nM PS equivalents.
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Analysis of type Il diabetic patients was used niéoim the power calculation for the
measurement of the pre-eclamptic and control grampsa sample size of 32 cases and 32
controls predicted 90% power to detect a differenfc83% in procoagulant activity with a
65% standard deviation.

4.6 Results

4.6.1 Microparticle pro-coagulant activity in pre-eclamptic and healthy

pregnant controls

Thirty two pre-eclamptic and 32 healthy control ipats were recruited to the study,
matched for age, body mass index (BMI), gestatibnsampling and parity. Their
characteristics are as per table 4.6.1.1. It casebe that there was no statistical difference
between the pre-eclamptic and control groups wébard to age, BMI, gestation at
sampling and parity, reflecting that they were wedtched. Patients with pre-eclampsia
delivered earlier and had smaller babies as expeGteere were also significantly fewer

smokers in the pre-eclamptic group.

Microparticle pro-coagulant activity was measuradpre-eclamptic and healthy control

groups. The samples were analysed in a prothrorsdiaasay along with their matched
controls on the same plate using freshly made erdly synthetic PC: PS vesicles as a
standard curve. The two-sample T-test for contisugariables was used to test for

statistical difference between the pre-eclamptid healthy pregnant control groups. The
results showed that with regard to microparticle-poagulant activity, there was no

significant difference in microparticle prothrombse activity between the pre-eclamptic
and the healthy pregnant control groups [pre-ectaanpnean 107 (SD 137) nM PS

equivalents vs. control mean 108 (SD 85) nm PSwvedpnts, p=0.36] . When early-onset

pre-eclamptic (under 34 weeks’ gestation) sampleseveonsidered, microparticle pro-

coagulant activity was also not significantly drfat between the pre-eclamptic and
control group [115.3 (59.0) vs. 120.2 (105.0), 870). These results are as shown in table
4.6.1.2, figure 4.6.1.1 and figure 4.6.1.2.
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Characteristic Pre-eclamptic  Healthy pregnant controls P value

(n=32) (n=32)
Age 29.4 (6.3) 29.6 (5.7) 0.88
(years)
BMI 26.8 (4.5) 26.5 (4.4) 0.78
(kg/n)
Number of smokers 1(3) 8 (25) 0.012
Gestation at sampling (weeks) 35.8 (3.3) 36.0 (4.1) 0.89
Primiparous 22 (69%) 24 (75%) 0.58
[number and (% of total)]
Gestation at delivery (weeks)  36.3 (3.0) 39.5(0.9) <0.001
Mean birth weight centile 23.2 (27.8) 52.3(31.2) <0.001

Table 4.6.1.1:Patient characteristics of pre-eclamptic and hgalpregnant controls
showing mean (standard deviation) and p valuesalewvas measured by a two sample

T-test. Statistical significance was set at p<0.05.

Characteristic Pre-eclamptic Healthy pregnant P value
controls

All pre-eclamptic samples n=32 n=32

Prothrombinase activity * 107 (137) 108 (85) 0.36

(nM PS equivalents)

Early onset pre-eclamptic samples n=8 n=10

(under 34 weeks gestation)

Prothrombinase activity * 115.3 (59.0) 120.2 (105.0) 0.87
(nM PS equivalents)

Table 4.6.1.2: Prothrombinase activity of pre-eclamptic patieatsl healthy pregnant
control patients showing mean (standard deviatiom) p valuesP value was measured by
a two sample T-test using log transformed valu&atistical significance was set at
p<0.05.
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Figure 4.6.1.1:Interquartile range boxplot of prothrombinase\autiof all pre-eclamptic

and matched controls measured in nM PS equivalents.
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Figure 4.6.1.2: Interquartile range boxplot of prothrombinase \attiof early-onset pre-

eclamptic and matched controls measured in nM R&a&gnts.
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A post hocanalysis of power for the pre-eclamptic and cdsatrevealed a sample size of
32 cases and 32 controls predicted 90% power tectled difference of 67% in

procoagulant activity with a 81% standard deviation

4.6.2 Measurement of fetal corticotrophin-releasindiormone (CRH) mRNA

in maternal blood

There was significantly greater amounts of fetaHORRNA in maternal peripheral blood
in pre-eclamptic patients compared to healthy pgagmatched controls [pre-eclamptic
mean 0.75 (SD 2.77) vs. healthy control mean 0SID @.74), p=0.014] as shown in table
4.6.2 and figure 4.6.2. This suggests that theree veggnificantly greater amounts of
placental debris in the maternal systemic circatatn pre-eclampsia compared to healthy
pregnancy. As the CRH/GAPDH mRNA ratio included sorero values, the Wilcoxon
rank sum test was used to test the differencesdagivgroups. Fetal CRH mRNA levels
were not found to be correlated to microparticletiprombinase activity in either the
healthy pregnant or pre-eclamptic groups. Wherl feRH mRNA levels were compared
between pre-eclamptic and healthy control pregmesndiefore and after 36 weeks
gestation, a significant increase in fetal CRH mRIgyels were found in pregnancies after
36 weeks gestation in both pre-eclamptic and hgadtiegnant controls. Table 4.6.3 and
figure 4.6.3.

Characteristic Pre-eclamptic Healthy pregnant P value
(n=32) controls (n=32)

Fetal CRH mRNA relative 0.75 (2.77) 0.20 (0.74) 0.014

to GAPDH

Table 4.6.2 Fetal CRH mRNA levels of pre-eclamptic and healgiregnant controls.
Mean (standard deviation) and p-values. The diffeeebetween control and pre-eclampsia

groups was tested using a Wilcoxon signed-rankieeSERH/GAPDH mRNA ratio.
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Figure 4.6.2: Fetal CRH mRNA ratio of pre-eclamptic and matchkedtrols measured as
CRH relative to GAPDHMeans and standard errors are sho@RH/GAPDH mRNA

ratio is plotted on a logarithmic scale.

Healthy control ~ Healthy control Pre-eclamptic  Pre-eclamptic

< 36 weeks > 36 weeks < 36 weeks > 36 weeks
Fetal CRH 0.0 (0.0) 0.30 (0.20) 0.39 (0.23) 1.14 (0.82)
MRNA
relative to
GAPDH

Table 4.6.3 Fetal CRH mRNA levels of pre-eclamptic and heajthegnant controls

under and over 36 weeks’ gestation. Mean (stanelaodl).
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Figure 4.6.3: Fetal CRH mRNA ratio of pre-eclamptic and matcleedtrols under and
above 36 weeks gestation measured as CRH relaiveAPDH. Means and standard

errors are shown
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4.7 Discussion

One of the main aims of this thesis was to measuceoparticle procoagulant activity in
the maternal circulation in a case-control studypoé-eclamptic patients and healthy
pregnant matched controls to identify if there wasy significant difference in
microparticle pro-coagulant activity between the tgroups. Phosphatidylserine (PS) is a
component of cell membranes and it is normally tedaon the inner leaflet of the
membrane. PS has procoagulant properties in tipgovides a surface for the conversion
of prothrombin to thrombin by clotting factors. Wha cell is activated or undergoes
apoptosis, PS is externalised to the outer sudadtee cell membrane, the cell membrane
is blebbed off and released as microparticles th&ocirculation(282). These circulating
microparticles in plasma would now potentially Ibea position to affect coagulation in

maternal circulation.

The prothrombinase assay was chosen as a metimoéatsure the procoagulant activity of
microparticles in maternal blood. The reason tlesag was chosen was that it was
designed to physically capture microparticles iaspia and quantify its procoagulant
activity by using its thrombin generating ability a surrogate measure. This seemed to be

a most direct assessment of microparticle proceagalctivity.

The prothrombinase assay required a standard coeasuring the prothrombinase activity
in relation to the concentration of PS presentllibfved the method of Aupiegt al65)
who used synthetic phosphatidylserine : phosphlatidjine (PC:PS) vesicles to act as a
standard in their prothrombinase assay. Their ntetsfosynthesis of these vesicles was
based on the method of Pigaelt a(275) who created synthetic unilamellar vesicles of
67%PC: 33% PS (mol/mol). Various dilutional seridentified a linear relationship
between the prothrombinase activity and concepoinati PS in these vesicles between the
range of 0 to 50nM PS equivalents. This activigneentration relationship now allowed
me to relate the prothrombinase activity of theoblsamples to the standard curve,
allowing the measure of the procoagulant activity?& (and therefore the procoagulant
activity of microparticles) in the blood sample. Malidate the assay, inter-vesicle

preparations and intra-assay coefficients of viamat were measured and found to be
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reasonable, at 9.09% (inter-vesicle preparatioms) an average of 2.6% (intra-assay
variability). However inter-assay variability wa®tnsatisfactory with a coefficient of

variation of 45.8%.

It was hoped that once the activity: concentratietationship of a batch of synthetic
vesicles was established, this batch could be dtimrefuture use in later experiments i.e.
used as a quality control. However in the coursewfexperiments, there appeared to be
degradation of procoagulant activity of these sghthvesicles over time with the greatest
loss of activity occurring within the first day storage and this accounted for the high
inter-assay CV. Three different methods of storagee attempted (fridge at 4°C, step
freezing and flash freezing) to identify if thereasva method of storage that maintained
vesicle activity. Unfortunately, degradation of noigarticle pro-coagulant activity
occurred with all 3 methods. It was possible tteslof procoagulant activity was the result
of vesicle instability, as these vesicles were sy phospholipid complexes in buffer
solution without any additional stabilising factasch as proteins that are present in cell
membranes. The production of ‘natural’ micropaescl from cultured BeWo cells
undergoing induced apoptosis was then attemptedsew if they maintained their
procoagulant activity in storage. It was thoughtatththese naturally-occurring
microparticles would contain various membrane pngtéhat would help maintain stability
in solution. Unfortunately there was no consisteicyhe procoagulant activity of these
natural microparticles between batches and theawiral’ microparticles also lost their
procoagulant activity in storage. It was therefdeeided to use freshly made on-the-day
synthetic PC:PS vesicles as a standard when pearfgrthe prothrombinase assay on
blood samples.

To pilot the prothrombinase assay, 2 types of sampplpulations were chosen; healthy
individuals and type Il diabetics (complicated amtcomplicated). A literature search
revealed that microparticle levels have previousgen measured in type Il diabetic
populations. With regard to the healthy sample padmn, | recruited 13 healthy

individuals and determined microparticle procoagtketivity in the healthy population to

have a mean of 12.2 (SD 12.2) nM PS equivalents.
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With regard to the type Il diabetic sample popolati 10 type Il diabetics without
complications and six type Il diabetics with consplions were recruited from the diabetic
outpatient clinic. They were not on any anti-thratid medication such as aspirin, heparin
or warfarin. Their microparticle procoagulant atfivwas measured and the results
showed greater procoagulant activity in the blobdype Il diabetics with complications
[mean 14.8 (SD 8.7) nM PS equivalents] comparednmomplicated diabetics [mean 8.2
(SD 5.3) nM PS equivalents] but this difference was statistically significant. However,
the reason the type Il diabetic study was undentakas to estimate the power calculation
for the pre-eclamptic and healthy pregnant corgiadly. The type Il diabetic study in itself

was not a primary aim of this project.

The measure of microparticle prothrombinase agtivitpre-eclamptic patients was one of
the primary aims of this project. A search of tierature revealed that microparticles had
been measured in the blood of non-pregnant, healthgnant and pre-eclamptic patients
and quantitated using flow cytometry. However, soaseallts were conflicting. Using flow
cytometry, Bretelleet al showed that platelet and endothelial-derived nparbcles were
raised in healthy pregnant women compared to healthn-pregnant women(86). In
contrast however, Van Wijkt al did not find any significant difference in endotiaél
derived microparticles between healthy pregnant la@althy non-pregnant women(87).
When micropatrticle levels were measured in prereptec patients, it was found there
were greater numbers of microparticles derived femdothelial, T-helper, T-suppressor
and granulocyte cells in the plasma of pre-eclaorgeitients compared to healthy pregnant
controls(80;87;89) and the highest proportions @iraparticles in both groups were found
to be platelet-derived microparticles(87). In castr Bretelleet al found a lower amount
of platelet-derived microparticles in pre-eclamppcegnancies compared to healthy
pregnant controls(86). Despite differences in nparticle levels in these cell
subpopulations, no statistically significant diface has been found in the total number of
microparticles between pre-eclamptic and healtlegpant control groups(86;87).

In contrast to measuring the amount of micropasicin pre-eclamptic patients, | was
interested in comparing microparticle procoagubstivity in maternal blood between pre-
eclamptic and healthy pregnant women. A prothrorénassay was selected for this
purpose. It is important to emphasise here thatptisthrombinase assay measures the

procoagulant activity of microparticles and not #mount of microparticles in the sample.
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The prothrombinase assay measures the procoagdawity of all microparticles in the
sample regardless of cell of origin or whether thegre of maternal or fetal origin. |
recruited 32 pre-eclamptic and 32 healthy pregeantrols. They were matched for age,
body mass index (BMI), gestation at sampling anatyarl he results showed a mean value
of 107 (SD 137) nM PS equivalents for pre-eclampatients and a mean value of 108
(SD 85) nM PS equivalents for healthy pregnant rastwith a p-value of 0.36. This
indicated that there was no statistically significdifference in microparticle procoagulant
activity between the pre-eclamptic and matchedthggregnant control groups. Goswami
et al measured and found STBM levels to be significamireased in early onset-pre-
eclamptics (under 34 weeks’ gestation) comparedaetithy pregnant controls(81). It was
possible that in early-onset pre-eclampsia, higbeels of syncytiotrophoblast-derived
microparticles may lead to greater total microg#tiprocoagulant activity in maternal
blood. However in my samples, microparticle proagdagt activity was not found to be
significantly different between early-onset preageptics and matched control groups
[early onset pre-eclampsia mean 115.3 (SD 59.0)R#/equivalents vs. control mean
120.2 (SD105) nM PS equivalents, p value 0.87]eAfthad commenced work on this
project, Bretelle et al86) published a paper where they measured microparticle
procoagulant activity in maternal blood using atprombinase assay and found that total
microparticle procoagulant activity was signifidgnhigher in healthy pregnant women
compared to non-pregnant controls. However Bretlal did not find any significant
difference in microparticle procoagulant activiiyher between pre-eclamptic and healthy
pregnant control groups. My results are thus irpkegewith the findings of Bretellet al.

| was interested in comparing the amount of plaadBnaterived cell debris in the maternal
blood of pre-eclamptic and healthy control patie@®swamiet a81) had previously
measured syncytiotrophoblast-derived micropartielels in the blood of pre-eclamptic
patients by means of ELISA using an anti-trophabéagibody (NDOG?2) to capture the
microparticles. However, the anti-trophoblast aodiyp (NDOG2) as used by Goswagti
al(81) was not commercially available. Fetal CRH mRMAmaternal blood can only be
derived from the fetoplacental unit and measurenoérfetal CRH mRNA in maternal
plasma would therefore act as a direct measurelamfeptal-derived cell debris in the
maternal circulation. Several studies have showhithcomparison to healthy pregnancy,
a 4-10-fold increase in fetal CRH mRNA levels oscur pre-eclampsia (101;106;107).
Therefore, a measure of the level of circulatinglf€RH mRNA in maternal plasma was

proposed. To allow direct comparison with previoegorts(106), GAPDH was used as a
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control gene and we demonstrated consistent l@fgBAPDH mRNA expression in pre-
eclamptic and healthy control plasma. The sourcdetdl CRH mRNA in maternal

circulation had previously been proposed to be wywoitophoblast microvilli cell debris

shed from the placenta into the maternal circutg#8) and syncytiotrophoblast microvilli
cell debris has previously been detected in mateboi@d using trophoblast-specific
antibodies(80) as well as male-specific offsprindNAj283). Using real time PCR

(Tagman), my results showed statistically greatapunts of fetal CRH mRNA in the

plasma of pre-eclamptic pregnancies compared tchdadthy pregnant matched control
group (Table 4.6.2).

With greater placental thrombosis and inflammatiopre-eclampsia, it is possible that the
placenta may be a significant source of procoaguianroparticles. Fetal mRNA levels
have been found to be raised in pre-eclampsia(D@);%uggesting that there may be
greater trophoblast shedding into the maternalegyst circulation in pre-eclampsia. |
detected a significant increase in the amounttaf ffRH mRNA in pre-eclamptic samples
compared to healthy pregnant samples but thereneamcrease in total microparticle
procoagulant activity in maternal serum as mightkgected if the amount of trophoblast
shedding was considerable and had contributedfisignily to the overall procoagulant
activity. A possible reason for this is the amoohtnicroparticles of placental origin may
be small in comparison to the total amount of nparticles circulating in maternal
plasma, so any increase of placental micropartighdsle statistically significant in pre-
eclampsia compared to healthy pregnancy) may ngg had much impact on the overall
procoagulant activity of the total microparticles maternal plasma. When pre-eclamptic
and healthy control samples were measured as 2asepsubgroups (patients recruited
under 36 weeks’ gestation and patients recruitéer &6 weeks’ gestation), there was
higher mean fetal CRH mRNA levels in the both presmptic and healthy pregnant
groups over 36 weeks’ gestation. This increasetal CRH mRNA levels suggests that as
pregnancy progresses towards term, there is gréaienoblast apoptosis or release of
placental cell debris.

Micropatrticles are known to bind to fibrinogen gpldtelets(284) and in Chapter 3, there
appeared to be greater fibrin deposition in predsagtic placentas compared to healthy
pregnant controls. It is possible that the majootyplacental-derived microparticles may

have become bound to perivillous fibrin in the plat@ soon after release, thereby reducing
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the amount of placental microparticles entering riregernal systemic circulation. These
placental-derived microparticles may also have berbound to annexin V on the surface
of the placental syncytiotrophoblast soon afteeasé. Lastly it is possible that placental-
derived microparticles may only exhibit very mininpro-coagulant properties so while
there may be greater amounts of placental-derivetloparticles in pre-eclampsia, their

contribution to total microparticle procoagulantiaty is minimal.

The aims of this chapter were to determine if theas greater microparticle procoagulant
activity in pre-eclampsia and also to determinth@re were greater amounts of placental-
derived micropatrticles in pre-eclampsia. A prothbomase assay was set up and validated
in order to measure the procoagulant activity ofroparticles. The results did not show
any increase in total microparticle pro-coaguleasttvaty in maternal serum between pre-
eclamptic women and healthy pregnant controls. IFéERH mRNA was measured to
determine the amount of placental-derived microglag and was found to be raised in
pre-eclamptic patients compared to healthy pregnantrols and this is consistent with
current literature. However | did not find any aation between fetal CRH mRNA and
total microparticle pro-coagulant activity suggegtihat placental-derived microparticles
in maternal blood did not lead to any significamntribution to total microparticle

procoagulant activity.

The condition of pre-eclampsia is associated whlnges in coagulation, endothelial
function and placental function in comparison taltiey pregnancy. As microparticles
have procoagulant properties and have been idehtib originate from the endothelium
and placenta, | hypothesise that there may be aigeship between microparticle
procoagulant activity as well as placental cellrgetvith coagulation, endothelial function
and placental function in the maternal circulatibset out to investigate this in the next

chapter.
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Chapter 5 Markers of coagulation activation, endotkelial activation and
placental function in relation to microparticle procoagulant activity and

placental debris in pre-eclampsia

5.1 Introduction

Healthy pregnancy is a state of coagulation agtwain preparation to cope with maternal
blood loss at delivery(5;285). This coagulation ivatton involves an increase in
procoagulant factors and suppression of fibrinolygathways. High levels of TF the
primary initiator of coagulation have been found ithe placenta and in
syncytiotrophoblasts(25;27). Procoagulant factachsas FVII, FXlla and vVWF have been
found to be higher in maternal plasma (5;148;152,2@3;204). There is also an increased
resistance to endogenous anticoagulant mechanigsamsas (APC)(142;159). Thrombin
generation is higher in pregnancy leading to imreeeafibrin production(140;142-144).
There is suppression of fibrinolysis. Activation @asmin, the key enzyme that degrades
fibrin is inhibited by raised levels of both PAlahd PAI-2, the latter being produced by
the placenta(172).

In pre-eclampsia, there are further changes inctagulation system when compared to
healthy pregnancy. There are increases in matplasina levels of TF, FVII, FXlla, vVWF,
thrombin, F1+2 and TFPI. Higher PAI-1 levels hawei found and this may suppress
fibrinolysis. Markers of endothelial activation;CAAM-1 and sICAM-2 have also been
found to be higher in pre-eclampsia. PAI-2, a maddeplacental function has been found
to be lower in pre-eclampsia. These changes aceisied in more detail in chapter 1.4 of
this thesis.

As the only known cure for pre-eclampsia is delyvef the placental unit (regardless of
gestational age), it is possible there are facteteased by the placenta that provoke
maternal procoagulant activity and endothelialvation. A number of potential factors

have been identified, including the release of gatéal debris into the maternal circulation.

Cell membrane fragments carrying specific placemtaphoblast markers and soluble
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MRNA and DNA of placental origin have been foundmaternal plasma (91-93;95-97)

and their amounts are increased in pre-eclamp$a(@®). Microparticles formed as a

result of blebbing of cell membranes in apoptosasehbeen studied in pre-eclampsia
because of their procoagulant properties(88). Cémnpoth positive and negative) in
populations of microparticles derived from differeell types have been observed in pre-
eclampsia(86;87;89). The concept of trophoblast brame fragments circulating in

maternal plasma is particularly intriguing with aed to coagulation activation as

phosphatidylserine(PS) exposed on the surfaceaytapc cell membranes is known to be
prothrombotic(278;279).

5.1.1 Markers of the coagulation cascade

With regard to markers of the coagulation casctuefollowing factors were measured in
maternal serum: TF, TFPI, TAT, F1+2, FVIic, FXllacathe APC ratio.

TF is a potent initiator of coagulation and is egsed on the surface of subendothelial
cells thus forming a boundary around blood vesddiscan also be found in soluble form
in plasma. The coagulant activity of FVlla can beasured in a bioassay to give the
Factor VII coagulant activity (FVIIc). Increasedséds of soluble TF and increased FVlic
activity in blood reflect an increased potentialimitiate the coagulation cascade. TFPI
antagonises the effects of tissue factor by inatfig the factor Vlla-TF complex and is
therefore anticoagulant in nature. TFPI has be@wsho be positively associated with
markers of endothelial cell function; t-PA, thromfedulin and vVWF. Therefore increased

levels of TFPI may also be associated with end@thet!l activation(123).

Once thrombin is formed, it circulates bound toagehous serine protease inhibitors such
as anti-thrombin 1ll (AT) resulting in an inactiveomplex, the thrombin-antithrombin
complex (TAT). A measurement of TAT levels can #iere be used to reflect the amount
of thrombin in circulation. During the conversiohpsothrombin to thrombin, prothrombin
fragment 1+2 (F1+2) is released. Therefore, F1+2bmused as a surrogate marker of the

amount of thrombin generated.
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The precise role of FXlla is not well defined aslBXmay have both pro- and anti-
coagulant effects. It has a procoagulant effe¢héintrinsic coagulation network and has
an anticoagulant effect in that it leads to proaurcof plasmin which is involved in blood
clot dissolution. APC is anticoagulant in naturatashibits the activity of activated factor
V and activated factor VIII thereby inhibiting thextrinsic coagulation pathway. The
activity of protein C can be measured as the ARI©.rA lower ratio corresponds to APC

resistance and a reduction on the activity of tiogenous anti-coagulant pathway.

Plasminogen activator inhibitor type-1 (PAI-1) ibi$ the process of fibrinolysis by
binding and inactivating the 3 main proteases w@dlin fibrinolysis [tissue plasminogen
activator (tPA), urinary plasminogen activator (YPand plasmin]. PAI-1 is therefore
procoagulant in nature. PAI-1 levels have been dotobe significantly raised in pre-

eclampsia compared to healthy pregnant controls.

5.1.2 Markers of endothelial function

The following markers of endothelial function wereasured: sICAM-1, sVCAM-1 and
VWEFE. ICAM-1 and VCAM-1 belong to the immunoglobukaper family of Cell Adhesion
Molecules (CAMs) and are involved in the leukocgtedothelial cell adhesion cascade
where circulating leukocytes interact with CAMstbe surface of the endothelium leading
to leukocyte adherence and transmigration into itierstitial tissue. In inflammation,
proinflammatory cytokines activate endothelial €elhd leukocytes leading to shedding of
CAMs from their surface into the systemic circudatresulting in the presence of sSICAM-
1 and sVCAM-1 in plasma. sICAM-1 and sVCAM-1 mar#fore serve as markers of
endothelial activation and vascular inflammatioronvVWillebrand factor is synthesized
predominantly within vascular endothelial cells.iV@/illebrand factor has two functions
in haemostasis. It serves as a carrier for factrand also functions to mediate platelet
adhesion to vascular subendothelium. Thrombin ftionaat the site of injury stimulates
further VWF release with the net effect of platghtigging of the injury site. This
physiological release of VWF by endothelial cellbwas it to be a useful marker of

endothelial activation.
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5.1.3 Marker of placental function

PAI-2 is produced by placental villous syncytiothoplasts and is released during cellular
activation or apoptosis. PAI-1 has been found todiged in pre-eclampsia while PAI-2

has been found to be reduced in conditions of redlygtacental function such as severe
pre-eclampsia and intrauterine growth restrictdm.increased PAI-1/PAI-2 ratio has been
found in pre-eclampsia and therefore, the PAI-1/RA&tio can be a useful marker for pre-

eclampsia(216).

5.2 Hypothesis

In chapter 4, it was shown that microparticle pemgpdant activity was not significantly
different between pre-eclamptic and healthy pregneontrols. However there was
evidence that there was a greater amount of placeeflular debris in the maternal

peripheral circulation in pre-eclampsia.

As microparticles have procoagulant properties lzanek been identified to originate from
circulating blood cells, the endothelium and plaaeth hypothesise that there may be a
relationship between microparticle procoagulaniviagtas well placental cell debris with
coagulation, endothelial function and placentalction in the maternal circulation in pre-

eclamptic and healthy pregnancies.

Objectives:

1) To measure levels of coagulation markers (TRRITHAT, F1+2, FVlic, FXlla,
APC ratio, PAI-1), markers of endothelial functigelCAM-1, sVCAM-1 and
VWEF) and placental function (PAI-1/PAI-2 ratio) the same population of pre-

eclamptic and healthy pregnant control patientis abapter 4.
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2) To correlate microparticle prothrombinase atyivas well as fetal CRH mRNA
levels in pre-eclamptic and healthy pregnant cdsitrim these measures of

coagulation activation, endothelial function andgaintal function.

5.3 Results

5.3.1 Patient characteristics

Both the pre-eclamptic and healthy control samplese from the same population as that
used for the assessment of microparticle pro-ceaguhctivity in chapter 4. The pre-
eclamptic and healthy pregnant controls groups weaéched for age, BMI, parity and
gestation at sampling (table 4.6.1.1). There wesm®kers in the healthy control group
compared to a single smoker in the pre-eclampteigr This would be consistent with
previous studies showing an inverse associationswfoking with the incidence of pre-
eclampsia(286). Pre-eclamptic patients deliveredawverage 3.2 weeks earlier and had

lower birth weight babies compared to their matchealthy controls.

5.3.2 Maternal plasma markers of coagulation activilon, endothelial

function and placental function

The results are summarised in table 5.3.2. Whenpaosa to healthy pregnant controls,
patients with pre-eclampsia had significantly highevels of total TFPI [pre-eclampsia
mean 38.7 (SD 8.2) vs. control mean 33.0 (SD &@&nh p=0.004], F1+2 [3.62 (4.40) vs.
1.97 (0.60) nmol/l, p=0.008], FXlla [1.40 (0.43).\s21 (0.22) ng/ml, p=0.033] and PAI-1
102.7 (32.6) vs. 80.0 (27.1) ng/ml, p=0.003] Ma#trplasma markers of endothelial
function were higher in pre-eclamptic patients canegd to controls: sSVCAM-1 [732 (136)
vs. 597.6 (85.5) ng/ml, p<0.001] and VWF [3399 (j/v& 2579 (1044) mU/ml, p=0.001].
The PAI-1/PAI-2 ratio was significantly raised imet pre-eclamptic group compared to the
healthy pregnant control group [0.29 (0.17) vs5q@.13), p=0.001].
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Parameter Pre-eclampsia Control P value

(n=32) (n=32)
Markers of coagulation activation
Tissue factor 166 (27) 161 (19) 0.37
(pg/ml)
Tissue factor pathway inhibitor 38.7 (8.2) 33.0 (6.8) 0.004
(ng/ml)
TAT * 20.5 (30.3) 13.0 (5.2) 0.19
(ugfl)
F1+2 1 3.62 (4.40) 1.97 (0.60) 0.008
(nmol/l)
FViic 240 (44) 247 (44) 0.56
(1U/dl)
FXlla 1.40 (0.43) 1.21 (0.22) 0.033
(ng/ml)
APC 2.74 (0.45) 2.81 (0.43) 0.55
ratio
PAI-1 102.7 (32.6) 80.0 (27.1) 0.003
(ng/ml)
Markers of endothelial function
SICAM-1 199.7 (41.3) 192.1 (57.5) 0.57
(ng/ml)
SVCAM-1 * 732(136) 597.6 (85.5) <0.001
(ng/ml)
VWF 3399 (772) 2579 (1044) 0.001
(mU/ml)
Markers of placental function
PAI-1/PAI-2 ratio T 0.29 (0.17) 0.15 (0.13) 0.001
Microparticle assessment
Prothrombinase activity T 107 (137) 108 (85) 0.36
(nM PS equivalents)
Fetal mRNA % 0.75 (2.77) 0.20 (0.74) 0.014

(CRH relative to GAPDH ratio)

Table 5.3.2:Maternal third trimester plasma markers of coaguteactivation, endothelial
activation, placental function, microparticle pnatinbinase activity and fetal CRH mRNA
levels. Mean (Standard Deviation) shown. t log dfanmed data, *square root
transformed data, ¥ Wilcoxon rank sum test. Sta#issignificance set at p<0.05 and are
highlighted in bold.
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5.3.3 Correlation between measures of placental deb and maternal plasma

markers of coagulation activation, endothelial funtion and placental function

The results are summarised in figures 5.3.3.1 3033. Fetal CRH mRNA levels were
found to be correlated with TFPI levels in pre-egbdic (r=0.38, p=0.031) and healthy
pregnant control (r=0.37, p=0.039) patients (fighr&.3.1). Fetal CRH mRNA levels were
found to correlate with maternal plasma FVlic atgivn pre-eclamptic (r=0.43, p=0.017)
but not in healthy pregnant patients (r=0.25, p8p.ffigure 5.3.3.2). Microparticle

procoagulant activity was inversely correlated wjlasma F1+2 levels in the pre-
eclamptic group(r= -0.64, p=0.001) (figure 5.3.3Bhere was no significant correlation
between fetal CRH mRNA levels and microparticletprombinase activity in either the
pre-eclamptic or control groups.

5.4  Discussion

| wished to relate maternal plasma levels of fé@@dH mRNA and maternal plasma
microparticle procoagulant activity to markers abagulation activation, endothelial
activation and placental function in pre-eclampdicd healthy pregnant controls. The
changes in markers of coagulation activation ardb#elial activation in my results were
consistent with the pattern expected for pre-eckam(88;126;158;172;173;181;208). In
the pre-eclamptic group, there was a higher exjmesd TFPI (possibly to compensate for
increased TF expression on the maternal vasculaiuren placental debris), higher
prothrombin fragment 1+2 levels (increased conwersdf prothrombin to thrombin),

higher PAI-1 (suppressed fibrinolysis) and highewrels of FXlla which has both

procoagulant (activates FXI) and anticoagulantd$eto increased plasmin production)
effects. Higher concentrations of markers of enelh activation sVCAM-1 and vVWF

were also found.
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Figure 5.3.3.1: Relationship between TFPI and fetal CRH mRNA in-@ceamptic and
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Figure 5.3.3.2: Relationship between factor VIl coagulant acyhand fetal CRH mRNA

in pre-eclamptic and healthy control groups. Stath@aror bars shown.
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Fetal CRH mRNA levels in maternal plasma correlatéth TFPI levels in both control
and pre-eclamptic women. The simplest explanatsothat placental TFPI is shed along
with the fetal CRH mRNA and is just another marteplacental debris(27;124). It is also
possible that the circulating fetal mMRNA, or asated material, induces TF expression on
the maternal endothelial cell surface but withdtecing soluble levels of TF in maternal
plasma, hence inducing an up-regulation of TFPIesgion. In the pre-eclampsia group,
fetal CRH mRNA levels correlated with FVII coagulaactivity. It is possible that
placental debris may carry exposed TF on its sarfaading to initiation of coagulation.
Alternatively, placental cell debris might provideplatform for thrombin generation via
the TF/FVIl-dependent coagulation activation pathwas a result of the enhanced
interaction of clotting factors with exposed phasidylserine residues on the debris
surface. Factor VIl coagulant activity was partaaty elevated at high levels of fetal CRH
MRNA. This would suggest that, above a certainutating level, fetal mRNA initiates
coagulation activation via the TF/FVII-dependentgolation activation pathway. This

response may however be limited by the increa3eé-ii.

In pre-eclampsia, the microparticle procoagularttvilg was inversely correlated with
prothrombin fragment 1 +2. This is a paradox sitimse particles which are assayed by
their ability to promote thrombin generationvitro are found to be negatively associated
with thrombin generatiom vivo. This observation would be consistent with microgtes

in the pre-eclamptic patient group interfering withe coagulation pathwain vivo.
Berckmanset a68) who observed a similar inverse relationshipvieen the microparticle
number and thrombin generating capacity in plasndh BAT levels has suggested that
microparticles may perform an anti-coagulant fumetpy promoting the generation of low
amounts of thrombin thus activating protein C. Bhisrevidence that microparticles have
anticoagulant functions as platelet-derived microglas catalysed FVa inactivation by
APC(75). Van Wijket al (88) observed that the TF/FVII-dependent coagutasictivation
pathway induced by microparticles was active in-gelampsia whereas thrombin
generation by microparticles was not enhanced. & hethors argue that the source of the
microparticles may affect their pro- or anti-coaqulproperties. They concluded that their
data, which looked at a composite of particlesvaerifrom many cell sources (both fetal
and maternal), did not support a role for circul@gtimicroparticles in coagulation
activation. My data on phosphatidylserine-exposimgroparticles is in agreement with
these observations, but the positive correlatiosisvéen fetal CRH mRNA levels with

TFPI and FVIIic would suggest that cell debris dedifrom the placenta might indeed
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have procoagulant activity. Further experimentaidence is required to support this

concept.

It is not yet clear whether elevated circulatingels of fetal mMRNA or DNA in maternal
plasma are specific to pre-eclampsia or intrautergrowth restriction(287;288) but
increased levels of circulating fetal DNA have beehserved in high altitude
pregnancies(289). Bretellet al found no difference in total annexin V positive
microparticles or procoagulant activity between Ithga and growth restricted
pregnancies(86). Recently it has been shown thatNAsBbntaining microparticles,
derived from endothelial progenitor cells, shutteedpecific subset of cellular mRNA to
human endothelial celig vitro thus promoting angiogenic effects(63). Heylal detected
increased amounts of VCAM-1 and ICAM-1 on the scefaf cultured human umbilical
vein endothelial cells after stimulation with sefeom pre-eclamptic pregnancies
suggesting that there was endothelial cell activatas a result of exposure to pre-
eclamptic sera(195). This raises the possibiligt tmicroparticles may have very specific

cellular effects via targeted delivery of mRNA.

In summary, pre-eclamptic patients had higher ewl TFPI, F1+2, FXlla, sVCAM-I,

VWF, PAI-1 and PAI-1/PAI-2 ratio compared to hewlthontrols. These changes in
markers of coagulation activation, endothelial timt and placental function were
consistent with the pattern expected for pre-eclampHowever, the main aim of this
chapter however was to identify any relationshig$wieen microparticle procoagulant
activity and placental cell debris with these maske have discovered that placental cell
debris via the positive correlation with FVIic mayhibit procoagulant properties in pre-

eclampsia.

Pre-eclampsia is a prothrombotic state and platgliety a major role in coagulation. In
coagulation, activated platelets release thrombexampotent platelet aggregator at the site
of platelet adhesion. Thromboxane (an eicosanaidjynthesisedh vivo by platelets as
well as by trophoblasts from PUFAs. The levelshsbimboxane are significantly raised in
pre-eclampsia. As thromboxanes are synthesisedPdRAS, it possible that there may be
changes in the maternal fatty acid profile in pcimpsia that may influence the synthesis

of thromboxane. In the next chapter, | set out twestigate this possibility.
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Chapter 6 Erythrocyte membrane fatty acid compositon in relation to

coagulation activation, endothelial function and phcental function

6.1 Introduction

6.1.1 Eicosanoids in coagulation and vasoactive perties

Platelets are small anucleate cells in the systemnaulation that play a critical role in
thrombosis. Platelet activation involves the re¢ea$ thromboxane (an eicosanoid) that
activates other platelets leading to a positivallieek loop. Thromboxane is synthesised
by platelets as well as by placental trophoblaBtsomboxanes are synthesisadvivo in
from polyunsaturated fatty acids (PUFAS) liberaftemin cell membrane phospholipids.
Prostacyclin (PG) is also an eicosanoid. Prostacyclin is synthdsisainly by the
vascular endothelium and also the placenta. Prgdtads a major endothelium-derived
inhibitor of platelet activation and inhibits plae adhesion and thrombus formation.
Thromboxane is a vasoconstrictor while prostacydia vasodilator. Thus, thromboxane
and prostacyclin have antagonistic effects.

6.1.2 Thromboxane and prostacyclin in pregnancy an@re-eclampsia

In healthy pregnancy, there is production of eqgaatounts of thromboxane and
prostacyclin(218). However in pre-eclampsia, priesaptic trophoblasts have been found
to produce over three times as much thromboxanéebsitthan 50% as much prostacyclin
compared to healthy placentas (218;222). Greateouata of thromboxane B(the

metabolite of thromboxane,Ahas been found compared to 6-keto-prostaglanttin( Ehe

metabolite of prostacyclin) in the maternal plasshare-eclamptic pregnancies compared
to healthy pregnant controls and this pattern s laeen found in the urine of pregnant
women who have gone on to develop pre-eclampsasnil levels of prostacyclin are

reduced in both mild and severe pre-eclampsia.oimtrast, thromboxane levels were
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unchanged in mild pre-eclampsia but significantyhler in severe pre-eclampsia, which is

consistent with platelet activation in pre-eclamapsi

Thromboxane is a vasoactive substance. In pre-@slamas a result of failure of uterine
spiral arteriole conversion by extravillous troplass into large capacitance vessels, spiral
arterioles maintain their muscular coat which allothem to be influenced by the
vasoconstrictive properties of thromboxane. Theeefathe increased thromboxane:
prostacyclin ratio can lead to the features of gukmpsia; vascular hypertension,

increased platelet aggregation and reduced uteremial blood flow [reviewed in (218)].

6.1.3 Thromboxane and prostacyclin synthesis fromatty acids

The eicosanoids thromboxane and prostacyclin arghegised from their fatty acid
precursors [illustrated in figure 1.5.3]. The 2igsreicosanoids have a greater potency of
action than 3-series eicosanoids. The 2-seriesa&mods are synthesised from n-6 fatty
acids while 3-series eicosanoids are synthesisech fn-3 fatty acids. Therefore, the
balance of n-6 to n-3 fatty acids in the body catednine the balance of which of these
types of eicosanoids will be synthesised. As throxalne A has a greater potency of
action compared to thromboxane, Ayreater thromboxane ,Asynthesis in platelets will

lead to greater platelet activity leading to a pagulant state.

6.1.4 Fatty acids

Fatty acids are precursors of eicosanoids. In Potegabolism in humans, the precursor of
the n-6 series PUFAs is linoleic acid and the pismuof the n-3 series PUFAS ds
linolenic acid. These precursors are metaboliséd their respective products by the
sequential actions of desaturase and elongase eszyDesaturases and elongases are
shared between the different groups of fatty asitlieh lead to competitive inhibition and
the major determinant of which fatty acid grouppisferentially synthesised is the amount
of substrate present (see figure 1.5.4). It has baggested that humans originally evolved

on a diet where n-6 to n-3 fatty acid intake washia ratio of 1:1. In the current western
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diet, the n-6: n-3 ratio ranges from 10:1 to 254#(2 leading to the majority of
eicosanoids produced being of the potent 2-semestgglandins (including thromboxane

A>). The can lead to a state which favours thrombasisvasoconstriction.

6.1.4.1 Maternal fatty acid status in healthy peeay

Various changes in maternal plasma levels of fatigs have been identified in healthy
pregnant women versus non-pregnant women. Mostestudeasured fatty acid levels in
plasma but this measure can be confounded by thecis’ fasting status. A more accurate
measure of fatty acids may be obtained by analysirgg fatty acid composition of
erythrocyte cell membranes. The half-life of antlerycyte if 120 days and so a measure of
erythrocyte membrane fatty acid composition woldd-épresentative of the mother’s fatty

acid status over the preceding 3 months.

Various groups have measured erythrocyte fatty acmmposition in healthy
pregnancy(249-254). With regards to n-6 fatty aditsleic acid, dihoma~linolenic acid
(DHLA), arachidonic acid, and n-6 docosapentaeramicl (n-6 DPA) were found to be
higher in pregnancy compared to healthy non-prefgoantrols. With regards to n-3 fatty
acids, a-linolenic acid and DHA were found to be higher qg@mred to healthy non-
pregnant controls. Nervonic acid (24:1 n-9) andrp@leic acid (16:1 n-7) were also
found to be higher in healthy pregnancy compareldetlthy non-pregnant controls. This
general increase of fatty acids may be due to greaaternal mobilisation of fatty acids in
healthy pregnancy. In the third trimester, somégyfatids such as arachidonic acid, EPA,

n-6 DPA and DHA become reduced compared to thensettonester levels.

6.1.4.2 Maternal fatty acid status in pre-eclampsia

There is some evidence that n-3 fatty acids magrbeective towards the development of
pre-eclampsia. Individuals who had an increasedkeitof some n-3 PUFAs were
associated with a lower risk of developing pre-exgaia. Conversely, low levels of total n-

3 fatty acids as well as low levels of EPA and Ditére associated with an increased risk
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of pre-eclampsia. It was also found that pregnasthen with the lowest ratio of n-3 to n-6
fatty acids in maternal erythrocytes had a higisl of developing pre-eclampsia (259).

Fatty acids have been measured in the maternahpla$ pre-eclamptic pregnancies and
there was a trend towards lower levels of total R&JFEPA and DHA in pre-eclampsia

compared to healthy pregnant controls. Higher kwélrachidonic acid as a percentage of
total fatty acids have been found in pre-eclampalbile these studies measured fatty acid
changes in maternal plasma in pre-eclampsia, tbgtenot appear to be any studies

looking at fatty acid changes in maternal erythte@ell membranes in pre-eclampsia.

6.2 Hypothesis

| hypothesised that there may be an imbalance oénma levels of n6 and n3 fatty acids
in pre-eclampsia. As fatty acids are the precursothe synthesis of various eicosanoids,
an imbalance in n6 and n3 fatty acids may leadeatgr synthesis of potent thromboxanes
and this may influence coagulation activation, ¢hdlal activation, placental function

and micropatrticle procoagulant activity in the nmag& circulation.

Objectives:

1) To measure the fatty acid profile of pre-eclampind healthy pregnant control
populations from chapter 5 of this thesis. To avbiel subjects fasting status as a
confounder, erythrocyte cell membranes fatty acidse measured. Statistical

significance was set at p=0.005 to account for iplelanalyses.

2) To correlate these fatty acids to markers ofgataion, endothelial function,
placental function as well as microparticle proadagt activity (as per chapter 5)
in both pre-eclamptic and healthy control samples.
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6.3 Results

6.3.1 Patient groups

The patient groups are a subset from the samplelatogn in chapter 5 of this thesis. Pre-
eclamptic patients (n=26) and healthy pregnant robrgatients (n=25) were analysed.
They were matched for age, body mass index (BMi3tagion at sampling and parity (O or
>1). The patient characteristics are shown in t&b81. There were significantly less
smokers in the pre-eclamptic group in keeping whnknown inverse association between
smoking and risk of pre-eclampsia(286). The presagtic patients also delivered
significantly earlier and their babies had sigrahdy lower mean birth weight centiles in

keeping with the known characteristics of pre-eg@ampregnancies.

6.3.2 Erythrocyte fatty acid composition

The following fatty acid groups were analysed: ested fatty acids (SaFA),

monounsaturated fatty acids (MUFA) and the n-3 mstdgroups of polyunsaturated fatty
acids (PUFA). These fatty acids were measured bstla percentage (%) of the total
amount of fatty acids in the sample and also irokibs quantities (nmol/ml). The results

are shown in tables 6.3.2.1 (percentage) and 8.@Bsolute quantity).

6.3.2.1 Measurement as a percentage of total datts

In the saturated fatty acid group, there was adrigiercentage of palmitic acid (16:0) in
pre-eclamptic samples compared to healthy prego@amitols [pre-eclampsia mean 28.61
(SD 4.08) % vs. controls mean 24.26 (SD 3.96) 9%0,.@%1]. In the monounsaturated fatty
acid (MUFA) group, there was a higher percentagpadiitoleic acid (16:1 n-7) in pre-

eclamptic samples compared to healthy pregnantaen.90 (0.44) vs. 0.55 (0.36) %,
p=0.004]. There was a higher percentage of oldatt @8:1 n-9) in pre-eclamptic samples

compared to healthy pregnant control samples [1@.82) vs. 14.70 (1.68) %, p=0.003].
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Characteristic Pre-eclamptic  Healthy pregnant controls p-value

(n=26) (n=25)
Age 28.0 (6.3) 28.7 (6.0) 0.70
(years)
BMI 26.4 (5.0) 26.0 (4.5) 0.76
(kg/m?)
Number of Smokers 0 5 0.02
n (%)
Gestation at sampling 35.9 (3.4) 36.2 (4.1) 0.80
(weeks)
Primiparous 20 21 0.53
(number of)
Gestation at delivery 36.3(3.2) 39.5(1.0) <0.001
(weeks)
Mean birth weight 20.5 (25.5) 46.6 (28.3) 0.001
centile

Table 6.3.1 Patient characteristics of pre-eclamptic and thgalcontrol groups in
erythrocyte cell membrane fatty acid analysis. Mdatandard deviation). Statistical

significance set at P < 0.05.

In the n-6 polyunsaturated fatty acid (PUFA) grodinpomogamma-linolenic acid (20:3 n-
6) was found to be significantly lower in pre-ecfaia samples compared to healthy
pregnant control samples [1.05 (0.64) vs. 1.701(0%, p=0.001]. Arachidonic acid (20:4
n-6) was found to be significantly lower in predulptic samples compared to healthy
pregnant controls [7.19 (4.17) vs. 11.14 (3.88)p#).001]. In the n-3 group of PUFAS,
docosahexaenoic acid (22:6 n-3) was found to beifgigntly lower in pre-eclamptic
samples compared to healthy pregnant controls [ILF8) vs. 2.89 (1.66) %, p=0.002].
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Fatty acid Pre-eclamptic Control Two-sample T test
(n=26) (n=25) p value
SaFA
12:0 0.15 (0.31) 0.02 (0.11) 0.05
14:0 0.65 (0.34) 0.55 (0.39) 0.33
16:0 28.61 (4.08) 24.26 (3.96) <0.001
17:0 0.19 (0.28) 0.22 (0.25) 0.69
18:0 16.61 (2.37) 16.92 (3.16) 0.70
20:0 0.62 (0.23) 0.59 (0.210) 0.60
22:0 2.27 (0.64) 1.76 (0.88) 0.02
24:0* 5.34 (1.49) 4.53 (1.66) 0.04
MUFA
16:1 n7 0.90 (0.44) 0.55 (0.36) 0.004
17:1 n7 0.05 (0.19) 0.004 (0.02) 0.20
18:1n9 16.15 (1.62) 14.70 (1.68) 0.003
20:1 n9 0.26 (0.32) 0.37 (0.21) 0.14
22:1n9 0.21 (0.41) 0.09 (0.30) 0.27
24:1 n9 6.58 (0.90) 6.03 (1.13) 0.06
PUFA n6
18:2 n6 6.41 (1.72) 7.59 (1.55) 0.01
18:3 n6 0.01 (0.07) 0.08 (0.16) 0.07
20:2 n6 0.11 (0.21) 0.15 (0.20) 0.46
20:3 n6 1.05 ( 0.64) 1.70 (0.71) 0.001
20:4 n6 7.19 (4.17) 11.14 (3.88) 0.001
22:4 n6 1.71 (1.41) 2.05 (0.85) 0.30
22:5n6 0.24 (0.36) 0.56 (0.35) 0.008
PUFA n3
18:3n3 0.06 (0.14) 0.17 (0.31) 0.11
20:5 n3 1.06 (0.77) 1.11 (0.64) 0.80
22:3n3 0.31 (0.31) 0.31 (0.26) 1.00
22:5n3 1.35(1.02) 1.61 (0.68) 0.30
22:6 n3* 1.84 (1.73) 2.89 (1.66) 0.002

Table 6.3.2.1:Comparison of erythrocyte fatty acid compositios é % of total fatty
acids) in maternal blood between pre-eclampticepéti and healthy pregnant controls. *
using log transformed valueSaFA (saturated fatty acidsMJUFA (monounsaturated fatty
acids) andPUFA (polyunsaturated fatty acids). Statistical sigrfice is set at a p-value of
0.005 and highlighted in bold.
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6.3.2.2 Measurement as absolute amounts of faitlig ac

In the n-6 polyunsaturated fatty acid (PUFA) grodinpomogamma-linolenic acid (20:3 n-
6) was found to be significantly lower in pre-ecfaia samples compared to healthy
pregnant control samples [pre-eclampsia mean 18589 15.06) nmol/ml vs. controls
33.52 (15.99) nmol/ml, p=0.003]. Arachidonic aci@0@ n-6) was found to be
significantly lower in pre-eclamptic samples congghto healthy pregnant controls [136.0
(108.8) vs. 224.9 (96.0) nmol/ml, p=0.003]. In th& group of PUFAS, docosahexaenoic
acid (22:6 n-3) was found to be significantly lowerpre-eclampsia compared to healthy
pregnant controls in absolute amounts [34.50 (3#48753.98 (31.74) nmol/ml, p=0.002].

6.3.3 Summary measures of erythrocyte fatty acid coposition

The results of summary measures for fatty acidslaogvn in table 6.3.3 otal MUFA was
significantly higher in pre-eclamptic patients caargd to healthy pregnant controls (pre-
eclamptic mean 23.09 (SD 2.20) % vs. controls n#a88 (SD 1.63) %, p<0.001]. There
was significantly lower total PUFAs as a percentafjéotal fatty acids in pre-eclamptic
compared to healthy controls [20.39 (8.78) vs. 288)06) %, p=0.002].

The different fatty acid classes (n-9, n-7, n-6 an8) were measured as a percentage of
total fatty acids in the pre-eclamptic and healginggnant control groups. There was a
higher percentage of total n-9 fatty acids in prlsaptic vs. healthy pregnant control
samples [pre-eclamptic mean 22.02 (SD 2.04) % estral mean 20.24 (SD 1.75) %,
p=0.002]. There was also a higher percentage af ¥ fatty acids in pre-eclamptic vs.
healthy pregnant control samples [1.06 (0.60) v63 {0.41) %, p=0.004]. In contrast,
there was a lower percentage of total n-6 fattgsaan pre-eclamptic vs. healthy pregnant
control samples [16.26 (7.10) vs. 22.61 (6.62) %0.p02]. There was no statistical
difference in total n-3 PUFAs in the pre-eclammiioup compared to healthy pregnant
controls [4.14 (2.02) vs. 5.48 (1.85) %, p=0.04}eTatio of total n-6 to n-3 fatty acids (n-
6/n-3) was compared and it was found that therenmasignificant difference between the
pre-eclamptic and healthy pregnant control grodp4l] (2.25) vs. 4.30 (1.31) %, p=0.83].
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Fatty acid Pre- eclamptic Control Two-sample T test
(n=26) (n=25) p value
SaFA
12:0 4.57 (9.18) 0.59 (2.94) 0.04
14:0 14.73 (6.78) 13.77 (8.80) 0.67
16:0 564.4 (108.7) 539.7 (104.1) 0.41
17:0 3.51 (5.08) 4.88 (5.67) 0.37
18:0 299.6 (68.8) 336.5 (60.3) 0.05
20:0 10.55 (3.86) 11.12 (4.41) 0.63
22:0 33.60 (10.16) 31.18 (15.11) 0.51
24:0 72.65 (19.34) 67.62 (12.78) 0.28
MUFA
16:1 n7 18.19 (8.48) 12.20 (7.22) 0.01
17:1 n7 0.46 (1.99) 0.08 (0.38) 0.34
18:1 n9 294.2 (69.8) 305.3 (83.8) 0.61
20:1 n9 4.41 (5.72) 7.27 (4.65) 0.06
22:1n9 2.93 (6.03) 1.26 (3.58) 0.23
24:1 n9 91.45 (20.02) 95.42 (26.32) 0.55
PUFA n6
18:2 n6 122.1 (55.7) 162.70 (54.0) 0.01
18:3 n6 0.38 (1.92) 1.81 (3.73) 0.10
20:2 n6 2.16 (4.10) 3.25 (4.43) 0.37
20:3 n6 19.89 (15.06) 33.52 (15.99) 0.003
20:4 n6 136.0 (108.8) 224.9 (96.0) 0.003
22:4 n6 25.85 (22.01) 37.70 (17.86) 0.04
22:5n6 5.38 (7.24) 10.44 (6.74) 0.01
PUFA n3
18:3n3 1.34 (3.29) 3.15 (5.02) 0.14
20:5n3 15.92 (8.20) 20.07 (9.51) 0.10
22:3n3 5.00 (4.92) 5.78 (4.90) 0.57
22:5n3 18.90 (13.93) 29.42 (13.79) 0.01
22:6 n3* 34.50 (37.87) 53.98 (31.74) 0.002

Table 6.3.2.2: Comparison of erythrocyte fatty acid compositionabsolute amounts
(nmol/ml) in maternal blood between pre-eclampttignts and healthy pregnant controls.
* using log transformed valueSaFA (saturated fatty acidsMUFA (monounsaturated
fatty acids),PUFA (polyunsaturated fatty acids). Statistical sigr@fice is set at a p-value
of 0.005 and highlighted in bold.
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Fatty acid Pre-eclamptic Control Two-sample T test
(n=26) (n=25) p value
% saturated 56.52 (7.41) 51.07 (7.49) 0.01
% unsaturated 43.48 (7.41) 48.93 (7.49) 0.01
% MUFA 23.09 (2.20) 20.88 (1.63) <0.001
% PUFA 20.39 (8.78) 28.06 (8.06) 0.002
Total n-9 22.02 (2.04) 20.24 (1.75) 0.002
Total n-7 1.06 (0.60) 0.63 (0.41) 0.004
Total n-6 16.26 (7.10) 22.61 (6.62) 0.002
Total n-3 4.14 (2.02) 5.48 (1.85) 0.02
n-6/n-3 ratio 4.41 (2.25) 4.30 (1.31) 0.83
Unsaturated index 105.23 (32.45) 130.65 (32.46) 10.0
Average chain length 18.33 (0.23) 18.51 (0.28) 20.0
C20-22 20.81 (6.22) 26.01 (6.44) 0.005
20:4n6/20:3n6 ratio 6.11 (1.47) 6.91 (2.22) 0.15
22:6n3/22:5n3 ratio 1.40 (0.89) 1.89 (0.75) 0.047
18:1n9/18:0 ratio 0.99 (0.12) 0.89 (0.13) 0.01
18:0/16:0 ratio 0.53 (0.06) 0.63 (0.07) <0.001

Table 6.3.3:Comparison of erythrocyte fatty acid compositios &% of total fatty acids)
between pre-eclamptic patients and healthy pregranttols. Statistical significance is set
at a p-value of 0.005 and are highlighted in b@lte 20:4n6/20:3n6 ratio is an index/of
desaturase activity, the 22:6n3/22:5n3 ratio isiratex of A® desaturase activity, the
18:1n9/18:0 ratio is an index of stearoyl-CoA desste activity and the 18:0/16:0 ratio is
an index of elongase activity.

Long chain fatty acids [chain length of 20 to 22boan atoms (C20-22)] were measured as
a percentage of the total amount of fatty acidsvds found that there was a significantly

lower percentage of long chain fatty acids in the-@clamptic group compared to the

healthy pregnant control group [20.81 (6.22) vs0266.44) %, p=0.005].
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In order to assess the activity of the various tleaae enzymes, the product: precursor
ratios were calculated. There was no significarffeince in A® desaturase activity
between pre-eclamptic and healthy pregnant copitents as measured by the 20:4 n-
6/20:3 n-6 ratio [pre-eclamptic mean 6.11 (SD 1%A)s. control mean 6.91 (SD 2.22) %,
p=0.15]. There was no significant differenceAidesaturase activity in the pre-eclamptic
group compared to the healthy pregnant control s measured by the 22:6n3/22:5n3
ratio [1.40 (0.89) vs. 1.89 (0.75) %, p=0.047]. fehevas no significant difference in
stearoyl-CoA desaturase activity in the pre-eclaengroup compared to the healthy
pregnant group as measured by the 18:1 n-9/18i@ @99 (0.12) vs. 0.89 (0.13) %,
p=0.01]. The ratio of total 18:0 to 16:0 fatty axidtas compared as an estimate of elongase
activity and it was found that this ratio was sfgrantly reduced in the pre-eclamptic
group compared to the healthy pregnant control gri@u53 (0.06) vs. 0.63 (0.07) %,
p<0.001].

6.3.4 Correlation of fatty acids to coagulation faiors, markers of endothelial

function, placental function and microparticle procoagulant activity

In healthy pregnant control patients, tissue faptahway inhibitor (TFPI) was found to be
positively correlated with the absolute amounts2dfl n-9 (nervonic acid) [r=0.40,

p=0.05]. TFPI was also found to be positively clated with the absolute amounts of 18:2
n6 (linoleic acid) [r=0.54, p<0.01] as well as itgetabolites 20:3 n6 (dihomogamma-
linolenic acid) [r=0.48, p=0.02] and 20:4 n6 (andcmic acid) [r=0.52, p= 0.01]. These
correlations are illustrated in figure 6.3.4.1 (@& D). Plasminogen activator inhibitor-1
(PAI-1), was found to be positively correlated witie absolute amounts of 18:2 n6
[r=0.44, p=0.03] and 20: 3 n6 [r=0.41, p= 0.04]e%a correlations are illustrated in figure
6.3.4.2 (A and B). Plasminogen activator inhib2o(PAI-2) was found to be positively

correlated with the absolute amounts of 18:2 n®.f8, p=0.02]. This correlation is

illustrated in figure 6.3.4.3.

In pre-eclamptic patients, activated factor Xl (& levels were found to be positively
correlated with the absolute amounts of the moratumated fatty acid 24:1 n9 (nervonic

acid) [r=0.418, p=0.03)]. FXlla levels were alsaha to be positively correlated with the
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absolute amounts of polyunsaturated the fatty ab®® n6 (linoleic acid) [r=0.41, p=0.04]
and its metabolites 20:3 n6 (dihomogamma-linolewicl) [r=0.44, p= 0.03], and 20:4 n6
(arachidonic acid) [r=0.44, p=0.03]. These coriela are illustrated in figure 6.3.4.4 (A
to D).

There was no correlation with the results of otherkers of coagulation activation (tissue
factor, thrombin-antithrombin, factor 1+2, factotl\6or APC ratio) endothelial function
(soluble ICAM, soluble VCAM, vonWillebrands factpplacental function (PAI-1/PAI-2

ratio) or plasma microparticle pro-coagulant atyids measured in Chapter 5.

6.4 Discussion

This study of fatty acids was a cross-sectiona¢-@mstrol study examining the differences
in fatty acid levels between pre-eclamptic and thgapregnant controls. It must be
remembered however, that the balance of fatty aniledy may be described as a flux, as
the amount of fatty acids in the body is continpaffected by dietary intake, synthesis
from fatty acid precursors and utilisation of fadiyids to create various substances such as
eicosanoids, phospholipids and triglycerides. Adddlly, in pregnancy, the placenta
removes fatty acids from maternal stores to sufiptygrowing fetus. This cross-sectional
study would only examine the amount of fatty acrdthe mother at steady-state levels and
cannot identify if the change in level of a partasufatty acid was due to increased or
decreased synthesis or utilisation. More sophisttcdabelling of fatty acids would be

required to identify the fatty acids along its niethc pathways.

The measurement of a fatty acid as a concentratedimes the actual amount of that
particular fatty acid in the sample. The measurdnena fatty acid expressed as a
percentage defines the proportion of that fatty acit of the total amount of fatty acids in
the sample. Therefore, the value of a fatty acigressed as a percentage can be affected

by changes in the amounts of other fatty acidsgmtes that sample.
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Figure 6.3.4.1:Correlation between fatty acids 24:1 #9,(18:2 n6 B), 20:3 n6 C) and
20:4 n6 D) with TFPI in healthy pregnant control patients.
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healthy pregnant control patients
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Figure 6.3.4.4:Correlation between fatty acids 24:1 #9),(18:2 n6 B), 20:3 n6 C) and
20:4 n6 D) with factor Xlla in pre-eclamptic patients
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The percentage of palmitic acid (16:0) was sigaiiity higher (by 18%) in the pre-
eclamptic group compared to the healthy pregnamircb group but there was no
significant difference in the absolute amounts aliptic acid between the pre-eclamptic
and healthy pregnant groups (p=0.41). There wasakgnificantly higher percentage of
16:1 n-7 (by 64%) and 18:1 n-9 (by 9.9%) in the-@camptic group compared to the
healthy pregnant group. When measured in absolateuats, there was a substantially
higher amount of 16:1 n-7 in the pre-eclamptic graompared to the control group (by
49%). In the n-6 series of fatty acids, there wsgaificantly lower percentages of 20:3 n-
6 (by 38%) and 20:4 n-6 (by 35.5%) in the pre-eg@aengroup compared to the healthy
pregnant group and when measured in absolute asydusth 20:3 n-6 and 20:4 n-6 were
also significantly reduced (by 40.7% and by 39.58gpectively). In the n-3 fatty acid
series, DHA (22:6 n-3) was lower both as a pergents total fatty acids (by 36.3%) and
in absolute amounts (by 36%) in pre-eclamptic sasiplhe pattern of fatty acids changes
in pre-eclampsia are similar to the literature ome respects. Absolute amounts of
palmitoleic acid were higher in pre-eclampsia iegag with the findings of Lorentzest
al(260). There were lower absolute values of the ldmgn n-3 PUFAs 22:5 n-3 and 22:6
n-3 in pre-eclampsia in keeping with the finding3Manget a261). However in contrast
to the findings of Ogburet a263), there was a lower percentage of arachidacid in
pre-eclampsia. Although there are differences betwmy findings and that of other
studies, it must be noted that the fatty acidshia study was measured from erythrocyte
cell membranes while other studies looked at fatigls in maternal serum, which is open
to confounders such as maternal fasting status.nféesure of fatty acids in erythrocyte

cell membranes are a more accurate reflection eénmal fatty acid status.

These fatty acid changes are reflected in the sugniméices. In pre-eclamptic samples,
there were significantly higher percentages ofltM&JFAs (by 10.6%), total n-9 fatty
acids (by 8.8%) and total n-7 fatty acids (by 68 3&hd this corresponds with the
significantly higher percentages of 16:0, 18:1 @ 16:1 n-7 in pre-eclampsia. In
contrast, there were significantly lower percensagétotal PUFAs (by 27.3%) total n-6
fatty acids (by 28.1%) and total long chain fattgida (C20-22) (by 20%) which
corresponds with the significantly lower percentagé20:3 n-6, 20:4 n-6 as well as 22:6
n-3 in pre-eclampsia. When measured in absoluteegalit was found that these same fatty
acids 20:3 n-6, 20:4 n-6 and 22:6 n-3 were alsnifgigntly lower in pre-eclampsia. This

suggests that the reduction in percentage of these long chain PUFAs are due to a
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reduction in absolute amounts of these fatty aicigge-eclampsia and not necessarily as a

result of higher amounts of other fatty acids.

One explanation for the higher percentages of pgalacid, palmitoleic acid and oleic acid
in pre-eclampsia may be greater mobilisation of¢hfatty acids from maternal stores. The
predominant fatty acid in storage in adipocytepasmitic acid and if there is increased
maternal mobilisation of palmitic acid in pre-eclasia, there will be a greater amount of
substrate available for the synthesis of palmitodid and oleic acid. Indeed, in the pre-
eclampsia group, there was a 49% greater absalubera of 16:1 n-7 along with a trend
towards greater steroyl Co-A desaturase activity {b%) compared to healthy controls,
suggesting that there may have been a higher ammiuits substrate palmitic acid

available.

There were significantly lower absolute amountsvall as percentages of dihomogamma-
linolenic acid (20:3 n-6) and arachidonic acid 0:=6) in pre-eclampsia. It is possible
that this may be due to a dietary deficiency 0f320:6 and 20:4 n-6 prior to and during
pregnancy. Another reason why there may be lowsolate amounts of 20:3n-6 and 20:4
n-6 in pre-eclamptic patients may be due to a diedaficiency of the essential fatty acid

precursor linoleic acid. Pre-eclamptic women mayehlaad a lower intake of linoleic acid

prior to and during pregnancy compared to healthiytrols and certainly, the absolute
amounts of linoleic acid (18:2 n-6) was found tolb@er in pre-eclamptic samples by
25%, but this difference was not statistically #sigant (p=0.01). However, there was no
dietary data obtained from the pre-eclamptic andlthg control patients and so | am

unable to address this hypothesis.

Pre-eclampsia is a procoagulant state and it isilplesthat the fatty acids 20:3 n-6 and
20:4 n-6 may have been utilised into the synthpthway of the potent procoagulant
eicosanoid thromboxane,Arefer to figure 1.5.3 for the eicosanoid synthgsathway
from n-6 and n-3 fatty acids). Greater utilisatmfithese n-6 fatty acids into the synthesis
may thus lead to a reduced maternal level of tliakg acids storage in erythrocytes.
Certainly, this shift of balance towards the systh@f more potent eicosanoids would be
in keeping with the procoagulant state of pre-eglsian and pre-eclamptic placentas have

been found to produce up to three times as muamihoxane A as healthy placentas
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(221;222). It would be desirable to measure thewarof thromboxane produced by these
pre-eclamptic patients, perhaps by measuring thenm level of thromboxane metabolites
(eg. thromboxane B and correlate the concentrations of 20:3 n-6 a@dt n-6 with

thromboxane B

The n-3 fatty acid DHA (22:6n-3) has been foundbéolower both as a percentage and in
absolute amounts in pre-eclampsia. However, thexge mo significant difference in the
other n-3 fatty acids either as a percentage absgolute values between the pre-eclamptic
and healthy controls nor was there any significdifference inA® desaturase on®
desaturase activity. DHA is abundant in neural egtthal tissues. It is possible that in
comparison to healthy pregnancy, pre-eclamptic wohaal lower amounts of dietary 22:6
n-3 and as 22:6 n-3 is involved in the synthesithefless potent thromboxang ¢efer to
figure 1.5.4), a reduced dietary intake of 22:6 w@uld lead to lower maternal stores
which would lead to a lower amount of less potémbmboxane Asynthesis. Certainly,
low levels of 22:6 n-3 as well as a low n-3:n-6tyfadcid ratio has been found to be
associated with an increased risk of developingegtampsia(258;259) and supplementary
studies of fish oil (high in n-3 fatty acids) inggnant women led to higher levels of the
less potent thromboxane;And lower levels of the more potent thromboxapg280). In
the last trimester of pregnancy, the fetal requeets of 20:4 n-6 and 22:6 n-3 (DHA) are
especially high as there is rapid development dhlfeaetinal as well as brain
tissue(247;268) and this reduced amount of mate22ab n-3 may be due to fetal

accretion.

Fatty acids measured in the pre-eclamptic and lneabntrol group were correlated to
markers of endothelial activation, placental fumictiand microparticle pro-coagulant
activity as measured in chapter 5. Total TFPI veamdl to be positively correlated with the
absolute amounts of nervonic acid (24:1 n-9) inlthgapregnant controls. TFPI is
expressed by cytotrophoblasts, syncytiotrophoblaststhe vascular endothelium(124). In
chapter 5 of this thesis, TFPI was shown to betipedy correlated with fetal CRH mRNA
levels (a measure of placental debris) in matgtema suggesting that TFPI may simply
be shed along with the placental debris. As heghil®gnancy progresses, Steweatrtal
(249) had shown an increase in absolute amounts of 24 1(p¥0.0032) as well as a
positive correlation of 24:1 n-9 with placental glai. Therefore, this finding of a positive

correlation of total TFPI with 24:1 n-9 may simplflect greater TFPI shed along with
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placental debris with the growing placenta as pmegg progresses. Certainly in my
samples, there was an increase in fetal CRH mRN@&ldan healthy pregnancies above 36
weeks’ gestation. TFPI was also positively coredatvith the n-6 fatty acids 18:2 n-6,
20:3 n-6 and 20:4 n-6 in healthy pregnancy. Asthgagiregnancy progresses, Stevedral
(249) has shown a trend towards an increase in amourdi8:2fn-6 (p=0.041) and 20:3 n-
6 (p=0.02).In vitro studies have shown that TFPI enhances lipoprdipase activity
which increases triglyceride hydrolysis (291). Tmay explain the correlation of TFPI
with 18:2 n-6, 20:3 n-6 and 20:4 n-6 as increasgtiyteride hydrolysis may result in the
release of 18:2 n-6 and the subsequent conver$§ib®:® n-6 to longer chain PUFAs.

PAI-1 is synthesised by various cell types inclgdine placenta and adipose tissue and its
levels have been found to be increased in obeS®y(2An our healthy pregnant control
group, PAI-1 was found to be positively correlatith absolute amounts of linoleic acid
(18:2 n-6) and dihomogamma-linolenic acid (20:3)nFBJFAs have been found to be able
to regulate the expression of genes by bindingudear receptor proteins and alter the
transcription of target genes(293;294). Human uicddilvein endothelial cells cultured
with DHA (22:6 n-3) and dihome-linolenic acid (20:3 n-6) have been shown to resul
an increase in the amount of PAI-1 mRNA suggestivaj 22:6 n-3 and 20:3 n-6 may
directly induce PAI-1 transcription (295 vitro experiments have also shown PAI-1
production from HepG2 cells when cultured with l#io acid(296). It is possible that both
linoleic acid and dihomag-linolenic acid may both induce PAI-1 mRNA trangtion thus

leading to greater PAI-1 synthesis.

PAI-2 is produced by the placenta and is correlatgl infant birth weight(172). In our
healthy pregnant control group, PAI-2 was foundbeopositively correlated with absolute
amounts of linoleic acid (18:2 n-6). Stewattal (249)showed a trend towards an increase
in maternal levels of linoleic acid as healthy pragcy progressed (p=0.041). It is possible
this correlation of linoleic acid with PAI-2 maynsply be a reflection of placental growth.

In pre-eclamptic patients, activated factor Xl (& levels were found to be positively
correlated with the monounsaturated fatty acid omics acid (24:1 n-9) as well as the
polyunsaturated n-6 fatty acid 18:2 n-6 and itsabelites 20:3 n-6 and 20:4 n-6. In

chapter 5, FXlla levels were found to be signifibarhigher in pre-eclamptic patients
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compared to healthy pregnant controls. Factor X#a be both pro- and anticoagulant in
nature and there is little in the literature regagdFXlla in relation to thromboxane and
prostacyclines or the fatty acids 24:1 n-9, 182, 20:3 n-6 and 20:4 n-6. However it has
been notedn vitro that FXlla binding to the platelet glycoprotein-IK-V complex

inhibits thrombin-induced platelet aggregation(29%js possible that FXlla levels may be

raised in pre-eclampsia to counteract increaseddlptaactivation and thus adhesion.

In summary, my findings of fatty acid patterns ire{gclampsia are similar to what is in
current literature but the measure of maternay fatids using erythrocyte cell membranes
as opposed to plasma measures would mean thatsoysrare not open to the influence of
maternal fasting status. With regard to coagulatible most relevant finding was the
reduced amounts of total n-6, 20:3 n6 and 20:4att§¢ acids which may be a reflection of
greater utilisation of n-6 fatty acids into the gasis of the potent thromboxane wWhich

may contribute to the procoagulant state of prerapkia.
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Chapter 7 Discussion

Pre-eclampsia affects approximately 2-7 % of adigmancies in the United Kingdom and
is a significant cause of maternal and fetal motpidnd mortality. The development of
the syndrome of pre-eclampsia is multifactorial amaly include a disorder in coagulation,
endothelial function and placental function. Thetickegy of pre-eclampsia is still
unknown. However it is clear that there are botialfand maternal factors involved. A
two-stage model of pre-eclampsia has been prop238H(The first stage of pre-eclampsia
involves abnormal placentation and is consideresl ‘thot cause’. Reduced placental
perfusion is a feature in pre-eclampsia. In healthggnancy, extravillous trophoblasts
invade into the myometrium converting uterine dpmsteries into large capacitance
vessels which provide low resistance blood flowoirthe intervillous spaces of the
placenta. These large capacitance vessels lose #iastic lamina and become
unresponsive to vasoactive stimuli, allowing gredwood flow into the intervillous
spaces. This remodelling of spiral arteries dog¢onour to any appreciable degree in pre-
eclampsia; the spiral arteries maintain their miasotoat and continue to be responsive to
vasoactive stimuli. This has the net effect of mmtlplacental perfusion. The second stage
of pre-eclampsia involves the maternal syndromeclwhmay result from abnormal
placentation. There is activation of the coaguhat@ascade, leading to a procoagulant
state. There is greater platelet activation, péatelonsumption and widespread fibrin
deposition with acute atherosis. In severe prergotda, disseminated intravascular
coagulation may occur. Increased endothelial dygfan, systemic inflammation and
insulin resistance are also features of pre-eclanpEhere is also dyslipidemia with
elevated triglycerides and free fatty acids. Calyaiobesity and diabetes are risk factors
towards the development of pre-eclampsia, suggesasirmetabolic component to the

disease.

The fetus is wholly dependent on the mother foritioh and to this end the placenta is
responsible for effective feto-maternal transfetheTplacental villi are constantly
enveloped in maternal blood and mechanisms ex@teieent coagulation on the surface of
syncytiotrophoblast cells to allow effective fet@tarnal transfer. Annexin V is expressed
on the surface of syncytiotrophoblasts. Annexin aé lan affinity to phospholipids and

trimerises on the syncytiotrophoblast cell membréorening a lattice and effectively
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shields the phospholipids exposed on cell membrdnas contact by circulating
coagulation factors. This prevents the formationtlud prothrombinase complex and
subsequent clot formation on the cell membrane. exim V therefore confers
anticoagulant properties to the surface of syntytphoblasts, in effect forming a ‘non-
stick’ coating at the feto-maternal interface. AxineV expression has been found to be
decreased on trophoblasts of pre-eclamptic plasé@8a8) and certainly my results have
suggested larger areas of discontinuity of ann&kistaining in pre-eclamptic placentas

compared to healthy control placentas.

In pre-eclampsia, there is increased perivillobsirii deposition and certainly in chapter 3,
there was the impression of greater perivillousitildeposition in pre-eclamptic samples
compared to healthy pregnant samples althoughwhss not quantitated. |1 hypothesised
that there may be an association between annegxp¥ession and fibrin deposition on the
trophoblast in pre-eclampsia as annexin V is aagotant in nature and may have a role in
preventing fibrin deposition on the surface of tlsyncytiotrophoblast. Using
immunocytochemistry, | noted that there was invéosalisation between annexin V and
fibrin staining on the syncytiotrophoblast surfanehealthy third trimester placentas. In
pre-eclamptic and IUGR samples, there appeareck tlardger areas of fibrin staining as
would be expected but there still remained invdogalisation between annexin V and
fibrin staining. This would be in keeping with thedings of Shuet alwho found elevated
plasma levels of fibrin degradation products anoribin-antithrombin 11l complex from
pre-eclamptic patients as the expression of ann¥xin the placenta was reduced(48).
There are several possibilities to explain thisense localisation. It would be reasonable to
presume that areas of healthy syncytiotrophoblastldvexpress annexin V on its surface
thus conferring anticoagulant properties to thefasar of the syncytiotrophoblast. In
contrast, areas of apoptotic or necrotic trophdbtasy have reduced annexin V expression
on the cell membrane along with externalisationP& on to the surface of the cell
membrane, leading to the assembly of procoagulantofs and subsequent fibrin
deposition. Therefore, there would be greater amn¥xstaining on the surface of healthy
syncytiotrophoblasts but little fibrin depositioHowever, on the surface of apoptotic or
necrotic syncytiotrophoblasts, there would be l@ssexin V staining and greater fibrin
deposition. Another explanation for the appearasicéhis inverse localisation between
annexin V and fibrin may be that fibrin has depasiton the surface of the
syncytiotrophoblast regardless of the presencenn&dn V expression and the deposition

of fibrin on the trophoblast surface had physicadhgvented the primary antibody from
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binding to annexin V. A possible method of resalvihese two possibilities may be by
using a substance that is able to dissolve filorivitro. Ammodytase is a metalloprotease
from viper venom and is able to dissolve fibrintslby direct hydrolysis of the andp-
chains of fibrin(299). It may be possible to usenardytase to dissolve the fibrin clots on
the surface of the trophoblast which may then uacany underlying annexin V. This
slide may then be stained for annexin V. A couradrpack-to-back slide may then be
prepared and stained for fibrin. If annexin V sit@gnwas found in the same location as
fibrin staining in these back-to-back slides, thisuld suggest that fibrin had physically
obstructed the primary antibody from attachingrnioexin V.

Tissue factor is a potent initiator of coagulatiamd is expressed by placental
syncytiotrophoblasts. | was interested in identifyif there was any relationship between
annexin V which has anticoagulant properties asglig factor which is the potent initiator
of coagulation. Tissue factor mMRNA levels have mesly been found to be high in pre-
eclamptic placentas. Back-to-back slides of theegigas of healthy third trimester, IUGR
and pre-eclamptic pregnancies were prepared. [Reshig positive control staining
strongly for tissue factor, there were only verywfsmall scattered areas of tissue factor
staining in all the placentas. This made any giteof identifying any relationship
between annexin V and tissue factor difficult. Thest likely reason for my results is that
there were only very small amounts of tissue faghatein expressed in the placenta.
However, Estellegt al found a five-fold increase in TF mRNA levels ireggclamptic
compared to healthy placentas(29). It is posside in pre-eclampsia, there is priming of
coagulation in the placenta resulting in higheelswof TF mMRNA synthesis and placental
TF protein only becomes expressed in severe pesvrgdia. Another possibility for this
very slight staining of tissue factor is that asstie factor is such a potent initiator of
coagulation, any slight expression of tissue faatothe placenta immediately led to the
deposition of fibrin on these areas, thereby premgnthe primary antibody directed
towards tissue factor from attaching. It is alsggble that while the antibody worked on
the positive controls, the primary antibody had wairked so well on the trophoblasts.

Perhaps an alternative primary antibody may be wig.

The placental syncytiotrophoblast layer envelogsdlacental villi and is in contact with
maternal blood. Placental cytotrophoblast cellstaeestem cells of syncytiotrophoblasts

that proliferate and eventually fuse into the syimtjophoblast layer. As the placenta
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develops, ageing syncytiotrophoblasts undergo asapt As there is greater placental
apoptosis in pre-eclampsia, | wished to identifyaarof the placenta undergoing apoptosis
in pre-eclamptic, IUGR, healthy third trimester amehlthy first trimester placentas with
the aim of relating these areas to fibrin depositith is possible areas of trophoblast
apoptosis may have lower annexin V expression, lwicen then lead to deposition of
fibrin. Austgulenet al (50) used M30 to detect apoptotic placental celleealthy third
trimester placentas and noted abundant stainitigeatyncytiotrophoblast layer, more so in
areas where there was greater perivillous fibrindieposition. M30 CytoDEATH
antibodies detect a caspase cleavage site withokenatin 18 in the cell cytoplasm and
Austgulenet al noted that M30 was more sensitive and had lessspeaific staining
compared to terminal deoxynucleotidyl transferasehated deoxyuridine triphosphate
nick end labelling (TUNEL) staining. | initiated gdiminary investigations by attempting
to immunolocalise apoptotic cells in healthy fitastester and third trimester placentas
using M30 CytoDEATH antibodies. Unfortunately, ithmy samples, it was the majority
of cytotrophoblast nuclei and most of the syncytiphoblast nuclei that was found to be
heavily stained with M30, with very little stainirgd cell cytoplasm. It is known that M30
can non-specifically stain the nuclei of highly ltherating cells and both cytotrophoblasts
and syncytiotrophoblasts actively proliferate. Asmunfortunate that M30 did not perform
as anticipated. Perhaps for future experimentsyradtive markers for cellular apoptosis

such as bcl-2 and caspase-3 may be tried as hadlbee by Abart a21).

During the process of cellular apoptosis, phosplglterine (which is normally located on
the inner leaflet of cell plasma membranes by divaprocess) becomes externalised to
the outer surface of the cell plasma membrane. |Sfedds form on the surface of the cell
membrane and are released into the circulation asoparticles. In the extrinsic
coagulation pathway, prothrombin, activated faépactivated factor V and calcium ions
assemble on a phospholipid surface forming the hpootbinase complex.
Phosphatidylserine (a phospholipid) exposed on ghdace of apoptotic cells and
microparticles may also allow for the assembly bé& tprothrombinase complex by
providing a procoagulant surface. The amount ofroparticles in the systemic circulation
has been found to be raised in various prothrorobminditions such as acute coronary
syndrome, diabetes, heparin induced thrombocytapenparoxysmal nocturnal
haemoglobinuria and severe hypertension, suggedtitaj microparticles may be
procoagulant in nature. Using flow cytometry, madicles have previously been

identified from various cell sources, such as dse endothelium and leukocytes.
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Earlier, it was proposed that there was a 2-stagdemtowards the development of the
maternal syndrome of pre-eclampsia. It is temptgpeculate that the placenta releases a
factor that directly leads to the maternal man#gsh of pre-eclampsia. However as yet,
this proposed ‘Factor X’ has yet to be identifi@tiere is a high turnover of trophoblast in
pregnancy as the placenta constantly remodeld. iSgtotrophoblast cells fuse to form
syncytiotrophoblast cells which when they age, audate to form syncytial knots which
then undergo apoptosis. In the placenta, the sioyphoblast layer envelops the villous
portion of the placenta which is the side of thacphta that is in direct contact with
maternal blood. Syncytiotrophoblast membrane dagi¢(STBMs) have been identified in
the maternal circulation and are proposed to caigifirom apoptotic syncytial cells. In that
regard, they may be considered as placental-denvietbparticles. However, as there is
the possibility that circulating placental cell mamane particles may also originate by
cellular damage, it may be more accurate to desdaiitzulating placental cell membrane
particles collectively, as placental cellular dsbrin pre-eclampsia, there is greater
placental apoptosis compared to healthy pregnandytavas an intriguing possibility that
greater placental apoptosis may lead to the releasgreater amounts of placentally-
derived microparticles. Greater amounts of pladbntierived microparticles may
contribute to an increase in total microparticler{(ded from all cell types) levels in the
maternal circulation which may in turn contribute the procoagulant state of pre-

eclampsia.

It is possible that in the maternal systemic catioh, circulating cell membrane particles
(regardless of cell of origin) may expose phosply&gerine on its surface and may
therefore be procoagulant. | hypothesised thaulgtimg microparticles in the maternal
systemic circulation makes a significant contribatito the procoagulant state of pre-
eclampsia. However, a simple measure of the amofunticroparticles (which could be

achieved by flow cytometry) in blood would not nesarily reflect the procoagulant
activity of microparticles. To measure the procdagu activity of microparticles, a

prothrombinase assay was validated and utilisedhi assay, captured microparticles
from the blood sample were incubated with clottiagtors and the measure of thrombin
generated was utilised as a measure of the proladgactivity of the captured

microparticles. This assay in fact replicates thenés of coagulation in the body as

coagulationn vivo also involves the assembly of various clottingdes on a phospholipid
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surface. In the process of developing this assapidio use we encountered difficulties in
the storage of the standard vesicles. Limitatidrisnte precluded further attempts towards
finding a suitable method to avoid degradation luése standard vesicles in storage.
Therefore, all measures of microparticle prothramabe activity in the blood samples were
done using freshly prepared standard vesiclescttiireomparing pre-eclamptic samples
and controls in the same assay. The microparticbkthppmbinase activity of maternal

systemic blood was measured and there was no isamifdifference found in total

microparticle prothrombinase activity between pecemptic patients and healthy pregnant

controls.

It must be remembered that the prothrombinaseigct¥ total microparticles in maternal
systemic blood would be a measure of the procoagaletivity of microparticles derived
from both maternal and placental cells. As thergrisater placental apoptosis in pre-
eclampsia it would have been interesting to meath@@rocoagulant activity of placental-
derived microparticles. However that would requreanti-trophoblast antibody to capture
the placental-derived microparticles and such dibady was not commercially available.
Therefore a measure of fetal corticotrophin-relegdhormone (CRH) mRNA levels in
maternal blood was undertaken as a method of singplgntifying the amount of
placentally-derived cell debris in maternal blodéetal CRH is synthesised by the
trophoblast and it is presumed that when trophobtasroparticles bleb off, they would
contain within them mRNA representative of the geegpressed in those cells, including
CRH mRNA. Maternal CRH mRNA is not present in tlystemic circulation and so any
measure of CRH mRNA in maternal blood would be latental origin. When fetal CRH
MRNA levels were measured, the levels were foud-fagher in pre-eclamptic samples
compared to healthy pregnant controls. This suggistt there were greater amounts of
placental-derived cell debris in maternal circaatin pre-eclampsia. However it must be
remembered that we cannot presume that all fetdd GRNA in maternal blood comes
from placentally-derived microparticles, as plaeérdgell debris derived from damaged
trophoblast, for example, may also contain fetaHCRRNA. Thus, a measure of fetal
CRH mRNA would encompass both placentally-deriveidroparticles and trophoblast

cell debris, collectively termed ‘placental celbdis’.

It is interesting that the greater amounts of piéaléy-derived cell debris by a factor of

four in pre-eclamptic patients did not contribuigngficantly to their total microparticle
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procoagulant activity. It is possible that the lglamount of placentally-derived cell
debris was too small a fraction of the total mi@djeles in maternal blood to make any
significant difference. It is also possible thaagantally-derived cell debris may not
express much phosphatidylserine on its surface.timopossibility is that while the
amounts of placentally-derived cell debris were kwhe time of collection, perhaps over
time, the levels may gradually increase as a caresegp of gradually worsening placental
dysfunction and increasing trophoblast apoptosestainly, when we looked at our pre-
eclamptic samples as 2 separate subgroups (patesrtgted under 36 weeks’ gestation
and patients recruited after 36 weeks’ gestatithgre was a higher mean fetal CRH
MRNA level in the group over 36 weeks’ gestatiamgygesting there may an increase in
fetal CRH mRNA levels as pre-eclampsia progres&sshe condition of pre-eclampsia is
known to worsen suddenly, it is tempting to hypsthe that a sudden increase in
placentally-derived cell debris that may be thecimigant for a worsening of the condition.
It would be desirable in future experiments to measfetal CRH mRNA levels as
pregnancy progresses and to correlate durationr@egampsia to fetal CRH mRNA

levels to get a more accurate representation sfréhationship.

The measure of fetal CRH mRNA measures the amdupkaoental cell debris but does
not measure the procoagulant activity of placedéslved cell debris. At the time of
commencement of this project, there were no reportise literature of isolating placental
cell debris in maternal circulation although sulssdly, Goswamiet al81) used an
antitrophoblast antibody to measure STBM levels pre-eclampsia. With some
adjustments, it may be possible to modify our matibinase assay to use such an
antibody to capture placentally-derived micropdesconto a plate in order to measure

their procoagulant activity.

As microparticles are known to exhibit procoagulgnbperties, | wished to correlate
microparticle procoagulant activity and placentalbrived cell debris to markers of
coagulation activation, endothelial function ana@gental function in pre-eclamptic and
healthy controls. The pattern of changes in markémsoagulation activation, endothelial
activation and placental function | observed werkeeping with that expected for pre-
eclampsia. Tissue factor pathway inhibitor (TFP8svhigher in pre-eclampsia possibly as
a reflection of endothelial activation in pre-ecfasia or possibly in response to cell-

surface tissue factor expression. There were highethrombin fragment 1+2 (F1+2)
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[increased conversion of prothrombin to thrombiaYydls in pre-eclampsia, reflecting
greater conversion of prothrombin to thrombin. HigHevels of activated factor XIi
(FXlla) which has both procoagulant activity (aetied factor XI) and anticoagulant
activity (increases plasmin) effects were foundvadl as higher PAI-1 levels (suppressed
fibrinolysis) were found in pre-eclampsia. With aed to markers of endothelial activation,
there were higher levels of soluble VCAM-1 and vat&Wrand factor in pre-eclamptic
samples. The PAI-1/PAI-2 ratio was also raisedriggrlampsia in keeping with current
literature. Interestingly, the levels of solublesstie factor (the potent initiator of
coagulation), thrombin-antithrombin (a measurehaf &amount of thrombin) and the APC
ratio (APC inactivates activated factor V and aatidd factor VIII) were not significantly
different between pre-eclamptic and healthy costrdhese results suggest that although
there were higher levels of priming factors towacdagulation, there did not appear to be
much evidence of greater amounts of clot formabetween pre-eclamptic and healthy

control groups.

TFPI was correlated with fetal CRH mRNA levels iothb pre-eclamptic and healthy
controls, possibly reflecting shedding of placert&Pl along with fetal CRH mRNA as
part of placental debris. It is also possible thlaicental-derived cell debris may induce
maternal endothelial cell-surface tissue factorresgion thus inducing upregulation of
TFPI synthesis. It is also possible that placed&lved cell debris may carry exposed
tissue factor on its surface thus upregulating TFRkernatively, as a result of
phosphatidylserine exposed on the surface, platedexived cell debris may present a
platform for thrombin generation via the tissue tda@ctivated factor VII-dependent
coagulation activation pathway. In the pre-eclampgtioup, factor VII coagulant activity
correlated with fetal CRH mRNA levels and FVII coéant activity was particularly
elevated at high levels of fetal CRH mRNA, suggesan association between factor VIl
coagulant activity and circulating placentally-ded cell debris. This is interesting
because the measure of factor VII coagulant agtiginot a measure of factor VIl levels

but a measure of the procoagulant ability of fasttr

The pattern of changes in the measured coaguléditiors in the pre-eclamptic samples
seemed to show a state of priming towards the géparof clots. Factor VII coagulant
activity was higher in pre-eclampsia and this pesiy correlated with the amount of

placentally-derived cell debris in maternal circida. There was also the suggestion that
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levels of placentally-derived cell debris may irage as pre-eclampsia progresses. It is
possible that all these factors in combination rieayl to a state of coagulation priming in
pre-eclampsia and all that is required is a triggerset off a chain of coagulation
dysfunction that may precipitate a worsening of-@gcampsia. Placental-derived cell
debris is associated with factor VII coagulant\attj and the surface of the cell debris
may expose phosphatidylserine which would presestiréace for the assembly of the
prothrombinase complex. There is the possibiligt tevels of placental-derived cell debris
may increase as pre-eclampsia progresses. It @®itegto speculate that placental-derived
cell debris may be a candidate for ‘Factor X’ i ttevelopment of pre-eclampsia. More

work is required to explore this intriguing posstii

| hypothesised that there may be a relationshipvdt maternal fatty acid status and
coagulation in pre-eclampsia and healthy pregnaagyfatty acids are precursors of
eicosanoid synthesis. The balance of n-6 to n{y fatids is long known to affect the
balance of eicosanoid synthesis, with n-6 fattgsateading to the synthesis of more potent
thromboxanes and prostacyclines such as thrombokamdile n-3 fatty acids lead to the
synthesis of less potent eicosanoids such as tloxame A. Thromboxanes are involved
in platelet activation and aggregation and greateounts of thromboxane,Abeing more
potent) leads to greater degrees of platelet dmiivaand aggregation and therefore
enhanced procoagulant status. Prostacyclin is aneibosanoid that is synthesised by n-6
and n-3 fatty acids. Prostacyclin is mainly synites by the vascular endothelium and

functions as a vasodilatory agent as well as &lefainhibitor.

| correlated maternal fatty acids to markers ofguoation activation, endothelial function
and placental function. Measurements of fatty acdidgplasma can be subject to the
subjects fasting status and therefore, to obtaiacanrate representation of maternal fatty
acid status in pre-eclamptic patients and healtlegmant controls, erythrocyte fatty acid
levels were measured. Pre-eclamptic and healthyralogroups were matched for body
mass index (BMI), an index of body fat. This manthiwas important to rule out any
differences in fatty acid levels that are simplyaa®sult of different BMI as fatty acids are
stored in adipose tissue and so increased amodiradimose tissue may provide higher
amounts of fatty acid precursors. | was interestedientifying any differences in fatty
acid levels between pre-eclamptic and healthy megoonditions and to relate the fatty

acids to markers of coagulation activation, endahé&unction and placental function as
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fatty acids are associated with eicosanoid syrghasid so may affect the maternal

coagulation status.

Fatty acids were measured in absolute values awdasl a percentage of total fatty acids.
The results of the measurements in pre-eclampsiaesth a shift of the fatty acid pattern
towards a lower percentage of total PUFAs and ahdrigpercentage of total
monounsaturated fatty acids (MUFAS), in keepinghwateviously identified fatty acid
patterns measured in the maternal serum of prengtia patients. Pre-eclamptic patients
had a lower percentage of total long-chain fattigscPre-eclamptic patients also had a
lower percentage of total n-6 fatty acids and adreowards lower total n-3 fatty acids
compared to the control group. Dihomdinolenic acid and arachidonic acid, both
precursors to the potent thromboxangwkere lower in pre-eclampsia. It is possible that
this may represent greater utilisation of these fatly acids in order to synthesise
thromboxane Aand this would be in keeping with the procoagutdate of pre-eclampsia.
Pre-eclampsia is associated with a procoagulatd atawell as maternal hypertension and
placental ischemia. Thromboxane i& associated with increased platelet activatiticiv
may contribute to the prothrombotic state of prizepsia. Thromboxane is also a
vasoactive substance which stimulates vasoconstrieind this may have a role in the
development of maternal hypertension in pre-eclaands the pre-eclamptic placenta,
there is failure of extravillous trophoblast invasiinto the muscular coat of the spiral
arterioles resulting in reduced conversion of ueerspiral arteries into large capacitance
vessels. The muscular coat of unconverted spir@riales would remain under the
influence of vasoactive agents and high levels lmforhboxane A can promote
vasoconstriction thus leading to placental ischeinideed, the ratio of thromboxane %
prostacyclin (a vasodilator) has been found to éigh pre-eclamptic placentas compared

to healthy placentas.

There was a lower absolute amount as well as pexgenof the n-3 fatty acid
docosahexaenoic acid (DHA) in pre-eclampsia contpadoe healthy controls. DHA is
important for neural and retinal development. Itdifficult to determine if the pre-
eclamptic women had a lower intake of DHA or if fieéus has accreted greater amounts
of DHA as a survival mechanism in pre-eclampsiae @rethod of assessing this would be
by measuring the DHA ratio between maternal blood @mbilical cord blood to identify

any differences between pre-eclamptic and healtiegmant controls. Another possible
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reason for the lower amounts of DHA in pre-eclarapsias a reduced conversion of
docosapentaenoic acid to DHA M® desaturase. Certainly, long-chain PUFAs in
erythrocyte phospholipids have been found to beaaseciated with insulin resistance in
type Il diabetics, which may be as a result of medlinsulin-mediated activation of
desaturases(300) and indeed, pre-eclampsia is @te of insulin resistance (187;301).

In pre-eclampsia, there were also higher levelspalmitic acid and its precursor
palmitoleic acid. Palmitic acid is the main fattgich stored in adipose tissue and a high
maternal BMI is a risk factor towards developingeclampsia. However, as our pre-
eclamptic and healthy control samples were wellemad, both cases and controls should
have relatively similar amounts of body fat. Thigher level of palmitic acid in pre-
eclamptic patients may reflect greater mobilisatidrfatty acids from maternal stores in
pre-eclampsia and this may be contributory to tydipidemia in pre-eclampsia. Obesity
is associated with insulin resistance and so isepl@mpsia, suggesting a metabolic

component in the maternal manifestation of prerapka.

PAI-1 is synthesised by the placenta as well aadipose tissue and PAI-1 levels are
increased in obesity. PAI-1 was positively correthtvith the n-6 fatty acids linoleic acid
and dihomoy-linolenic acid in healthy pregnancy. Human umiailigcein endothelial cells
cultured with DHA and dihomg-linolenic acid (20:3 n-6) have been shown to resuan
increase in the amount of PAI-1 mRNA suggesting 8wne fatty acids may directly
induce PAI-1 transcription (295). This suggesit tlatty acids may be able to alter the
haemostatic balance by increasing PAI-1 levelsirAvitro culture of placental cells with
linoleic acid and dihomg-linolenic acid measuring PAI-1 mRNA levels woul@ &

method to investigate this possibility.

Clinically, as the balance of n-6 to n-3 fatty acid the mother may affect the synthesis of
either more potent eicosanoids or less potent armds and possibly other coagulation
factors, perhaps supplementation to restore thenbalof n-6 to n-3 fatty acids may be a
potential therapeutic option in pregnancies at aklexcessive thrombosis. For example,
perhaps a method of reducing the synthesis of dbenp eicosanoid thromboxane & by

n-3 fatty acid supplementation into the diet. Timay lead to competition for desaturases

180



and elongases in fatty acid metabolism which may l® a reduction in the synthesis of

the potent thromboxane,AFurther studies are warranted.

My thesis provides evidence of an increased co#gulgotential in pre-eclampsia as
reflected by the raised levels of markers of coatjuh activation. Total microparticle

procoagulant activity in maternal blood has notrbsleown to be raised in pre-eclampsia
but the four-fold rise in placental-derived cellbds levels in maternal plasma in pre-
eclampsia may be significant. The coagulation pakof placental-derived cell debris

should be further elucidated. It is possible theg-@clampsia is a state of enhanced
coagulation potential awaiting a precipitous evant certainly, the change of maternal
state from pre-eclampsia to eclampsia can be vetgen indeed. The balance of maternal
fatty acids is disrupted in pre-eclampsia and ther@ shift of fatty acid balance towards
one which may contribute to greater platelet attighd coagulation potential. My results
present a case that pre-eclampsia is a staterefised coagulation potential resulting from

multiple pathways.
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