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Abstract 

Pregnancy is characterized by a state of heightened coagulation, which is exacerbated in 

pathological conditions such as pre-eclampsia (PET). PET is further associated with abnormal 

maternal inflammation and increased circulating microparticles (MP); however, a mechanistic 

link between these pathological features has never been established. It is proposed in this thesis 

that abnormal maternal inflammation is causally linked to pro-coagulant trophoblast MP 

shedding via a mechanism mediated by the pro-inflammatory cytokine tumour necrosis factor 

alpha (TNF), thereby contributing to maternal coagulopathies associated with PET. Using 

thromboelastography (TEG) and standard laboratory tests, haemostatic function was evaluated in 

PET and normotensive subjects at delivery and post-partum. Furthermore, the effects of the 

menstrual cycle and oral contraceptive (OC) use on haemostatic function were assessed in non-

pregnant subjects in order to understand their influence on post-partum haemostasis. Plasma 

TNF and pro-coagulant MP levels were evaluated in the pregnant subjects. Using chorionic villi 

explants from human term placentas, MPs were quantified after TNF administration. The pro-

coagulant potential of placental MPs was evaluated by TEG by spiking whole-blood with 

medium containing MPs from chorionic villi. TEG identified increased whole-blood 

coagulability in PET subjects at delivery, demonstrating its increased sensitivity over standard 

laboratory tests at identifying haemostatic alterations associated with PET. Haemostatic 

alterations were normalized by six weeks post-partum. TEG also identified cyclic haemostatic 

variations associated with OC use. Chorionic villi treated with TNF (1 ng/ml) shed significantly 

more MPs than untreated placentas. MPs from chorionic villi increased the coagulability of 

whole-blood. Together, results provide evidence supporting the concept that abnormal maternal 

inflammation is causally linked to the development of maternal coagulopathies in pregnancy 
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complications. Moreover, TEG may be superior to standard laboratory tests in evaluating 

haemostasis in pregnant and non-pregnant subjects.  
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Chapter 1 

Introduction 

1.1 Pre-eclampsia 

1.1.1 Clinical features 

Pre-eclampsia (pre-eclamptic toxemia or PET) is a multisystem syndrome of 

pregnancy and is one of the leading causes of maternal and fetal morbidity and mortality 

worldwide (1). It is defined as the development of maternal hypertension (systolic blood 

pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg) and proteinuria (≥300 

mg/24 hour or ≥30 mg/mmol urinary creatinine or ≥1+ dipstick reading), usually 

occurring after 20 weeks of gestation (2). It is also associated with endothelial 

dysfunction, elevated systemic inflammation and coagulopathy (3,4). Risk factors for 

developing PET include chronic hypertension, diabetes, obesity, young/advanced 

maternal age, nulliparity, multi-fetal gestation, a family history of PET and PET in a 

previous pregnancy (5). If left untreated, PET can develop into eclampsia, the life-

threatening occurrence of grand-mal seizures. Currently, the only cure for PET is delivery 

of the fetus and placental tissue, however symptomatic treatment with anti-hypertensives 

and administration of magnesium sulfate may be used (2). Though PET is usually 

resolved following placental removal, women with pregnancies complicated by PET have 

an increased risk of developing cardiovascular disease later in life (6).  
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1.1.2 Pathogenesis 

While the exact etiology of PET is not understood, it is widely accepted that the 

placenta plays a pivotal role in the development of the syndrome. In normal placentation, 

trophoblast are organized into highly branched villous structures called chorionic villi, 

consisting of an inner layer of cytotrophoblast cells and an outer layer of 

syncytiotrophoblast. As maternal blood enters the intervillous space through spiral 

arteries, it comes in direct contact with syncytiotrophoblast (7). During the first trimester, 

cytotrophoblast progenitors follow one of two pathways of differentiation: they can fuse 

and form the multinucleated syncytiotrophoblast layer or they can transform into invasive 

extravillous cytotrophoblasts. During invasion of the decidua, cytotrophoblasts from 

anchoring villi migrate away as endovascular or interstitial cytotrophoblasts. There is 

evidence that some interstitial cytotrophoblast cells destroy the smooth muscle layer of 

spiral arteries and replace the lining of these vessels whereby they adopt endothelial-like 

properties; interstitial cytotrophoblast that do not invade spiral arteries ultimately 

differentiate into placental bed giant cells, which are thought to be non-invasive (8). In 

contrast, endovascular cytotrophoblast do not reach the spiral arteries via the interstitial 

route, but migrate along the lumen of these vessels to replace their endothelial lining. 

This process of vascular invasion by interstitial and endovascular trophoblast cells 

converts the distal ends of the convoluted, high-resistance, vasoactive spiral vessels into 

low-resistance vessels with increased diameters that are unresponsive to maternal 

vasoactive molecules (9,10) (Figure 1.1). Normal placental function relies on spiral 

arteriole remodeling, allowing adequate maternal perfusion.  
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Figure 1.1 The human placenta. 

A simplified diagram of the human placenta depicting the invasion of cytotrophoblast 

cells from a chorionic villus to the decidua of the uterine wall. Arrows depict flow of 

maternal blood. Modified from Red-Horse et al. (11).  
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Redman (1991) first described the two-stage model of PET (12). The first stage, 

poor placentation, begins during the first trimester (13). Immune maladaptation at the 

fetal-maternal interface is thought to be an important pathway that contributes to 

insufficient cytotrophoblast invasion into the uterine decidua (14). This results in 

defective spiral arteriole remodeling and consequently, intermittent and inadequate 

maternal blood supply to the placenta (15). Evidence for this is seen in the deficient 

trophoblast invasion of spiral arterioles in placental bed biopsies from pregnancies 

complicated by PET (16) and increased resistance in uterine vessels supplying the 

placental intervillous space of women with PET, as observed by blood flow velocimetry 

(17,18).  

 

 Inadequate placental perfusion initiates oxidative and nitrosative stress due to 

excess reactive oxygen species (ROS) production (19). As a result, ischemic-stress 

triggers trophoblast damage and apoptosis, resulting in the release of soluble vasoactive 

and pro-inflammatory molecules into the maternal circulation (20). Increased circulating 

levels of fms-like tyrosine kinase (sFlt-1), a circulating anti-angiogenic protein, has been 

found in the plasma of women with PET (21). This protein sequesters placental growth 

factor (PGF) and vascular endothelial growth factor (VEGF), inducing widespread 

endothelial dysfunction (20). Furthermore, another anti-angiogenic protein, soluble 

endoglin (sEng) has been implicated in the pathogenesis of PET. It has been shown that 

sEng amplifies the vascular damage mediated by sFlt-1 in rats with a PET-like pregnancy 

complication (22). Together, these proteins may contribute to the systemic endothelial 
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dysfunction characteristic of PET, precipitating the onset of the maternal symptoms of 

PET, such as hypertension and proteinuria (Stage 2) (14). 

 

1.3 Inflammation and pre-eclampsia 

1.3.1 Inflammation and pregnancy  

The immune system can be separated into innate and adaptive components. The 

response generated by the innate immune system is rapid and non-specific, whereas the 

adaptive immune response is slow acting and antigen-specific. The adaptive immune 

system includes both cellular and humoral components, in which T and B lymphocytes 

are activated through antigen recognition. Immune cells mediate their effects by releasing 

and responding to cytokines. CD4 positive T helper-1 (Th1) cells produce Th1 type 

cytokines, such as interleukin 1 (IL-1), IL-2, IL-6, IL-8, interferon gamma (IFN) and 

tumour necrosis factor alpha (TNF); these cytokines are considered to be pro-

inflammatory. These pro-inflammatory cytokines promote a strong cell-mediated 

response that supports natural killer cell and macrophage activation, as well as the 

generation of CD8 positive cytotoxic T cells. CD4 positive T helper-2 (Th2) cells are a 

source of Th2 type cytokines, such as IL-4, IL-5, IL-10 and IL-13, which are regarded as 

anti-inflammatory. Th2 cytokines regulate the humoral response by inducing B-cell 

activation and antibody production (23). Successful pregnancy depends upon a delicate 

balance between pro-inflammatory Th1 and anti-inflammatory Th2 cytokines. 

 

Implantation and placentation induce an immune bias towards a Th1 pro-

inflammatory response to enable repair of the uterine epithelium and removal of cellular 
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debris (24–26). However, as pregnancy progresses, the predominant immunological 

phenotype becomes anti-inflammatory and Th2 cytokines dominate (27,28). Preterm 

delivery has been associated with excessive production of TNF (29) and IFN (30). 

Moreover, deficient IL-4 and IL-10 levels were detected in decidual T cells of women 

who experienced recurrent and spontaneous abortion (31). The effects of this pregnancy-

specific systemic Th2 immune bias is demonstrated in pregnant women who experience 

more virulent infections with pathogens such as Varicella zoster (32), Plasmodium 

falciparum (33) and Listeria monocytogenes (34), in which protective immunity is 

associated with Th1 responses. As well, pregnant women can experience an improvement 

of symptoms of cell-mediated autoimmune diseases, such as rheumatoid arthritis, and an 

increase in severity of humoral autoimmune diseases, such as lupus erythematosus and 

anti-phospholipid antibody syndrome (35–37). 

 

1.3.2 Inflammation and pre-eclampsia 

 Growing evidence indicated that abnormal activation of the maternal immune 

system is a feature of at least a substantial number of cases of severe PET. While normal 

pregnancy is considered to be predominately associated with a Th2 immune bias, studies 

have demonstrated that PET may be associated with an exaggerated Th1 profile. The up-

regulation of Th1 cytokines such as IL-2, IL-6, IL-8 and TNF can be seen be seen both 

locally, within the placenta, and systemically, in maternal blood (38–41). Furthermore, 

other markers of systemic inflammation, such as complement (42) and leukocytosis (43) 

are intensified in PE. Of importance to the pathogenesis of PET, there is evidence that 
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excessive inflammation generates oxidative stress, and the products of oxidative stress 

are intrinsically pro-inflammatory (44). 

 

 Although PET is most commonly associated with a heightened Th1 response, 

PET can also be associated with excessive Th2 activation. Consequently, increased 

immunoglobulin production may result in the formation of autoantibodies such as 

antiphospholipid antibodies (45).  

   

1.3.3 Tumour-necrosis factor alpha 

Tumour necrosis factor alpha is a pro-inflammatory cytokine that functions 

primarily as an inflammatory mediator, playing a central role in host pathogenic defense 

through immune cell activation and induction of fever and endotoxic shock. It elicits a 

wide range of other biological activities, including modulation of cell growth and 

differentiation, endothelial cell function and promotion of coagulation (46–49). While it 

is primarily produced by activated monocytes and macrophages, other cells, such as 

endothelial cells, T cells, B cells, and trophoblast may also produce it (50,51). Excessive 

production of TNF has been associated with many disease states, including cancer, 

inflammatory bowel disease and rheumatoid arthritis (52–54). 

 

 Tumour necrosis factor alpha has been shown to play an inhibitory role in 

trophoblast motility, migration and invasion (55,56). Furthermore, via a mechanism that 

involves increased maternal TNF, our laboratory discovered that excessive maternal 

inflammation in rats leads to a PET-like pregnancy complication that includes deficient 
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spiral arteriole remodeling, fetal growth restriction, altered uteroplacental 

haemodynamics, placental nitrosative stress and coagulopathy (57,58). Lastly, women 

with pregnancies complicated by PET have increased plasma TNF levels when compared 

to normotensive pregnant women (59). This suggests a potential role of TNF as a key 

cytokine in the pathogenesis of PET. 

 

1.4 Haemostasis and pre-eclampsia 

1.4.1 Definition 

Haemostasis is an important physiological mechanism that aims to prevent 

thrombosis and bleeding. The haemostatic system is composed of several tightly 

regulated and interconnected reactions that involve the dynamic interaction between 

coagulation factors and inhibitors, fibrinolytic factors and inhibitors, platelets and 

vascular endothelium. The first step of haemostasis, primary haemostasis, is initiated by 

vascular injury. Primary haemostasis consists of vasoconstriction, to reduce blood flow to 

the site of injury, and platelet activation and aggregation to exposed sub-endothelium, 

producing a platelet plug to limit blood loss. Secondary haemostasis is characterized by 

the activation of coagulation to produce a fibrin mesh over the platelet plug acting as a 

seal to site of injury. Coagulation acts rapidly through a cascade, in which inactive 

zymogens are sequentially activated through proteolytic cleavage. Traditionally, it was 

described as being initiated though two pathways, the extrinsic and the intrinsic 

pathways, which converge to a common coagulation pathway (60). However, it has been 

recently replaced by the cell-based model, consisting of three stages: initiation, 

amplification and propagation (Figure 1.2) (61).  
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Figure 1.2 Cell-based model of coagulation. 

A simplified diagram of the cell-based model of coagulation depicting the proteolytic 

cleavage of zymogens into their active forms (61).  
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Initiation begins when a cell bearing tissue factor (TF; factor IIIa [FIIIa]) on its 

surface comes in contact with blood and binds to circulating FVII, converting it to its 

active form, FVIIa. The formation of the TF-FVIIa complex catalyzes the conver2sion of 

FX and FIX to FXa and FIXa. Factor Xa and its associated co-factor, FVa, form a 

complex called prothrombinase on the surface of the cell. At this stage, the 

prothrombinase complex catalyzes the transformation of a small amount of prothrombin 

(FII) to thrombin (FIIa). The next stage, amplification, occurs when platelets and FVIII 

bound to von Willebrand factor (vWF) interact with thrombin. Platelets become 

activated, and receptors on their surface become available to activated coagulation 

factors. Furthermore, platelets release FV and assist in the recruitment of clotting factors 

to the site of clot formation. Thrombin formed during initiation may now activate FV, 

FVIII and FXI. The FVIII-vWF complex dissociates and vWF now mediates platelet 

aggregation and adhesion. Lastly, the propagation stage is characterized by the platelet 

migration and the formation of the tenase complex, which results from the binding of 

FVIIIa and FIXa. The tenase complex rapidly generates FXa on the platelet surface, 

which binds to FVa forming the prothrombinase complex. At this stage, large amounts of 

prothrombin are converted to thrombin. Thrombin then catalyzes the cleavage of 

fibrinogen (FI) into fibrin (FIa), which polymerizes and forms the platelet plug (61,62). 

 

Fibrinolysis, a process that promotes clot dissolution to maintain haemostatic 

balance, is stimulated almost immediately after the initiation of coagulation. 

Plasminogen, the circulating inactive zymogen of plasmin, binds to fibrin and becomes 

activated via the additional binding of plasminogen activators. Plasminogen activators 
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include FXIa, FXIIa, tissue plasminogen activator (tPA) and urokinase plasminogen 

activator (uPA). Plasmin functions by breaking down fibrin into its degradation products. 

Fibrinolysis is in turn controlled by the binding of plasmin inhibitors, such as α2-

antiplasmin, or inhibitors of plasminogen activators, such as plasminogen activator 

inhibitor 1 (PAI-1) and PAI-2.  

 

In addition to fibrinolysis, a negative feedback system of anticoagulant proteins 

further prevent the activation of the coagulation system. These proteins include anti-

thrombin (AT), an antagonist of FXa and thrombin, TF pathway inhibitor (TFPI), which 

blocks the activity of TF, and activated protein C (APC), which functions to block the 

activity of FVa and FVIIIa.  

 

1.4.2 Tissue factor 

 Tissue factor (CD142) is transmembrane glycoprotein that is constitutively 

expressed by cells of highly vascularized organs, such as the brain, placenta and the 

lungs, as well as in the sub-endothelium (63). While not normally produced by cells in 

direct contact with blood, circulating TF can be found on blood cells such as monocytes, 

macrophages and platelets, as well as circulating microparticles (MP) (64). Its activity is 

controlled by the antagonistic action of TFPI, which is predominately expressed by 

endothelial cells and platelets (65). In addition to its key role in coagulation initiation, TF 

is involved in many diverse processes, including embryonic development (66), 

angiogenesis (67) and tumour metastasis (68). Furthermore, TF and inflammation are 

linked through a coagulation-inflammation cycle in which TF expression drives pro-
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inflammatory coagulation factors, FVIIa, FXa and FIIa, which in turn up-regulate TF 

(69). Tissue factor is essential for life, however aberrant TF expression is often associated 

with hypercoagulability and intravascular thrombosis in many clinical conditions, 

including obesity, cancer, atherosclerosis and sepsis (70).  

 

1.4.3 Haemostasis in females 

Sexual dimorphism has been described in numerous studies examining 

haemostasis in healthy populations. In general, females are found to have increased blood 

coagulability when compared to males (71,72). Furthermore, women with elevated sex 

hormone levels, both estrogen and progesterone, due to pregnancy or exogenous hormone 

administration are at a higher risk of venous thromboembolism (73).  

 

The influence of the female sex hormones on coagulation and fibrinolysis has 

been widely studied, however results have been variable and inconsistent (4). Normal 

cyclic fluctuations in female sex hormones throughout the menstrual cycle have been 

associated with variations in haemostatic factors such as fibrinogen, FVIIa and PAI-1 

(74). Furthermore, it has been described that oral contraceptive (OC) use promotes a pro-

thrombotic state through enhanced activity of coagulation factors, such as prothrombin, 

FVII, FVIII, FX and fibrinogen (75) and decreased anti-coagulant effects associated with 

APC resistance (76). 
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1.4.4 Haemostasis and pregnancy 

 Normal pregnancy is associated with physiological alterations in the coagulation 

and fibrinolytic systems that promote a pro-coagulant state, aimed to maintain placental 

function and minimize intra-partum blood loss (77). It has been well established that 

there is a progressive elevation of plasma levels of coagulation factors throughout 

pregnancy, most markedly in the third trimester. This includes an increase in FVII, FVIII, 

FIX, FX, FXII and fibrinogen (77–80). Furthermore, von Willebrand factor (vWF), a 

carrier for FVIII and modulator of platelet adhesion and aggregation, increases 

throughout pregnancy (81). Both endothelial derived PAI-1 (82) and placental derived 

PAI-2 (83) levels increase during pregnancy while tPA levels decrease (84), indicating a 

physiological modification of the fibrinolytic system. Collectively, these changes may 

predispose women to thromboembolic events during pregnancy and the puerperium 

(85,86). The coagulation and fibrinolytic systems return to a non-pregnant state by four to 

six weeks post-partum (87). 

 

1.4.5 Haemostasis and pre-eclampsia 

 Pre-eclampsia is thought to be an exaggerated state of hypercoagulability in 

pregnancy and is often associated with coagulopathy (88). Within PET patients, thrombus 

formation and widespread fibrin deposition have been reported (89). Furthermore, the 

syndrome is associated with enhanced systemic coagulability caused by an increase in 

coagulation factors, occurring at an early stage of the disease and often antedating clinical 

symptoms (90). This includes an increase in TF (91), fibrinogen (92), FVII (88), as well, 

as enhanced vWF (93) and FVIII activity observed in PET patients (94).  
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Changes in the fibrinolytic system accompany enhancement of the coagulation 

system in PET. Increased circulating fibrin degradation products are reported in PET 

patients, which are thought to be a consequence of increased fibrin formation (88). 

Furthermore, decreased circulating AT (95), increased PAI-1 (96) as well as a resistance 

to APC (97) have been observed in women with PET. 

 

 Of women who develop severe PET, 20% go on to develop HELLP (hemolysis, 

elevated liver enzymes, low platelets) syndrome (98). Women with HELLP syndrome are 

thought to have even greater activation of the coagulation system, leading to depletion of 

coagulation factors and thrombocytopenia (99). This may further progress to 

disseminated intravascular coagulation (DIC) and severe bleeding, which is associated 

with further threatening maternal complications at delivery (100,101). 

 

1.4.6 Tools to assess haemostasis 

Prothrombin time (PT), activated partial thromboplastin time (APTT) and 

fibrinogen levels are standard plasma based laboratory tests used to assess haemostatic 

function. Prothrombin time is a measure of the initiation phase of coagulation in which 

TF is added to platelet-poor plasma and time until clot formation is measured. It is 

affected by deficiencies in FVII, FX and FV. Activated partial thromboplastin time 

provides an assessment of the propagation stage of coagulation. It provides time until clot 

formation after the addition of a contact activator, such as kaolin, and is most sensitive to 

deficiencies in FXII, FXI, FIX, FVIII, V and prothrombin (102). Although standard 

laboratory tests are useful guides to haemostatic function, they are limited in that they 
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assess specific components of coagulation, ignoring the dynamic interaction between 

platelets, coagulation and fibrinolytic factors, as well as their inhibitors. They also rely on 

end point and fail to reflect elements related to the quality of the formed clot. For these 

reasons, standard laboratory haemostatic tests are unable to measure global haemostasis, 

and may not be optimal for detecting prothrombotic states (103).  

 

Thromboelastography (TEG) is an in vitro analysis that addresses some of the 

limitations of traditional haemostasis assays by determining the viscoelastic properties of 

whole-blood during coagulation and fibrinolysis. It was first described over 50 years ago, 

but recent standardizations have greatly enhanced its application in different clinical and 

research settings (104). It is a point-of-care monitor that measures clotting time and 

kinetics of clotting, as well as clot strength and stability. Compared to standard laboratory 

haemostatic tests, there is growing evidence that TEG more accurately reflects the overall 

haemostatic status and offers better correlates with clinical outcomes (105,106). In this 

assay, a pin is suspended by a torsion wire, in an oscillating cup filled with whole-blood, 

which allows the motion of the pin in the oscillating cup to be electrically transduced to a 

computer. Initially a straight line is produced, however as blood begins to form a clot, its 

elasticity and strength changes the rotation of the pin in the cup creating a characteristic 

tracing (Figure 1.3). 
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Figure 1.3 Schematic standard TEG tracing. 

R = reaction time, time to initial clot formation (min); K = kinetics time, time to defined 

clot formation (sec); α angle = description of rate of clot formation; MA = maximum 

amplitude, absolute clot strength (mm); LY30 = fibrinolysis (%) at 30 min after MA. 
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Thromboelastographic parameters represent different aspects of haemostasis. 

Reaction time (R time, minutes) is the time from the start of the test to initial clot 

formation, and is the point at which PT and APTT are stopped. Kinetics time (K time, 

minutes) represents the time until a fixed level of clot firmness is reached (20 mm). 

Alpha angle (α angle, degrees) is the angle between the horizontal line of the tracing and 

the line tangent to the curve. Both K time and α angle provide information about the 

kinetics of clot formation (fibrin build-up). Maximum amplitude (MA, mm), is a measure 

of the maximum strength of the clot and also provides information about platelet 

function. Coagulation index (CI) is a description of overall coagulation incorporating R 

time, K time, α angle and MA. It is derived from the following equation, determined by 

the manufacturer; CI = 0.3258(R time) – 0.1886(K time) + 0.1224(MA) + 0.0759(α 

angle) – 7.7922. Reduced R and K time, and greater values for α angle, MA and CI 

indicate greater whole-blood coagulability. LY30 (percent) is a measure of the percentage 

of clot fibrinolysis 30 minutes after MA is achieved and provides information about clot 

lysis and fibrinolytic activity.  

 

1.5 Microparticles 

 Microparticles are membrane-bound cellular fragments less than 1 μm in diameter 

that are constitutively shed into body fluids, such as blood, under both physiological and 

pathological conditions. Microparticle shedding can be stimulated by cellular activation, 

as a result of inflammation, oxidative stress, complement or stress, as well as apoptosis, 

and it is initiated by membrane remodeling due to increased intracellular calcium levels. 

Consequently, membrane blebbing occurs, during which there is reorganization of lipid 
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asymmetry leading to the appearance of phosphatidylserine on the outer leaflet of the MP 

membrane (4). Microparticle membranes consist mainly of lipids and proteins, and their 

composition is dependent on cellular origin. Furthermore, they may contain cell surface 

receptors, DNA, mRNA and miRNA (107). The majority of MPs in circulation are 

derived from platelets, erythrocytes, endothelial cells, leukocytes and lymphocytes (108). 

However, various other types of cells have been shown to shed MPs, including tumour 

cells (109) and syncytiotrophoblasts (110). Microparticles may facilitate cell-to-cell 

communication, as well as play a role in inflammation and angiogenesis (107). Moreover, 

MPs promote thrombus generation by providing a negatively charged catalytic surface 

for coagulation factor assembly. Microparticles may also express TF, further enhancing 

their pro-coagulant function (111).  

 

 Increased circulating MPs have been implicated in various disease states, 

including cancer, heart disease, metabolic syndrome and diabetes (111). Furthermore, 

while normal pregnancy is associated with an increase in circulating MPs, PET is 

associated with an even greater number of circulating MPs (112). Compared to women 

with healthy pregnancies, women with PET had significantly increased MPs derived from 

endothelial cells (113), monocytes (114) and syncytiotrophoblasts (110). 

Syncytiotrophoblast MPs are of particular interest to the pathology of PET. There is 

evidence that syncytiotrophoblast MPs can activate leukocytes, such as neutrophils 

(115,116). Furthermore, peripheral blood monocytes cells treated with 

syncytiotrophoblast MPs were stimulated to produce pro-inflammatory cytokines, such as 

TNF and IL-8 (117,118). In addition to their pro-inflammatory effects, 
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syncytiotrophoblast MPs have been shown to inhibit endothelium-dependent arterial 

relaxation (119).  

 

1.6 Hypothesis 

 The hypotheses of this thesis are: 1) that abnormal maternal inflammation is 

causally linked to pro-coagulant trophoblast MP release via a TNF-mediated mechanism 

contributing to maternal coagulopathies associated with PET, and 2) that hormonal 

variations associated with the menstrual cycle and exogenous hormone administration of 

monophasic combined oral contraceptives alter haemostasis in healthy, non-pregnant, 

women. 

 

1.7 Objectives 

1. To determine if maternal coagulopathy, increased circulating MPs and abnormal 

maternal inflammation are correlated, haemostatic function was assessed using TEG and 

standard laboratory tests; plasma MP and TNF levels in normotensive women and 

women with PET were also measured. Furthermore, post-partum analysis of haemostatic 

function was performed to determine whether haemostatic alterations characteristic of 

PET persist six months post-partum. 

 

2. The effects of menstrual cycle phase and OC use on haemostasis in non-pregnant 

females were determined in order to assess whether these factors influence post-partum 

haemostatic assessment.   
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3. To determine if there is a mechanistic link between abnormal maternal inflammation 

and placental MP shedding, the effects of TNF on chorionic villi MP shedding in vitro 

were assessed. This was accompanied by a determination of the pro-coagulant potential 

of chorionic villi MPs to evaluate their role in maternal coagulopathy. 
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Chapter 2 

Methods 

2.1 Clinical studies 

2.1.1 Subject recruitment 

 Approval for this study was obtained from the Queen’s University Faculty of 

Health Sciences Research Ethics Board. All subjects provided written, informed consent. 

Women experiencing normotensive singleton pregnancies and women with pregnancies 

complicated with PET were recruited from Kingston General Hospital (KGH). 

Normotensive subjects were recruited during routine antenatal appointments. Pre-

eclamptic subjects were recruited after admittance to KGH with a diagnosis of PET, as 

defined by systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 

mmHg and proteinuria (≥300 mg/24 hour or ≥30 mg/mmol urinary creatinine or ≥1+ on 

repeat dipstick reading). Obstetric treatment of PET subjects included labetalol for 

management of hypertension and magnesium sulphate for seizure prophylaxis. 

Individuals with a history of chronic hypertension, cardiovascular disease, diabetes, 

gestational diabetes, renal disease and smoking were excluded from the study. Blood was 

collected from normotensive subjects during the third trimester of gestation and from 

PET subjects prior to delivery. To investigate whether haemostatic alterations associated 

with PET persist into the post-partum period, subjects were invited back at six weeks and 

six months post-partum. To account for subjects dropping out of the study and to increase 

sample size, additional subjects were recruited for both the six week and six month time 

points.  
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 To determine whether menstrual cycle phase and OC use influence haemostasis 

post-partum, healthy, non-pregnant women were recruited from the general population of 

Kingston, Ontario. Subjects were divided in two groups based on their contraceptive use: 

1) women using monophasic combined OCs and 2) women not using hormonal 

contraceptives. Women with irregular menstrual cycles, intrauterine device use, a history 

of thromboembolic disorders, hypertension, diabetes, cardiovascular disease, other 

chronic medical conditions, smoking and a body mass index (BMI) greater than 30 kg/m2 

were excluded from the study. To remove potential variability associated with 

physiological adjustment of OC use/discontinuation, non-OC users who had stopped 

using hormonal contraceptives within four months and OC users who had been using 

their OC for less than four months were also excluded from the study. 

 

At recruitment, non-OC women self-reported whether they had a 26-, 28- or 30-

day cycle. Menses was defined as day 2-4 of the cycle and the follicular and luteal phases 

were defined depending on cycle length as follows: follicular phase = days 8-12, 10-14, 

12-16 and luteal phase = days 18-22, 20-24, 22-28 for 26, 28 and 30 day cycles, 

respectively. Only OC users using monophasic combination pills were included to control 

for daily dosage variations of progesterone and ethinyl estradiol found in triphasic 

combination pills. The majority of OCs used by subjects in this study had a seven-day 

placebo phase followed by a 21-day steroid medication phase. However, two subjects 

used an OC with a four-day placebo phase and a 24-day steroid medication phase. For 

OC users, the study was divided into the placebo phase (days 2-4), the early-medicated 
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phase (days 10-14) and the late-medicated phase (days 20-24), with day one being the 

day the first placebo pill was taken. 

 

2.1.2 Blood collection 

Subjects were asked to avoid consuming caffeine, acetylsalicylic acid (ASA) and 

non-steroidal anti-inflammatory drugs (NSAID) prior to blood collection. Venous blood 

was drawn from an antecubital vein into 4.5-ml Vacutainer tubes (Becton Dickinson, 

USA) containing 3.2% sodium citrate (0.105 M). Within two hours of collection, blood 

samples were analyzed using TEG by one of two trained operators, and then underwent 

double centrifugation at 1,600 g for 20 minutes followed by 10,000 g for 10 minutes to 

prepare platelet-poor plasma. Platelet-poor plasma was frozen at -80oC until further 

analysis.  

 

2.1.3 Thromboelastography 

Thromboelastography was performed in strict accordance to the manufacturer’s 

guidelines using a TEG 5000 Thromboelastograph Haemostasis System (Haemoscope 

Corporation, USA) and TEG Analytical Software (TAS) Version 4.2.3 (Haemoscope 

Corporation, USA). Electronic quality tests were performed each day prior to analysis. 

For sample analysis, 340 µl of citrated native blood was re-calcified with 20 µl of 0.2 M 

CaCl2 in a disposable plastic cup at 37oC. Six TEG parameters were analyzed; R time, K 

time, α angle, MA, CI and LY30.  
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2.1.4 Standard haemostatic tests 

 Frozen platelet-poor plasma was thawed to room temperature. Prothrombin time, 

APTT and fibrinogen concentrations were measured using a Sysmex CA-500 coagulation 

analyzer (Sysmex Corporation, Japan) and the listed reagents or kits in parentheses: PT 

(Dade Innovin, Siemens Healthcare Diagnostics Products Gmbh, Germany); APTT 

(Dade Actin Activated Cephaloplastin Reagent, Siemens Healthcare Diagnostics 

Products Gmbh, Germany); and fibrinogen concentration (Multifibren* U, Siemens 

Healthcare Diagnostics Products Gmbh, Germany). All standard laboratory haemostatic 

tests were performed by one of two trained operators.  

 

2.1.5 Plasma tumour necrosis factor alpha analysis 

 Plasma concentration of TNF in pregnant subjects was quantified using enzyme-

linked immunosorbent assay (ELISA) (eBioscience Inc, USA) following the 

manufacturer’s instructions. Samples were tested in triplicate and a mean value was 

determined. Levels were considered undetectable if they fell below the minimum 

detectable concentration of the kit (4 pg/ml).  

 

2.1.6 Flow cytometric analysis of circulating microparticles 

 Platelet-poor plasma was thawed on ice and each sample was analyzed for both 

total circulating MPs and trophoblast derived MPs. Thirty microliters of platelet-poor 

plasma was diluted in 70 µl of staining buffer (BD Biosciences; Canada) filtered through 

a 0.2 µm pore diameter filter. To reduce non-specific binding, diluted plasma was 

incubated with 5 µl of human Fc receptor blocker (BD Biosciences; Canada), filtered 
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through a 0.2 µm pore diameter filter, for 10 minutes. To assess total circulating MPs, 

samples were incubated in 5 µl of fluorescein isothiocyanate (FITC)-conjugated annexin-

V (BD Biosciences, Canada) to stain for phosphatidylserine and 20 µl of phycoerythrin 

(PE)-labelled anti-human CD142 (BD Biosciences, Canada) to stain for TF. For 

trophoblast derived MP assessment, samples were incubated with 20 µl FITC-labelled 

anti-human NDOG1 (Santa Cruz Biotechnology Inc, USA), a specific monoclonal 

antibody that recognizes a syncytiotrophoblast-specific protein, and 20 µl of PE-labelled 

anti-human CD142 (BD Biosciences, Canada). Samples were diluted in 1X annexin-V 

binding buffer (BD Biosciences, Canada) filtered through 0.2 µm pore diameter filter to 

bring the total volume to 220 µl prior to incubation on ice, in the dark. After 30 minutes 

of incubation, samples were fixed in 250 µl of 2% paraformaldehyde (PFA) filtered 

through a 0.2 µm filter and 30 µl of beads with a known concentration (Absolute Count 

Standard Beads; Bangs Laboratories, Inc, USA) were added. Samples were analyzed on a 

Cytomics FC 500 series flow cytometer (Beckman Coulter, USA). Logarithmic scales for 

forward scatter and side scatter parameters were used and MPs were gated for size using 

1 µm latex beads (Sigma Aldrich, USA). Background noise of the machine was assessed 

using a blank sample of filtered 1% PFA. To assess compensation settings, unstained and 

single stained controls were used, and conjugated isotype-matched immunoglobulin (PE-

IgG1 κ [eBiosciences Inc, USA]; FITC-IgM [Santa Cruz Biotechnology Inc, USA]) with 

no reactivity to human antigens were used to account for non-specific binding. 

Microparticles were defined as events stained positive for FITC-annexin-V while TF 

positive MPs were defined as events stained double-positive for both FITC-annexin-V 

and PET-CD142. Similarly, trophoblast derived MPs were defined as events stained 
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positive for FITC-NDOG1, while TF positive trophoblast derived MPs were defined as 

events stained double positive for both FITC-NDOG1 and PE-CD142. Plasma MP levels 

were calculated using the ratio of known number of beads added to each tube using the 

following formula: # MP/ µl = MP event count × bead concentration × plasma dilution / 

bead event count.  

 

2.1.7 Statistical analysis 

Statistical analysis was performed using GraphPad Prism version 6. To assess 

differences in demographic characteristics between non-pregnant subjects, an unpaired 

two-tailed Student’s t-test was performed for each characteristic. Demographic 

characteristics in pregnant subjects were assessed using a two-way ANOVA and a 

Bonferroni post hoc multiple comparison test. In non-pregnant subjects, repeated 

measures one-way ANOVA and Bonferroni post hoc multiple comparison tests were 

used to analyze the influence of phase on each TEG parameter and on standard 

haemostatic test results within each group. To analyze the influence of OC use on TEG 

parameters and standard haemostatic tests, for each non-OC user, the mean value for the 

three phases of each parameter was determined. A two-tailed Student’s t-test was 

performed on this value against each phase for OC users. In pregnant subjects, two-way 

ANOVA and Bonferroni post hoc multiple comparison tests were used for each TEG and 

standard haemostatic test parameter. To assess differences in plasma TNF levels and 

circulating plasma MP levels between normotensive and PET subjects, unpaired two-

tailed Student’s t-tests were performed. When data were not normally distributed, non-

parametric tests were used. A p value < 0.05 was considered statistically significant. 
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2.2 In vitro studies 

2.2.1 Collection and culture of chorionic villi explants 

Human term placentas were obtained from uncomplicated pregnancies 

immediately after caesarean delivery at Kingston General Hospital, Kingston, ON. 

Avoiding the basal and chorionic plates, tissue was collected from at least five randomly 

selected sites free of calcification. Tissue was transported back to the laboratory in 

individual sterile containers of ice-cold PBS (Invitrogen, Canada). To remove excess 

blood, tissue was rinsed in ice-cold PBS, then chorionic villi were dissected on ice. Five 

chorionic villi explants were cultured in Costar Netwell supports (15-mm diameter, 74-

µm mesh; Cole-Parmer, Canada) per well, with 1.4 mL of serum-free RPMI 1640 

medium (Invitrogen, Canada) filtered through a filter with 0.2-µm diameter pores. 

 

 Explants were treated with or without TNF (0 ng/mL, 1 ng/mL or 10 ng/ml; 

Sigma Aldrich, USA) and incubated at 37oC for 6, 12 and 24 hours in a humidified 

plexiglass chamber flushed with a gas mixture of 5% CO2 and 95% N2. Oxygen 

concentration within the chamber was maintained at 8% (PO2 = 60 mmHg), placental 

physiological concentration, by oxygen regulators (ProOx 110; Biospherix Inc., USA). 

Two wells of explants were incubated per condition. 

 

After incubation, explants from each well were collected and snap frozen for 

protein analysis. Media from each well were collected and processed as follows: either 1) 

total volume was recorded and media were double centrifuged (1,500 g for 10 minutes 

then 1,500 g for 5 minutes) to remove debris then snap frozen and stored at -80oC for 
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flow cytometric analysis or 2) immediately snap frozen and stored at -80oC for use in 

blood spiking experiments. 

 

2.2.2 Flow cytometric analysis 

 Media were thawed on ice and each sample was analyzed for both total MPs and 

TF positive MPs. One hundred microliters of each sample was incubated with 5 µl of 

FITC-conjugated annexin-V (BD Biosciences, Canada) to stain for phosphatidylserine 

and 20 µl of PE-labelled anti-human CD142 (BD Biosciences, Canada) to stain for TF. 

Prior to incubation on ice in the dark, samples were diluted in 1X annexin-V binding 

buffer (BD Biosciences, Canada) filtered through 0.2-µm pore diameter filter to bring the 

total volume to 220 µl. Samples were fixed in 250 µl of 2% PFA filtered through a 0.2-

µm pore diameter filter after a 30 minute incubation, and 30 µl of beads with a known 

concentration (Absolute Count Standard Beads; Bangs Laboratories, Inc, USA) were 

added to each sample. Analyses were performed on a Cytomics FC 500 series flow 

cytometer (Beckman Coulter, USA). Logarithmic scales for forward scatter and side 

scatter parameters were set and MPs were gated for size using 1-µm latex beads (Sigma 

Aldrich, USA). To assess background noise, a blank sample of filtered 1% PFA was 

used. Unstained and single stained controls were used to assess compensation and anti-

mouse PE-IgG1 κ (BD Biosciences, Canada) was used as an isotype-matched control for 

non-specific binding. Microparticles were defined as events stained positive for FITC-

annexin-V while TF positive MPs were defined as events stained double positive for both 

FITC-annexin-V and PE-CD142. 
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 A Bradford protein assay was performed on the corresponding tissue from each 

sample in order to standardize MP count to amount of chorionic villi cultured. Number of 

MPs per µg of protein was calculated using the following formula: # MP/ µg protein = 

[MP event count × bead concentration × plasma dilution / bead event count] * total 

volume of media cultured/ total protein cultured.  

 

2.2.3 Spiking normal whole-blood with microparticles 

Frozen media from explants treated with 0 and 1 ng/ml of TNF for 24 hours were 

thawed to room temperature, double centrifuged (1,500 g for 10 minutes then 1,500 g for 

5 minutes) to remove debris, and ultra-centrifuged at 100,000 g (Optima L-100 XP; 

Beckman Coulter, USA) to pellet MPs. Microparticles were resuspended in 150 µl of 

serum-free RPMI 1640 medium (Invitrogen, Canada). In order to standardize the amount 

of MPs used to spike blood, a Bradford protein assay was performed on the 

corresponding tissue. Medium was then diluted to a final concentration of 1.5 µg of 

protein/ µl of media. From a healthy volunteer, venous blood was drawn, spiked and then 

analyzed using TEG. Samples were run two at a time. In brief, 40 µl of either plain 

medium as a control or medium with MPs were added to 300 µl of citrated native whole-

blood, and re-calcified with 20 µl of 0.2 M CaCl2. Six TEG parameters were analyzed; R 

time, K time, α angle, MA, CI and LY30.  

 

2.2.4 Statistical analysis 

Statistical analysis was performed using GraphPad Prism version 6. To 

investigate differences in number of MP shed from chorionic villi, a two-way ANOVA 
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with Bonferroni post-hoc multiple comparison tests were performed. A one-way 

ANOVA with a Bonferroni post-hoc multiple comparison test was used for each TEG 

parameter to investigate the effect of MP spiking on whole-blood. When data were not 

normally distributed, non-parametric tests were used. A p value < 0.05 was considered 

statistically significant. 
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Chapter 3 

Results 

3.1 Clinical studies 

3.1.1 Demographic characteristics 

Thirty-three healthy, non-pregnant subjects were recruited, 15 OC users and 18 

non-OC users. There were no differences (p > 0.05) in demographic characteristics 

between the two groups (Table 3.1). A total of 59 pregnant subjects were recruited, 28 

normotensive and 31 PET subjects, however not all subjects participated at each point of 

assessment. There were no differences (p > 0.05) in age, gravidity, gestational age with 

respect to the study and the pre-pregnant BMI between groups and within groups across 

time assessments. At term/delivery, PET subjects had significantly greater BMI than 

normotensive subjects (p < 0.01). Furthermore, at delivery, PET subjects had 

significantly greater BMI when compared to six weeks (p < 0.01) and six months 

postpartum (p < 0.001). Both systolic and diastolic blood pressures were significantly 

greater at term/delivery (p < 0.001 for both), six weeks (p < 0.01 for both) and six months 

(p < 0.001 for both) post-partum in PET subjects when compared to normotensive 

subjects. Moreover, in PET subjects, both systolic and diastolic blood pressures were 

greater at delivery when compared to six week (p < 0.001 for both) and six month time 

assessments (p < 0.001; Table 3.2).  
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Table 3.1 Demographic characteristics of non-pregnant subjects. 

 
Non-OC users 

 (n=18) 
OC users 

(n=15) 

Age (yrs) 23.0 (21-28) 23.0 (21-32) 

Height (cm) 164.4 (148.5-177) 166.0 (156.5-178.5) 

Weight (kg) 59.7 (40.4-81.2) 63.9 (52.8-82) 

BMI (kg/m2) 22.1 (17.6-30.2) 23.3 (18-33.5) 

Gravidity (n, [%]) 0 (0) 1 (7) 

OC (n [%])  

Marvelon 

 

2 (13.3) 

Allesse 6 (40) 

Diane-35 2 (13.3) 

Yasmin 3 (20) 

Yaz 2 (13.3) 

Results are mean (range). 
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Table 3.2 Demographic characteristics of pregnant subjects. 

  

Term/Delivery   Six Weeks   Six Months   

NRM  
(n=21) 

PET  
(n=8) 

p value 
NRM 

 (n=22) 
PET  

(n=19) 
p value 

NRM  
(n=20) 

PET  
(n=26) 

p value 

Age (yr) 29.6  
(20-40) 

34.1  
(25-44) 0.055 

30.5  
(24-40) 

32.5 
(22-44) 0.219 

29.8 
(24-40) 

32.9 
(21-44) 0.059 

Gravidity  1.9 
(1-4) 

2.1  
(1-4) 0.792 

2.1  
(1-4) 

2.0 
(1-6) 0.383 

2.0 
(1-4) 

2.1 
(1-6) 0.910 

GA 
at study (wks) 

37.6 
(32.7-39.6) 

33.8  
(29.6-39) 0.105   

PP BMI 
(kg/m2) 

23.4  
(18.3-33.9) 

28.7  
(18.7-48.5) 0.056 

23.7  
(18.3-33.9) 

26.5  
(18.7-48.4) 0.741 

23.5 
(18.3-33.9) 

26.2 
(18.7-48.4) 0.526 

BMI at study  
(kg/m2) 

29.3 
(23.6-43.6) 

39.7 
(23.8-65.0) < 0.01 

26.2 
(21.0-38.1) 

29.2** 
(19.48-46.1) 0.316 

25.0 
(18.6-39.8) 

28.3*** 
(18.9-45.9) 0.346 

BP  
(mmHg)   

Systolic 114.1  
(103-125) 

169.6  
(151-190) < 0.001 

108.9  
(95-128) 

118.1*** 
(102-131) < 0.01 

105.9* 
(89-120) 

122.2*** 
(98-160) < 0.001 

Diastolic 72.5  
(56-82) 

100.3  
(94-114) < 0.001 

70.3  
(56-83) 

78.4*** 
(68-92) < 0.01 

69.7 
(52-80) 

83.7*** 
(64-111) < 0.001 

Results are mean (range). NRM = normotensive subjects; PET = pre-eclamptic subjects; GA = gestational age; BMI = body mass 

index; BP = blood pressure; ** p < 0.01 when compared to term/delivery within same subject group; *** p < 0.001 when compared to 

term/delivery within same subject group.  
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3.1.2 Thromboelastography identifies cyclic haemostatic variations in healthy 

women using oral contraceptives 

There were no differences (p > 0.05) in TEG parameters or standard haemostatic 

test results between menstrual cycle phases of non-OC users (Table 3.3). However, 

during the late-medicated phase, OC users had a significantly shorter R time and K time 

when compared to the placebo (p < 0.001 and 0.01, respectively) and the early-medicated 

phases (p < 0.01 for both). Furthermore, α angle and CI were significantly greater during 

the late-medicated phase when compared to the placebo (p < 0.05 and 0.01, respectively) 

and early-medicated phases (p < 0.05 and 0.01, respectively). There were no differences 

(p > 0.05) in MA and LY30 between phases (Figure 3.1). No differences (p > 0.05) in 

outcomes obtained using standard laboratory haemostatic tests (PT, APTT, and 

fibrinogen concentration) were observed between the placebo phase and any of the 

steroid medication phases in the OC cohort (Figure 3.2). 

 

 There were no differences (p > 0.05) in TEG parameters when the placebo and 

early-medicated phases were compared to non-OC users).  However, when compared to 

non-OC users, the late-medicated phase was characterized by a significantly shorter R 

time and K time (p < 0.001 for both). Moreover, when compared to non-OC users, OC 

users had a greater α angle, MA and CI (p < 0.01, 0.05, and 0.001, respectively) during 

the late-medicated phase. No differences (p > 0.05) were seen between non-OC and OC 

users for LY30 (Figure 3.1).  
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Table 3.3 Thromboelastographic and standard haemostatic test results of non-oral 

contraceptive users. 

 M F L 

R time (min) 9.2 ± 3.1 8.6 ± 2.6 8.4 ± 2.0 

K time (min) 2.4 ± 0.9 2.4 ± 0.8 2.4 ± 0.6 

α angle (deg) 58.9 ± 8.6 58.8 ± 8.3 58.1 ± 5.9 

MA (mm) 60.2 ± 6.4 62.1 ± 5.5 61.8 ± 3.7 

CI 1.3 ± 1.5 1.8 ± 1.3 1.8 ± 0.7 

LY30 (%) 1.4 ± 1.3 1.4 ± 2.2 1.1 ± 1.2 

PT (sec) 11.5 ± 1.2 12.0 ± 1.0 11.4 ± 1.1 

APTT (sec) 30.6 ± 3.5 30.8 ± 3.5 30.8 ± 3.8 

Fibrinogen (g/L) 4.6 ± 0.5 4.6 ± 0.5 4.7 ± 0.4 

Results are mean ± standard deviation. M = menses; F = follicular phase; L = luteal 

phase; R time = reaction time; K time = kinetics time; MA = maximum amplitude; CI = 

coagulation index; LY30 = percent fibrinolysis 30 mins after MA; PT = prothrombin 

time; APTT = activated partial thromboplastin time. 
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Figure 3.1 Influence of phase and oral contraceptive use on thromboelastographic 

test parameters. 

Boxes represent the 25th and 75th percentile, horizontal lines represent the median and 

whiskers represent minimum and maximum values. P = placebo phase; EM = early-

medicated phase; LM = late-medicated phase; NOC = non-OC users; R time = reaction 

time; K time = kinetics time; Angle = α angle; MA = maximum amplitude; CI = 

coagulation index; LY30 = fibrinolysis after 30 minutes; * p < 0.05; ** p < 0.01; *** p < 

0.001. 
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In OC users, both PT and APTT were significantly shorter during the placebo 

phase (p < 0.001 and 0.01, respectively), the early-medicated phase (p < 0.001 and 0.01, 

respectively) and the late-medicated phase (p < 0.001 and 0.01, respectively) when 

compared non-OC users. Furthermore, OC users had significantly higher plasma 

fibrinogen concentration during the placebo phase, the early-medicated phase and the 

late-medicated phase when compared to non-OC users (p < 0.05 for all three; Figure 3.2). 

 

3.1.2 Pre-eclampsia is associated with increased coagulability at delivery 

Thromboelastography results for all normotensive and PET subjects are shown in 

Figure 3.3. When compared to six weeks postpartum, normotensive subjects had shorter 

R time at term (p = 0.06). Pre-eclamptic subjects had significantly shorter R time at 

delivery, when compared to six weeks (p < 0.05) and six months (p < 0.01) postpartum. 

Furthermore, K time was significantly shorter at term/delivery for both normotensive and 

PET subjects when compared to six weeks (p < 0.01 for both) and six months (p < 0.001 

for both) post-partum. For both normotensive and PET subjects, when compared to six 

weeks and six months post-partum, α angle (normotensive p < 0.01 and 0.001, 

respectively; PET p < 0.001 for both), MA (normotensive p < 0.001 and 0.01, 

respectively; PET p < 0.001 for both) and CI (normotensive p < 0.001 and 0.01, 

respectively; PET p < 0.001 for both) were significantly greater at term/delivery. 

Moreover, PET subjects had greater MA (p = 0.076) and significantly greater CI (p < 

0.05) at delivery than normotensive subjects at term. There were no differences (p > 0.05) 

in LY30 within or between normotensive and PET subjects.  
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Figure 3.2 Influence of phase and oral contraceptive use on standard laboratory 

haemostatic tests. 

Boxes represent the 25th and 75th percentile, lines represent the median and whiskers 

represent minimum and maximum values. P = placebo phase; EM = early-medicated 

phase; LM = late-medicated phase; NOC = non-OC users; PT = prothrombin time; APTT 

= activated thromboplastin time; * p < 0.05; ** p < 0.01; *** p < 0.001.  
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Figure 3.3 Thromboelastograhpic results for pregnant subjects at all time 

assessments. 

Boxes represent the 25th and 75th percentile, horizontal lines represent the median and 

whiskers represent minimum and maximum values. NRM = normotensive subjects; PET 

= pre-eclamptic subjects; T/D = term/delivery; 6W = 6 weeks; 6M = 6 months; R time = 

reaction time; K time = kinetics time; Angle = α angle; MA = maximum amplitude; CI = 

coagulation index; LY30 = fibrinolysis after 30 minutes; † p < 0.1; * p < 0.05; ** p < 

0.01; *** p < 0.001.   
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Standard haemostatic test results for all pregnant subjects are shown in Figure 3.4. 

Normotensive subjects had significantly shorter PT at term when compared to six weeks 

(p < 0.01) and six months (p < 0.001) post-partum. Furthermore, at term, PT was 

significantly shorter in normotensive subjects when compared to PET subjects (p < 

0.001). However, APTT was shorter in PET subjects when compared to normotensive 

subjects at term (p < 0.05). Plasma fibrinogen concentration was greater within both 

normotensive and PET subjects at term when compared to six weeks (p < 0.001 and 0.05; 

respectively) and six months (p < 0.001 for both) post-partum. Moreover, plasma 

fibrinogen concentration was greater at six weeks when compared to six months in PET 

subjects (p < 0.05) 

 

3.1.3 Plasma tumour necrosis factor alpha levels 

 Analysis of plasma TNF levels was performed for 14 normotensive and nine PET 

subjects. Except for those of five normotensive and two PET subjects, all values fell 

below the limit of detection and were assigned a value of 4 pg/ml. There were no 

differences (p > 0.05) in plasma TNF levels between the two subject groups (Figure 3.5). 

 

3.1.4 Circulating microparticle levels 

Circulating MP levels were analyzed in eight normotensive and six PET subjects. 

There were no differences (p > 0.05) in total MP nor total TF positive MP levels between 

normotensive and PET subjects. Furthermore, no differences (p > 0.05) were detected 

between normotensive and PET subjects in trophoblast derived MPs nor trophoblast 

derived TF positive MP levels (Figure 3.6). 



 

 

 

41 

 

 

 

Figure 3.4 Standard haemostatic test results for pregnant subjects at all time 

assessments. 

Boxes represent the 25th and 75th percentile, horizontal lines represent the median and 

whiskers represent minimum and maximum values. NRM = normotensive subjects; PET 

= pre-eclamptic subjects; T/D = term/delivery; 6W = 6 weeks; 6M = 6 months; PT = 

prothrombin time; APTT = activated thromboplastin time; * p < 0.05; ** p < 0.01; *** p 

< 0.001.   
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Figure 3.5 Plasma tumor necrosis factor alpha levels in pregnant subjects at term. 

Error bars represent standard deviation. NRM = normotensive subjects (n = 14); PET = 

pre-eclamptic subjects (n = 9).  
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Figure 3.6 Circulating plasma microparticle levels in pregnant subjects. 

Error bars represent standard deviation. NRM = normotensive subjects (n = 8); PET = 

pre-eclamptic subjects (n = 6). (A) Circulating plasma total microparticle levels. (B) 

Circulating plasma total tissue factor positive microparticle levels. (C) Circulating plasma 

trophoblast derived microparticle levels. (D) Circulating plasma trophoblast derived 

tissue factor positive microparticle levels.  
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3.2 In vitro studies 

3.2.1 Tumour necrosis factor alpha induces chorionic villi microparticle 

shedding 

 Chorionic villi from six placentas were analyzed; however, one placenta was only 

used for 6- and 12-hour time points, and another was only used for the 24-hour time 

point, giving a total sample size of five for each time point. Results were analyzed as 

percent change from untreated chorionic villi for each time point, due to different 

baseline MPs shed from each placenta. There were no differences (p > 0.05) in the 

number of MPs shed from chorionic villi treated with 0, 1 or 10 ng/ml of TNF after 6 and 

12 hours. After 24 hours, significantly more MPs were shed from chorionic villi treated 

with 1 ng/ml TNF compared to those not treated with TNF (p < 0.05). Furthermore, after 

treatment with 1 ng/ml TNF, there were significantly more MP shed after 24 hours than 

after 12 hours (Figure 3.7). While there were no differences (p > 0.05) in the number of 

TF positive MPs shed from chorionic treated with 0, 1 or 10 ng/ml of TNF after 6 and 12 

hours, after 24 hours, when compared to chorionic villi not treated with TNF, those 

treated with 1 ng/ml TNF shed significantly more TF positive MPs (p < 0.05; Figure 3.8).  

 

3.2.2 Placental microparticles are pro-coagulant 

 Blood spiked with MPs from untreated chorionic villi and chorionic villi treated 

with 1 ng/ml TNF had significantly shorter R times when compared to blood spiked with 

medium alone (p < 0.05 for both). Furthermore, blood spiked with MPs from untreated 

chorionic villi had greater CI when compared to blood spiked with medium alone (p = 

0.08). There were no differences (p > 0.05) in K time, α angle, MA and LY30 between 
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blood spiked with media, and blood spiked with MPs from untreated chorionic villi and 

chorionic villi treated with 1 ng/ml TNF (Figure 3.9).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

46 

 

 

 

Figure 3.7 Percent change in microparticles shed from chorionic villi treated with 

tumor necrosis factor alpha after 6, 12 and 24 hours. 

Error bars represent standard deviation. Data is represented as percent change in # MP 

shed / µg protein compared to untreated condition (n = 5). 
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Figure 3.8 Percent change in tissue factor positive microparticles shed from 

chorionic villi treated with tumor necrosis factor alpha after 6, 12 and 24 hours. 

Error bars represent standard deviation. Data is represented as percent change in # TF 

positive MP shed / µg protein compared to untreated condition (n = 5). 
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Figure 3.9 Influence of placental microparticles on thromboelastographic 

parameters. 

Lines represent means and whiskers represent minimum and maximum values. MP = 

microparticles; TNF = tumor necrosis factor alpha; R time = reaction time; K time = 

kinetics time; Angle = α angle; MA = maximum amplitude; CI = coagulation index; 

LY30 = fibrinolysis after 30 minutes; † p < 0.1; * p < 0.05. 
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Chapter 4 

Discussion 

A novel finding presented in this thesis is that the pro-inflammatory cytokine, 

TNF, is linked to increased shedding of pro-coagulant MPs from chorionic villi of term 

human placentas. This provides evidence in support of the concept that abnormal 

maternal inflammation in pregnancy is causally linked to the development of maternal 

coagulopathies, which may contribute to poor maternal outcomes. Furthermore, we 

demonstrate that TEG is a more sensitive tool than standard laboratory tests for 

evaluating haemostatic function of women diagnosed with PET prior to delivery. 

Additionally, we show for the first time that haemostatic alterations associated with PET 

identified at delivery using TEG subside by six weeks post-partum. In non-pregnant 

women, TEG can identify cyclic haemostatic variations associated with OC use.  

 

Thromboelastography provides a rapid, convenient and effective method of 

monitoring whole-blood haemostasis, which may be advantageous over standard 

laboratory haemostatic tests. Clinical and research applications of TEG have increased in 

recent years, particularly in obstetrics (104). This requires the establishment of TEG 

reference values in women, as well as further investigation into factors that may alter 

TEG results during prior to pregnancy, throughout gestation and post-partum.   

 

It has long been established that exogenous hormone administration, including 

OC use, is associated with increased risk for venous thromboembolism. Studies have 
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determined that OC use promotes a pro-thrombotic state through enhanced activity of 

pro-coagulant factors and decreased anti-coagulant effects (76). However, haemostatic 

alterations within an OC steroid medication cycle have never been investigated. Using 

TEG, we show for the first time that haemostatic function varies throughout a single 

medicated cycle of combined, monophasic OC use. Testing during a single OC steroid 

medication cycle, we demonstrated that OC users have reduced clot formation time (R 

time), increased clot formation rate (K time and α angle) and greater overall whole-blood 

coagulability (CI) during the late-medicated phase when compared to the placebo and 

early-medicated phases. These differences in haemostatic parameters cannot be explained 

by variations in steroid dose within individuals, as daily dose was controlled for by 

monophasic OC use. We propose that these differences result from an accumulation of 

pro-thrombotic effects of OCs during hormone administration, followed by a reduction of 

these effects during placebo administration. Standard laboratory haemostatic tests were 

unable to detect differences between steroid medication phases, indicating that TEG may 

be more sensitive at identifying the effects of exogenous hormone administration in 

healthy non-pregnant women.  

 

Our results are consistent with previous findings that describe increased 

coagulability with the use of OCs (120). Oral contraceptive users had significantly 

shorter PT and APTT, and greater plasma fibrinogen concentration, indicating greater 

potential coagulability during the placebo, early-medicated and late-medicated phases of 

the steroid medication cycle. However, TEG detected a difference in coagulability 

between these two groups only during the late-medicated phase. While seemingly 



 

 

 

51 

contradictory to our findings of the increased sensitivity of TEG at detecting haemostatic 

variations within OC users, a possible explanation lies in the nature of standard 

laboratory haemostatic tests. While TEG is a measure of global, whole-blood 

haemostasis, PT and APTT examine different aspects of plasma coagulation independent 

of each other while excluding the key contribution of platelets to the haemostatic process 

and fibrinogen concentration measures one aspect of haemostasis in isolation. Separately, 

these tests may reveal differences, however when whole-blood global haemostasis is 

assessed through TEG, these differences may no longer be evident until the late-

medicated phase. This may explain why Scarpelini et al. did not detect an influence of 

OC use on TEG parameters when taken at random times throughout the cycle (121). 

Finally, neither TEG nor standard laboratory haemostatic tests were able to detect 

variation in test parameters during the menstrual cycle in non-OC users, indicating that 

natural hormonal fluctuations in non-pregnant women may not significantly alter whole-

blood haemostasis.  

 

Menstrual cycle phases and OC steroid medication phases are not equivalent; the 

menstrual cycle is characterized by large fluctuations in female sex hormones, while 

hormone levels during OC steroid medication phases exceed physiological levels and 

remain constant. Thus, to compare the effects of OC use on TEG parameters, phases 

could not be matched for analysis. However, there were no significant differences in 

coagulation parameters between phases in the non-OC group. For this reason, we justified 

combining the coagulation parameters in the three menstrual cycle phases of the non-OC 

cohort to allow for comparison with each phase of the OC steroid medication cycle. 
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While normal pregnancy is associated with hypercoagulability, PET represents an 

exaggeration of this state. In women who develop PET, abnormal activation of the 

coagulation system and changes in fibrinolytic activity may further contribute to disease 

progression, and serious complications associated with DIC may arise (100,101). Our 

results are consistent with previous studies using TEG to describe increased coagulability 

in pregnancies complicated with PET (122–124), as demonstrated by greater whole-blood 

coagulability (CI) and greater clot strength (MA) in PET subjects at delivery, when 

compared to normotensive controls. Though changes in fibrinolysis have been previously 

observed in PET patients, as revealed by a decreased circulating AT (95), increased PAI-

1 (96) and APC resistance (97), perhaps the net effect of these changes are not sufficient 

to significantly alter global whole-blood fibrinolysis as evaluated by TEG, explaining 

why there are no differences in LY30. Finally, it has been shown that in women with 

PET, those with thrombocytopenia (platelet count < 100,000/mm3) exhibit TEG 

parameters indicative of hypocoagulability (124). Within our subject group however, 

TEG did not reveal impaired coagulability in any pregnant subjects. While platelet count 

was not assessed, we can infer that our PET subjects were of the subset whose increased 

coagulability has not progressed to the more serious phenotype of thrombocytopenia or 

DIC.  

 

Variability in results between standard laboratory tests performed in patients with 

PET can been seen in the literature. The majority of studies have described little to no 

differences between PT, APTT and fibrinogen in PET patients with normal platelet 

counts, with abnormal test results only found with a diagnosis of thrombocytopenia 
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(123,125,126). In our study, we found that at term/delivery, PT and fibrinogen levels did 

not reveal increased coagulability in PET subjects. In fact, our results unexpectedly 

revealed that PT was reduced in normotensive subjects when compared to PET subjects 

at term/delivery, with PT not changing between delivery and post-partum in PET 

subjects. This was in contrast to APTT, which was reduced in PET patients at delivery, 

when compared to the post-partum and normotensive subjects at term. Reasons for these 

inconsistencies are not clear, however a potential explanation may be that within our PET 

subjects, the propagation phase was more altered than the initiation phase, which 

remained relatively unchanged compared to post-partum. Recruiting a greater number of 

PET subjects may reveal differences not seen in this subject pool of eight. Furthermore, 

TEG may simply be more powerful at detecting differences in haemostasis between 

normotensive and PET subjects at term/delivery.  

 

It has been well described in previous studies that normal haemostatic function 

resolves to non-pregnant baseline by four to six weeks post-partum (87). However, to our 

knowledge, no studies have used TEG to specifically examine post-partum haemostatic 

function in women with pregnancies complicated with PET. Whether haemostatic 

alterations, like endothelial dysfunction (127), persist in the post-partum period is 

unknown. In this study, we demonstrated that haemostatic alterations associated with 

both normotensive and PET pregnancies, as measured by TEG, appear to resolve by six 

weeks post-partum, and remain stable at six months post-partum. Though we have 

detected an influence of OC use on TEG results in non-pregnant women, we do not 

anticipate that this significantly affected post-partum TEG results, as no differences were 
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found at six weeks or six months. Subjects were assessed at random times throughout the 

menstrual and steroid medication cycles post-partum, therefore any affect due to OC use 

in the late medicated phase only occurred in a select few subjects, and was most likely 

masked.  

   

 Haemostasis may also be affected by many factors that could not be controlled 

for in this study, including mental stress (128) and circadian variations (129). Differences 

in these factors among non-pregnant and pregnant subjects cannot be ruled out and may 

have influenced individual TEG and standard laboratory test results. Furthermore, while 

our results revealed statistically significant differences, these differences may not be 

clinically representative of an underlying pathological state.  

 

 Abnormal maternal inflammation has been implicated in the pathogenesis of PET, 

and previous work in our laboratory has demonstrated that in rats, TNF mediates 

deficient spiral artery remodeling, reduced utero-placental perfusion, placental nitrosative 

stress, fetal growth restriction and maternal coagulopathy observed in a PET-like 

pregnancy complication (57,58). In this thesis, we proposed that in humans, the 

hypercoagulability characteristic of PET is associated with pro-coagulant trophoblast MP 

shedding resulting from abnormal maternal inflammation. Though PET subjects 

demonstrated the anticipated increased coagulability, the majority of plasma TNF levels 

fell below the limit of detection, and did not differ from the normotensive subjects as has 

been previously reported (130). In women with PET, Serin et al. described a rise in TNF 

in the third trimester. This was in contrast to normotensive pregnancies, in which TNF 
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levels did not vary throughout gestation (59). However, the mean gestational age at 

assessment in their study was approximately 30 weeks, much lower than in our study, in 

which the majority of subjects were assessed during weeks 38-40. Moreover, TNF has 

been described as a potent labour inducer in which plasma concentrations increase 

throughout gestation, indicating the potential for a natural rise in TNF levels at the end of 

the third trimester in healthy pregnancies (131). Thus, it is possible that the greater 

gestational age of normotensive subjects masked higher TNF levels in PET subjects. 

However, this does not explain why more than half of PET subjects studied had TNF 

levels that fell below the detection limit. Moreover, all but one PET subject were 

diagnosed with severe PET, therefore disease severity does not appear to account for this 

absence of difference either. A longitudinal study of TNF levels during the third trimester 

in healthy pregnancies and pregnancies complicated with PET would provide valuable 

insight into the role of gestational age on systemic TNF in our two subject groups.  

 

 Microparticles have been associated with various disease states and have been 

shown to induce pro-thrombotic activity due to surface phosphatidylserine and TF (111). 

Previous studies have described an overall increase in circulating MPs in PET, including 

those of syncytiotrophoblast origin (110).  In our study, no differences were found in 

neither circulating total MPs nor total TF positive MPs between normotensive and PET 

subjects. Similarly, there were no differences between trophoblast derived MPs as well as 

trophoblast derived TF positive MPs between subject groups. In comparison with other 

studies investigating circulating MP levels in PET patients, the number of reported MPs 

in our study appear to be much lower, indicating an overall deficiency in circulating MPs 
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.  

Lack of standardization of MP preparation protocols has been an ongoing point of 

contention in the area of MP analysis. Previous studies have shown that pre-analytical 

variables, such as centrifugation protocol and long term freezing, may influence the 

number of MPs detected. Dey-Hazra et al. found that prior to MP isolation, centrifugation 

at 5,000 g for five or 15 minutes decreased the number of detected MPs in the plasma of 

healthy volunteers 10- to 15-fold when compared to centrifugation at 1,500 g for 15 

minutes (132). Furthermore, van Ierssel et al. described a two-fold reduction in 

endothelial MPs analyzed by flow cytometry when plasma was subjected to 

centrifugation at 10,000 g for 10 minutes (133). Thus, it is likely that our second 

centrifugation step of 10,000 g for 10 minutes depleted maternal plasma of MPs in both 

subject groups. Similarly, prolonged freezing prior to flow cytometric analysis has been 

shown to significantly reduce detected MPs (132,134). Maternal plasma samples were 

stored for varying lengths of time, due to the variability in when subjects were recruited. 

For this reason, it may be possible that inconsistency in the length of freezer storage may 

have altered the number of MPs detected in plasma samples.  

 

Microparticles are constitutively shed from cells under normal physiological 

conditions, however, it has been shown that various stimuli induce increased MP 

shedding, including oxidative stress, complement and inflammation (4). Previous studies 

have described greater MP shedding in endothelial cells cultured with TNF (135), as well 

as correlation between increased TNF levels and greater circulating platelet and 

endothelial cell MPs in diabetic patients (136). Though it has been shown that 
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syncytiotrophoblast MPs can contribute to pro-inflammatory responses (137), the effects 

of inflammation on trophoblast MP release has never, to our knowledge, been 

investigated. We have demonstrated that TNF induces MP shedding from chorionic villi 

in a time- and dose-dependent manner. While TNF has been shown to have a dose-

dependent influence on MP release in endothelial cells, Combes et al. reported increased 

MP shedding for greater doses of TNF, up to 100 ng/ml (135). This is in contrast to our 

findings of greater MP shedding with the lowest TNF dose of 1 ng/ml. The reasons for 

this discrepancy are not clear, but may be due a difference in physiology between 

trophoblast and endothelial cells. Furthermore, systemic TNF levels in women with PET 

have been reported to be closer to 1 ng/ml than 10 ng/ml (59,130), indicating that 1 ng/ml 

may be more similar to the disease state of PET than 10 ng/ml. Combes et al. also 

described greater blebbing of endothelial cell membranes at six hours post TNF 

treatment, indicating potentially greater MP shedding. However, we did not detect a 

difference in MP shedding until 24 hours. This may simply be because by 24 hours, 

enough MPs had accumulated in the medium to be detectably different from the two 

previous time point. Lastly, we observed an increase in TF positive MP shedding after 

treatment with TNF, following the same time- and dose-dependency as total MP 

shedding observed. Whether this increase in TF positive MP shedding is a result of 

increased MP TF expression or simply a result of greater MP shedding still needs to be 

elucidated.  

 

There is evidence that MPs possess pro-coagulant properties due to the expression 

of pro-coagulant membrane proteins on their surface, of which TF is the most 
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consequential (61). Using TEG, we demonstrated that spiking blood with MPs from 

chorionic villi reduced clot formation time (R time) and increased overall whole-blood 

coagulability (CI). We also expected to see a difference in pro-coagulant activity of MPs 

from chorionic villi treated with TNF compared to untreated chorionic villi, as more MPs 

would have been present in the treated condition. This was not the case, and TEG did not 

appear to differentiate between the two conditions. The reason for this is unclear, but may 

simply be because while TNF increased MP shedding up to 50% more in treated 

chorionic villi, this may not be a sufficient increase to significantly alter whole-blood 

coagulation as assessed by TEG. The contribution of MPs shed from an entire placenta 

would be much greater than that of the small amount of tissue cultured in this study.  

 

This study illustrates the sensitivity of TEG over standard laboratory haemostatic 

tests in detecting variations in haemostasis in during a steroid medication cycle of OC 

users and within pregnant women who have received a diagnosis of PET. 

Thromboelastography has broad clinical and research applications and the potential to be 

a widespread, valuable laboratory tool. For this reason, it is important to understand 

factors that influence TEG results. Cyclic variations in haemostasis throughout a single 

OC steroid medication phase may be of importance in the diagnosis and management of 

haemostatic disorders in women. Furthermore, the ability of TEG to detect increased 

coagulability in PET patients that was not previously detectable using standard laboratory 

tests is of importance for the management of PET in a clinical setting.  
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This study established a link between TNF and increased pro-coagulant placental 

MP shedding in vitro. These findings have broad implications in the pathogenesis of PET 

and other obstetric complications associated with heightened inflammation. Future work 

investigating the effects of other pro-inflammatory cytokines on placental MP shedding 

may provide further insight into the role of abnormal inflammation on the pathogenesis 

of PET and associated maternal coagulopathies. Furthermore, we suggest the 

establishment of a standardized MP preparation protocol for the analysis of circulating 

MPs that allows for the ideal balance between debris and platelet removal and 

preservation of plasma MPs.  
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