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UNIVERSITY OF SOUTHAMPTON 

ABSTRACT 

FACULTY OF HEALTH SCIENCES 

Thesis for the degree of Doctor of Philosophy 

Changes of Blood Biomarkers Following Pre-eclampsia and Predictors of Future Cardiovascular 

Risk 

By: Fatma. S.H. Abad 

Background: Pre-eclampsia (P-EC) is a major cause of maternal and neonatal mortality and 

morbidity. Alterations in the maternal vasculature and coagulation profile may predispose women 

with P-EC to subsequent deleterious cardiovascular consequences. Indeed women with a history 

of P-EC are known to have heightened risks of future cardiovascular disease and thromboembolic 

complications.  

Aims: To assess the relationship between circulating haemostatic factors and inflammatory 

cytokines in women with a previous history of P-EC. 

 To investigate the relationship between haemostatic, angiogenic and anti-angiogenic factors in 

women with a past history of P-EC.  

To assess the plasma levels of Annexins A2 and A5 in pre-eclamptic women postpartum at 

different time intervals. 

To identify clusters of differentially expressed plasma proteins in P-EC associated with the 

susceptibility to developing future cardiovascular diseases.  

To examine miRNAs expression in P-EC post-delivery at different intervals time points. 

Study-I: 26 pre-eclamptic women and 14 age-matched to healthy women. Women were included 

within six months to 3 years post-delivery. Plasma TF, IL-6, IL-8 and IL-10 levels increased in the P-

EC group, whereas plasma TFPI and TNF-ʰ ƭŜǾŜƭǎ ǿŜǊŜ ǊŜŘǳŎŜŘΦ tƭŀǎƳŀ ¢Cκ¢CtL Ǌŀǘƛƻǎ ŀƴŘ L[-10 

values were significantly increased in the P-EC group (p<0.05, p<0.01, respectively). There were 

positive and significant correlations between TFPI(r= 0.5; p<0.01) and IL-10 and TF/TFPI ratio and 

IL-10 (r= 0.31; p<0.041).  

Study-II:  21 primiparous women after a pregnancy affected by P-EC and 21 women with a 

previously unaffected pregnancy. Blood samples were obtained at 6-12 months postpartum.  



 

ii 

Significant differences were not observed for VEGF, PlGF, sFlt-1, sEng, TF or TFPI between two 

groups.  

Study-III: 66 women who had P-EC at interval years starting from 2007, and then from 2012 till 

2016 and five as a control group. Findings revealed that the level of ANXA5 was reduced in P-EC 

cohort, and there was an increase in levels of annexin A2, particularly in late post-delivery pre-

eclamptic women, although these changes were statistically insignificant. The lack of statistical 

significance may be due to the small number of control compare to P-EC group.  

Study-IV: 5 women aged-matched with five women with normal pregnancy, results show that 

inflammation, immune response, blood coagulation and metabolism are dysregulated processes 

one-year post-delivery in women with a history of pre-eclampsia.  

Study-V: Next-Generation Sequencing (NGS) technique was used during the discovery stage to 

identify miRNAs differentially expressed in P-EC postpartum (n=30) in comparison to five healthy 

control, then quantitative reverse transcription-polymerase chain reaction (qRT-PCR) assay used 

for confirmation and validation. 14 miRNAs that were significantly differentially expressed at a 

significance level of 0.05 (FDR) in the discovery experiment. The plasma miR-103a-3p were 

significantly differentially expressed in the validating experiment, which was downregulated in 

entire pre-eclamptic women with FC= -1.3; BH-adj P-value =0.033. 

 

Conclusions: Results suggest the presence of elevated inflammatory cytokines and an imbalance 

of the haemostatic system in women with a past-history of P-EC, which may contribute to the 

known increased risk of cardiovascular disease later in life. The proteomics findings provide 

insight into the dysregulated cardiometabolic profile in the P-EC group. The miRNAs novel marker 

pave the way for the importance of miR-103a-3p in monitoring P-EC women in the future and 

could be a useful tool in predicting the development of cardiovascular disease in P-EC. 
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 [ƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ 

 Introduction 

Pre-eclampsia (P-EC) is a pregnancy-specific syndrome. It is the third cause of maternal mortality 

and morbidity worldwide (Sibai  et al. 1993; Levine  et al. 1997), affecting 5ς7% of all pregnancies 

(Walker 2000; Roberts and Cooper 2001). P-EC is believed to be of multifactorial origin. It is widely 

accepted that the placenta, has a major role in the development of P-EC (Petla et al. 2013). The 

onset, severity and progression of P-EC are affected by the maternal response to factors and 

proteins derived from the placenta. Pre-eclampsia is generally defined by hypertension and 

ǇǊƻǘŜƛƴǳǊƛŀ ŀŦǘŜǊ нл ǿŜŜƪǎΩ ƎŜǎǘŀǘƛƻƴ ƛƴ ŀ ǇǊŜǾƛƻǳǎƭȅ ƴƻǊƳƻǘŜƴǎƛǾŜ ǿƻƳŀƴ (Walker 2000; Roberts 

and Cooper 2001). Worldwide, this condition has a notable impact on maternal and foetal 

morbidity and mortality. 

Research conducted into P-EC suggests that changes in the immunological system and 

haemostatic and endothelial status can profoundly affect maternal health, although it is not yet 

fully understood how these variations interlink with the aetiology and pathogenesis of P-EC.  

Broadening this understanding may be of value in explaining some of the pathophysiologies of the 

disease and monitoring its progression and consequent cardiovascular diseases later in life 

During a normal pregnancy, the maternal spiral arteries are reconstructed to assist the body in 

coping with the increase in maternal circulation linked to placental perfusion. Upon entry of the 

foetal syncytial trophoblasts, the vessels dilate, enlarge and become flaccid. These changes to the 

blood vessels do not occur in pre-eclamptic pregnancies and, as a result, the placenta is prevented 

from embedding into the maternal blood vessels. This can also cause Intrauterine Growth 

Retardation and have a range of other effects on foetal development. The maternal immune 

response to fetoplacental factors is likely to be involved in orchestrating platelet activation and 

vascular endothelial damage characteristic of the maternal disease (Walker 2000). ¢πŎŜƭƭǎ Ƴŀȅ ŀƭǎƻ 

Ǉƭŀȅ ŀ ǊƻƭŜ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ tπ9/ ƛƴŘǳŎŜŘ ƘȅǇŜǊǘŜƴǎƛƻƴΦ 

 Literature review  

The search strategy was influenced by a need to explore the current literature about pre-

eclampsia. The review methodology involved targeting national and international English-

language peer-reviewed literature. A literature search was carried out using the online databases 

PubMed, Medline (OvidSP), Embase, and Web of Science to find studies that had investigated.  

Also, other search engines (i.e. Google Scholar), with additional searches conducted based on 
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bibliographic information from the relevant articles identified. The search included MeSH terms 

ŀƴŘ ǎȅƴƻƴȅƳǎ ŦƻǊ άǇǊŜ-ŜŎƭŀƳǇǎƛŀέΣ άōƛƻƳŀǊƪŜǊǎέΣ άŎȅǘƻƪƛƴŜǎέΣ άƛƴŦƭŀƳƳŀǘƻǊȅ ŦŀŎǘƻǊǎέΣ 

άƛƴŦƭŀƳƳŀǘƻǊȅ ƳŀǊƪŜǊǎέΣ  άŎŀǊŘƛƻǾŀǎŎǳƭŀǊέΣ άǇƻǎǘ-ǇǊŜƎƴŀƴŎȅέΣ άǇƻǎǘƴŀǘŀƭέΣ άǇƻǎǘǇŀǊǘǳƳέΣ άǇƻǎǘ-

ŘŜƭƛǾŜǊȅέ άƛƴŦƭŀƳƳŀǘƛƻƴ ƛƴ ǇǊŜ-ŜŎƭŀƳǇǘƛŎ ǿƻƳŜƴέΣέŀƴƴŜȄƛƴǎέΣ άŀƴƴŜȄƛƴ !нέΣ άŀƴƴŜȄƛƴ !рέ 

άǇǊƻǘŜƻƳƛŎǎέΣ άƳƛwb!ǎέΣ άƳƛŎǊƻwb!έ ŀƴŘ άŎŀǊŘƛƻǾŀǎŎǳƭŀǊ Ǌƛǎƪǎ ƛƴ t-9/έ. 

 

 Inclusion and exclusion criteria 

Appendix A presents a complete list of the databases and specific search terms used; full-text 

articles were obtained for all abstracts that appeared eligible. The quality of the studies included 

was assessed using the Critical Appraisal Skills Programme (CASP) tool as a framework for 

evaluating studies, although this was done as formally as it would have been performed for a 

systematic review. The researcher reviewed the Systematic Reviews, case-control and cohort 

studies from significant researchers investigating the relationship between pre-eclampsia and 

cardiovascular disease and inflammatory biomarkers in pre-eclamptic women postnatally. The 

researchers then quoted relevant study results. References were managed using Endnote X8. 

Studies were included if the research took place between 2000 and the current year 2019. The 

exclusion features included material not published in English, the presence of some chronic 

disease, haematological disorders, hypertensive patients and those with malignant diseases. 

The database was searched using the Medical Subject Headings (Mesh) and keywords (see Table 

1-1) 
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Table 1.1 Search Strategy 

Topic Keywords Database 

Condition άǇǊŜŜŎƭŀƳǇǎƛŀέ hw άpreeclampϝέ hw άǇǊŜ-

eclamp*έ 

PubMed, Medline (OvidSP), 

Embase, Web of Science and 

Google Scholar. 

 

 

Stage άtƻǎǘƴŀǘŀƭέ hw άǇƻǎǘ-ŘŜƭƛǾŜǊȅέ 

hw άǇƻǎǘǇŀǊǘǳƳέ hw 

άtƻǎǘ ǇǊŜƎƴŀƴŎȅέ 

 

 

Factors ά.ƭƻƻŘ ŎƻŀƎǳƭŀǘƛƻƴέ ŀƴŘ 

άƛƴŦƭŀƳƳŀǘƻǊȅ ƳŜŘƛŀǘƻǊǎέ hw 

άŎȅǘƻƪƛƴŜǎέ hw 

άIŀŜƳƻǎǘŀǘƛŎέ hw 

άŀƴƎƛƻƎŜƴƛŎκŀƴǘƛ-ŀƴƎƛƻƎŜƴƛŎέ 

and 

άǇǊƻǘŜƻƳƛŎǎέ ƻǊ ά ǇǊƻǘŜƻƳƛŎǎ profilesέ 

ά!ƴƴŜȄƛƴ !нέ ŀƴŘ ά!ƴƴŜȄƛƴ !рέ hw  

ά !ƴƴŜȄƛƴǎ  

άaƛŎǊƻwb!έ ŀƴŘ άƳƛwb!έ 

 

 

 

 Search results 

One of the most comprehensive studies followed a case-control design for assessing the levels of 

circulating cytokines, chemokines and adhesion molecules comprehensively for 60 pre-eclamptic 

women, 60 healthy pregnant women and 59 non-pregnant. Findings indicated that levels of 

interleukin (IL-1ra), tumour necrosis factor - ŀƭǇƘŀ ό¢bCʰύ and monocyte chemoattractant protein 

(MCP-1) decreased in healthy pregnant compared to non-pregnant women reflecting anti-

inflammatory changes in circulating cytokine profile. At the same time serum IL-10 was decreased 

and interferon gamma-induced protein (IP-10) levels elevated, in turn, possibly driving pro-

inflammatory responses. In addition, to an increase in the circulating levels of the pro-

inflammatory cytokines IL-6 and TNF-alpha, the chemokines IL-8, IP-10 and MCP-1, as well as the 

intercellular adhesion molecules (ICAM-1) and vascular cell adhesion molecule (VCAM-1), were 
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raised in pre-eclampsia compared with a healthy pregnancy, resulting in an overall pro-

inflammatory systemic environment (Szarka et al. 2010). 

There were significant correlations of increased IP-10, MCP-1, ICAM-1 and VCAM-1 

concentrations of pre-eclamptic patients with blood pressure values, renal and liver function 

parameters, as well as with C-reactive protein (CRP), malondialdehyde, von Willebrand factor 

antigen and fibronectin levels. In conclusion, elevated amounts of pro-inflammatory cytokines, 

chemokines and adhesion molecules in the maternal circulation might play a vital role in the 

excessive systemic inflammatory response, as well as in the generalised endothelial dysfunction 

characteristics of the maternal syndrome of pre-eclampsia (Szarka et al. 2010). However, they did 

not specify the duration after delivery for both pre-eclamptic and healthy subjects which may 

effects on these markers. Therefore, the current study will run some of the pro and anti-

inflammatory markers on women who have had delivered between 6 months and 3 years ago.  

More recently a study was conducted by (Zhao et al. 2010) to assess the relationship between 

angiogenic and anti-angiogenic factors in pre-eclamptic women with/without fetal growth 

restriction (FGR) at three different time points. Also, they measured levels in early or late-onset 

pre-eclampsia and compared the results. A case-control study was designed for a total 23 pre-

eclamptic women (under 32 weeks, early-onset; n= 8 and late-onset n=15 over 32 weeks of 

gestation) and control group (n=12). As a result, the women were divided into three groups:  

1) Women with preeclampsia (early or late-onset without FGR) 

2) Pre-eclamptic women with FGR 

3) The control group. The blood samples were collected at three-time scales: at admission to the 

hospital, pre-delivery, and 48hrs post-delivery.  

Findings indicated that the levels of soluble endoglin and soluble Flt-1 were increased in pre-

eclamptic women compared with the control group upon admission (p<0.001). However, the level 

of placental growth factor (PIGF) or the ratio of sFlt-1/PIGF between the study and control group 

were insignificant. 

There were no significant differences in the levels of sFlt-1 at all the time points in any of the 

groups. Thus, this study shows that the level of sEng, but not that of sFlt-1, was increased in pre-

eclamptic pregnancies affected by FGR than those with pre-eclampsia only. Although the study 

was limited due to small sample size, it does suggest that the sEng level in the maternal blood was 

correlated better than the sFlt-1 levels in pre-eclampsia. In addition to find a significant result of 
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increasing the level of sEng, but not the level of sFlt-1 in early-onset pre-eclampsia compared to 

the late-onset group. 

Two systematic reviews and meta-analysis presented the relationship between P-EC and 

cardiovascular diseases, both Bellamy et al. (2007) and Ahmed et al. (2014) have studied this 

extensively, and evidence has been provided to support this relationship. Bellamy et al. (2007) 

documented that previous pre-eclamptic women had twice chance of having either fatal or non-

fatal ischemic heart disease. Also, the risk increased to eightfold if it is early-onset P-EC (Occurring 

before 34wks). Both reviews concluded that the severity of the P-EC was directly related to the 

risk of future heart disease. Therefore, P-EC could be considered as a prognostic risk factor for 

future cardiovascular disease (CVD) as both conditions share several characteristics. In this study, 

further proteomics profiles will carried out to study the possibility of finding single or multiple 

markers to predict CVD later on life for pre-eclamptic postpartum women. 

Few studies have investigated the role of annexin A2 and annexin A5 in pregnant pre-eclampsia 

cohort. These studies have explored either one or the other. Moreover, they mostly focused on 

the local expression of these proteins in the placenta tissue rather than examining the whole 

blood levels of these proteins. 

Abd El-Latif et al. (2017) conducted a case-control study to examine the levels of annexins A5 and 

A2 in 40 pregnant women with P-EC after 20 weeks of gestation and another 40 pregnant healthy 

women as a control group. They found that the level of Annexin A2 was significantly reduced in 

pre-eclamptic women while there were no differences in Annexin A5 between the groups. This 

inconsistency of the results could be attributed to the variation of the anticoagulants in the 

collected tubes might affect the outcomes of the chosen assays and the time and speed 

conditions to separate either serum or plasma as they might mask the exact levels of annexins A5 

and A2. 

Limited studies into pre-eclampsia have assessed levels of miRNAs expression in the plasma of 

pre-eclampsia post-delivery as most of the studies either have focused on late gestation or have 

lacked translation into relevant tissues (Akehurst et al. 2015). MicroRNAs are small noncoding 

RNAs that act at a posttranscriptional level to degrade target genes recognised by complementary 

bŀǎŜ ǇŀƛǊƛƴƎ ƛƴ ǘƘŜ оΩ ǳƴǘǊŀƴǎƭŀǘŜŘ ǊŜƎƛƻƴ ƻŦ ǘƘŜ Ƴwb!Φ Ƴƛwb!ǎ Ƴŀȅ ǇǊƻǾƛŘŜ ŀ ƴƻǾŜƭ ǎǘǊŀǘŜƎȅ ŦƻǊ 

better understanding of consequences after experiences pre-eclampsia in women after exposure 

to the disease (Shukla et al. 2011). Pineles et al. (2007) was the first study to link the microRNA 

and pre-eclampsia, as the study aimed to investigate whether the pre-eclampsia and small 

gestation age are associated with changes in the placenta miRNA expression. They found the miR-

182 and miR-210 were differentially expressed in the placenta of the pre-eclamptic women 
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compared to the control group. Our recent efforts are to study the miRNA expression in the 

plasma of postpartum pre-eclamptic at several time points, using the next-generation sequencing 

and confirmatory by using quantity polymerase chain reaction methodology. 

  

 Background 

1.5.1 Haemostasis 

¢ƘŜ ƻǊƛƎƛƴ ƻŦ ǘƘŜ ǘŜǊƳ άƘŀŜƳƻǎǘŀǎƛǎέ ŎƻƳŜǎ ŦǊƻƳ the Greek άƘŀŜƳέΣ ǿƘƛŎƘ ƳŜŀƴǎ ōƭƻƻŘΣ ŀƴŘ 

άǎǘŀǎƛǎέΣ ǿƘƛŎƘ ƛǎ ǘƻ ǎǘƻǇ ƻǊ ŎŜŀǎŜΦ IŀŜƳƻǎǘŀǎƛǎ Ŏŀƴ ōŜ ŘŜŦƛƴŜŘ simply as the stoppage of bleeding 

or haemorrhage and is a prerequisite for survival in the presence of bleeding (haemorrhage). The 

essential role of platelets needs to be tightly controlled to prevent excessive thrombus (clot) 

formation until the site of an injured blood vessel is healed, and bleeding ceases. This 

physiological process is very complicated but is efficient, and plays a vital role in response to 

vascular damage (Dusse et al. 2011). Normal haemostasis requires a balance between coagulation 

and fibrinolysis processes to maintain the integrity of the vasculature and physiological changes. 

Therefore, any defect in this complex process will enhance either haemorrhage or thrombosis. 

1.5.2 Mechanism of haemostasis 

Figure 1-1 shows the complex scenario of interactions that occur between blood vessels, 

platelets, coagulation factors, coagulation inhibitors and fibrinolysis. The four steps that take 

place in this process can be summarised as follows:  

1. Vascular spasm or vasoconstriction: a rapid response occurs by rapid contraction of the 

smooth muscle inside the walls of the blood vessels to minimise the blood loss. 

2. Formation of platelets to plug the site of the damaged tissue or injury. The primary 

haemostasis plug occurs as a consequence of the activation of the adhesion of platelets 

and degranulation, involving adenosine diphosphate (ADP) and thromboxane A2 (TXA2). 

3. Coagulation or blood clotting: secondary haemostasis is due to the activation of a 

coagulation cascade of tissue factor (TF) and phospholipid via the extrinsic pathway, 

which makes the fibrin clot. 

4. Fibrinolysis: as the name suggests, this is the removal or dissolving of blood clots by 

downregulation of the three serine proteases (plasmin, tissue plasminogen activator and 

urokinase-type plasminogen activator) (Chapin and Hajjar 2015). 
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Figure 1-1 Steps involved in haemostasis. Adapted from (Heart 2017). 

 

1.5.3 Endothelial activation 

The endothelium plays a pivotal role in the regulation of vascular homeostasis as a monolayer of 

cells lining all blood vessels (Deanfield et al. 2007). Vascular tone and permeability, cellular 

adhesion, smooth muscle cell proliferation, inflammation and coagulation are some of the factors 

that healthy endothelial cells can regulate. In response to changes in cardiac output, endothelial 

function is critical for controlling blood pressure and maintaining optimal organ perfusion. For 

maintaining the endothelium in a quiescent state under normal physiological conditions, the role 

of nitric oxide (NO) is very critical. However, endothelial cells get activated due to various 

disturbances in NO-mediated silencing of cellular processes within the endothelium. Endothelial 

activation represents a switch from a quiescent state towards a phenotype that is thought to 

involve a host defence response (Hansson 2005; Deanfield et al. 2007). Endothelial injury is 

caused by prolonged endothelial activation that leads to detachment of degenerated endothelial 

cells and subsequent repair by endothelial progenitor cells (EPCs). Endothelial injury is 

characterised by circulating EPCs that are detached and was recently evaluated in pregnancy and 

pre-eclampsia (Gammill et al. 2007; Grundmann et al. 2008). 

Elevated levels of numerous markers associated with activated endothelium (Poston 2006) ,such 

as von Willebrand factor (Hulstein et al. 2006), soluble adhesion molecules (Krauss et al. 1997) , 

end products of oxidative stress (Hubel 1999) and inflammation (Visser et al. 2007) are some of 

the  changes characteristics associated with normal pregnancy. Pre-eclampsia in contrast to 

normal pregnancy, is associated with excessive endothelial activation and signs of endothelial 

injury, to an extent that is comparable to atherosclerosis, sepsis or end-stage renal disease 
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(Hansson 2005). Although some conflicting research exists over its extent and distribution, the 

maternal syndrome of pre-eclampsia is characterised by generalised endothelial activation that is 

believed to underlie most of the clinical symptoms and severe adverse complications of the 

disease, due to under perfusion of multiple organs including the kidney, brain, liver and the 

placenta (Ness and Roberts 1996; Donker et al. 2005). The cause for this state of endothelial 

disturbance is uncertain. 

 Inflammatory molecules, anti-angiogenic factors, components of the metabolic syndrome, 

syncytiotrophoblast microparticles and reactive oxygen species are some of the tenable 

biomarkers studied in the pre-ecalmpsia (Sikkema et al. 2001; Rodie et al. 2004; Levine et al. 

2006; Redman and Sargent 2007). The utility of observed changes in these factors to predict the 

onset of clinical disease or to clearly discriminate between normal pregnancy and pre-eclampsia 

remains to be proven. Similar changes are consistently found in normal pregnancy, as well as in 

other inflammatory and vascular disorders (Hansson 2005; Redman and Sargent 2005; Deanfield 

et al. 2007), thus making none of these candidate markers of endothelial disturbance unique to 

pre-eclampsia. Rather than a specific entity driving its pathogenesis, the endothelial activation of 

pre-eclampsia is more likely to represent an extreme maternal host response to common 

pregnancy-induced inflammatory and vascular stimuli, an important aspect of its pathophysiology. 

 

1.5.4 Coagulation Cascade 

In the 1960s, Davie, Ratnoff and Macfarlane described theories outlining the concept of the 

άŎŀǎŎŀŘŜέ ƻŦ ǇǊƻŜƴȊȅƳŜǎ ƭŜŀŘƛƴƎ ǘƻ ǘƘŜ ŀŎǘƛǾŀǘƛƻƴ ƻŦ ŘƻǿƴǎǘǊŜŀƳ ŜƴȊȅƳŜǎ (Achneck et al. 2010).  

Platelet activation and blood coagulation are complementary, equally dependent processes in 

haemostasis and thrombosis. Platelets interact with numerous coagulation factors, while the 

coagulation product thrombin is a potent platelet-activating agonist (Swieringa et al. 2018).All 

circulating coagulation factors exist in an inactive form, apart from small amounts of active factor 

VII (FVIIa). Three pathways take a role in this complex process: extrinsic, intrinsic and common. 

The extrinsic pathway starts when damage or injury to a blood vessel occurs. It is known that all 

blood vessels are coated by an intima, consisting of a monolayer of endothelial cells that rest 

upon a loose network of tissue called the extracellular matrix. Healthy endothelial cells participate 

in all aspects of vascular homeostasis and respond to a wide range of factors that regulate 

vascular tone and permeability, cellular adhesion, smooth muscle cell proliferation, inflammation 

and coagulation. Two phases begin when damage to a blood vessel occurs: 
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1. The initiation phase  

2. The propagation phase.  

The initiation phase begins when tissue factor (TF or FIII), an endothelial membrane protein 

interacts with FVIIa activity thereby significantly increasing its activity (Hoffman and Pawlinski 

2014). The FVIIa/TF complex activates Factor IX (FIX). FIXa then activates Factor X (FX), which, 

together with Factor V (FV), activates a small amount of prothrombin (Factor II or FII) to thrombin 

(FIIa). Platelets play a vital roles in haemostasis. Platelets are generated from the nucleated 

precursor cells known as megakaryocytes in the bone marrow and enter the bloodstream without 

nuclei (Grozovsky et al. 2015). Platelet activity is mainly associated with the initiation of 

coagulation cascades. Platelet adhesion to the extracellular matrix is the first step in primary 

haemostasis. Under the conditions of high shear, von Willebrand factor (vWF) forms a bridge 

between exposed collagen and the platelet glycoprotein (GP) Ib-IX-V receptor complex on the 

platelet membrane (Jennings 2009; Clemetson 2012). Exposed collagen also binds directly to 

platelet GP Ia/IIa and GP VI receptors. During this process, platelets change shape and release the 

contents of their granules such as serotonin that is released into circulation along with other 

aggregating factors, consequently induce constriction of the injured blood vessels and enhance 

platelet aggregation to minimise the blood loss. Active GP IIb/IIIa receptor has a central role in 

mediating platelet aggregation. Bound fibrinogen or vWF to GP IIb/IIIa cross-links platelets and 

contributes to thrombus stabilisation (Berndt et al. 2014). 

 During the propagation phase, the small amount of thrombin activates and amplifies the 

coagulation process on the surface of the activated platelets in the platelet plug. Thrombin 

formation is accelerated by positive feedback, in which it activates FV, Factor VIII (FVIII) and 

Factor XI (FXI), through FIX and FX, resulting in a burst of thrombin activity (Bode 2006). Finally, 

thrombin activates fibrinogen, forming fibrin. However, the fibrin strands are unstable and are 

ǎǘŀōƛƭƛǎŜŘ ōȅ C·LLLΣ ǿƘƛŎƘ ƎŜƴŜǊŀǘŜǎ ŎƻǾŀƭŜƴǘ ōƻƴŘǎ ōŜǘǿŜŜƴ ŦƛōǊƛƴ ʴ ŎƘŀƛƴǎ (Muszbek et al. 2011). 

The platelet plug then becomes a stable clot. 

1.5.5 Normal Pregnancy 

Under normal conditions, pregnancy is characterised by physiological changes that occur in 

different maternal systems that aim to promote the metabolic requirements of the mother along 

with the need of the foetus to grow (Pocock and Richards 2006). Normal gestation is associated 

with changes in the coagulation cascade, such as elevating the platelet turnover and accelerated 

platelet activation, as well as increase in clotting factors (such as FVII, V, VIII, IX, X and thrombin) 

(Dusse et al. 2007). Therefore, there is a tendency towards hypercoagulability during pregnancy. 
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This physiological compensatory process is thought to be important to decrease any bleeding 

issues and complications during pregnancy and at the time of delivery (Dusse et al. 2007). 

Nevertheless, within 4-6 weeks postnatal, this condition returns to normal levels (Hellgren 2003). 

 Pregnancy and adverse outcomes (pregnancy and its complications) 

Certain medical conditions may complicate pregnancy, which are, in some cases, considered life-

threatening if not controlled or diagnosed early either during or shortly after delivery, such as:  

1. Haemorrhage 

Early pregnancy bleeding usually occurs in the first 12 weeks of pregnancy and may be 

caused by several factors such as; implantation bleeding, spontaneous abortion, ectopic 

pregnancy, trophoblastic disease and lesions of the cervix or vagina. Obstetric 

haemorrhage can be classified as antepartum (APH); bleeding occurring after 24 weeks 

gestation and before delivery, or postpartum (PPH); postpartum haemorrhage divided 

into a primary (within 24 hr of delivery) or secondary (between 24 hr to six weeks post-

delivery) (Yang et al. 2004).  

 

2. Premature labour and hypertensive diseases such as P-EC 

Preterm birth is frequently associated with pregnancy complications such as lower 

placental perfusion, increased blood pressure in the mother and preeclampsia, often 

resulting in intrauterine growth restriction (IUGR).  Preterm labour is defined as giving 

birth to an alive baby before completed 37 weeks of gestation and accounts for up to 10% 

of deliveries worldwide (Sutherland et al. 2014). While gestational hypertensive diseases 

also referred as pregnancy-induced hypertension (PIH) which characterised by an 

elevation of the blood pressure in turns this can lead more serious condition such as pre-

eclampsia (Bertagnolli et al. 2016).  

 

3. Low amniotic fluid 

A low volume of amniotic fluid is called oligohydramnios. Obstetricians are define this as 

an amniotic fluid index (AFI) under five centimetre (Bachhav and Waikar 2014). The 

amniotic fluid that surrounds the fetus plays essential roles for its proper growth and 

development. It cushions the fetus from physical trauma, allows fetal lung growth, and 

provides a barrier against infection (Defoort 2005). Normal amniotic fluid volume varies. 

The average volume increases with gestational age, peaking at 800-1000 mL, which 

coincides with 36-37 weeks' gestation. Oligohydramnios is closely related to adverse 

pregnancy outcomes, such as increased fetal distress risk. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/amniotic-fluid-index
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4. Gestational diabetes  

Gestational Diabetes Mellitus (GDM) considers one of the most common metabolic disorders in 

pregnancy as the American Diabetes Association (ADA) has defined it as an impairment in the 

metabolism of the carbohydrates (Kintiraki and Goulis 2018).GDM occurs during the second and 

third trimester and is related to a high risk of both maternal and foetal complications.  

5. Ectopic pregnancy 

It is also known as extrauterine pregnancy which occurs when a zygote implants and grows at a 

site other than the uterus such as the ovary, fallopian tube, abdominal cavity or the lower part of 

the uterus (cervix), which connects to the vagina (Walker 2007). Therefore, early diagnosis of this 

condition could save the women in their first trimester as ectopic pregnancy is considered 

amongest the most prevalent causes of maternal mortality and morbidity. Recently, using a high-

resolution technique called transvaginal ultrasound (TVS) in a combination with the assessment of 

serum level of beta-human chorionic gonadotropin (̡Ƙ/D), has been used as an aid to the 

diagnosis of ectopic pregnancy (Kathpalia et al. 2018). 

 

6. Placenta Previa 

In healthy pregnancies, the placenta develops during the pregnancy to provide the oxygen, 

nutrition and also removing waste products of metabolism. The placenta physiologically 

connects to the foetus through the umbilical cord; usually, the placenta attaches to the uterus 

either to the top or side. However, if the placenta covers the cervix totally then it is called 

Placenta Previa (Karami et al. 2018). Consequently, placental previa leads to severe and 

possibly life-threatening condition as the vaginal haemorrhage may cause pre-term birth 

therefore an emergency caesarean section performed. Also, the vaginal bleeding occurs 

either during labour or in the first few hours post-delivery (Rowe 2014). 

7. HELLP syndrome 

HELLP is an abbreviation that refers to a syndrome in pregnant and postpartum women that is 

characterised by haemolysis, elevated liver enzymes, and low platelets (Sibai et al. 1986). The 

thrombocytopenia count occurring in 0.5 to 0.9% of all pregnancies and 10ς20% of cases with 

severe pre-eclampsia (Haram et al. 2009). Therefore, all the pregnant women with upper 

abdomen pain irrespective of symptoms of pre-eclampsia should be considered to have HELLP 
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syndrome and immediate laboratory evaluation has to be done. If there is any doubt, an 

interdisciplinary consultation is needed. 

 

 Hypertension 

Blood pressure is recorded with two numbers reading as a systolic and diastolic; the systolic 

reading measures the blood pressure when the heart beats and blood is pumped to the body. 

Whereas, the diastolic measures blood pressure when the heart is at rest between beats. It is 

expressed in millimetres of mercury (mmHg). Hypertension defined as an increase in the level of 

ǎȅǎǘƻƭƛŎ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ ƻŦ җмплƳƳIƎ and diastolic ōƭƻƻŘ ǇǊŜǎǎǳǊŜ ƻŦ җфлƳƳIƎ (Benjamin et al. 

2017).  It is known that in hypertension, the blood flows through the blood vessels at a higher 

level than normal pressure. 

 

1.7.1 Stage of high blood pressure  

Table 1.2 Stage of high blood pressure. 

 

Stages Systolic Diastolic 

Prehypertension 120-129 mmHg <80 mmHg 

Stage 1 130-139 mmHg 80-89 mmHg 

Stage 2 140 or greater 90 mmHg  

This table was adapted from (Carey et al. 2018). 

1.7.2 Classification of hypertensive diseases in pregnancy 

According to the revised version of the International Society for the Study of Hypertension in 

Pregnancy (ISSHP) classification in 2014, there are four types of the hypertensive condition in 

pregnancy (Tranquilli et al. 2014); 1. Chronic hypertension, 2. Gestational hypertension, 3. Pre-

eclampsia or de novo, sometimes referred to as superimposed on chronic hypertension, and 4. 

White coat hypertension. 
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The following sections of this chapter study are in-depth examination of the current thinking on 

pre-eclampsia pathogenicity. The concept of the cardiovascular challenge of pregnancy is then 

discussed, together with its implications for future reproductive outcome and maternal health 

after delivery. 

P-EC is generally defined as an inducer of hypertension and proteinuria after 20 weeks of 

gestation in a previously normotensive woman (Walker 2000; Roberts and Cooper 2001). In 2000, 

the National High Blood Pressure Education Program Working Group characterised P-EC as an 

ƛƴŎǊŜŀǎŜ ƛƴ ǎȅǎǘƻƭƛŎ ōƭƻƻŘ ǇǊŜǎǎǳǊŜ ό{.tύ җ м40 mmHg or diastolic blood pressure (DBP) of 90 

mmHg or higher after 20 weeks of gestation on two occasions, at least 6 hours apart and 

ǇǊƻǘŜƛƴǳǊƛŀ ƻŦ җ олл ƳƎκŘƭ ƛƴ нп ƘƻǳǊǎ ƻŦ ǳǊƛƴŜ ŎƻƭƭŜŎǘƛƻƴ ƻǊ Ҍн ƻǊ ŀōƻǾŜ ƻƴ ǘƘŜ ǳǊƛƴŜ ŘƛǇǎǘƛŎƪ 

(Cetin et al. 2011). It should also noted that proteinuria is no longer needed to establish the 

diagnosis of P-EC as another maternal or uteroplacental dysfunction could coexist (Tranquilli et al. 

2014). Pre-eclampsia has been categorised as mild, moderate, severe, and early and late pre-

eclampsia, of which the last is a more contemporary concept(von Dadelszen et al. 2003). The early 

onset of pre-eclampsia (EOP) (before 34 + 0 weeks) and late-onset pre-eclampsia (LOP) (after 34 + 

0 weeks) have been found to have different aetiologies and, therefore, a different clinical 

presentations. The key feature of P-EC is poor trophoblast invasion of maternal spiral arteries, and 

several experimental research studies have previously been undertaken to explain this condition. 

 Pathogenesis 

1.8.1 Mechanism of pathogenesis 

Insufficient information and lack of diagnostics criteria regarding P-EC have been the main 

drawbacks to making progress in the treatment and control of the disease. The definition of P-EC 

proposed in 2000 was designed for clinical use but maximised sensitivity to the detriment of 

specificity. Despite these limitations, several theoretical mechanisms have been proposed that 

resolve feto-placental abnormalities and clinical features of the maternal syndrome. 

1.8.2 The mechanism of fetoplacental establishment 

In the first stages of pregnancy, the early blastocyst (day 5) embeds itself, during the implantation 

process, into the inner membrane of the uterus (endometrium). This promotes bathing of the 

placental cotyledons in the maternal blood supply (Red-Horse et al. 2004). The extravillous 

cytotrophoblast cells multiply from the ends of the anchoring chorionic villi, forming a thick lining 

to the uterine cavity. Two weeks after blastocyst implantation, the extravillous trophoblast cells 
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come into contact with the decidual tissue, penetrate the decidual stroma and, upon reaching the 

myometrium, amalgamate into multinucleate giant cells (Lyall 2005). 

The second form of invasive extravillous trophoblasts exist (interstitially), which can release 

vasodilators (e.g., nitric oxide [NO] and carbon monoxide [CO]), which restructure the spiral 

arteries, increasing the uterine vascular flow before they are eradicated by endovascular 

trophoblasts (Lyall 2005). Once inside the lumen of the spiral arterioles, the endovascular 

cytotrophoblasts invade and affix to the walls and dilate the arteries. As a consequence, the 

endometrial and superficial myometrial segments of the spiral arteries are lined with 

cytotrophoblastic cells, transforming them into soft, stretchy vessels with the ability to dilate and 

enlarge. 

In successful pregnancies, this transformation has taken place by the second trimester. These 

changes to the uterine vessels are fundamental in ensuring adequate delivery of blood to the 

feto-placental unit. The invasion of endovascular cytotrophoblasts is restricted to the superficial 

portions of the spiral arterioles, which retain their endothelial lining and muscular wall, leaving 

them narrow-bore, high-resistance vessels ((Zhou et al. 1997). This leads to a reduction in the 

blood flow into the intervillous space. Pijnenborg et al. (1991) believed that this endovascular 

invasion denotes the beginning of pre-eclamptic problems. However, a closer examination of 

uterine tissues taken from caesarean patients who were sufferers of pre-eclampsia has revealed 

that the density of interstitial trophoblasts, together with the depth of interstitial invasion, were 

both greatly reduced (Kadyrov et al. 2003). It can, therefore, be suggested that a malfunction at 

ǘƘŜ ƛƴǘŜǊǎǘƛǘƛŀƭ ǘǊƻǇƘƻōƭŀǎǘ ƛƴǾŀǎƛƻƴ ǎǘŀƎŜ Ŏŀƴ ƘŀǾŜ ŀ ŘŜǘǊƛƳŜƴǘŀƭ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ōƻŘȅΩǎ ŀōƛƭƛǘȅ ǘo 

remodel the blood vessels essential for a healthy placenta. In women with pre-eclampsia, 

analyses of their preterm placentas have revealed vascular and occlusive lesions (Teasdale 1985; 

Moldenhauer et al. 2003). However, it is interesting to note that many patients with P-EC at term 

do not show growth abnormalities as expected, and have similar placental histomorphometry to 

their normotensive gestational age-matched controls. 

1.8.3 Hereditary constitutional factors and pre-eclampsia 

While most cases of pre-eclampsia are sporadic, it is becoming increasingly evident that genetic 

factors have a role in disease susceptibility (Cincotta and Brennecke 1998; Lie et al. 1998; 

Arngrímsson et al. 1999; Mogren et al. 1999; Moses et al. 2000; Esplin et al. 2001; Lachmeijer et 

al. 2001; Lachmeijer et al. 2002; Cnattingius et al. 2004; Skjærven et al. 2005). This is suggested by 

the following: 



Chapter 1 

15 

¶ A family history of pre-eclampsia in a primigravid woman is associated with a two- to 

fivefold higher risk of the disease (Cincotta and Brennecke 1998; Mogren et al. 1999; Carr 

et al. 2005; Skjærven et al. 2005). The maternal contribution to development of 

preeclampsia can be partially explained by imprinted genes (van Dijk et al. 2005). In a 

study of sisters with pre-eclampsia, it was demonstrated that the mother developed pre-

eclampsia only when the foetus/placenta inherited a maternal STOX1 missense mutation 

on 10q22; when the foetus/placenta carried the imprinted paternal homologue, the pre-

eclampsia phenotype was not expressed. 

¶ The risk of pre-eclampsia is increased more than sevenfold in women who have had pre-

eclampsia in a previous pregnancy (Duckitt and Harrington 2005). 

¶ The spouses of men who were the product of a pregnancy complicated by pre-eclampsia 

are more likely to develop pre-eclampsia than spouses of men without this history (Esplin 

et al. 2001). 

¶ A woman who becomes pregnant by a man whose previous partner had pre-eclampsia is 

at higher risk of developing the disorder than if the pregnancy with the previous partner 

was normotensive (Lie et al. 1998). 

¶ The genes for sFlt-1 and Flt-1 are carried on chromosome 13. Foetuses with an extra copy 

of this chromosome (e.g., trisomy 13) should produce more of these gene products than 

their normal counterparts. In fact, the incidence of pre-eclampsia in mothers who carry 

foetuses with trisomy 13 is greatly increased compared with all other trisomies or with 

control pregnant patients (Tuohy and James 1992). In addition, the ratio of circulating 

sFlt-1 to PlGF is significantly increased in these women, thus accounting for their 

increased risk for pre-eclampsia (Bdolah et al. 2006). A large genome-wide association 

study (GWAS) identified a genetic risk variant with genome-wide significance, and 

provided convincing replication in an independent cohort (McGinnis et al. 2017). This 

GWAS finding provides compelling evidence that alterations in chromosome 13 near the 

FLT1 locus in the human foetal genome are causal in the development of pre-eclampsia. It 

is striking that this first well-powered unbiased GWAS focuses attention on the FLT1 

genomic region, given the body of literature devoted to the role of the FLT1 pathway in 

pre-eclampsia pathogenesis. 

 Cytokines 

Inflammatory processes are mediated by a group of secreted polypeptides called cytokines, with 

the assistance of some other soluble factors. Inflammatory cytokines can be responsible for acute 

inflammation or play a role in developing it. The acute phase of inflammation, which ƛǎ ǘƛǎǎǳŜǎΩ 

first response to damage, can be characterised by an increase in blood flow and the permeability 

of vessels, together with a build-up of fluid, leucocytes, and cytokines. 
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By way of contrast, in the chronic inflammatory process, humoral and cellular immune responses 

to pathogens can be detected at the injury site. During the cellular immune responses 

inflammatory processes and some soluble factors influence leucocyte recruitment through 

increased expression of cellular adhesion molecules and chemoattraction (Akdis et al. 2011) see 

Figure 1-2. These soluble factors regulate the activation of the resident cells (such as fibroblasts, 

endothelial cells, tissue macrophages, and mast cells) and inflammatory cells, such as monocytes, 

lymphocytes, neutrophils, and eosinophils, creating a more systemic response to the 

inflammation process. The cytokines that mediate acute inflammatory reactions include tumour 

necrosis factor-alpha (TNF-ʰύΣ ƛƴǘŜǊƭŜǳƪƛƴ м όL[-1), IL-6, IL-11, IL-8 and other chemokines, 

granulocyte-colony stimulating factor (G-CSF), and granulocyte-monocyte colony-stimulating 

factor (GM-CSF).  

Cytokines can be divided into two groups: those known to mediate chronic inflammatory 

processes, such as humoral inflammation (these include: IL-3, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-13 

and TGF-b); and those contributing to cellular inflammation (including: IL-1, IL-2, IL-3, IL-4, IL-7, IL-

9, IL-10, IL-12, interferons [IFNs], IFN-gamma-inducing factor [IGIF], tumour growth factor-beta 

[TGF-ʲϐΣ ŀƴŘ ¢bC-ʰ ŀƴŘ ʲΦ 

1.9.1 Immunological aspects of pregnancy 

The immunological theory is the most popular explanation for the pathogenesis of pre-eclampsia. 

During a normal pregnancy, the maternal spiral arteries are reconstructed to assist the body in 

coping with the increase in maternal circulation linked to placental perfusion. Upon the entry of 

foetal syncytial trophoblasts, the vessels dilate, enlarge and become flaccid. These changes to the 

blood vessels do not occur in pre-eclamptic pregnancies and, as a result, the placenta is prevented 

from embedding into the maternal blood vessels. This can cause intrauterine growth restrictions 

and have a range of other effects on foetal development. Researchers are of the view that any 

unrecognised foetal genes are detected by the maternal immunological system and are not 

tolerated. The intolerance can be between feto-placental and maternal tissue platelet activation 

or vascular endothelial damage or dysfunction (Walker 2011). 

A growing body of research has demonstrated that increased in cytotoxic T-cell response to 

paternal antigens in the pre-eclamptic women compared to unaffected pregnant women 

(controls) (de Groot et al. 2010). A number of the hypotheses assumed that pre-eclampsia is a 

maternal immunologic response to a foreign foetal antigen derived from the father's sperm and 

that this response is decreased by prolonged exposure to paternal antigen (Tubbergen et al. 1999) 
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Prolonged exposure to the paternal antigen could come from a previous pregnancy or through 

sexual intercourse, particularly without barrier contraception (Galaviz-Hernandez et al. 2019). 

 Two studies of contraceptive methods and sperm exposure revealed an increased in the rate of 

pre-eclampsia occurrence among barrier contraceptive users (Klonoff-Cohen et al. 1989; Kenny 

and Kell 2018), conversely a case- control study demonstrated that using of intrauterine device is 

linked to small decreased risk of pre-eclampsia, particularly, if the device removed within the year 

prior to pregnancy (Parker et al. 2016), therefore, the role of paternal genes in the aetiology of 

pre-eclampsia appears to be limited. 

 

There are many diseases and allergic reactions that manifest themselves as inflammatory 

abnormalities within the immune system. Trott and Harrison (2014) highlighted that T cells have a 

role in the development of hypertension; however, the researchers failed to provide details of the 

exact subsets. 

CD4 T cells are classified into the following groups: T helper (Th) 1 or Th2, Th9, Th17 and Th22, 

depending on their activation markers and cytokine production (Figure 1-2). The Th17 cells 

previously mentioned produce the cytokine IL-17 and contributed to numerous autoimmune 

diseases, obesity, and cardiovascular disease. 

The above suggests that hypertension may be mediated by multiple pro-inflammatory T cell 

subsets. Regulatory T (Tregs) cells, which regulate and restrain the pro-inflammatory T cells, 

contribute to hypertension-induced end-organ damage in mice (Trott and Harrison 2014). 
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Figure 1-2 Interaction between a T cell receptor and the antigen-presenting cells  

(dendritic cells or accessory cells) and the stimulation of molecules on the T cell by ligands on the  

antigen-presenting cell, activating the T helper cells and producing various types of inflammatory  

responses.   

The above figure was taken from (Akdis et al. 2011). 

1.9.2 Long interpregnancy intervals and pre-eclampsia 

Inter-pregnancy intervals (IPI) defined as the period between the delivery date of the previous live 

birth and the beginning of the following pregnancy (Gebremedhin et al. 2018). Several 

epidemiological studies have shown that both short and long IPIs are risk factors for adverse 

pregnancy and perinatal consequences, but the bulk of adverse complication has been associated 

with short intervals (Conde-Agudelo et al. 2006). According to the recommendation from the 

World Health Organisation, the IPI should be a minimum of 2 years (Hanley et al. 2017).  

Closely-spaced pregnancies may cause depletion in some of the maternal nutrients such as folate 

mainly among breastfeeding mothers. Moreover, this may lead to adverse pregnancy 

consequences. There is a large prospective cohort study conducted in the Netherlands reported a 

negative relationship between short IPI and foetal growth, and that women not using folic acid 

supplements were at a higher risk of foetal growth restriction after a short IPI (Zhu and Le 2003; 

van Eijsden et al. 2008). However, a recent study demonstrated that the IPI influences the mean 
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arterial pressure (MAP) of the second pregnancy in women who had pre-eclampsia. Shorter IPI is 

linked with a more significant reduction in MAP when compared to the longer IPI. Though there 

was a trend toward higher pre-eclampsia recurrence with longer IPI, this tendency did not reach 

statistical significance (Howe et al. 2018). Moreover, IPI of җ120 month seems to be 

independently correlated with a higher risk of gestational diabetes mellitus and premature 

membrane rupture (Lin et al. 2019). 

 

 Angiogenic factors 

1.10.1 Vascular endothelial growth factor (VEGF) and placental growth factor (PlGF)  

Throughout post-natal development, the vascular endothelial growth factor (VEGF) molecule 

plays an essential role in many biological processes and related conditions. The VEGF molecules 

exist and have been classified in mammals as VEGF-A, VEGF-B, VEGF-C, VEGF-D and placental 

growth factor (PlGF). The most common of the aforementioned molecules is VEGF-A, which is 

interwoven with alternate isoforms possessing pro- and anti-angiogenic properties (Woolard et al. 

2009). When the ligands bind, they trigger the Flt1, Flk1 (VEGFR2) and Flt4 (VEGFR3) receptors. 

There are also co-receptors, for example, neuropilins, that can affect the behaviour of VEGFR 

(Cebe Suarez et al. 2006; Favier et al. 2006; Kawamura et al. 2008; Herzog et al. 2011). These 

combinations of molecules and receptors play a major role in the development of blood and 

lymph vessels, VEGFR3 being particularly important for lymph vessels (Kukk et al. 1996). Flt1 binds 

VEGF-A, -B and PlGF, whereas Flk1 binds to VEGF-A and -C, and Flt4 binds VEGF-C and ςD (Fischer 

et al. 2008). 

VEGFRs are made up of three domains: extracellular, trans-membrane and the intracellular 

protein tyrosine kinase domain. The binding process involving VEGFRs sets in motion the tyrosine 

kinase activity, which opens up a range of signalling pathways between the cells with the function 

of regulating vascular processes. Signalling events along the Flt1 and Flk1 pathways have a 

regulating effect on angiogenesis, such as endothelial cell migration, proliferation, tube formation 

and vessel branching (Olsson et al. 2006).  

The key angiogenic growth factors, VEGF and PlGF, play an important role in ensuring normal 

trophoblastic proliferation and implantation takes place (Ostendorf et al. 2007). Some researchers 

have suggested that an imbalance in these growth factors can be linked to pre-eclampsia 

(Thadhani et al. 2004). Impaired invasion of spiral vessels may have different aetiologies; 

immunological, genetic or environmental. Shallow trophoblast invasion disturbs the formation of 
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an environment with low resistance and the high volume of blood flow (Zhou et al. 1997). The 

developing placenta and, indirectly, the foetus are not offered access to appropriate gas 

exchange. As a result leads to ischemia in the uteroplacental compartment, and then to hypoxia 

(Roberts and Post 2008). Inadequate perfusion leads to ischemia-reperfusion lesions along with 

free radical production, placental ischemia and oxidative stress elicit inflammatory processes and 

cytokine release (Molvarec et al. 2011). Therefore, Maintained chronic hypoxia produces a 

considerable increase in inflammation. It triggers the production of angiogenic factors such as 

VEGF or PlGF to compensate for the shortage of blood supply by prompting angiogenesis and 

increasing NO production, which is anticipated in vascular endothelium stabilisation (Pratt et al. 

2015). The demand that constantly grows during pregnancy makes this process inadequate results 

in decompensation, and disturbed balance in angiogenesis and anti-angiogenic substance 

production (Kwiatkowski et al. 2016). 

In cancer treatments, using anti-VEGF has been linked to hypertension and proteinuria, which are 

often associated with the onset of pre-eclampsia, which shows these may also be relevant in 

understanding the condition(Ostendorf et al. 2007). 

 

 Anti-angiogenic factors 

1.11.1 Soluble FMS-like tyrosine kinase 

Soluble fms-like tyrosine kinase-1, also known as soluble VEGF receptor 1 or sFlt-1 is an 

endothelial receptor that binds to and antagonises VEGF and PlGF. By producing vasoconstriction 

and endothelial dysfunction (Luft 2006), sFlt-1 contributes to several features of pre-eclampsia, 

including hypertension and glomerular endotheliosis. 

sFlt-1 is thought to be one of the key peptides involved in the development of pre-eclampsia. 

Maternal serum levels of sFlt-1 have been shown to be elevated in women with pre-eclampsia 

compared with controls, to correlate with disease severity (Chaiworapongsa et al. 2004) and to 

decrease markedly following delivery (Koga et al. 2003).  The genetic studies have broadened and 

improved the understanding of several diseases pathophysiology, assisting in enhancing clinical 

care findings. As it is well known that sFlt-1 is located on chromosome 13 (Gray et al. 2018), there 

is a link between trisomy 13 and susceptibility to develop pre-eclampsia during the second and 

third trimester in pregnant women have foetus with trisomy 13 prone to have an abnormal 

placenta (Chen 2009; Silasi et al. 2011). Therefore, identification of any variant of placental sFlt-1 

holds promising findings for better prediction and diagnosis of pre-eclampsia. 
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1.11.2 Soluble endoglin 

Soluble endoglin (sEng) is a co-receptor that antagonises transforming growth factor-ʲм ŀƴŘ ʲо 

and contributes to the anti-angiogenic environment of pre-eclampsia. sEng is highly expressed on 

endothelial cell membranes and syncytiotrophoblasts (Koga et al. 2003). In normal pregnancy, 

levels of sEng fall between the first and second trimesters, but in women who go on to develop 

pre-eclampsia, this reduction is blunted (Rana et al. 2007). Consistent with studies involving sFLT-

1, it has also been demonstrated that levels of sEng are elevated in the sera of pregnant women 

with pre-eclampsia, correlate with disease severity, and fall after delivery (Venkatesha et al. 

2006). 

A promising discovery in terms of predicting pre-eclampsia was that levels of sEng are elevated 

several weeks before the development of clinical symptoms in women who developed the 

condition; furthermore, in patients who developed pre-term pre-eclampsia, serum sEng levels are 

elevated (approximately twofold) as early as gestational weeks 17-20 (Levine et al. 2006).   

 Metabolic changes in normal and pre-eclamptic pregnancy  

Normal pregnancy is associated with considerable maternal metabolic alterations; these changes 

tend to be anabolic during the first two trimesters as the nutrients are stored in an early stage of 

pregnancy to meet the foetal and maternal requirements of late gestation and lactation. It has 

been recognised that the increase in insulin resistance seen in pregnancy results in increases in 

the maternal glucose and free fatty acid which in turn allows for greater substrate availability for 

foetal development (Zeng et al. 2017). In contrast, late pregnancy tends to be in a catabolic state 

with decreased insulin sensitivity (Martineau et al. 2015).  

Metabolic syndrome defined as a cluster of common abnormalities, including hypertension, high 

fasting plasma glucose, dyslipidaemia, obesity and insulin resistance (Rafeeinia et al. 2014).  

Given the metabolic changes described in pregnancy it is not surprising that recent research has 

focused on the relationship between metabolic syndrome and pre-eclampsia. It is noted that 

there is a shift towards a pro-atherogenic state in normal pregnancy. However, this is more severe 

in women who develop pre-eclampsia (Martin et al. 1999; Beigh et al. 2017). The presence of 

metabolic syndrome can be used as a simple way to identify populations at risk of cardiovascular 

disease as it is a risk factor for both cardiovascular disease and diabetes. It is also referred to by 

the names cardiometabolic syndrome, insulin resistance syndrome, or Reavan's syndrome. The 

exact mechanism of metabolic syndrome is not clear yet, and it has very complex 

pathophysiology. Predisposing factors of metabolic syndrome encompass several factors such as 
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stress, obesity, sedentary lifestyle, age, history of cardiovascular disease, diabetes, schizophrenia, 

and other mental illnesses, rheumatic diseases, psoriasis, and psoriatic arthritis (Padmavati 2016).  

 

 Role of annexins, proteomics and miRNAs factors in pre-eclampsia 

While several efforts have been made in order to understand P-EC fully, the pathogenesis of this 

condition remains uncertain. Thus contributes to the current lack of an effective screening 

method and treatment of P-EC. Therefore, it is essential to identify novel biological markers for 

early diagnosis and develop new strategies for treating this disorder. In this study, the researcher 

is aiming to explore other factors could play a role other than the inflammatory and haemostatic 

biomarkers, for instance, investigate the effect of annexins in women who had a history of pre-

eclampsia. Annexin A5 is generally used to identify cell apoptosis as it can bind to 

phosphatidylserine, a marker of apoptosis on the outer leaflet of the membrane (van Engeland et 

al. 1998). Two annexins A2 and A5 have been selected in this project; chapter 4 will discuss in 

more details the role of annexins in postpartum pre-eclamptic subjects.  

For a more detailed discussion of the relationship between pre-eclampsia and metabolic 

syndrome see Chapter 5. 

Other factors could be added in this project to investigate the changes in the MicroRNAs profiles 

in preeclampsia post-delivery at different time points since their delivery, which will be explained 

in-depth in chapter 6. 

 

 Cardiovascular Disease  

Cardiovascular disease (CVD) is leading cause of mortality worldwide. It represents a group of 

disorders that occur as a defect in the circulatory systems, i.e. the heart and the blood vessels. 

(O'Donnell and Elosua 2008). The most common predisposing causes known are: 

¶ Hypertension 

¶ Increase in lipid profile levels especially the cholesterol Low-density lipoprotein (LDL) 

¶   Diabetes 

¶  Obesity 

¶  Hereditary and another such gender, age, life/environmental style 
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This term cardiovascular disease refers to seven types of disorders, which include: 

1. Ischemic heart disease. 

2. Cerebrovascular disease. 

3. Peripheral vascular disease. 

4. Heart failure. 

5. Rheumatic heart disease. 

6. Congenital heart disease. 

7. Deep vein thrombosis. 

1.14.1 Pre-eclampsia and cardiovascular diseases 

During pregnancy, there are some important physiological changes that occur to accommodate 

foetus development and which are considered necessary for a successful pregnancy, such as an 

increase in plasma volume and red blood cell mass, which leads to a decrease in the haemoglobin 

level in comparison to non-pregnant women. Also, there is an increase in the cardiac output to 

approximately 20% at eight weeks of gestation (Soma-Pillay et al. 2016),  reaching a maximum 

level of 45% at 24 weeks (Sanghavi and Rutherford 2014). These changes might not be tolerated 

in some women and can lead to pregnancy complications. Over the past decades, it has become 

increasingly obvious that women with a history of pre-eclampsia are at high risk of cardiovascular 

disease (CVD) in the future. Pre-eclampsia continues to pose risks to the mother postpartum, with 

several studies reporting that women with a history of P-EC are at a greater risk of 

thromboembolic and cardiovascular disease several years following delivery, compared to women 

with previously normal pregnancies (Kestenbaum et al. 2003; Bellamy et al. 2007). Some 

literature has been published suggesting that the clotting and angiogenic factor changes observed 

during P-EC also persist postpartum. However results regarding this are inconclusive (Bremme 

and Blombäck 1996; He et al. 1999; Lwaleed et al. 2014). If confirmed, these haematological 

changes may explain the heightened risks of cardiovascular and thromboembolic disease 

experienced by formerly pre-eclamptic women. 

 

American Heart Association guidelines for 2011 acknowledged that pre-eclamptic women, and 

those with gestational hypertension, have an independent gender-specific cardiovascular risk 

factor. There is much recent evidence that pre-eclampsia and cardiovascular disease share many 

risk factors.  Bellamy et al. (2007) showed that follow-up data of up to 200.00 women with a 

history of pre-eclampsia show significantly increased relative risk for future chronic hypertension, 

ischaemic heart disease, venous thromboembolism and stroke. Overall mortality after 14.5 years 
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was an estimated 1.49-fold higher (95% confidence interval 1.05-2.14). Long-term maternal 

prognosis is especially poor for women who experienced early-onset disease, in whom long-term 

follow up studies revealed a 7 to 8 fold increased cardiovascular mortality, compared to a 2 fold 

increase in women with a history of late-onset pre-eclampsia. Moreover, recent papers on long-

term cardiovascular events after pre-eclampsia demonstrated that women with previous pre-

eclampsia showing increased risk of subclinical coronary artery atherosclerosis from the age of 45 

years onwards (44-55yrs) (Zoet et al. 2018) 

 Definitive evidence on the real or main causes and consequences of pre-eclampsia remains to be 

resolved ŦƻǊ ǘƘŜ ǎŀƪŜ ƻŦ ƳƻǘƘŜǊΩǎ ŀƴŘ ŎƘƛƭŘǊŜƴΩǎ ƭƛǾŜǎ ƛƴ ƳƛƴƛƳƛǎƛƴƎ ǘƘŜ ƳƻǊǘŀƭƛǘȅ ŀƴŘ ƳƻǊōƛŘƛǘȅ 

rates in developing countries. 

There are several questions which have not yet been answered regarding the aetiology and the 

exact mechanism of this increase in cardiovascular risk. Thus, our research is focused on 

biomolecular markers that are thought to have a role in the postpartum course of women with 

pre-eclampsia. This research will help to understand the effect of P-EC on women post-delivery 

and susceptibility to cardiovascular diseases later in life. Next will discuss the aims of this project. 

 

 The aims of the studies 

This study was conducted in postpartum pre-eclamptic women. Five hypotheses will be explored 

in this project: 

Hypothesis I:  

The objective of this study is to test the hypothesis that some inflammatory and haemostatic 

indices could potentially be used postpartum to predict susceptibility to future cardiovascular 

events in pre-eclamptic women. 

Aim 

To investigate the relationship between circulating levels of haemostatic factors and 

inflammatory cytokines in women with a history of pre-eclampsia (Paper I, Chapter II). 
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Hypothesis II: 

To support the hypothesis that women with a medical history of pre-eclampsia have a state or 

tendency towards increasing levels of haemostatic and anti-angiogenic factors, including: vascular 

endothelial growth factor (VEGF), placental growth factor (PIGF), soluble fms-like tyrosine kinase-

1 (sFlt-1) and soluble endoglin (sEng), in combination with TF and TF pathway inhibitor (TFPI). 

Also, whether these factors alter postpartum in women with a history of pre-eclampsia. 

Aim 

To investigate the relationship between haemostatic as well as angiogenic and anti-angiogenic 

factors in women with a history of P-EC (Paper II, Chapter III). 

Hypothesis III: 

To support the hypothesis that pre-eclamptic women after one year, postpartum have alterations 

in their plasma proteomic profiling. 

Aim 

To examine the global plasma proteomic profile one year postpartum of women with pre-

eclampsia (Paper III, Chapter IV). 

Hypothesis IV: 

To evaluate the changes in the maternal plasma levels of annexin A2 and annexin A5 in women 

with a history of pre-eclampsia after several years since their delivery. 

Aim 

To determine the plasma levels of Annexins A2 and A5 in pre-eclamptic women postpartum at 

different time points past since they experienced the pre-eclampsia (Chapter V). 

Hypothesis V: 

To support the hypothesis that there are some alterations in the genes expression occurs in 

women with a previous history of pre-eclampsia and the possibility of using these biomarkers as a 

ǘƻƻƭ ǘƻ ƳƻƴƛǘƻǊ ǘƘŜ ǿƻƳŜƴΩǎ ƘŜŀƭǘƘΦ 

Aim 

To investigate the plasma miRNAs in postpartum pre-eclamptic women and to explore whether 

plasma miRNAs may serve as new biomarkers and risk factors for cardiovascular diseases 

development (Chapter VI). 
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 General Experimental Design 

General methods, samples size calculation and blood collections used in this work present in 

chapter two, however, details for specific experiments such as coagulation and angiogenic 

markers (Chapter 3) or plasma proteomic profiling (Chapter 4) or annexin A2 and annexin A5 and 

miRNA biomarkers (Chapter 5 & 6 respectively) are described in each chapter methods section. It 

is worth mentioning that the samples used in the first and second study were collected previously 

and used for all the markers measured. Then, the researcher started to recruit the participants to 

reach the total of pre-eclamptic blood specimens (n=66) with only five samples from the healthy 

non-pregnant women in the control arm.  
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Study I 

Inflammatory and Haemostatic Changes Following Pre-eclampsia: Potential Link with 

Development of Subsequent Cardiovascular Events? 

This chapter will provide an overview about the presence of a link between women who have 

experienced pre-eclampsia and any imbalance of the haemostatic system and disturbance of the 

inflammatory pathways, which could be predictive of cardiovascular disease later in life.  

Published in Gynecology & Reproductive Health (ISSN2639-9342) 

http://scivisionpub.com/pdfs/inflammatory-and-haemostatic-changes-following-preeclampsia-

potential-link-with-development-of-subsequent-cardiovascular-events-833.pdf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://scivisionpub.com/pdfs/inflammatory-and-haemostatic-changes-following-preeclampsia-potential-link-with-development-of-subsequent-cardiovascular-events-833.pdf
http://scivisionpub.com/pdfs/inflammatory-and-haemostatic-changes-following-preeclampsia-potential-link-with-development-of-subsequent-cardiovascular-events-833.pdf
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 Introduction 

During a normal pregnancy, the maternal spiral arteries are reconstructed to assist the body in 

coping with the increase in maternal circulation linked to placental perfusion. Upon entry of the 

foetal syncytial trophoblasts, the vessels dilate, enlarge and become flaccid. These changes to the 

blood vessels do not occur in pre-eclamptic pregnancies and, as a result, the placenta is prevented 

from embedding into the maternal blood vessels. This can also cause Intrauterine Growth 

Retardation and have a range of other effects on foetal development. The maternal immune 

response to feto-placental factors is likely to be involved in orchestrating the platelet activation 

and vascular endothelial damage characteristic of the maternal disease (Walker 2000). T-cells may 

also play a role in the development of P-EC induced hypertension (Trott and Harrison 2014). 

Inflammatory cytokines may play a role in the development of acute inflammation. The acute 

inflammatory phase, i.e. the first response to damage, is characterised by an increase in blood 

flow and permeability of vessels, together with a build-up of fluid, leukocytes and cytokines. In 

contrast, in the chronic inflammatory process, humoral and cellular immune responses to the 

pathogens can be detected at the injury site. Some soluble factors influence leukocyte 

recruitment through increased expression of cellular adhesion molecules and chemo-attractants 

(Cetin et al. 2011). Such soluble factors also regulate the activation of resident cells (such as 

fibroblasts, endothelial cells, tissue macrophages and mast cells) and together with the 

inflammatory cells create a systemic response. The cytokines that mediate acute inflammatory 

reactions include Interleukin-1 (IL-1), Interleukin-6 (IL-6), Interleukin-8 (IL-8) Interleukin-11 (IL-11), 

Tumour Necrosis Factor Alpha (TNF-ʰύΣ ŀƴŘ /ƘŜƳƻƪƛƴŜǎ ǎǳŎƘ ŀǎ DǊŀƴǳƭƻŎȅǘŜ /ƻƭƻƴȅ {ǘƛƳǳƭŀǘƛƴƎ 

Factor and Granulocyte Monocyte Colony Stimulating Factor. 

 Tissue Factor (TF) is the main cellular initiator of blood coagulation. When the endothelial lining is 

damaged, TF binds to FVII in the presence of calcium (TF: FVII/FVIIa) and proteolytically activates 

downstream coagulation factors, eventually resulting in thrombin formation and fibrin generation 

(Butenas et al. 2005).  In vivo TF is regulated by a specific inhibitor known as Tissue Factor 

Pathway Inhibitor (TFPI) which, under normal conditions, is synthesised primarily by the vascular 

endothelium.  

Previously, we studied TF and TFPI levels in women who have had P-EC compared with normal 

counterparts  (Lwaleed et al. 2014).  In the present study, we investigate the relationship between 

these factors and inflammatory cytokines (IL-6, IL-8, IL-10 and TNF-ʰύ ƛƴ ǿƻƳŜƴ ǿƛǘƘ ŀ Ǉŀǎǘ 

medical history of P-EC. 
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 Material and methods 

2.2.1 Study design 

This study uses a case-control design to try to identify a potential link between P-EC and the 

development of subsequent cardiovascular events, and whether inflammatory and haemostatic 

indices could be used postpartum to predict susceptibility to future cardiovascular events. The 

case-control design is particularly useful when there is a need to study several risk factors, and 

when a study must be performed relatively quickly and inexpensively. It is the most appropriate 

and efficient design for research into rare diseases and usually needs a smaller study population 

than a cohort design. 

 

2.2.2 Ethical approval  

The ethical was granted for the study by the Southampton and South West Hampshire Research 

Ethics Committee (REC reference number is 05/Q1702/131) (see Appendix B). 

2.2.3 Definition of cases 

In this study, the cases (study group) are women who have had P-EC previously. In the first paper, 

women were included within six months to 3 years post-delivery. 

2.2.4 Definition of controls 

Healthy women matched by age to the study group with no previous history of pre-eclampsia. 

2.2.5 Recruitment strategy 

The researcher reviewed the data of women who had given birth at the Princess Anne Hospital 

within the last years (2007, 2012-2016). The contact information was obtained from protection 

officers within Southampton General Hospital (SGH), including the names, addresses and contact 

numbers of 500 women (350 diagnosed with P-EC and 150 women in the control group). We did 

ƴƻǘ ƘŀǾŜ ŀŎŎŜǎǎ ǘƻ ǘƘŜ ǇŀǘƛŜƴǘǎΩ ƳŜŘƛŎŀƭ ǊŜŎƻǊŘǎΦ ! ǎǘǳŘȅ ƛƴǾƛǘŀǘƛƻƴ ƭŜǘǘŜǊ όǎŜŜ Appendix C) was 

sent to 500 women with a return envelope. After receiving the reply slip. Telephone calls were 

made to contact women who responded to the invitation letters, and the aim and objectives of 

the project were explained to them. The women were invited to SGH for a blood sample to be 

taken. Recruitment of the controls was somewhat complicated, as the response to the initial 



Chapter 2 

30 

invitation letter was very poor. As the controls needed to match the age range of the women in 

the study group, they could only be invited once all the ǎǘǳŘȅ ƎǊƻǳǇΩǎ ǎŀƳǇƭŜǎ ƘŀŘ been 

completed. Given this, Sisters and female staff working at SGH were asked to participate in the 

study, and the response was very positive. The aim of the study was explained, and their help was 

sought in obtaining control samples. A number of staff and patients also offered to be involved. 

However, specimens were collected by previous researcher and these were used in the study I 

and study II. 

2.2.6 Interview instrument 

The researcher conducted telephone interviews with the women participating in the study. It took 

approximately 5-10 minutes to complete an interview. The participants were then asked to 

complete a general medical questionnaire (see Appendix D) to confirm inclusion status, then 

dates and times were offered to them to take a blood sample at SGH. 

2.2.7 Subjects 

Ethical approval was granted for the study by the Southampton and South West Hampshire 

Research Ethics Committee (REC reference number is 05/Q1702/131). Informed consent was 

obtained from all participants. The participants were asked to complete a general medical 

questionnaire to assess the inclusion and exclusion criteria. A case-controlled study design was 

used to evaluate plasma TF and TFPI levels, as well as pro-inflammatory (IL-6, IL-8 and TNF-ʰύ ŀƴŘ 

an anti-inflammatory (IL-10) cytokines in 26 women who had a history of P-EC during previous 

pregnancies and 14 age-matched healthy women who have never had P-EC in previous 

pregnancies.  

2.2.8 Inclusion criteria 

Inclusion criteria for the study group were that participants had experienced P-EC between 

January 2007 and October 2016; for the control group, participants were women within the same 

age range but with no history of P-EC. 

2.2.9 Exclusion criteria 

Exclusion criteria common for the two groups were: current pregnancy (including women who 

had given birth in the previous six months); chronic hypertension and obesity; the presence of 

cardiovascular, autoimmune and hepatic diseases; connective tissue disorders; diabetes; 
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coagulation disturbances; and cancer. Women on anticoagulants or corticosteroid therapy were 

also excluded from the study. 

2.2.10 Sample size 

A sample size calculation was performed, based on a 0.6 correlation coefficient between the TF, 

TFPI and inflammatory cytokines levels and P-EC. The p-value to assess this association was set to 

5%, two-sided. The power was 0.95. Given these criteria, 30 subjects would need to be recruited 

in each arm, taking into account a dropout-rate of 25%.  

2.2.11 Specimen collection 

A 5 mL specimen of venous blood was collected using a 21-gauge needle, into vacutainer tubes 

containing 3.8% tri-sodium citrate. These then were centrifuged at 3000 rpm for 10 minutes at 

room temperature. Plasma samples then were immediately isolated and transferred into 250 µl 

aliquots, which then were stored at ς86°C until used for batch-wise analysis. For each assay, a 

previously unthawed aliquot was used. 

2.2.12 Assays 

Commercially available enzyme-linked immuno-sorbent assay (ELISA) assays were used to 

measure IL-6, IL-8, IL-10 and TNF-ʰΣ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƎǳƛŘŜƭƛƴŜǎ όwϧ5 {ȅǎǘŜƳǎΣ 

UK). The intra- and inter-assay coefficient of variations (CV) for TF and TFPI were 3.4 and 5.7%, 

and 3.6 and 5.9%. For cytokines these were 1.7 and 2.0%, 7.3 and 9.4%, 4.6 and 8.5%, 3.1 and 

7.4%, respectively. 

2.2.13 Statistical analysis 

Data were analysed using the Statistical Package for the Social Sciences (SPSS), Version 23 for 

Windows (Statistical Analysis System, Chicago, Illinois, USA). The Shapiro-Wilk test was used to 

test normality. Data were not normally distributed, so results are expressed as a Box and Whisker 

Plot, with outliers additionally identified. Comparisons between two groups were performed by 

Mann-Whitney tests. P values of <0.05 were considered statistically significant. Correlations 

between the pro-inflammatory cytokines were assessed by Spearman correlation test. Assays 

results were either recorded as pg ml-1 of the original specimen for the inflammatory cytokines or 

ng ml-1 for TF and TFPI. 
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 Results 

2.3.1 Demographic data 

The clinical and demographic characteristics of the study groups are shown in Table 2.1. No 

significant differences were found ƛƴ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŀƎŜΣ .aLΣ ǎƳƻƪƛƴƎ ǎǘŀǘǳǎ ŀƴŘ ŀƭŎƻƘƻƭ 

consumption; however, six of the participants had a family history of P-EC while eight had a 

previous history of hypertension. The control group also was sampled at least a year after the last 

delivery. 

Table 2.1 {ǳōƧŜŎǘǎΩ ŘŜƳƻƎǊŀǇƘƛŎ ŀƴŘ ŎƭƛƴƛŎŀƭ Řŀǘŀ 

Characteristics                                        Preeclampsia     Controls 

Number of participants 

Mean age of participants 

Minimum to maximum age 

Mean BMI of participants 

Family history of P-EC 

Family history of 

hypertension 

Family history of type II 

diabetes 

Family history of myocardial 

infarction 

Family history of deep vein 

thrombosis 

Ethnic group 

 

 

 

Current smokers 

Regular exercise 

Alcohol consumers 

 

 

 

Personal history of anaemia 

either during, alternatively, 

after pregnancy 

 

Currently on contraception 

26 

33.6years 

24-47years 

27.1 

6 

8 

 

4 

 

5 

 

1 

 

24 participants were British; 1 

white European; 1 black 

African 

 

4 

5 

22-average units, units 

consumed is 3.3 units/week 

 

 

3 

 

 

 

6 

 

14 

30.5years 

22-43years 

24.9 

None 

4 

 

7 

 

5 

 

None 

 

10 participants were     

British;1 white European; 1 

Mexican Latino; 1 black 

African; 1 Indian 

2 

3 

10 average units                                                           

consumed is 

3.2 units/week 

 

None 

 

 

 

9 
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Figure 2-1 :  Plasma IL-10 in women with P-EC and controls. 

2.3.2 Inflammatory cytokines 

Plasma IL-10 levels were significantly raised in women with a history of P-EC post-pregnancy 

compared with controls (P<0.01; Figure 2-1). Plasma IL-6 levels appeared elevated in the study 

group compared with controls, but this rise was not significant (Figure 2-2). On the other hand, 

plasma TNF-ʰ ƭŜǾŜƭǎ ǘŜƴŘŜŘ ǘƻ ōŜ ǊŜŘǳŎŜŘ ƛn the study group, compared to controls, but not 

reaching statistical significance (Figure 2-3). For the other inflammatory cytokines measured, we 

observed a trend towards raise levels in the P-EC group compared with controls. There were 

positive and significant correlations between the pro-inflammatory cytokines; IL-6 has strongly 

correlated with IL-8 and TNF-ʰ ŀǎ όǊҐлΦонΤ ǇғлΦлноΣ Ǌ ҐлΦпΤ ǇғлΦлмнΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ bƻ ǎǘŀǘƛǎǘƛŎŀƭƭȅ 

significant correlations were observed between IL-8 and IL-10 (r=0.103; P<0.27), nor between 

TNF- and IL-10 (r=0.1; p<0.32). 

 

 

 

 

 

 

 

 

 

Results are shown in the .ƻȄ ŀƴŘ ²ƘƛǎƪŜǊ ǇƭƻǘΦ ¢ƘŜ ōƻǘǘƻƳ ŀƴŘ ǘƻǇ ƻŦ ǘƘŜ ΨōƻȄΩ ǊŜǇǊŜǎŜƴǘ ǘƘŜ 

25th and 75th centile, respectively, while the line within the box represents the median value. The 

ΨǿƘƛǎƪŜǊǎΩ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǊŀƴƎŜΦ 
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Figure 2-2 Plasma IL-6 in women with P-EC and controls 

Figure 2-3 Plasma TNF-ʰ ƛƴ ǿƻƳŜƴ ǿƛǘƘ t-EC and controls 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.3 Tissue factor and tissue factor pathway inhibitor 

There was a slight increase, albeit statistically insignificant, in plasma TF levels when P-EC group 

was compared the control group. On the other hand, plasma TFPI levels were slightly reduced in 

the P-EC group compared with controls; however, this also was not significant. Surprisingly, the 

TF/TFPI ratio was significantly raised when women with P-EC were compared with controls 

(p<0.05; Figure 2-4). 
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Figure 2-4 : Plasma TF/TFPI ratio in women with P-EC and controls 

 

 

 

 

 

 

 

 

 

 

 

2.3.4 The relationship between inflammatory cytokines and tissue factor, tissue factor 

pathway inhibitor 

There were positive and significant correlations between IL-10 and TFPI (r= 0.5; p<0.01), as well as 

IL-10 and TF/TFPI (r= 0.31; p<0.041). 

 Discussion 

Changes to the immune system and  haemostatic and endothelial status may have a profound 

effect on maternal health. However, it is not yet fully understood how such changes relate to the 

aetiology and pathogenesis of P-EC (ØIan et al. 1985).   In this study, we show that mothers who 

experienced P-EC show altered levels of both inflammatory and coagulation markers postpartum. 

Our results have several implications for clinical practice. First, several studies have suggested 

that a history of P-EC is associated with an increased risk of cardiovascular disease later in life 

(Smith et al. 2001; Bellamy et al. 2007).  Knowledge of the factors underlying this association is 

lacking. The findings of our study may, therefore, be relevant in broadening this understanding 

and may contribute to the monitoring of subsequent risk progression. Second, alterations in 

immune and haemostatic factors, in women with previous P-EC, during a non-pregnant state, 

maybe of aetiological significance in explaining maternal disease susceptibility.  

The immune system pertaining to pregnant women is key in maintaining a normal healthy 

pregnancy. The pro-inflammatory Th1 cells which produce interleukin IL-нΣ ƛƴǘŜǊŦŜǊƻƴ ʴ ŀnd TNF-ʰ 
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are involved in cell-mediated responses and delayed-type hypersensitivity reactions, whereas the 

anti-inflammatory Th2 cells producing IL-4, IL-5, IL-10 and IL- 13 are involved in evoking humoral 

immunity. For a pregnancy to remain successful, the maternal immune response must shift from 

the Th1 to theTh2 phenotypes (Kumar et al. 2013).  Pregnant women with P-EC have been shown 

to have increased concentrations of serum IL-6, IL-8 and soluble IL-4 receptors (Jonsson et al. 

2006).  Th1 and Th2 ŎȅǘƻƪƛƴŜǎ ǊŜŎƛǇǊƻŎŀƭƭȅ ǊŜƎǳƭŀǘŜ ƻƴŜ ŀƴƻǘƘŜǊΩǎ ŦǳƴŎǘƛƻƴǎ (Liberman et al. 2003; 

Matsuzaki et al. 2005).  In P-EC, the pro-inflammatory cytokines are predominantly sourced in the 

maternal circulation; however, both monocytes and macrophages are also known to express 

certain cytokines when activated by non-specific immune reactions (Rahardjo et al. 2014). 

Considering the immunological impact on P-EC progression, we investigated the relationship 

between plasma cytokines in women with a past history of P-EC and age-matched healthy women 

with no previous history of P-EC. All plasma cytokines measurements were made at least six 

months postpartum (Table 1).   

IL-с Ǉƭŀȅǎ ŀ Ǿƛǘŀƭ ǊƻƭŜ ƛƴ ǊŜƎǳƭŀǘƛƴƎ ǘƘŜ ōƻŘȅΩǎ ƛƳƳǳƴŜ response and has a significant effect on B 

lymphocyte differentiation and the production of acute-phase proteins, such as CRP. In P-EC, a 

significant increase in plasma IL-6 levels was observed between the first- and third-trimester; the 

same was not found in the control group (Freeman et al. 2004). Recently we demonstrated that 

women with a history of previous P-EC show altered levels of circulating inflammatory markers 

and an increased acute-phase response to influenza vaccination postpartum (van Rijn et al. 2016). 

In the present study, we observed raised levels of IL-6 in postpartum P-EC women compared with 

the control group, although this was not statistically significant. 

There are many potential sources of IL-8 spanning several cell types (all nucleated cells). The main 

sources of IL-8 are monocytes and macrophages, as the role of IL-8 is to recruit monocytes and 

neutrophils, the main cells at work during an acute inflammatory response. We found a slight 

increase in the plasma IL-8 level of post-pregnancy pre-eclamptic women compared to their 

normal counterparts; this in agreement with other reports, where IL-8 has been shown to 

increase in pre-eclamptic subjects (Sharma et al. 2007).  It is noted that TNF-ʰ ǇǊƻƳƻǘŜǎ ŀǇƻǇǘƻǎƛǎ 

and further encourages leakage in endothelial vessels, resulting in a systemic endothelial 

activation response and some of the symptoms of P-EC. The low TNF-ʰ ƭŜǾŜƭ ƛƴ ǇƻǎǘǇŀǊǘǳƳ ǇǊŜ-

eclamptic women reported in our studies is in accordance with results from another study 

(Cackovic et al. 2008), which reported a reduced TNF-ʰ ƛƴ ƛǘǎ ǇŀǘƛŜƴǘ ƎǊƻǳǇ ƻǾŜǊ ŎƻƴǘǊƻƭǎΦ ¢ƘŜ 

reduction in TNF-ʰ ƭŜǾŜƭǎ ǎŜŜƴ ƛƴ ǘƘŜ ǘǿƻ ǎǘǳŘƛŜǎ ŎƻǳƭŘ be attributed to its short half-life.  

IL-10 acts as an immuno-regulatory cytokine balancing any increases of pro-inflammatory 

cytokines through its anti-inflammatory action. Bakheit et al. (2009) reported that IL-10 plays a 
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key role in regulating inflammatory responses in the placenta and is thought to be essential for a 

healthy pregnancy and that women with P-EC had raised levels of IL-10 in comparison to 

normotensive women. Similarly, Benian et al. (2002) found increased plasma levels of IL-10 in pre-

eclamptic subjects and attributed this to the pathophysiological processes occurring in P-EC. In 

our study, plasma IL-10 was significantly increased in P-EC compared to controls.  

Inflammatory cytokines activate coagulation through TF and protein C expression, and inhibition 

of fibrinolysis. Inflammation is modulated by the components of thrombin/fibrin pathway (Petäjä 

2011); endothelium and monocytes/macrophages become activated and IL-1 and IL-8 secretion 

increases (Sower et al. 1995; van der Poll et al. 2001).  Similarly, immunoglobulins could 

potentially exert many prothrombotic and antifibrinolytic activities, especially through interaction 

with mast cells (Lippi and Favaloro 2016). 

Intravascular coagulation activation may play a part in the pathogenesis of P-EC  (Sandset et al. 

1989). It has been suggested that coagulation abnormalities may be more relevant to the fatal 

outcome than blood pressure (Redman 2014) and coagulation indices may be of value in 

monitoring P-EC progress (Howie et al. 1976).  Indices of a prothrombotic state correspond with 

those of inflammation and may be related to the underlying vascular disease and co-morbidities  

(Conway et al. 2004).  Vascular changes are prominent features of P-EC (Sandset et al. 1989) and 

both cardiovascular disease and P-EC share many risk factors (Lwaleed et al. 2014).  

Previously we investigated the relationship between TF and TFPI in women who had P-EC 

compared to their normal counterpart and reported a significant increase in TF/TFPI ratio in 

women with P-EC (Lwaleed et al. 2014). Our result suggested an imbalance between TF/TFPI 

levels in women with the past history of P-EC post-pregnancy, and we proposed that such 

imbalance may contribute to the development of maternal hypercoagulable states and may 

predispose women with a history of P-EC to cardiovascular risks later in life (Lwaleed et al. 2014). 

In the present work, we examined the relationship between TF, TFPI and TF/TFPI ratio, and pro- 

and anti-inflammatory cytokines in the same cohort of subjects. We observed a positive and 

significant correlations between IL-10 and TFPI (r= 0.5; p<0.01), as well as IL-10 and TF/TFPI ratio 

(r= 0.31; p<0.041). This supports the well-established phenomenon, i.e. that there is cross-talk 

between inflammation and haemostasis in several pathophysiological conditions (Juhan-Vague et 

al. 1996; O'Brien 2012). It also suggests that both anti-inflammatory cytokines and anti-TF-

dependent coagulation pathway are activated in the P-EC group, arguably due to endothelial 

dysfunction and the development of vascular damage, both of which are known to be associated 

with P-EC. Indeed vascular endothelial changes are recognised as being a central process in 

pregnancy-induced hypertension (Granger et al. 2001). 
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We acknowledge that this work should be seen as a pilot study which might add beneficial 

information to more focused studies in the future. Despite having performed a sample size 

calculation, the study may have been under-powered as there are some possible associations that 

might have achieved statistical significance if numbers of cases had been higher. 
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Study II 

Do patients with a history of pre-eclampsia have elevated levels of coagulation and 

angiogenic markers postpartum? 

 

This chapter examines the changes in the levels of angiogenic, anti-angiogenic and haemostatic 

markers of pre-eclamptic women after delivery. We investigate the relationship between levels of 

several angiogenic and anti-angiogenic factors, including vascular endothelial growth factor 

(VEGF), placental growth factor (PIGF), soluble fms-like tyrosine kinase-1 (sFlt-1) and soluble 

endoglin (sEng), in combination with a history of severe, early onset P-EC, compared to matched 

controls with previously normal pregnancy, then once more again between the pre-eclampatic 

women and IUGR. 
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 Abstract 

Background: Pre-eclampsia (P-EC) is a pregnancy-specific disorder, characterised by placental 

insufficiency and endothelial dysfunction. It is a significant cause of maternal and fetal morbidity. 

Women with a history of P-EC have heightened risks of future cardiovascular and thromboembolic 

disease. In addition, pre-eclamptic patients have elevated levels of clotting and angiogenic 

factors; however it is unclear whether these changes persist postpartum. 

Aims: The aim of this study was to investigate the relationship between haemostatic as well as 

angiogenic and anti-angiogenic factors in women with a past-history of P-EC, including vascular 

endothelial growth factor (VEGF), placental growth factor (PlGF), soluble fms-like tyrosine kinase-

1 (sFlt-1) and soluble endoglin (sEng), in combination with tissue factor (TF) and TF pathway 

inhibitor (TFPI), also whether these factors were altered postpartum in women with a history of P-

EC. 

Methods: The study followed a case-control design. Blood samples were obtained at 6-12 months 

postpartum from 21 primiparous women after a pregnancy affected by P-EC, and 21 women with 

a previously unaffected pregnancy. Plasma concentrations of each of the factors were determined 

using enzyme-linked immunosorbent assay. 

Results: Significant differences were not observed in levels of VEGF (p=0.068), PlGF (p=0.333), 

sFlt-1 (p=0.910), sEng (p=0.612), TF (p=0.260) or TFPI (p=0.786) between women with and without 

a history of pre-eclampsia. Additionally, no significant difference was found in the TF: TFPI ratio 

between case and control groups (p=0.734). 

Conclusion: This study does not support the hypothesis that levels of VEGF, PlGF, sFlt-1, sEng, TF 

or TFPI are altered in women with a history of P-EC compared to controls. However, we observed 

a weak positive association between all parameters measured. While we acknowledge that this is 

a pilot study and that the sample sizes is relatively small, our results suggest that circulating 

haemostatic, angiogenic and anti-angiogenic factors are not  significantly altered in women with a 

past-history of P-EC. 

 

Keywords: Pre-eclampsia, Angiogenic Factors, Postpartum, Intrauterine Growth Restriction, 

Cardiovascular Disease. 
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 MATERIALS AND METHODS 

3.2.1 Subjects 

The Ethics Committee of the Tertiary Referral Centre (UMC Utrecht, the Netherlands) approved 

the study; Informed consent was obtained from all participants. The research protocol did not 

interfere with any medical recommendations or prescription. 

3.2.2 Study design 

The study takes a case-control design which includes a total of 42 women at 6-12 months 

postpartum; 21 primiparous women following a pregnancy affected by early-onset pre-eclampsia, 

and 21 non-pregnant women who have not had PE (control group). 

3.2.3 Specimen collection 

From each of the participants, a 5ml sample of venous blood was obtained using a 21-gauge 

needle. These were collected into vacutainer tubes containing 3.8% trisodium citrate. The blood 

samples were then placed in a centrifuge at a rate of 3000 rpm for 10 minutes, at room 

temperature. After being immediately isolated and transferred into 250˃ƭ ŀƭƛǉǳƻǘǎΣ ǘƘŜ ǇƭŀǎƳŀ 

samples were subsequently stored at -86°C until being extracted for batch-wise analysis of the 

relevant haemostatic, angiogenic or anti-angiogenic factors. For each assay, a previously 

unthawed aliquot was used. 

3.2.4 Assays 

Commercially available Enzyme-Linked Immunosorbent assays were used to measure levels of 

VEGF, PlGF, sFlt-1, sEng, TF and TFPI in each of the samples. The intra-assay coefficient of 

variations for the measured markers as following; 6.7%, 7.0%, 2.6%, 2.8%, 2.3% and 4.5% 

respectively. Whereas the inter-assay are; 8.8%, 11.8%, 9.8%, 6.7%, 6.3% and 6.1% respectively. 

All assays were performed ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ƛƴǎǘǊǳŎǘƛƻƴǎ όvǳŀƴǘƛƪƛƴŜ IǳƳŀƴ 9[L{! 

Kits; R&D Systems, UK). 

 

3.2.5 Statistical analysis 

Data were included in a database and analysed by SPSS software (version 24.0). Data normality 

was tested by the Shapiro-Wilk method. Results which were not normally distributed and are 
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expressed as medians and inter-quartile ranges (IQR). Differences between two or more groups 

were assessed by Mann-Whitney U test and Kruskal-Wallis test. Category variables were 

compared using the chi-square test. Data for TFPI were normally distributed, therefore an 

independent samples T-test was performed, with means and standard deviations reported. A p-

value of <0.05 was considered to be statistically significant. 

 RESULTS 

3.3.1 Demographic and clinical data 

Characteristics of the study groups are summarised in Table 3.1. No significant differences were 

observed between the groups regarding ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŀƎŜΣ ƘŜƛƎƘǘΣ ǿŜƛƎƘǘΣ .aLΣ ǎȅǎǘƻƭƛŎ ōƭƻƻŘ 

pressure, diastolic blood pressure, infant gender and whether or not they had a history of 

hypertension. As expected, women who had suffered from P-EC during their pregnancies had a 

significantly lower mean gestational age (211.10±20.40 days versus 281.86±9.45 days for controls, 

p<0.01). Consequently, formerly pre-eclamptic women had children with significantly lower mean 

birth weights compared to those with unaffected pregnancies (1168.57±503.93 grams versus 

3574±462.12 for controls, p<0.01; Figure 3-1 and Figure 3-2). This is consistent with our 

expectations, given the effects on the offspring of mothers affected by P-EC (Szymonowicz and Yu 

1987; Noris et al. 2005).  

Although not statistically significant, there was a trend towards increased baseline mean diastolic 

blood pressure amongst the pre-eclamptic cohort (115.00 ±11.4 versus 108.75 ±8.82 for controls, 

p=0.051). However, these measurements were still within the healthy ranges for both cases and 

controls. 
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Table 3.1 {ǳōƧŜŎǘǎΩ ŘŜƳƻƎǊŀǇƘƛŎ ŀƴŘ ŎƭƛƴƛŎŀƭ Řŀǘŀ 

Variable  Pre-eclampsia Group 

(n=21) 

 Control Group (n=21) p Value 

Mean Age (years) 34.84 (±4.72) 34.77(±4.78) 0.968 

Mean  Height (cm) ρφψȢυψυȢψυ 171.57(±8.01) 0.223 

Median Weight (kg) φτȢππυψρπχ 64(57-93) 0.587 

Median BMI (kg/m²) 23.85(19.16-34.15) ςρȢρψρωȢχςσρȢπχ 0.251 

Mean Systolic BP (mmHg) 76.25(±6.71) 72.08(±3.97) 0.127 

Mean Diastolic BP (mmHg) 115(±11.40) 108.75(±8.82) 0.051 

History of previous 

Hypertension  

Yes (%) 

No (%) 

 

 

 

4(21.05%) 

15(78.95%) 

 

 

1(7.14%) 

13(92.86%) 

 

 

0.366 

Mean Gestational age@ 

Delivery (days) 

211.1(±20.4) 281.86(±9.45) 0.001 

Mean Birth Weight (g) 1168.57(±503.93) 3574.10(±462.12) 0.001 

Infant Gender  

Male (%) 

Female (%) 

 

14(66.66%) 

7(33.33%) 

 

6(42.86%) 

8(57.14%) 

 

0.169 

 

 

 

 

 

 

 

 

 

 

Figure 3-1 Comparison of infant gestational ages at delivery in P-EC and Control 

groups.  
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3.3.2 Angiogenic factor levels in women with a history of pre-eclampsia  

The results indicate no change in VEGF or PlGF concentrations between case and control groups, 

and slight decreases between levels of sFlt-1, sEng, TF and TFPI in the formerly pre-eclamptic 

women compared with their healthy counterparts.  Figure 3-3 illustrates the differences in the TF 

concentrations between the groups. None of these findings was found to be statistically 

significant. sFlt-1, sEng, TF and TFPI concentrations tend to reduce in concentrations amongst the 

pre-eclampsia group compared to controls. Such trends, however, were not statistically 

significant. Also, the ratio of sFlt-1 and PIGF was insignificant. As nine women out of twenty-one 

have had P-EC along with IUGR therefore we compared between the cohorts to see whether a 

history of IUGR had a significant affect on angiogenic factors postpartum (Table 3.2). There were 

increased levels of PlGF, sFlt-1 and TF in the group affected by IUGR compared to pre-eclamptic 

women (P=0.086, P=0.314 and P=0.431, respectively) whereas levels of sEng and TFPI appear to 

be decreased in the two groups. VEGF remained unchanged between the cohorts. These 

tendencies are not statistically significant  

 

 

 

Figure 3-2 Comparing infant birth weight in study and control groups. 
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Figure 3-3 TF levels in women with P-EC and conrol groups. 
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Table 3.2 Comparison of all factors between women with and without a history of P-EC. 

Data are reported as medians (lower and upper quartiles), except TFPI which is reported as Standard deviation (±SD) 

 

 

 

 

 

 

 

 

 

Factors Control 
Group  
(n=21) 

 P-EC Group 
 (n=21) 

p Value Control Group  
(n=21) 

P-EC Group 
(n=12) 

p Value P-EC Group 
(n=12) 

IUGR 
(n=9) 

p Value 

VEGF 0.25 (0.25-
0.25) 

0.25(0.25-0.25) 0.068 0.41(0.25-0.25) 0.25(0.25-0.25) 0.148 0.25 (0.25-
0.25) 

0.25 (0.25-
0.25) 

1.000 

PIGF 0.35(0.35-
0.67) 

0.35(0.35-0.78) 0.333 0.5(0.35-0.67) 0.5(0.35-0.78) 0.904 0.35(0.35-
0.78) 

0.78(0.35-
0.78) 

0.086 

sFlt-1 8.13(0.47-
19.6) 

6.47(0.80-18.80) 0.910 12.6(0.47-19.6) 7.9(0.8-14.1) 0.782 1.47 (0.80-
14.13) 

12.3(2.22-
30.0) 

0.314 

sEng 4.37(3.62-
4.96) 

4.11(3.7-4.7) 0.612 4.7(3.6-4.96) 4.2(3.7-4.69) 0.672 4.3(3.7-4.69) 4.04(3.44-
4.75) 

0.887 

TF 4.47(2.03-
9.92) 

3.69(0.08-7.5) 0.260 5.8(2.0-9.9) 3.6(0.08-6.96) 0.137 3.7(0.8-6.97) 5(0.80-11.97) 0.431 

TFPI 157.25 
(±59.68) 

152.44(±50.18) 0.786 152.38(±57.4) 153.22(±60.86) 0.970 156.8±62.5 151.26±31.79 0.934 
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TF/TFPI ratios in women with a history of pre-eclampsia with or IUGR compared to their 

counterparts   

Patients with a history of P-EC showed a decreased TF/TFPI ratio, but this was not found to be 

statistically significant. On the other hand, there was a trend towards elevated TF/TFPI ratios 

amongst the groups affected by IUGR compared to pre-eclamptic women. However, this was not 

statistically significant see (Table 3.3). 

Table 3.3 Comparison of TF: TFPI ratio between women with and without a history of P-EC and 

IUGR 

Haematological Factor Control Group (n=21) P-EC Group (n=21) Net Change p-Value 

TF:TFPI Ratio 0.03 (0.01-0.05) 0.02 (0.0-0.05) Decrease 0.734 

Haematological Factor P-EC Group (n=12) IUGR Group (n=9) Net Change p Value 

TF:TFPI Ratio 0.02 (0.0-0.05) 0.4(0.001-0.083) Increase 0.217 

 DISCUSSION 

Pre-eclampsia was defined as new-onset development of hypertension (with diastolic blood 

pressure > 90mmHg and systolic blood pressure > 140mmHg), alongside new-onset proteinuria, 

dipstick 2+ or more than 300mg/24hours (Redman and Jefferies 1988).  VEGF is an umbrella term 

for various pro-angiogenic growth factors, including PlGF. They are vital for maintaining the 

fenestrated endothelial in renal, liver and brain tissue, all of which can be affected in P-EC (Tjoa et 

al. 2010).  Placental Growth Factor is expressed in the endothelial cells of the umbilical vein and 

trophoblast and is necessary for the angiogenesis involved in healthy placental development 

(Noori et al. 2010; Tjoa et al. 2010). The endothelial dysfunction underlying P-EC is thought to 

represent an anti-angiogenic state produced by low concentrations of VEGF and PlGF (Noori et al. 

2010), which precede and coincide with disease development (Levine and Karumanchi 2005; 

Romero et al. 2008; Tjoa et al. 2010; Maynard and Karumanchi 2011). 

This study did not find a statistically significant difference in levels of VEGF (p=0.068) or PlGF 

(p=0.333) between women with a history of P-EC and those with previously normal pregnancies.  

These findings corroborated with those of Lyall et al. (1997) who found no difference in VEGF 

levels at 6-12 months postpartum between formerly pre-eclamptic women and controls. 

Comparable results have also been reported by WikstrÖM et al. (2008) Wolf et al. (2004) and 

Kvehaugen et al. (2011) who measured VEGF and PlGF levels at seven days, 18 months and 5-8 
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years postpartum, respectively. Both Lyall et al. (1997) and WikstrÖM et al. (2008) also found that 

postpartum VEGF levels were significantly raised compared to pre-delivery measurements, 

further supporting our findings, that the decreases of VEGF during pre-eclampsia do not persist 

postpartum.  

The only study that contradicts our findings was that of Noori and colleagues, who reported 

significantly elevated VEGF concentrations at 12 weeks postpartum in women who had suffered a 

hypertensive versus a normotensive pregnancy (Noori et al. 2010).  It should be noted that this 

study did not differentiate between gestational hypertension and P-EC, although they have 

distinct pathologies for which angiogenic profiles may differ. This may account for the difference 

between the two studies. Also, their study did not adjust for the stage of the menstrual cycle that 

participants were at. It has been suggested that VEGF levels may rise with angiogenesis occurring 

in the ovary during follicular development, producing falsely elevated results (Noori et al. 2010).

  

Soluble fms-like tyrosine kinase-1 is an endothelial receptor which antagonises VEGF and PlGF. By 

producing vasoconstriction and endothelial dysfunction, sFlt-1 contributes to several features of 

P-EC, including hypertension and glomerular endotheliosis (Maynard et al. 2003; Tjoa et al. 2010). 

Studies have shown that placental sFlt-1 expression is elevated weeks before and during P-EC. 

Therefore the anti-angiogenic state increased (Maynard et al. 2003; Levine et al. 2004; Romero et 

al. 2008; Tjoa et al. 2010). 

The present work found insignificant decrease in sFlt-1 levels amongst formerly pre-eclamptic 

women (median 6.47 (0.80-18.80)) versus controls (median 8.13 (0.47-19.6); p=0.910). Our results 

are in agreement with Noori and colleagues study who found no significant difference at 12 weeks 

postpartum between case and control groups, but as mentioned previously, the cohort also 

included women with gestational hypertension (Noori et al. 2010). sFlt-1 has a molecular weight 

of 110 kDa that considers too large to be filtered by the glomerulus; both PLGF and VEGF (30 and 

45 kDa respectively) are easily filtered by the kidneys and excreted in the urine. Therefore, most 

of the studies prefer to use urinary levels of PLGF as a predictive marker for pre-eclampsia along 

with the serum ratio of sFlt-1/PLGF. Also, during our study, we tend to use the blood as 

biomarkers rather than using other types of specimens such as urine (Eddy et al. 2018). 

Our findings oppose those of Powers et al. (2005) and WikstrÖM et al. (2008) who found 

significantly elevated sFlt-1 levels at 48 hours and seven days postpartum, respectively. The 

reason for these results could be the length of time after delivery at which measurements were 

taken. Both these studies measured sFlt-1 within days of delivery, compared to 6-12 months 

postpartum in our study. It could be hypothesised that a history of P-EC disrupts and slows (but 
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does not completely ǇǊŜǾŜƴǘύ ǘƘŜ ōƻŘȅΩǎ ƳŜŎƘŀƴƛǎƳ ƻŦ ŎƭŜŀǊƛƴƎ ǎCƭǘ-1 so that it may appear 

elevated in the early postpartum period. It may be the case that these patients have normalised 

sFlt-1 levels when followed up after a longer postpartum period. However, Wolf et al. (2004) 

found increased sFlt-1 concentrations in previously pre-eclamptic women at 18 months 

postpartum. 

 A reason for this could be the participant demographics; the pre-eclampsia group displayed 

significantly higher baseline mean blood pressures and BMIs compared to controls. And were also 

more likely to have a family history of Cardiovascular disease, all of which are independent risk 

factors for future Cardiovascular disease (Jousilahti et al. 1999), so it is not unreasonable to 

suggest that they also affected angiogenic marker levels in these patients. 

 Additionally, Kvehaugen et al. (2011) found elevated sFlt-1 levels after 5-8 years in formerly P-EC 

women. This could be due to the mean age of pre-eclamptic women recruited in this study 

(37.2±4.4years), which is slightly older than in our study (34.84±4.72years).  

Soluble endoglin is a cell surface receptor which antagonises transforming growth factor-  ̡and 

contributes to the anti-angiogenic environment of P-EC. It has been found to disrupt endothelial 

tube production, and induce vascular permeability and hypertension (Tjoa et al. 2010; Maynard 

and Karumanchi 2011).  Studies have shown that sEng is upregulated in the circulation and 

placentas of pre-eclamptic women before and during its occurrence (Venkatesha et al. 2006; 

Jeyabalan et al. 2008; Tjoa et al. 2010; Maynard and Karumanchi 2011).  

This study found a small, statistically insignificant decrease in postpartum sEng amongst the 

control group (median 4.37 (3.62-4.96) versus median 4.11 (3.7-4.7) for formerly pre-eclamptic 

women, p=0.612). Two studies were found investigating sEng levels following P-EC, both of which 

are supported by our findings. (Noori et al.) Also, (Kvehaugen et al.) found no significant 

differences in sEng levels between women with a history of P-EC and controls, when measured at 

12 weeks and 5-8 years postpartum, respectively (Noori et al. 2010; Kvehaugen et al. 2011).  

Again, Noori and colleagues did not differentiate between gestational hypertension and P-EC, so 

these results should be interpreted with caution (Noori et al. 2010).  

Overall, our study, in combination with the current literature does not suggest elevated levels of 

sEng following a pre-eclamptic pregnancy. However, our study and Noori et al. and Kvehaugen et 

al. studies are limited by size. Hence more extensive investigations are indicated to confirm these 

findings. 

Tissue factor or factor III is a primary activator of the extrinsic pathway of coagulation. Tissue 

factor pathway inhibitor (TFPI) is its main inhibitor. TF is abundant in the placenta and decidua 
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and is involved in many of the mechanisms underlying P-EC such as systemic inflammation and 

defective placental implantation (Erez et al. 2008).  Maternal plasma concentrations of TF and 

TFPI have been found to be elevated in women during P-EC, and are likely to contribute to the 

ŘƛǎŜŀǎŜΩǎ ƘȅǇŜǊŎƻŀƎǳƭŀōƭŜ ǎǘŀǘŜ (Erez et al. 2008; Rousseau et al. 2009). 

 We found no significant difference in TF (p=0.260), TFPI (0.786) or the TF: TFPI ratio (p=0.734) 

between the pre-eclamptic and control groups. There has been little literature investigating TF 

after pre-ŜŎƭŀƳǇǎƛŀΦ hǳǊ ǊŜǎǳƭǘǎ ǇŀǊǘƭȅ ŎƻǊǊƻōƻǊŀǘŜŘ [ǿŀƭŜŜŘ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎΩ ǎǘǳŘȅΣ ǿƘƛŎƘ ŦƻǳƴŘ 

no difference in TF and TFPI between formerly pre-eclamptic women and controls when 

measured within six months to three years postpartum. However, this study found an insignificant 

increase in TF: TFPI ratio in the IUGR group. Additionally, there was a trend towards increased TF 

levels amongst IUGR group, which may have reached statistical significance in a larger cohort, 

ǊŜŎŜƴǘ ǊŜǇƻǊǘǎ ŀƭǎƻ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀ ƘƛǎǘƻǊȅ ƻŦ L¦Dw Ƴŀȅ ƛƴŎǊŜŀǎŜ ǿƻƳŜƴΩǎ Ǌƛǎƪǎ ƻŦ ƛǎŎƘŀŜƳƛŎ ƘŜŀǊǘ 

disease, independent of pre-eclampsia (Ness and Sibai 2006). 

To conclude, our study does not support the hypothesis that levels of VEGF, PlGF, sFlt-1, sEng, TF 

or TFPI are significantly altered 6-12 months postpartum in women with a history of severe, early-

onset P-EC compared to women with previously unaffected pregnancies.  

Current literature both opposes and corroborates with these results, and most studies have 

limitations. Further investigations into clotting and angiogenic markers following P-EC are 

indicated, with larger numbers of participants and longer postpartum follow-up periods. This may 

provide a definitive answer as to whether or not such factors play a role in the etiopathogenesis 

of P-EC and may explain and predict adverse cardiovascular risks in previously pre-eclamptic 

women. 
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Study IV 

Plasma annexins A2 and A5 in women with a past history of pre-eclampsia 
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Abstract 

Background: Generally, pregnancy is associated with normal physiological changes in the 

haemostatic processes. However, it is well established that a group of pre-eclamptic women are 

predisposed to cardiovascular diseases later in life. The decreased anticoagulant activity of 

annexin A5 and the deficient profibrinolytic activity of annexin A2 have been linked to an 

increased risk of thrombotic events.  

Methods: In the present retrospective case-control study, we investigated plasma annexins A2 

and A5 levels in 5 healthy volunteers and 66 women who had pre-eclampsia (P-EC) at interval 

years including 2007, 2012 till 2016. Blood samples were collected in Ethylenediaminetetraacetic 

acid vacutainer tubes, processed and assessed for plasma annexins A2 and A5, using commercially 

available Enzyme-Linked Immunosorbent Assays. 

Results:  Plasma annexin A2 was higher in the study group compared with the controls, 

conversely to the plasma annexin A5, where a higher level was observed in the control group. 

There was no statistically significant difference in the annexins levels between the control and 

pre-eclamptic women group (p = 0.12> 0.05 for A2, and p= 0.086 for A5). Annexin A2 levels 

showed a significant positive association with the number of years post-delivery (r = 0.254, p = 

0.039). However, annexin A5 levels were negatively associated with the number of years 

postpartum (r = - 0.3, p = 0.015). 

Conclusion:  There is no significant difference between plasma annexin A2 levels and annexin A5 

in the studied group. Annexin A2 showed a positive, while annexin A5 showed a negative 

association with the number of years postpartum. Our findings suggest that there is a slight 

imbalance between annexins A2 and A5 in pre-eclamptic women postpartum, this may lead to the 

development of cardiovascular diseases later in life. This reinforces our earlier work in relation to 

the raised tissue factor/ tissue factor pathway inhibitor ratio in women with P-EC. 

 

Keywords: Annexin A2; Annexin A5; Haemostasis; Pregnancy; Pre-eclampsia; Postpartum; 

Cardiovascular disease 
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 Introduction 

Pre-eclampsia (P-EC) is a condition peculiar to pregnancy and commonly characterised by 

hypertension and proteinuria after 20 weeks of pregnancy (Roberts and Cooper 2001). 

Worldwide, this condition has a notable impact on maternal and foetal morbidity and mortality. 

Despite intensive research the aetiology of P-EC remains poorly understood. However, it has been 

suggested that P-EC could result from either a failure of trophoblast remodelling of uterine spiral 

arterioles that may lead to placental ischaemia, or due to immunological and haematological 

ŦŀŎǘƻǊǎ ǎŜŎǊŜǘŜŘ ƛƴǘƻ ǘƘŜ ŎƛǊŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ ƳƻǘƘŜǊΩǎ ŎƛǊŎǳƭŀǘƛƻƴ (Hladunewich et al. 2007). To 

date, the majority of studies have focused on the assessment of the coagulation and 

inflammatory activities. While little-published data is known about an alteration in the fibrinolytic 

system in P-EC women. It is well established that normal pregnancy is associated with normal 

physiological changes in the coagulation activities towards hypercoagulability status and the 

formation of placental fibrin deposits, to prevent haemorrhaging during labour. Such changes 

returns to normal within 4-6 weeks postpartum (Deitcher and Gardner 1999). Nevertheless, the 

hypercoagulability may contribute with predisposing factors, to the development of thrombotic 

complications associated with P-EC (Hellgren 2003). Therefore, a functional fibrinolytic system is 

essential to maintain the balance between the normal haemostasis and hypercoagulability status 

(Gohil et al. 2009). It has been demonstrated that a deficiency in the fibrinolytic activity is 

considered as a risk factor for increased thromboembolism in women complicated by P-EC (Sucak 

et al. 2006). A balance between the coagulation and the fibrinolytic systems is essential to 

maintain the integrity and patency of the vascular components. 

 

Fibrinolysis is a process that removes the physiological deposit of fibrin from accumulating in the 

vascular system, thus preventing haemostatic clots from happening, known as clot lysis. It has 

been noticed that there several histological dysfunctions occurred in the placenta of many pre-

eclamptic women by the presence of excessive fibrin deposition and micro-thrombi that may 

contribute to the disease development. Four decades ago, Synexin was the first annexin 

discovered and recently known as annexin A7 (Creutz et al. 1978). Annexins are a type of proteins 

that share structural and functional aspects (Geisow et al. 1987). To date, this family encompasses 

thirteen members whose primary structure has been resolved. More than 100 annexins are 

known to occur in many different species. Twelve proteins have been recognised in humans; 

these are conventionally referred to as annexin A1-13. However, the ANXA12 gene is unassigned. 

There are some abbreviations which denote their presence in different species for instance; the 

ŘŜǎŎǊƛǇǘƻǊ Ψ!Ω ŘŜƴƻǘŜǎ ǘƘŜƛǊ ǇǊŜǎŜƴŎŜ ƛƴ ǾŜǊǘŜōǊŀǘŜǎΤ Ψ.Ω ŘŜƴƻǘŜǎ ǘƘŜƛǊ ǇǊŜǎŜƴŎŜ ƛƴ ƛƴǾŜǊǘŜōǊŀǘŜǎΤ 
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Ψ/Ω ŘŜƴƻǘŜǎ ǘƘŜƛǊ ǇǊŜǎŜƴŎŜ ƛƴ ŦǳƴƎƛ ŀƴŘ ǎƻƳŜ ƎǊƻǳǇǎ ƻŦ ǳƴƛŎŜƭƭǳƭŀǊ ŜǳƪŀǊȅƻǘŜǎΤ Ψ5Ω ŘŜƴƻǘŜǎ ǘƘŜƛǊ 

ǇǊŜǎŜƴŎŜ ƛƴ ǇƭŀƴǘǎΣ ŀƴŘ Ψ9Ω ǘƘŜƛǊ ǇǊŜǎŜƴŎŜ ƛƴ ǇǊƻǘƛǎǘǎ (Gerke and Moss 2002). 

Annexin A2 has been described as a cell surface co-receptor for plasminogen and its activator 

tissue plasminogen activator. It is binding significantly enhances cell surface plasmin generation 

(Hayashi et al. 2009). Additionally, annexin A2 belongs to a calcium-regulated phospholipid-

binding protein family that is expressed in several cell types including vascular endothelial cells, 

macrophages, a wide range of tumour cells such as promyelocytic leukaemia cells and on the 

brush-border membrane of placental syncytiotrophoblast (Xin et al. 2012). It is well known that 

the annexin A2 has expressed in the adipose tissues of humans and rodents. Annexin A2 has 

involved in glucose homeostasis, particularly the insulin-inducible translocation of GLUT4, the vital 

and essential glucose transporter in adipocytes, from intracellular compartments to the cell 

surface. Also, Annexin A2 has been implicated in the accumulation of fatty acid (Grewal et al. 

2019). 

In 1985 annexin A5 was first described as a vascular anticoagulant. It is also known as Lipocortin 

V, Endonexin II, placental anticoagulant protein I and Thromboplastin inhibitor (Mussunoor and 

Murray 2008). Annexin A5 is defined as monomeric; a single-chain protein that has high-affinity 

binding properties to phosphatidylserine (PS) in a calcium-dependent manner  (NAKAO et al. 

1994). Furthermore, The timer is composed of three monomers of Annexin A5 combined in order 

to bound to the membrane (Schutters and Reutelingsperger 2010). The trimers tend to the 

assembly in a two-dimensional lattice form covering the exposed surface of the PS during trimer 

to trimer interactions (Olofsson et al. 1994; van Genderen et al. 2008). 

 

The current study aimed to assess the plasma annexin A2 and annexin A5 levels post-delivery in 

women with a history of P-EC compared with previously healthy pregnant controls and to 

investigate their relationship to increase the risk of cardiovascular disease in the pre-eclamptic 

women in the future. 
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 Materials and Methods 

4.2.1 Subjects 

Ethical approval was gained by the Southampton and South West Hampshire Research Ethics 

Committee (REC reference number is 05/Q1702/131). Informed consent was obtained from all 

participants. The research protocol did not interfere with any medical recommendations or 

prescription. 

4.2.2 Study design 

The study takes a retrospective case-control study design which includes a total of 71; P-EC (n=66) 

women who delivered in 2007(7), 2012(7), 2013(18), 2014(11), 2015(10) and 13 women who 

delivered 2016 postpartum following a pregnancy affected by early-onset P-EC and five healthy 

women who delivered in 2016. 

4.2.3 Specimen collection 

From each of the participants, a 5ml sample of venous blood was obtained using a 21-gauge 

needle. These were collected into vacutainer tubes containing 3.8% trisodium citrate or EDTA 

container tubes. The blood samples were then placed in a centrifuge at 3000 rpm for 10 minutes, 

at room temperature. After being immediately isƻƭŀǘŜŘ ŀƴŘ ǘǊŀƴǎŦŜǊǊŜŘ ƛƴǘƻ нрл˃ƭ ŀƭƛǉǳƻǘǎΣ ǘƘŜ 

plasma samples were subsequently stored at -86°C until extraction for batch-wise analysis of the 

annexins A2 and A5. For each assay, a previously unthawed aliquot was used. 

4.2.4 Assays 

Commercially available Enzyme-Linked Immunosorbent assays were used to measure levels of 

!b·!н ŀƴŘ !b·!р ƛƴ ŜŀŎƘ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ƛƴǎǘǊǳŎǘƛƻƴǎ 

(Quantikine Human ELISA Kits; Lifespan Bioscience, UK). The intra-assay coefficient of variations 

for the measured markers annexin A2 and A5 are <10% and <6.48% respectively whereas, and the 

inter-assay are <12% for the annexin A2 and 5.65% for annexin A5. 
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4.2.5 Statistical analysis 

Data were included in a database and analysed by SPSS software (version 24.0). Data normality 

was tested using the Shapiro-Wilk method. Results which were not normally distributed are 

expressed as medians and inter-quartile ranges (IQR). 

 Results 

Plasma annexins A2 and A5 levels in the studied groups 

4.3.1 Descriptive analysis 

Levels of Annexin A2 were higher in P-EC compared with that of the control group. The converse 

is true for Annexin A5 where higher levels were found in the control group, relative to that found 

in the P-EC group. See Figure 4-1 and Figure 4-2. The plot of the mean levels of Annexin A2 and 

Annexin A5 for the control and P-EC groups, as shown in previous figures, gives a graphical view of 

the large difference between the mean levels. However, the Mann-Whitney U test suggests that 

there is no statistically significant difference in the plasma annexin levels between the controls 

and the P-EC groups  (p = 0.121 > 0.05 for Annexin A2, and p = 0.086 > 0.05 for Annexin A5). The 

difference between the levels of A2 and A5 (A2 value ς A5 value) decreased over the years. Levels 

of Annexin A5 were slightly higher than that of Annexin 2 for women who gave birth in more 

recent years, while the levels of Annexin A2 were higher in women with longer postpartum. This is 

true for both the control and pre-eclampsia groups. 

 

 

Figure 4-1: Mean plasma levels of Annexin A2 in the pre-eclampsia and control groups. 
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Figure 4-2: Mean plasma Annexin A5 in the studied groups. 

4.3.2 To examine whether levels of ANXA2 or ANXA5 levels reduced in women who had 

delivered in 2007 because of the number of years since postpartum. 

This analysis examined the pattern of change in the levels of Annexin A2 and Annexin A5, over the 

years since postpartum. The average pattern over the years is different for Annexin A2 and 

Annexin A5, as shown in Table 4.1. Average levels of Annexin A2 increased as the number of years 

since postpartum increased. Conversely, average levels of Annexin A5 appear to decrease with 

years post-delivery, which is very clear in the figure below. The highest levels of Annexin A2 were 

among women who delivered in 2007 and 2012, while 2014 was the highest average for Annexin 

A5. The lowest average level of Annexin A2 was in women who had their baby in 2016, but that of 

Annexin A5 was among women who had their baby in 2007 and 2012 (Figure 4-3, Figure 4-4 and 

Figure 4-5). 
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Table 4.1: Association between Annexin A2, Annexin A5 and year of birth. 

 Annexin A2 Year Min. 1st 
Qu. 

 
Median 

   
Mean  

3rd 
Qu.  

  Max. Lower 
CI 

Upper 
CI 

6 0.470   1.220   1.360   
1.557  

 1.700   3.710 1.080 2.030 

 5  0.650   
1.580 

  1.700   
1.819 

  2.120   3.130       1.150 2.490 

4 0.166  1.620  1.790  2.145 2.110 5.670      1.270 3.020 

 3  0.002   
1.270 

  1.440   
2.804 

  1.810  19.570       0.546 5.060 

 2 0.001   2.472   4.404   7.267 10.810 20.020      -0.734 15.300 

 1 0.197   
1.717 

  4.660   
7.777 

  8.840 28.470      -1.290 16.800 

Annexin A5 6 0.000   
1.520  

 1.850   
2.897 

 3.340   9.818   1.220 4.570 

 5 0.610   
1.540 

  2.190   
2.067 

  2.720   2.950      1.450 2.680 

  4 0.560   
1.640  

 2.450   
3.618  

 3.130 17.050      1.000 6.240 

 3 0.001   
1.218 

  1.780   
3.516 

  3.396  16.360      1.320 5.710 

  2 0.350   
0.840 

  0.960   
1.077 

  1.350   1.910     0.560 1.650 

  1 0.700    0.795   0.970   
1.163 

  1.230   2.420       0.611 1.710 

1=2007, 2=2012, 3=2013, 4=2014, 5=2015 and 6=2016. 
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Figure 4-3: Mean plasma Annexin A2 levels in pre-eclampsia group by year of delivery. 

 

 

Figure 4-4 : Mean plasma Annexin A5 levels in pre-eclamptic women by year of delivery. 
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Figure 4-5: Mean plasma levels of Annexin A2 and Annexin A5 in pre-eclampsia and control 

groups. 

 

4.3.3 Testing the effect of length of postpartum on levels of Annexin A2 and Annexin A5 

To understand the nature and extent of the relationship between the number of years since 

delivering their babies and levels of Annexin A2 and Annexin A5, we used the Spearman rank 

correlation test because of the observed skew distribution of the datasets. Analysis indicates that 

there was a significant positive correlation of Annexin A2 with the number of years after delivery 

(r = 0.25, p = 0.0393). This suggests that as the number of postpartum years increased, levels of 

Annexin A2 also increased. However, there was a significantly negative relation with Annexin A5 

and the number of years postpartum (r = - 0.30, p = 0.0148), the longer the length of years after 

childbirth, the lower the levels of Annexin A5. There was no significant association of levels of 

Annexin A2 and Annexin A5 with either BMI or weight. 

 

4.3.4 Modelling the difference between levels of Annexin A2 and Annexin A5 in the 66 

patients with five controls and accounting for years postpartum 

We used a multiple regression model to estimate the effect of years postpartum (control or P-EC) 

on the levels of Annexin A2 and Annexin A5. The results of the analysis indicate that the model 

overall is significant (p < 0.0001) for predicting the difference between levels of Annexin A2 and 
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Annexin A5. With several years postpartum and assays in the model, it can predict about 45.6% of 

variations in the difference between levels of Annexin A2 and Annexin A5. The model indicates 

that the number of years since delivery was a statistically significant predictor of differences in 

Annexin A2 and Annexin A5 levels (p = 0.005). The difference in the changes in levels of annexins 

Annexin A2, Annexin A5 between the controls and pre-eclmaptic women was not statistically 

significant (p-value = 0.072). For every additional year postpartum, the difference between the 

levels of Annexin A2 and Annexin A5 increased by 1.417. 

 

Regression model 

Model Summary 

Mod
el 

R R Square Adjusted R 
Square 

Std. Error of 
the Estimate 

Durbin-
Watson 

1 .456a .208 .185 6.19367 2.138 

a. Predictors: (Constant), Postpartum, Control 1=yes,0=no 

b. Dependent Variable: Diff2_5 

 

 

ANOVA 

Model Sum of 
Squares 

df Mean 
Square 

F Sig. 

1 Regression 684.653 2 342.326 8.924 .000b 

Residual 2608.588 68 38.362   

Total 3293.241 70    

a. Dependent Variable: Diff2_5 

b. Predictors: (Constant), Postpartum, Control 1=yes,0=no 

 

 

 Discussion 

Pre-eclampsia is an undesirable event occurring during the second half of pregnancy. Pre-

eclampsia is defined as a multicausal disease, characterised by the development of hypertension 

and proteinuria and is considered to be one of the leading causes for maternal morbidity and 

mortality worldwide (Steegers et al. 2010). 

Fibrinolysis is a physiological compensatory mechanism thought to be important in preventing 

severe bleeding during pregnancy and delivery. The fibrinolytic activity is a distinct exclusive 

sequential process that needs interaction between different components. Annexin A2 is 
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considered to be one of the key factors and plays as a crucial mediator in converting the 

plasminogen to plasmin. Annexin A2 serves as a surface receptor that binds both plasminogen 

and its activator tissue plasminogen activator (tPA), works as a co-factor for plasmin generation 

and localising fibrinolytic activity to the cell surface (Livak and Schmittgen 2001). 

 

Our study demonstrates that the plasma annexin A2 levels increased in the pre-eclamptic group 

compared with that of the controls. On the other hand, this study is true for levels of Annexin A5, 

where higher levels were found in the control group relative to that found in the patients. This 

study did not find any statistically significant difference in levels of Annexin A2 (p=0.121) and 

Annexin A5 (p=0.086) between women with a history of pre-eclampsia and those with previously 

healthy and normal pregnancies. Our finding is in contrast to the results of (Abd El-Latif et al. 

2017) where their study showed that the level of serum Annexin A2 had significantly decreased in 

women with pre-eclampsia, although using the same technique (ELISA) that was carried out in our 

study.  These inconsistencies in the findings could be linked to the difference in the type of 

specimens collected in either the serum or plasma.  Also, there was no specification in terms of 

the time after delivery; in our report, the blood was collected in a range of years postpartum to 

see whether the time since the delivery affected those two selected annexins, in women who had 

a history of pre-eclampsia. Surprisingly, there was an indicator that the number of years since 

delivery was a statistically significant predictor of differences in levels of Annexin A2 and A5 (p-

value=0.005). The difference between the levels of Annexin A2 and A5 increased by 1.417, for 

every additional year post-delivery. 

The researcher applied the statistical analysis among the pre-eclamptic participants, omitting the 

control group, to examine the pattern of change in the levels of Annexin A2 and Annexin A5, 

several years postpartum. The typical pattern over the years is different for Annexin A2 and A5. It 

was noticeable that average levels of Annexin A2 increased as the number of years postpartum 

increased. Conversely, average levels of Annexin A5 appear to reduce with the number of years 

post-delivery. The highest levels of Annexin A2 were among women who delivered in 2007 and 

2014 for Annexin A5. The lowest average level of Annexin A2 was in women who had their baby in 

2016, but that of Annexin A5 was among women who had their baby in 2007 and 2012. 

Our results were consistent with those observed by (Sano et al. 2014), who investigated the 

placental Annexin A2 level by using immunohistochemistry and quantitative real-time PCR 

technique; his study was the first to demonstrate increased placental Annexin A2 mRNA 

expression, during the acute phase of P-EC. A study showed that annexin A2 is linked with heat 

shock protein 90 (Hsp90) and is up-regulated in endothelial cells of diabetic rat aorta. It leads to 
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an increase in the plasmin activity. Furthermore, the authors suggested that such changes in 

annexin A2 may be linked to clotting defects observed in diabetes (Eddy et al. 2018). 

 

Interestingly, we found a significantly positive correlation between the levels of Annexin A2 with 

the number of years after delivery (rho = 0.25, p-value = 0.0393). This suggests that as the number 

of years postpartum increased, levels of Annexin A2 also increased. However, the level of Annexin 

A5 was significantly negatively associated with the number of years postpartum (rho = -0.30, p-

value = 0.0148), as the number of years after childbirth increased, the lower the levels of Annexin 

A5. Our results are in agreement with a previous study that showed annexin A2 might increase 

the plasmin generation by binding to tissue plasminogen activator (tPA) and plasminogen, and 

repair impaired fibrinolytic activity with glucose and insulin (Liu et al. 2012). A previous study 

demonstrated that Annexin A2 could also alleviate the development of insulin resistance, which 

may be triggered by the relationship between Annexin A2, lipid metabolism, and inflammation. 

Since lipid metabolism and inflammation are related to cardiometabolic disease, we could draw a 

link between the overexpression of Annexin A2 and lipid metabolism/insulin resistance in 

postpartum pre-eclamptic subjects (Wang et al. 2019); these findings are consistent with the 

proteomic results in chapter five. 

 

The current work showed that there is a tendency of reducing the level of Annexin A5 among the 

pre-eclamptic group compared to their control counterparts, this is in line with other publications 

reporting a decrease in the expression of annexin five through immunohistochemically in 

placentas from women with pre-eclampsia. Thus, leading to the status of hypercoagulability in the 

intervillous space, which may be associated with foetal growth restriction (FGR) and development 

(Ornaghi et al. 2011). 

 

In the past years, more evidence has accumulated regarding the ability of Annexin A5 to bind with 

high affinity in the presence of Ca2+ to negatively charged phospholipids, such as 

phosphatidylserine (PS), which is expressed in the external leaflet of the trophoblast membrane 

(Reutelingsperger and van Heerde 1997; Gourvas et al. 2014). The cell membranes with PS 

exposed at the external, supply a catalytic surface for coagulation reactions, causing a high rate of 

prothrombinase complex formation and the activation of coagulation (Kumar et al. 1995). 

Consequently, Annexin A5 forms an anti-thrombotic shield around the procoagulant anionic 

phospholipids on the trophoblast surface, preventing the phospholipid-dependent coagulation 
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reactions (Matsubayashi et al. 2001). Hence, Annexin A5 has a crucial role in maintaining the 

blood fluidity in the placental circulation; similarly it presents itself as an attractive candidate 

protein, linking placental haemostatic impairment to the pathophysiology of P-EC (Peng et al. 

2014).  

 

In conclusion, we postulate that the imbalance between annexin A2 and annexin A5 levels could 

be used as a signal tool for the greater haemodynamic alterations and vascular damage occurred 

in the future for women who have experienced P-EC. Although the reduction in the level of 

Annexin A5 and increase levels of annexin A2 in late postdelivery pre-eclamptic women were 

statistically insignificant, interestingly, the levels of annexin A5 were weakly and negatively 

significantly correlated with the number of years postpartum.  
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 Study III 

Proteomics 

 Introduction 

Pre-eclampsia is a multisystem disorder occurring after 20 weeks of gestation with many 

aetiologies (Noris et al. 2005). This makes it unlikely that a unique biomarker could robustly 

recognise all pre-eclamptic patients. P-EC and preterm birth now represent a notable burden of 

adverse health. To identify new insights in the aetiology of pre-eclampsia and novel predictive 

biomarkers, researchers are turning towards high throughput proteomics to enable robust 

comparisons between the protein expression in pre-eclamptic and normotensive pregnancies. 

While there are multiple proteomic approaches available, mass spectrometry-based techniques 

remain a popular choice and are the focus of this chapter.  

 

Proteomics offers a promising alternative to classical method based approaches for biomarkers 

identification of preeclampsia due to its ability to detect the whole protein complement (protein 

profiling). Proteomics studies the quantitative description of protein expression, and any 

alterations that might occur under the influence of biological changes either due to pathological 

condition or their treatment (Anderson and Anderson 1998).  Also, this approach is used for 

localisation and identification of posttranslational modifications,  and to assess protein-protein 

interactions (Wilkins et al. 1996). 

 

 

Recently, the use of proteomic technologies has provided a robust view of several diseases. By 

focusing on the protein expression of several target samples, whether these samples have been 

derived from cytoplasmic cell components or secreted proteins, plasma/serum or other body 

fluids such as synovial, cerebrospinal and amniotic (Norwitz et al. 2005; Vascotto et al. 2007; 

Baillet et al. 2010). However, the collection process for these fluids may be problematic and 

complicated. Therefore, plasma or serum specimens are preferable as they are easy to obtain and 

also have a high protein content making them  a valuable media for biomarker determination 

(Ardekani et al. 2002).  

 

Proteomic study is, therefore, a beneficial tool for monitoring disease progression, particularly in 

multifactorial diseases such as pre-eclampsia due to studies showing that the most of the 

circulating of interest factors originally contain a protein component. This study is a pilot to look 

at the small number of samples to identify any protein of interest and quantify potential 
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biomarkers to find factors or unique proteins that could be further used as a diagnostic tool for 

disease detection, monitoring and treatment.  

 

 Aims of this study 

 

1. To identify individual plasma proteins differentially expressed between pre-eclamptic and 

healthy women after post-pregnancy. 

2. To identify clusters of differentially expressed plasma proteins in preeclampsia associated 

with the susceptibility to develop cardiovascular diseases in the future. 

 

 Plasma profiling 

 The wide dynamic range in the expression of proteins in a biological system is nearly 12 orders of 

magnitude (Dayarathna et al. 2008). The proteins of interest usually exist at low concentration, 

and their activities are masked by highly abundant proteins present in the system. It is known that 

albumin represents more than half of the total protein mass in human plasma, whereas the top 

ten proteins together make up 90% of the total protein content (Dayarathna et al. 2008). 

Therefore, ŀ ŎƭŀǎǎƛŎ ǎŀƳǇƭŜ ǇǊƻŎŜǎǎƛƴƎ ΨǿƻǊƪŦƭƻǿΩ ƛƴŎƭǳŘŜǎ the deduction of high abundance 

proteins or enhancement for proteins of interest. Separation technologies include protein 

digestion further peptide fractionation using High-performance liquid chromatography (HPLC) or 

peptide enrichment, and orthogonal separation of peptides directly before MS/MS analysis (LC-

MS/MS) are essential to reduce sample complexity (Qian et al. 2006).  

 

An Immunodepletion approach is a most common technique used where high-abundance 

proteins have to be removed. However,  this approach can lead to the concomitant removal of 

non-targeted protein species, and thus increase issues of specificity, reproducibility, and the 

capacity for meaningful quantitative analyses. Therefore, a combination of multidimensional 

separation with label-based methods, i.e. tandem mass spectrometry (MS/MS) have been used 

for this current experiment. 
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 Ultra-Fast Speed and High Separation Performance 

The speed of liquid chromatography separation becomes faster by using analytical columns with 

ultra-fine particle packing and also by increasing the flow rate of the mobile phase. Once the time 

for the actual analysis is reduced, other factors essential for the analytical cycle time need to be 

considered, such as the injection time, injection movement, gradient delay time and system 

conditioning time. 

 

UFLC provides the key answer for these factors, most importantly reducing the total analysis 

cycle time, which ultimately enhances laboratory productivity. The device consists of four 

units: 

1. Degassing unit (DGU-20A3R). 

2. Solvent delivery unit (LC20AD). 

3. Column ovens (CTO-20A). 

4. UFLC UV-VIS detector (SPD-20A). 

 

 High Performance- Size exclusion chromatography (HP-SEC) 

High Performance- Size exclusion chromatography (HP-SEC); also known as molecular sieve 

chromatography, separates molecules based on their size and molecular weight by filtration 

through a gel/column. The column or the gel consists of spherical beads containing pores of 

specific size distribution. Therefore, larger molecules migrate fast as they are too large to enter 

the pore of the column, While small molecules elute late as the move slowly. Consequently, 

molecules separate based on their size as they pass through the column and are eluted in order of 

decreasing molecular weight (MW). 

 

Operating conditions and gel selection depend on the application and the desired resolution. Two 

common types of separations performed by the SEC are fractionation and desalting (or buffer 

exchange). When an aqueous solution is used as mobile phase, this technique is called as gel 

filtration chromatography (GFC-SEC), and the stationary phase tends to be hydrophilic, whereas 

gel permeation chromatography (GPC-SEC) uses organic solvents as the mobile phase and the 

stationary phase is hydrophobic (Schure and Moran 2017).  
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 Mass spectrometry (MS) 

A Mass spectrometer is an instrument that measures mass to charge ratio (m/z) values and the 

relative abundance of ions. Mass spectrometry-based proteomic assays have incredible breadth 

when it comes to protein identifications.  

 

Proteomics studies have been categorised into two approaches:  

1) analysis of the intact proteins and peptides known as the top-down approach 

2) analysis of the proteolytic peptides that act as surrogate markers for the protein of 

interest known as the bottom-up approach. 

 Classically MS consists of four main parts known as : 

1. Sample inlet. 

2. Ion source. 

3. The mass analyser. 

4. Ion detection. 

Each compartment will be discussed further below for more details.  

5.6.1 Sample inlet 

The sample is applied to the instrument via the sample inlet. Charged intact proteins are changed 

into gas-phase ions which are produced by the ionisation source and directed toward the mass 

analyser. The mass analyser then separates ions by their mass to charge ratio (m/z).The ion 

detector then quantifies the intensity of the ions at each m/z. The result is a mass spectrum which 

plots the intensity of the ions at each m/z and can be used to determine the molecular weight of 

the ions measured. Calculating the molecular weight of the ion from the mass spectrum allows 

structural information about the sample to be determined. The instrument must operate under 

vacuum to avoid interruption to the movement and measurement of the ions. 

5.6.2 Ionisation Source 

The sample must be vaporised and ionised to be measured by MS. Therefore, the ion source is 

that part that of the MS that is able to produce gas-phase ions so which can then be 

accelerated. Proteins and polypeptides are predisposed to excessive fragmentation and 

thermal decomposition when exposed to the high-energy ionisation methods used to ionise 

more ǎǘŀōƭŜ ŎƘŜƳƛŎŀƭ ŎƻƳǇƻǳƴŘǎΦ [ƻǿ ŜƴŜǊƎȅ ƪƴƻǿƴ ŀǎ ΨǎƻŦǘΩ ƛƻƴƛǎŀǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ǿŜǊŜ 

therefore developed to ionise proteins and polypeptides (Tanaka et al. 1988; El-Aneed et al. 
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2009). Electrospray ionisation (ESI), and matrix-assisted laser desorption ionisation (MALDI) 

are the two most common techniques used in proteomics research. 

 

 

5.6.2.1 Electrospray Ionisation 

ESI encompasses the transfer of ions in solution into gaseous stage ions at atmospheric 

pressure by using charge (Quinn et al. 2012). The precise mechanism by which the peptides 

vaporised and ionised is not yet fully understood. ESI involves three steps (Ho et al. 2003) 

¶ droplet formation by application of the sample to a capillary in a strong electric field 

¶ droplet reduction by gas flow or heat 

¶  ion formation  

ESI is different from other atmospheric pressure ionisation processes since it may produce 

multiple-charged ions, successfully extending the mass range of the analyser to accommodate 

the kDa-MDa orders of the magnitude observed in proteins and their associated polypeptide 

fragments (Somogyi 2008). ESI is commonly coupled with HPLC; chromatography is directly 

combined with the MS instrument via the electrospray capillary (Ho et al. 2003). MS analysis is 

carried out dynamically on-line as the sample elutes from the chromatography column. 

 

5.6.2.2 Matrix-Assisted Laser Desorption Ionisation 

Hillenkamp and Karas first introduced MALDI in 1988 (Kathleen Lewis et al. 2006; Shin et al. 2010). 

The means for the laser desorption/ ionisation of compounds in MALDI is a matrix usually 

consisting of organic acid crystals that are good absorbers of laser radiation; the matrix is excited 

by pulses of light from a laser to the analyte molecules: a nitrogen laser at 337nm is usually used. 

The sample enters as a gas-phase alongside the matrix. A small amount of energy is transferred 

from the matrix to the sample allowing ionisation without fragmentation.  

 

 

Surface-enhanced laser desorption/ ionisation (SELDI) is another technique which is a relative 

variation of the MALDI technique allowing selection of proteins from crude mixtures before 

ionisation. Proteins are applied to a solid phase surface aimed to select for proteins according 

to their chemical properties (Tang et al. 2004). Bound proteins are then co-crystallised with 

the matrix and ionised utilising the MALDI technique. Unbound proteins and undesirable 
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constituents (for example salts, detergents, and lipids) are removed by washing with an 

appropriate buffer. 

 

5.6.3 Mass Analyser 

The mass analyser separates ions by m/z ratio enabling detection. The mass analyser is, in 

large part, responsible for the performance of the mass spectrometer and the quality of the 

data output. The most commonly used mass analysers in proteomics are time-of-flight (TOF), 

quadrupole (q or Q) and ion traps (Tang et al. 2004). 

The formation and operation of ions in the gaseous state are liable due to their sensitivity and 

short life. Mass spectrometers typically use either oil diffusion pumps or turbomolecular 

pumps to achieve the high vacuum required to operate the instrument. The ion source is kept 

at atmospheric pressure, and a continuous pressure gradient and voltage gradient from source 

to detector is used to help pump ions through the analyser. 

 

5.6.3.1 Time-of-Flight Mass Analyser (TOF-MS) 

Time-of-flight mass analysers measure the time that ions take to travel a set distance through 

an electric field (Stewart et al. 2015). The kinetic energy of an ion can be calculated using the 

accelerating potential and the mass and charge of the ion. As the same accelerating potential 

is applied to all ions, the kinetic energy of an ion is a function of both mass and charge. 

Consequently, ions of different mass but with the same charge travel at different velocities 

and so reach the detector at different times. TOF mass analysers are commonly coupled to 

MALDI ionisation sources. 

 

Mass resolution can be weak due to spatial and temporal differences in the formation of the 

ions, and variations in flight times of ions with similar m/z ratios. Applying delayed extraction 

is necessary to avoid poor mass resolution, where ions are held in a field-free region until 

accelerated by the application of a voltage pulse. The use of reflections that deflect ion with 

high energy is commonly used to overcome the variations in flight times. The length of the 

flight pathway is increased proportionally to the energy of the ion and high-energy ions arrive 

at the detector at the same time as lower energy ions of the same m/z.  
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5.6.3.2 Quadrupole Mass Analyser 

Quadrupole mass analysers consist of four parallel rods of circular or hyperbolic cross-section. 

Fields are recognised across pairs of parallel rods of opposite charge arranged around a central 

axis. Ions are introduced to the quadrupole continuously and filtered by m/z. The positive rods 

permit ions above a selected m/z to pass through the central axis while the negative rods 

allow ions beneath a selected m/z to pass. The arrangement of the rods in a quadrupole 

overlaps the mass filter regions of both positive and negative rods. This region lets merely ions 

between the selected m/z values to continue to the detector. Ions with a m/z outside this 

range collide with the rods and do not proceed through quadrupole. Scanning of the 

quadrupole mass analyser can be performed by altering the amplitude of current and 

radiofrequency at a constant ratio allowing a range of m/z ratios to be detected. Quadrupole 

mass analysers are commonly coupled to ESI sources. Ions are produced continuously by ESI, 

and the quadrupole can filter m/z of the generated ions on a continuous basis. 

 

5.6.4 Ion Trap Mass Analyser 

An ion trap mass analyser uses a magnetic field which collects a continuous stream of ions in a 

three-dimensional electric field trapping the ions into an orbit inside the field (Hager 2002). 

Ions are trapped until the space charge limit, the number of ions which can be held in the field 

without distorting it is reached. The m/z ratio of the ions is determined by application of a 

radio frequency voltage which causes ions to oscillate. The frequency of oscillation is a 

determinant of the m/z value of the ion. The radiofrequency voltage is increased to scan a 

range of m/z ratios. As the frequency of oscillation of the ions increases the ion becomes 

destabilised and is emitted from the trap. As the oscillating frequency is a function of the m/z 

value of an ion, ions with different m/z are ejected at different voltages and times (Aebersold 

and Mann 2003).  

 

 Data output 

After ions generated by the ion source have been filtered and separated by m/z values in the 

mass analyser, the ions are subjected to a detector. The detector measures the numbers of 

ions at each m/z. This information is transformed into a signal and a mass spectrum produced 

by processing software.  The relative intensity of ions detected at each m/z is plotted as the 

mass spectrum. This information then used to define the molecular weight of the ions 
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produced. Algorithms are used to process this data and infer structural information about the 

sample applied to the mass spectrometer. 

 Materials and Methods 

5 ml samples of venous blood were collected using a 21-gauge needle, into vacutainer tubes 

containing Ethylenediaminetetraacetic acid (EDTA). The blood was then centrifuged at 

3000 rpm for 10 min at room temperature. Plasma samples were then immediately isolated and 

transferred into 250ml aliquots to Eppendorf tubes, which were then kept and stored at -80°C 

until used for batch-wise analysis. 

 

Serum specimens were thawed and vortex mixed for 2 min. Plasma samples were mixed in a 

1:4 ratio with 6M guanidine HCl + 10% Met-OH; this condition is called isocratic where the use 

of a solvent that does not change the composition of the sample of interest during the run and 

protect the sample from protein degradation. 

 

One of the properties of guanidine is  its ability to break down the hydrogen bonds between 

amino acid residues. Consequently, the 3D conformation of the protein is unfolded, and the 

aqueous solubility of the protein is significantly elevated. After denaturation, the protein can be 

reduced, modified, or analysed, in a variety of procedures. Therefore, 112µl of samples and 

controls were mixed with 588µl of 6 M aqueous guanidine hydrochloride and were kept on dried 

ice. 

 

5.8.1 First Dimension 

To evaluate the technical reproducibility relative to the biological replicatesΣ рлл˃[ aliquots as 

above were subjected to SubProteome Enrichment by high-performance Size Exclusion 

Chromatography (SuPrE-SEC) in duplicate and handled as a stand-alone sample throughout the 

experimental procedure. 500 µl samples were subjected to SuPrESEC into sample load under 

these conditions: 

¶ The flow rate is 1 ml/min.       

¶ Temperature 35°C.  

¶ The absorbance of 280°. 

¶ Pressure between 9.2-12.5 Megapascal (MPa). 

¶ End time: 20 minutes. 
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Five distinct SEC segments were selected for serial fraction collection by the UV-signal response at 

280 nm so as to reduce chromatographic peak under sampling. 

 

For example, segment one (S1) contains the high molecular weight proteins, segment two (S2) 

contains IgG enriched segment, segment three (S3 ) is known as the Albumin enriched segment, 

segment four (S4) is composed of low molecular weight proteins and degradation products and 

segment five (S5) contains small molecules such as metabolites. Collection of these samples is 

depending on peak and time. All the aliquots were kept at -20°C until batch analysis. 

 

5.8.2 Reagents and Chemicals 

The chemical reagents acetonitrile, methanol, acetone, triethylammonium bicarbonate (TEAB), 

Sodium dodecyl sulfate (SDS), Methyl methanethiosulfonate (MMT) and formic acid (HPLC grade) 

were obtained from Sigma Corporation (Poole, Dorset, U. K.). The ultrapure HPLC grade water, 

utilised for the initial peptide fractionation with high pH RP and subsequent LC-MS analysis 

procedures, was generated from the Barnstead water filtration system (Dubuque, IW, U. S.A.). All 

TMT reagents and buffers were obtained from Applied Biosystems (Warrington, Cheshire, UK.). 

Each 100µl of unprocessed plasma sample was mixed ǿƛǘƘ плл ˃[ ƻŦ с a ŀǉǳŜƻǳǎ ƎǳŀƴƛŘƛƴŜ 

hydrochloride. 

 

5.8.3 Dialysis or Ultrafiltration  

The proteins fractions were dialysis purified with 3.5K MWCO Slide ςA-Lyzer cassettes 

(Thermo Fisher, Hemel Hempstead, Hertfordshire, U. K). For the first 4cycles, 10ml of ultra-

purified H2O (18.2MQ) was added to 10 tubes and centrifuged at 3600g in a cold environment (4 

°C) every 1.5hr intervals this step repeated four times and final step of exchange, 10ml of 0.5M 

ammonium bicarbonate was added to the tubes which were then centrifuged again under the 

same conditions. The resulting dialysates were lyophilised to dryness after discarding the 

precipitants, then collected from the membrane and approximately 1ml transferred into a new 

tube and ammonium bicarbonate added to reach a final volume of 1.5ml and left in the speed vac 

at room temperature overnight. 
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5.8.4  Protein extract 

Proteins were resuspended in 0.5M Triethylamine bicarbonate (TEAB) +0.05%Sodium dodecyl 

sulfate (SDS) buffer at pH 8.0 -8.5 while they were kept on ice. After this step the tubes were put 

in Tip sonicator for 2 minutes to prepare them for quantification. 

 

5.8.5 Reduction, alkylation and trypsin digestion  

2µl of reducing agent was added to the ten tubes in the fume cupnoard and then were put in a 

heat block at 60°C for 1 hour. then one µl of blocking reagent was added and the speimens kept in 

the dark place for ten minutes. An Enzyme-substrate ratio of 1:40 is needed to calculate the 

amount of trypsin needed to add to the samples. Therefore 5.2 µl of trypsin was added in and left 

in the incubator for 16hrs at 37°C. 

 

5.8.6  Stable isobaric Labelling 

! ǘƻǘŀƭ ƻŦ млл ˃Ǝ ƻŦ ǇǊƻǘŜƛƴ ŎƻƴǘŜƴǘ ŦǊƻƳ ŜŀŎƘ {ǳtǊ9-SEC segment was trypsin digested and 

labelled with (TMT10plex) isobaric label reagent. Vials were reconstituted with 41µl of 

Acetonitrile (ACN) then transferred to the samples and controls. Labels were assigned as follows: 

Control 1 CT1; 126, CT2; 127N, CT3; 127C, CT4; 128N, CT5; 128C and the pre-eclamptic samples 

assigned as PE2; 129N, PE18; 129C, PE28; 130N, PE38; 130C, PE39; 131. They were put them at 

room temperature for 2hrs and covered with foil as they were sensitive to oxidation. 8 µl of 

hydroxylamine (5%) was added to each sample to stop the reaction. 

 

5.8.7 Peptide Pre-fractionation with Offline High-pH RP HPLC 

 

Initial offline peptide fractionation was based on high pH Reverse phase (RP) chromatography 

ǳǎƛƴƎ ǘƘŜ ²ŀǘŜǊǎΣ ·.ǊƛŘƎŜ /у ŎƻƭǳƳƴ όмрл Ҏ о ƳƳΣ оΦр ˃Ƴ). Mobile phase (A) was composed of 

2% acetonitrile and 0.05% ammonium hydroxide, and a mobile phase (B) was composed of 100% 

acetonitrile and 0.05% ammonium hydroxide.  
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5.8.8 LCҍMS Analysis 

The LCҍnESIҍMS analysis was performed with the Dionex Ultimate 3000 UHPLC system coupled 

with the ultra-high resolution nano ESI LTQ-Velos Pro Orbitrap Elite mass spectrometer (Thermo 

Scientific, Warrington, Cheshire, U. K.). Offline fractions derived from subproteomes 1, 2, 3, and 

four were handled as discrete proteomes and were injected sequentially by their retention time 

indices. Mobile phase blanks were run between subproteome injections and were verified for the 

absence of carry-over signal. The TMT labelled peptides were fragmented with the axial electric 

field-assisted higher-energy collisional dissociation (HCD) cell at the resolution setting of 15 000. 

The LTQ FT-Orbitrap system was externally mass calibrated every 3ҍ4 days using the positive ion 

calibration solution (Thermo Pierce, Rockford, IL, U. S.A.). Ion tuning was verified on a weekly 

basis as recommended by the manufacturer. 

 

 MS Data processing 

Processing of the acquired mass spectra was performed with the Proteome Discoverer 1.4 

software Thermo protein discover 1.4 manual Fisher Scientific. Sep 15, 2017. All the spectra were 

searched against the UniProtKB Swiss Prot human protein (March 2018). Protein ratios were 

transformed to log2 ratios, and significant changes were determined by the power analysis (a 

<0.05, power 0.3) and by t-test. 

 

 KEGG Pathway analysis 

Pathway analysis was mapped to KEGG pathways using DAVID Bioinformatics (free online 

bioinformatic resource) associated with multiple testing was corrected using the Benjamini 

method and an false discovery rate FDR-corrected p-value <0.05 was considered significant.  

 

Here is a copy of the short communication report for the proteomics experiment findings that is 

to be submitted to AJOG Journal. 
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 Plasma proteomic profiling one year postpartum of women with pre-eclampsia 

shows dysregulated cardiometabolic profile 

 

Abstract 

Background: Emerging epidemiological data suggest that pre-eclampsia (P-EC) is associated with 

long-term complications, including a two-to four-fold increased risk of cardiovascular disease. The 

present study aimed to examine the global plasma proteomic profile one year postpartum of 

women with P-EC during pregnancy, to identify which processes are dysregulated. 

Methods: Non-depleted plasma collected one year postpartum from women with P-EC (n=5) and 

age-matched, BMI-matched women with normal pregnancy (n=5) was analysed using quantitative 

proteomics. 

Results: Principal component analysis of all identified proteins showed that women with P-EC 

during pregnancy had a distinct plasma proteomic profile one-year postpartum compared to the 

control group. One-hundred and seventy-two proteins were differentially expressed in the P-EC vs 

control. Gene ontology analysis using DAVID showed that terms related to Inflammatory | Immune 

response, Blood coagulation and Metabolism were significantly enriched. 

Conclusions: The identified proteins could provide insight into the long-term dysregulated 

cardiometabolic profile of women with P-EC. 
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5.11.1 Introduction 

Pre-eclampsia that occurred during the first pregnancy was considered to have no long-term 

adverse cardiovascular effects (Chesley et al. 1976). However, emerging epidemiological data 

suggest that pre-eclampsia is associated with long-term complications, including a two-to four-fold 

increased risk of cardiovascular disease (Chen et al. 2014). More specifically, women with pre-

eclampsia are at-risk for chronic hypertension (Lykke et al. 2009; Magnussen et al. 2009; Wang et 

al. 2013), fatal and non-fatal coronary heart disease, venous thromboembolism and stroke (Smith 

et al. 2001; Kestenbaum et al. 2003; Pell et al. 2004; Bellamy et al. 2007; Mongraw-Chaffin et al. 

2010). 

Plasma proteomics refers to the untargeted analysis of the global circulating proteome. Shotgun 

proteomics is becoming a very important tool in clinical research, as it can provide valuable insight 

into the pathophysiology of disease but also identify novel disease markers and therapeutic targets 

(Al-Daghri et al. 2016; Larkin et al. 2016). A recently published study by Murphy et al. (2015) 

examined the maternal circulating proteome six months postpartum of women with pre-eclampsia 

(n=12) compared to controls (n=12) using label-free quantitative proteomics (Murphy et al. 2015). 

This study reported the identification of 126 peptides, a low proteomic coverage, whereas the 

number of the respective proteins mapping to these peptides was not mentioned.   

The aim of the present study was to apply a refined quantitative proteomic methodology to 

examine the global plasma proteomic profile one year postpartum of women with pre-eclampsia 

during pregnancy. An overview of the study design is presented in Figure 5-1.  

 

 

 

Figure 5-1 Schematic of the study design for proteomic work. 
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5.11.2 Materials and Methods 

 

5.11.2.1 Clinical data analysis 

Clinical data were analysed using Prism (Version 7.0a). All parameters are presented as a mean ± 

standard deviation. An unpaired, two-tailed Student T-test was applied to compare the baseline 

characteristic of participants. 

5.11.2.2 Plasma proteomic analysis  

The procurement and handling of plasma were in accordance with the recommendations of the 

Standard Operating Procedure Integration Working Group (SOPIWG). One ten-plex plasma 

proteomics experiment was performed. Plasma specimens were freshly thawed and vortexed for 2 

minutes. For each participant, 100uL of unprocessed plasma were immediately mixed with 400uL 

6M Guanidine Hydrochloride and subjected to global quantitative serum proteomic analysis using 

our previously published method (Al-Daghri et al. 2016). 

 

Unprocessed raw files were submitted to Proteome Discoverer 1.4 for target-decoy search against 

the UniProtKB Homo Sapiens database (release date 10-Jan-2015) using SequestHT. Only reporter 

ion ratios from unique peptides were considered for the quantitation of the respective protein. 

Median normalisation and log2 transformation were performed for the reporter ion quantification 

ratios. A protein was considered differentially expressed between the pre-eclampsia vs control 

group when it's one-sample, two-sided, T-test p-ǾŀƭǳŜ ǿŀǎ Җ лΦлр ŀƴŘ ƳŜŀƴ iTRAQ log2ratio higher 

than ° 0.3. Only proteins identified with at least two unique peptides were further considered for 

bioinformatics analysis in compliance with the Paris Publication Guidelines for the analysis and 

documentation of peptide and protein identifications 

(http://www.mcponline.org/site/misc/ParisReport_Final.xhtml). All mass spectrometry 

proteomics data have been deposited to the ProteomeXchange Consortium via the PRIDE partner 

repository with the dataset identifier PXD009325. 

5.11.2.3 Principal component analysis and bioinformatics interrogation 

Principal component analysis using the reporter ion ratios of the differentially expressed proteins 

in P-EC vs control groups was performed using the online software tool ClustVis 

(https://biit.cs.ut.ee/clustvis/). DAVID (https://david.ncifcrf.gov/), STRING (https://string-db.org) 

and Ingenuity Pathway Analysis (IPA) (Qiagen, Hilden, Germany) bioinformatics tools were used to 

identify gene ontology terms, pathways and protein networks significantly enriched in the 

http://www.mcponline.org/site/misc/ParisReport_Final.xhtml
https://david.ncifcrf.gov/
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differentially expressed proteins between P-EC and control groups. Significance was set at p-value 

Җ лΦлрΦ 

 

5.11.3 Results 

The anthropometric and clinical characteristics of the participants are presented in Table 5.1 

The P-EC and control groups were similar with regards to age, pre-pregnancy and postpartum BMI, 

parity status and gestational age at delivery. 

The plasma proteomic study resulted in the identification of 1,421 unique proteins (peptide FDR 

p<0.05). Principal component analysis of all identified proteins showed that women with pre-

eclampsia during pregnancy had a distinct plasma proteomic profile one-year post-delivery 

compared to the control group (Figure 5-2). A volcano plot of the analysed proteome [mean iTRAQ 

log2ratio (P-EC/control) plotted against the minus log10p-value of the one-sample T-Test] is 

presented in (Figure 5-3).   

Table 5.1 Clinical profile of subjects studied. 

Clinical parameters P-EC (n=5) Control (n=5) p-value 

Mean age at inclusion (yrs.) 33.95 ± 4.03 36.32 ± 5.6 0.468 

Mean Maternal Height (cm)  170 ± 6.37 159.36 ± 6.0 0.013 

Mean Maternal Weight (kg) 78.57 ±16.1 61.22 ± 8 0.075 

BMI (kg/m²) 27.0 ± 4.88 24.2 ± 3.5 0.318 
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Figure 5-2 Plasma proteomic profile in P-EC and Control groups. 

 

 

Figure 5-3 Mean iTRAQ log2ratio (P-EC/control). 

 

In total, 172 proteins were differentially expressed in the P-EC vs control groups. Gene ontology 

analysis using DAVID showed that terms related to Blood coagulation, Inflammatory | Immune 

responses and Metabolism were significantly enriched in the differentially expressed proteins 

(DEPs) shown in (Figure 5-4). DEPs mapping to these gene ontology term groups is presented in 

heatmap format in Figure 5-5, along with an IPA protein network related to cardiovascular disease. 

Pathway analysis with IPA showed that the intrinsic prothrombin activation pathway was 

significantly induced in the P-EC group compared to control (Figure 5-6) 
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Figure 5-4 Gene ontology analysis of DEPs in P-EC vs Control. 

 

 

 

 

 

 

 

 

 






































































































































































