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Background Preeclampsia (FEC) is a majoracise 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 consequehmEed wmen with a history

of PECare known tohave heightened risks of future cardiovasculiiseaseand thromboembolic

complications.

Aims To assess thelationship between circulatingaemostatic fars and inflammatory

cytokines in women with a previous history cEE.

To investigatehe relationship between haemostatiangiogenic and antingiogenic factors in

women with apasthistory of PEC.

To assess the plasma levels of Annexins A2 and A5-atlamrmptic women postpartum at

different timeintervals.

Toidentify clusters of differential expressed plasma proteinsRECassociated with the

susceptibility to develoipg futurecardiovascular diseases
To examine miRNAsxpression ifP-ECpost-delivery at different intervals time points.

Studyl: 26 preeclamptic women and 14 ageatchedto healthy womenWomenwere included
within sixmonths to 3 years posgtelivery.Plasma TF, 4, 1-8 and IL10 levels increased in the P
EC group, whereas plasma TFPl andTNK S@Sf & ¢SNBE NBERdIzOSRa0 t f I a°
values were significaht increased in the-EC group (p<0.05, p<0.01, respectively). There were
positive and significant correlations between TFPI(r= 0.5; p<0.01) -dfidaibhd TF/TFPI ratio and
IL-10 (r= 0.31; p<0.041).

Studyll: 21 primiparous women after a pregnancy afestby PEC and 21 women with a

previously unaffected pregnancy. Blood samples were obtainedl2t®onths postpartum.



Significant differences were not observient VEGF, PIGF, skltsEng, TF or TFPI between two

groups.

Study-1l: 66 women who had fECat 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 reduéed in P
cohort, and there was an increase in levels of annexin A2, particularly in latelglostry pre
eclamptic women, although these changes were statistically insignificant. The lack of statistical

significance may be due to the small number of control compareECRyroup.

Study1V: 5 women ageematched with five women with normal pregnancy, resst®w that
inflammation, immune response, blood coagulation and metabolism are dysregulated processes

one-year postdelivery in women with a history of preclampsia.

Study-V: NextGeneration Sequencing (NGS) technique was used during the discoveryostage t
identify miRNAs differentially expressedrie Cpostpartum (n=30) in comparison to five healthy
control, then quantitative reverse transcriptigmolymerase chain reaction (QFPICR) assay used
for confrmation and validation14 miRNAs that were signidiotly differentially expressed at a
significance level of 0.05 (FDR) in the discovery experiment. The plasri®3aiBp were
significantly differentially expressed in the validating experiment, which was downregulated in

entire preeclamptic women withFG=-1.3; BHadj Rvalue =0.033.

ConclusionsResults suggest the presence of elevated inflammatory cytokines and an imbalance
of the haemostatic system in women with a passtory of REC, which may contribute to the

known increased risk of cardiovascutisease later in lifeTheproteomics findings provide

insight into the dysregulated cardiometabolic profile i ®ECgroup. The miRNAs novel marker
pave the way for the importance of miEd3a3p in monitoringP-EC womerin the future and

couldbe a ugfultool in predicting the development of cardiovasculdisease in fEC.
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1.1 Introduction

Preeclampsia (FEC) is a pregnangpecific syndrome. It is third cause of maternal mortality

and morbidity worldwidgSibai et al. 1993; Levine et al. 19Sfiecting % 7% of all pregnancies
(Walker 2000; Roberts and Cooper 200EC is believed to be of multifactorial origin. It is widely
accepted that the pleenta, has anajorrole in the development of £C(Petla et al. 2013)The

onset, severity and progssion of FEC are affected by the maternal response to factors and

proteins derived from the placenta. Rezlampsia is generally defined by hypertension and
LINPGSAYdzNREF FFAOGSNI wn 6SS1aQ 3S a\vadlkarREY Robafts | L.
and Cooper 2001Worldwide, this condition has a notable impact on maternal and foetal

morbidity and mortality.

Research conducted intalEC suggests that changes in the immunological system and
haemostatic and endbelial status can profoundly affect maternal health, although it is mdt y
fully understood how these variations interlink with the aetiology and pathogenesis=ai.P
Broadening this understanding may be of value in explaining some gitihephysiolgiesof the

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

Duringa normalpregnancy, the maternal spiral arteries are reconstructed to assist the body in
coping with the increase in maternal circulation linkeglacental 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 peglamptic pregnancies and, as a result, the placé&ntaevented

from embeddingnto the maternal blood vessel$hiscan also cause Intrauterine Growth

Retardation and have a range of other effects on foetal development. The maternal immune
response tdetoplacentalfactors is likely to be involved in orchestrating platelet actiatnd

vascular endothelial damage characteristic of the maternal dis@Alsgker 2000) 61O St f & Y I &
LEFe I NRES Ay @iKS yiRHIESENE Oy &\ @ yoF t

1.2 Literature review

The search strategyas influencedy a need to explore the current literature about pre
eclampsia. The review methodologywaived targeting national and international English
language peereviewed literature A literature search wasarried outusing theonline databases
PubMed, Medline (OvidSP), Embase, and Web of Science to find studies that had investigated.

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

YR &a8y2yeSGf TR ANLING GoA2YI Ny SNEEZNFOR 121 AYySaés daaA
GAYTFELEYYFG2NE YIN] SNANSIYk YIORR A2 @ILER Qdefy H NB I § ELIBAR 4
RSt ADSNEE GAYSFAtHIYWIIEMEI Y AFEMINEE = aF YYSEAY ! HES Gl yy
GLINRGS2YA0a¢ s aYAYWD ! GAGIHINFIAY2AGONER G ENJ NRA a1 a Ay t

1.3 Inclusion and exclusion criteria

Appendix A presents a complete list of tih@abases and specific search terms used:téxi
articleswere obtainedfor all abstracts that appeared eligiblEhe quality of the studies included
was assessed using tlatical Appraisal Skills Programme (CASP) tool as a framework for
evaluating studies, although thigas doneas formally ag would have been performedbr a
systematic review. The researcher reviewed the Systematic Reviews;aatsel and cohort
studies fromsignificantresearchers investigating the relationshiptweenpre-eclampsia and
cardiovascular disease and inflammatory biomarkers ingqetamptic women postnatally. The
researchers then quoted relevant study results. References were managecdemsingtex8.
Studieswere includedf the research took place between 2000 and the current yea®2Ukhe
exclusion features included material not published in English, the presence of some chronic

disease, haematological disorders, hypertensive patientstaose with malignant diseases.

The database was searched using the Medical Subject Headings (Mesh) and keywords (see Table
1-1)
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Tablel.1 Search Strategy

Topic Keywords Database ‘
Conditon & LINBYQ @&fAl preetlamp & h w PubMed, Medline (OvidSP),

eclamp*® Embase, Web of Science ani
Stage Gt 2adyl d-R$t h@S NRE Google Scholar.

hw aLXR2adLl NIdzyé hw
Gt2ad LINBIYIyOsé

Factors G.t22R O2F3AdA I GA2Y
GAYTFELYYFG2NE YSRA
a0eyigada hw
Gl1FSY2ail GA0¢ hw
GFLyar23ByHOReBETAOE
and
GLINR GS2 YA Oaé pofiek d
6! YYSEAY ' wé YR a
4 ' YYSEAYA
GaiONBwb! & FYR d&aYA

1.4 Search results

One of the most comprehensive studies followed a ezmatrol designdr assessing the levels of
circulatingcytokines, chemokines and adhesion molecalesmprehensivelyor 60 preeclamptic
women, 60 healthy pregnant women and 59 Roregnant. Findings indicated that levels of
interleukin (L-1ra), tumour necrosis factorl f LIK I addénbnGdyte chemoattractant protein
(MCR1) decreased in healthy pregnant compared to qaregnant women refleéhg anti-
inflammatory changesnicirculating cytokine profile. At the same tirserum IE10 wasdecreased
andinterferon gammainduced protein [P-10) levels elevatedin turn,possibly drivingro-
inflammatory responsedn addition to anincrease in the circulating levels of the pro
inflammatory cytokines 6 and TNFalpha, the chemokines-&, IR10 andMCR1, as well as the

intercellular adhesion moleculeBJAM1) andvascular cell adhesion molecydCAML1), were
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raised in preeclampsia compared wita healthypregnancy, resulting in an overall pro

inflammatory systemic environmeriSzarka et al. 2010)

There weresignificantcorrelations of increased 1P0, MCPL, ICAM1 and VCAM
concentrations of preeclamptic patients with blood pressure values, renal and liver function
parameters, as well as withreactive protein CRP, malondialdehyde, von Willebrand factor
antigen and fibronectin levels. In conclusion, elevated amounts ofifftammatory cytokines,
chemokines and adhesion molecules in the maternal circulation might play soléah the
excessive systemic inflammatory response, as well as in the geadrafidothelial dysfunction
characteristics of the maternal syndrome of grelampsigSzarka et al. 201Mowever they did
not specify the duration after delivery for both preclamptic and healthy subjects whimay
effects on these markershé&refore,the currentstudy will run some athe pro and anti

inflammatory marker®n women who have had deliverdtween 6 months and 3 years ago.

More recently a study was conducted {ghao et al. 201ap assess the relationship between
angiogenic and antingiogenic factors in preclamptic women with/withouffetal growth
restriction (FGR) at three different timejnts. Alsothey measural levels in early or latenset
pre-eclampsia and compagghe results. A asecontrol studywas designedor a total 23 pre
eclamptic women (under 32 weeks, eadgset; n= 8 andhte-onsetn=15 over 32 weeks of

gestation) and camol group (n=12)As a resultthe womenwere dividedinto three groups:
1) Womenwith preeclampsia (early or latenset without FGR)
2) Preeclamptic women with FGR

3) The control group. The blood sample®re collectedat three-time scales: at admissioto the

hospital, predelivery, and 48hrs postelivery.

Findings indicated that the levels of soluble endoglin and soluble Wére increased in pre
eclamptic women compared with the control group upon admission (p<0.001). However, the level
of placenal growth factor (PIGF) or the ratio sfFlt1/PIGF between the study and control group

were insignificant.

There were no significant differences in the levasFIt1 at all the time points in any of the
groups.Thus, this study shows thdte level ofsEngbut not that of sFHL, was increased in pre
eclamptic pregnancies affected by FGR than those witkepl@mpsia only. Although the study
was limiteddue to small sample size, it does suggest thatsfiagevel in the maternal blood was

correlatedbetter than the sFHL levels in preeclampsia. In addition tbnd a significant result of
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increasing the level &fEng but not the level oEFIt1 inearly-onsetpre-eclampsia compared to

the late-onsetgroup.

Two systematic reviews and metaalysis pesented the relationship betweenC and
cardiovascular diseases, bdBellamy et al. (200@nd Ahmed et al. (2014)ave studiedhis
extensivelyandevidence has been provided support this relationshiBellamy et al. (2007)
documented that previous preclamptic women had twice chance of having either fatal or-non
fatal ischemic heart diseasAso, the risk increased teightfoldif it is earlyonset REC (Occuimg
before 34wks). Both reviews concluded that the severity of te(®as directly related tahe

risk of future heart diseasé herefore, FEC could be considered apragnosticriskfactor for
future cardiovascular diseas€YD as both conditions share severdlaracteristicsin this study,
further proteomics profiles wiltariied out to study the possibility of findingingleor multiple

markers to predict CVD later on liferfore-eclamptic postpartum women.

Few studies have investigated the role of annexin A2 and annexin A5 in pregnaugmgsia
cohort. These studies have explored either one or the other. Moreover, they mostly focused on
the local expression of these prins in the placenta tissue rather than examining the whole

blood levels of these proteins.

Abd ElLatif et al. (2017¢onducted a caseontrol study to examine the levels of annexins A5 and
A2 in 40 pregnant womewith 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 kexadt$ of annexins A5

and A2.

Limitedstudies into preeclampsia have assessed levels of mMiRNAs expression in the plasma of
pre-eclampsia postelivery as most of the studies either have focused on late gestation or have
lacked translation into relevanissuegAkehurst et al. 2015MicroRNAs are small noncoding

RNAs that act at a posttranscriptional level to degrade target genes recognised by complementary
b 38 LI ANRY3I Ay (GKS 0Q dzyiNIyatl SR NBIAZY 2°
better understanding of consequences after experiencesgmlampsia in women after exposure

to the diseaséShukla et al. 2011ineles et al. (200%yas the first stug to link the microRNA

and preeclampsia, as the study aimed to investigate whether thegmampsia and small

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

182 and miR210 were differentially expressedihe placenta of the preeclamptic women
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compared to the control grougur recent efforts are to study the miRNA expression in the
plasma of postpartum preclamptic at several time points, using the ngeneration sequencing

and confirmatory by using quity polymerase chain reaction methodology.

1.5 Background

15.1 Haemostasis

¢KS 2NRIAY 2F GKS (S NK¥Graek KS YRYAE(GT agAKaAéO KO 2YYSS &y &F NRfY2 2 R X
Gadlraraédsy gKAOK Aa (2 &id2 Lsimplyps theSlopgp&y@of bldedny2a G aAa Ol
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)

formationuntil the site of an injured blood vesdslhealed and bleedingeasesThis

physiological process isyecomplicated but is efficiengnd plays a vital rola response to

vascular damagéDusse et al. 2011Normal haemostasis requires a balance between coagulation

and fibrinolysis processés maintain the integrity of the vasculature and physiological changes.

Therefore, any defct in thiscomplexprocess wilenhane either haemorrhage or thrombosis.

15.2 Mechanism of haemostasis

Figurel-1 shows thecomplexscenario of interactions that occbetweenblood vessels,
platelets, coagulation factors, coagulation inhibitors and fibrinolysis. The four steps that take

place in this process cdre summariseas follows

1. Vascular spasm or vasanstriction: a rapid response occurstaypid contractionof the
smooth muscle inside the walls of the blood vesselisiinimise the bloodoss.

2. Formation of platelets to plug the site of the damaged tissue or injury. The primary
haemostasis plug occurs 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 sige 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 plasminogermatetand

urokinasetype plasminogen activatofChapin and Hajjar 2015)
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Major Components of Hemostasis

Injury
A ) | ) v
) i ﬂ./ -
Collagen Tissue
factor
Vasoconstriction Platelet P Coagulation | Antlg:)rn(zr:l\)llsotic
L] Activation =>  Cascade | AL
: J . S
vWF, fibrinogen *
Thrombin
Fibrinogen === Fibrin Plasmin  Fibrinolysis
Platelet R —b  &Clot
Plag = 4 Degradation
8 J L
Y ) §
Primary Hemostasis Secondary Hemostasis

Figurel-1 Steps involved in haemostasis. Adapted friteart 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 vessdBeanfield et al. 2007)ascular tone and permeability, cellular
adhesion, smooth muscle cell proliferation, inflammatard coagulation are some of the factors
that healthy endothelial cells can regulata.response to changes in card@maput, endothelial
function is critical for controlling blood pressure and maintaining optimal organ perfuBam
maintaining the endthelium in a quiescent state under normal physiological conditions, the role
of nitric oxide Q) is very critical. However, endothelial cells get activated due to various
disturbances in N@nediated silencing of cellular processes within the endotheliindothelial
activationrepresents awitchfrom a quiescent state towards a phenotyffat is thought to

involve a host defence responfidansson 2005; Deanfield et al. 20@&Ndotheliainjury is

caused by prolonged endothelial activation that leads to detachment of degenerated endothelial
cells and subsequent repdiy endotheliaprogenitor cells EPCs Endothelial injury is

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

pre-eclampsigGammill et al. 2007; Grundmann et al. 2008)

Elevated lgels of numerous markers asso@édtvith activated endotheliun{Poston 2006)such
as von Willebrand factqHulstein et al. 2006)s0luble adhesion molecul¢krauss et al. 1997)
end products of oxidative stregslubel 1999and inflammation(Visser et al. 200@re some of
the changesharacteristics associated witltormal pregnancyPre-eclampsia in contrast to
normalpregnancyis associateavith excessive endothelial activation and signs of endothelial

injury, to anextent thatis comparable t@therosclerosissepsis or endtage renal disease

7
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(Hansson 2005Although some conflicting research gtsi over its extent and distributiorthe
maternal syndrome of preclampsia is charactead by generated endotheliabctivation thatis
believed to underlie mostf the clinical symptoms and severe adverse complications of the
disease, due toainder pefusionof multiple organs including the kidnglgrain, liver and the
placenta(Ness and Roberts 1996; Donker et al. 200B¢ cause for this state of endothelial

disturbance is uncertain.

Inflammatory moleculesanti-angiogenic factorgomponents of the metabolic syndrome
syncytiotrophoblasmicroparticlesand reacive oxygen speciesre some of the tenable

biomarkers studied in the precalmpsigSikkema et al. 2001; Riecet al. 2004; Levine et al.

2006; Redman and Sargent 200IMe utility ofobserved changes in these factors to gict the

onset of clinicatliseaseor to clearlydiscriminate between normal pregnancy and eampsia
remainsto be provenSimilar chages are consistently found normalpregnancy, as well as in

other inflammatoryand vascular disordef$lansson 2005; Redman and Sargent 2005; Deanfield
et al. 2007)thus making none of these candidate markef&ndothelial 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

pregnancyinduced inflammatory ash vascular stimuli, aimportant aspect of its pathophysiology.

154 Coagulation Cascade

In the 1960s, Davie, Ratnoff and Macfarlane described theories outlining the concept of the
aO0FalOlFRS¢ 2F LINBSylTeavySa f S| RAY IAcheck@talS201000G A B GA2Y

Platelet activation and bloodoagulation are complementary, equally dependent processes in
haemostasis and thrombosis. Platelets interact with numerous coagulation factors, while the
coagulation product thrombin is a potent platelattivating agonisSwieringa et al. 201&)lI
circulating coagulatiofactors exist in an inactive form, apart from small amounts of active factor
VII (FVIla)Three pathways take a role in tliemplexprocess: extrinsic, intrinsic and common.

The extrinsic pathway starts when damage or injury to a blood vessel ocdarsndwnthat all

blood vesselare coatedby 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 homeostasisl a@spond 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. Theinitiation phase

2. The propagatn phase.

The initiation phase begins when tissue factor (TF or Fllgndothelial membrane protein

interacts withFVIla activityhereby significantly increasing its activitfoffman and Pawlinski

2014) The FVIIA&IF complex activates Factor IX (FIX). fhefaactivates Factor X (FX), which,
together with Factor V (FV), activates a small amount of prothrombin (Factor Il or Fll) to thrombin
(Flla) Platelets playavital roles in haemostasis. Platelets are generdteth the nucleated

precursor cells known as megakaryocytes in the bone marrow and enter the bloodstream without
nuclei(Grozovsky et al. 2019platelet 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 highear, von Willebrand factor (vWF) forms a bridge
between exposed collagen and the platelet glycoprotein (GIR¥\breceptor complex on the

platelet membrangJennings 2009; Clemetson 2012Xposed collagensal binds directly to

platelet GP la/lla 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 inéuconstriction of the ijured blood vessels and enhance
platelet aggregation to minimise the blood loss. Active GP lIb/llla receptor has a central role in
mediating platelet aggregation. Bound fibrinogen or vWF to GP lIb/llla-inkisplatelets and
contributes to thrombus stabilisatio(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 idgelet 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 gBdey 2006)Fnally,

thrombin activates fibrinogen, forming fibrin. However, the fibrin strands are unstable and are
d0roAfAASR 08 C-LLLX 6KAOK 3ISy qMiszbek at al®a1d) f Sy

The platelet plug then becomes a stable clot.

155 Normal Pregnancy

Under normal contlions, 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 grofPocock and Richards 2008prmalgestation is associated
with changes in the coagulaticcascade, such as elevating the platelet turnover and accelerated
platelet activation, as well as increzis clotting factors (such as FVII, V, VI, IX, X and thrombin)

(Dusse et al. 2007Yherefore, there is a tendency towards hypercoagulability during pregnancy.
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This physiological compensatory process is thought toripertant to decrease any bleeding
issues and complications during pregnancy and at the tifreelivery(Dusse et al. 2007)

Nevertheless, within 46 weeks postnatal, this condition returns to norni@tels(Hellgren2003)

1.6 Pregnancy and adverse outcomes (pregnancy and its complications)

Certain medical conditionmaycomplicate pregnangyhichare,in some cases, consideréfe-

threateningif not controlled or diagnosed earsither during or shortly after delivgr, such as:

1. Haemorrhage
Early pregnancy bleeding usually occurs in the first 12 weeks of pregaadnyay be
caused byeveral factors such asnplantationbleeding, spontaneous abortion, ectopic
pregnancy, trophoblastic disease and lesions of the xemwvivaginaObstetric
haemorrhage cabe classifiedas antepartum (APH); bleeding occurring after 24 weeks
gestation and before delivery, or postpartufdPH); postparturhaemorrhagedivided
into aprimary (within 24 Inof delivery) or secondarnpétween24 fr to six weekgost-
delively) (Yang et al. 2004)

2. Premature labour and hypertensive diseases sucha€ P
Preterm birth is frequently associated with pregnancy complications such as lower
placental perfusionincreased blood pressure in the mother and preeclampsia, often
resulting in intrauterine growth restriction (IUGReterm labour is defined agiving
birth to analivebaby before completed 3Weeks of gestation and accounts for uplie%
of deliveriesworldwide (Sutherland et al. 2014While gestational hypertensive diseases
also referred apregnancyinducedhypertension (PIH) which characterised loy a
elevation of the blood pressure in turtisis can leadnore seriougondition such as pre

eclampsigBertagnolli et al. 2016)

3. Low amiotic fluid
A lowvolume of amniotic fluid is callealigohydramnios. Obstetriciargse definethis as
anamniotic fuid index(AFIl) under fiveentimetre(Bachhav and Waikar 2014he
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 infectiqibefoort 2005)Normal amniotic fluid volume varies.
The average volume increases with gestational age, peaking ét@@DmL, which
coincdes with 3637 weeks' gestation. Oligohydramnios is closely rel&teatlverse

pregnarcy outcomessuch as increased fetal distress risk.
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4. Gestational diabetes

Gestational Diabetes Mellitus (GDM) considers one of the most common metabolic disorders in
pregnancy athe American Diabetes Association (ADA) has defined it as an impairmést in t
metabolism of the carbohydratg¥intiraki and Goulis 201.8DMoccurs duringhe second and

third trimesterand is relatedo a high risk of both maternal and foetal complications.
5. Ectopic preghancy

It is also known as extrauterine pregrgrwhichoccurs when a zygote ingoits and grows at a

site other than the uterus such as the ovdillopian tube,abdominal cavity or the lower part of
the uterus (cervix which connects to the vagirf@alker2007) Therefore, early diagnosis of this
condition could save the women in their first trimester as ectopic pregnancgnsidered
amongesthe most prevalent causes of maternal mortality and morbidity. Recently, using a high
resolution technique callettansvaginal ultrasound (TVS) in a combinatigth the assessment of
serum level obeta-human chorionic gonadotropin (K /), Das been used as an aid to the

diagnosis of ectopic pregnanfigathpalia et al. 2018)

6. PlacentaPrevia

In healthypregnancies, the placenta develops during the pregnancy to provide the oxygen,
nutrition and also removing wasf@oducts of metabolismThe placenta physiologically
connects to the foetus through the umbilical coudbually the placentaattaches to the uterus
eitherto the top or sideHowever, ithe placenta covers the cervix totatlyenit is called
Placenta Previ@Karami et al. 2018 onsequently, placental previa leads to severe and
possibly lifethreatening condition as the vaginal haemorrhage may causégure birth
therefore an emergency caesarean section performed. Also, the vaginal bleeding occurs

either during labour or in the first few houpost-delivery(Rowe 2014)
7. HELLP syndrome

HELLRs an abbreviation that refers to a syndrome in pregnant and postpartum womerighat
characterised bjnaemolysis, elevated liver enzymes, and low plate|8tbai et al. 1986 he
thrombocytopeniacount occuring in 0.5 to 0.9% of all pregnancies and2@% of cases with
severe preeclampsigHaram et al. 2009 herefore, all the pregnant women with upper

abdomen pain irrespective of symptoms of grelampsia should be considel 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.

1.7 Hypertension

Blood pressure is recorded with two numbers reading as a systolic and diabi@lggstolic

reading measwsthe blood pressure when the heart beats adpidod is pumpedo the body.

Whereasthe diastolic measurellood pressure when the heart is at rest between beatis It

expressedn millimetres of mercury (mmHg). Hypertension defined as arease in the level of
432302t A0 o0f22R LiANKiasiolieNS2 2F NGB & & d4B&Ajardirfetak pn YY I 3
2017) Itis knownthat in hypertensionthe blood flows through the blood vesselsadtigher

level than normal pressure.

1.7.1 Stage of high blood pressure

Tablel.2 Stage of high blood pressure.

Prehypertension 120129 mmHg <80 mmHg
Stage 1 130-139 mmHg 80-89 mmHg
Stage 2 1400r greater 90 mmHg

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

1.7.2 Classification of hypertensive diseases in pregogn

According to the revised version of the International Society for the Study of Hypertension in
Pregnancy (ISSHP) classification in 2014, there are four typesofpertensivecondition in
pregnancy(Tranquilli et al. 2014)L. Chronichypertension, 2Gestationahypertension, 3Pre-
eclampsiaor de novo, sometimes referred to as superimposed on chronic hypertension, and 4.

White coathypertension.
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The following sectionsf this chapter studyarein-depth examination of the currenthinking on
pre-eclampsia pathogenicity. The concept of the cavdiscular challenge of pregnancy is then
discussed, togther with its implications fofuture 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 greviously normotensive womaiWalker 2000; Roberts and Cooper 2004)2000,

the National High Blood Pressure Education Program Working Group characteEszdsPan
AYONEBIFAS Ay aeadi2t4omdgiordadbolicldNdgs aréassaBDBB)f.90 0 X
mmHg or higher after 20 weeks of gestation on two occasions, at least 6 hours apart and
LINPOSAYdzZNALF 2F x onn Y3IkRE Ay wn K2dzZNE 27F dzN
(Cetin et al. 2011)t shouldalsonoted thatproteinuria is no longer needed to establish the
diagnosis of EC as another maternal or uteroplacental dysfunction could co@xiahquilli et al.
2014) Preeclampsighas been categorised as mild, moderate, severe, and early and late pre
eclampsia, of which the last is a more contergry conceptvon Dadelszen et al. 2003}he early
onset of preeclampsia (EOP) (before 34 + 0 weeks)latelonsetpre-eclampsia (LOP) (aft&d +

0 weeks) hae been found to have different aetiologies and, therefore, a different clinical
presentations Thekeyfeature of REC is poor trophoblast invasion of maternal spiral arteried, a

several experimental research studies have previobsgnundertakento explain this condition.

1.8 Pathogenesis

1.8.1 Mechanism of pathogenesis

Insufficient information and lack of diagnostics criteria regarditigPhave been the main
drawbacks to making progress in the treatment and control of the disease. The defioitREC
proposed in 2000 was designed for clinical use but maximised sensitivity to the detriment of
specificity. Despite these limitations, several theoretical mechanisms lbeete proposedhat

resolvefeto-placentalabnormalities and clinical featuseof the maternal syndrome.

1.8.2 The mechanism ofetoplacentalestablishment

In the first stages of pregnancy, the early blastocyst (day 5) embeds itself, during the implantation
process, into the inner membrane of the uterus (endometriumtjispromotes bathng of the

placental cotyledons in the maternal blood sup{fRedHorse et al. 2004)The extravillous
cytotrophoblast cells multiply from the ends of the anchoring chorionic villi, formihgck lining

to the uterinecavity. Two weeks after blastocyst implantation, theravilloustrophoblast 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 céllyall 2005)

Thesecondform of invasive extravillous trophoblasts sixfinterstitially), whictcanrelease
vasodilators (e.g., nitric oxide [NO] and carbon monoxide [CO]), which restructure the spiral
arteries, increasing the uterine vascular flow before they eradicatedy endovascular
trophoblasts(Lyall 2005)Once inside the lumen of the spiral arterioles, the erakzular
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 &ssvith 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 enswritegjuatedelivery of blood to the
feto-placentalunit. Theinvasionof endovasculacytotrophoblasts is restricted to theuperficial
portions of the spiral arterioles, which retain their endothelial lining and muscular wall, leaving
them narrowbore, highresistance vessel§gdhou et al. 1997 hisleads to a reduction in the

blood flow into the intervillous spee.Pijnenborg et al. (199believed that this endovascular
invasion denotes the beginning of peelamgic problems. Howevera closerexamination of

uterine tissues taken from caesarean patients wwere sufferers of preeclampsia has revealed
that the density of interstitial trophoblasts, together with the depth of interstitial invasion, were
both greatlyreduced(Kadyrov et al. 2003}t can, thereforepe suggestethat a malfunction at
0KS AYGSNRGAGALFE ONRLK2o6flad Aygrairzy a@adl 3as
remodel the blood vessels essential for a healthy placenta. In women witbghaenpsia,

analyses of their preterm placentas have revealed vascular and occlusive [@®ardale 1985;
Moldenhauer et al. 2003However, it is interesting to note that many patients witfER at term

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

their normotensive gestational agmeatched controls.

1.8.3 Hereditary constitutional factors anghre-eclampsia

While most cases of preclampsia are sporadic, it is becoming increasingly evident that genetic
factors have a role in disease susceptib{ifyncotta and Brennecke 1998; Lie et al. 1998;
Arngrimssoret 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; Skjeerven et al. PO85$ suggested by

the following:
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A family history of preeclampsia in a primigravidoman is associated with a twio

fivefold higher risk of the diseag€incotta and Brennecke 1998; Mogren et al. 1999; Carr
et al. 2005; Skjeerven et al. 2005he maternal contribution to development of
preeclanpsia can be partially explained by imprinted gefem Dijk et al. 2005)n a

study of sisters with preclampsia, it was demonstrated that the mother developed-pre
eclampsia only when the foetus/placenta inlted a maternal STOX1 missense mutation
on 10g22; when the foetus/placenta carried the imprinted paternal homologue, the pre
eclampsia phenotype was not expressed.

The risk of preeclampsia is increased more than sevenfold in women who have had pre
eclampsa in a previous pregnangfpuckitt and trrington 2005)

The spouses of men who were the product of a pregnancy complicated clanmpsia

are more likely to develop preclampsia than spouses of men without this hist@Egplin

et al. 2001)

A woman who becomes pregnhant by a man whose previous partner hagctampsia is

at higher risk of developing the disadthan if the pregnancy with the previous partner
was normotensivéLie et al. 1998)

The genes for skt and FH1 are carried on chromosome 13. Foetuses with an extra copy
of this clromosome (e.g., trisomy 13) should produce more of these gene products than
their normal counterparts. In fact, the incidence of grelampsia in mothers who carry
foetuses with trisomy 13 is greatly increased compared with all other trisomies or with
control pregnant patientgTuohy and James 199®) addition, the ratio of circulating

sFIt1 to PIGF is significantly increased in these women, thus accounting for their
increased risk for preclampsigBdolah et al. 2006 large genomavide association

study (GWAS) identified a genetic risk variant with genevite significanceand

provided convincing replication in an independent codMtGinnis et al2017) 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-etlarapsia. It

is striking that this first welbowered unbiased GWAS focuses attenton 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 afome other soluble factors. Inflammatory cytokines can be responsible for acute

inflammation or play a role in developing it. The acute phase of inflammatibichA & G A & & dzS :

first response to damagean be characterised by an increase in blood flowtaedhermeability

of vessels, together with a builgb of fluid, leucocytes, and cytokines.
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By way oftcontrast, in the chronic inflammatory process, humoral and cellular immune responses

to pathogens can be detected at the injury site. DuringdBBularimmune responses

inflammatory processs andsomesoluble factors influence leucocyte recruitment through
increasecexpression of cellular adhesion molecules and chemoattra¢féudis et al. 20119ee
Figurel-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 mostesgic response to the

inflammation process. The cytokines that mediate acute inflammatory reaciichsdetumour

necrosis factomlpha (TN 0 = A Y (i S-NJILS,dELH K8 amd othér fhemokines,
granulocytecolony stimulating factor (&€ SF)and granulocytemonocyte colonystimulating

factor (GMCSF).

Cytokines can be divided into two groups: those known to mediate chronic inflammatory
processes, such as humoral inflammation (these include; k4, 11-5, IL-6, -7, 19, 11-:10, 11-:13
and TGFb); and those contributing to cellular inflammation (includingi JUL-2, I3, I-4, 11-7, Il
9, 1:10, 112, interferons [IFNs], IFdammainducing factor [IGIF], tumour growth factbeta
[TGF 8 I|-¥RI ¢RCi o

19.1 Immunological aspectsf pregnancy

The immunological theory is the most popuéxplanation for thepathogenesi®f pre-eclampsia.
Duringa normalpregnancy, 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 peelamptic pregnancies ands a result, the placenta prevented

from embedding into the maternal blood vessélfiscan cause intrauterine growth restrictions

and have a range of other effects on foetal development. Researchers are of the view that any
unrecognised foetal genese detectedby the maternal immunological system aack not

tolerated. The intolerance can be betwedéegto-placentaland maternaltissue platelet activation

or vascular endothelial damage or dysfunct{@alker 2011)

A growing body of research has demonstrated that inoeelas cytotoxic Fcell response to
paternal antigens in the preclamptic women comparetb unaffected pregnant women
(controls)(de Groot et al. 2010A number of the hypothgesassumed that preeclampsia is a
maternal immunologic response tforeign foetal antigen derived from the father's sperm and

that this response is decreased by prolonged exposure to paternal ar{figdxbergen tal. 1999)
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Prolonged exposure to the pateal antigen could come from a pri@us pregnancy or through

sexual intercourseparticularlywithout barrier contraceptior{GalavizHernandez et al. 2019)

Two studies of contraceptive methods and sperm exposevealedanincreased in theate of
pre-eclampsia occurrenca@mong barrier contraceptive usefi&lonoffCohen et al. 1989; Kenny
and Kell 2018)conversely a caseontrol study demonstrated that using of intrauterine device is
linked to small decreased risk of peelampsia, particularly, if the device remaveithin the year
prior to pregnancyParker et al. 2016)herefore,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 immuneystem.Trott and Harrison (2014ighlighted that T cells have a
role in the development of hypertension; however, the researcligited to provide details of the

exactsubsets.

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 productiigirel-2). The Th17 cells
previously mentioned produce the cytokinell and contributed to numerous autoimmune

diseases, obesity, and cardiovascular disease.

The above suggests thditypertension may benediated by multiple prenflammatory T cell
subsetsRegulatory T (Tregs) cells, which regulate and restrain thénfleonmatory T cells,

contribute to hypertensiorinduced endorgan damage in mic@rott and Harrison 2014)
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Figurel-2 Interaction between a T cell receptor and the antiganesenting cells
(dendritic cells oaccessory cells) and the stimulation of moleculeghe T cell by ligandm the
antigenpresenting cell, activating the T helper cells and producing various types of inflammatory

responses

The above figure waskenfrom (Akdis et al. 2011)

1.9.2 Longinterpregnancy intervaland preeclampsia

Inter-pregnancy intervals (IPI) defined as the period between the delivery date of the previous live
birth and thebegiming of the following pregnandyzebremedhin et al. 2018fveral

epidemiological studieBave showrthat both short and long IPIs arisk factors foradverse

pregnancy and perinatal consequenchkst the bulk of adverseomplicationhasbeen associated

with short interval§fCondeAgudelo et al. 2006 According to theecomnendation from the

World Health Organisatiorthe IP1 should be a minimum of 2 yedkHanley et al. 2017)

Cbselyspaced pregnancies maguse depletion in somef the maternal nutrientssuch adolate
mainly among breastfeeding mothers. Moreovtitis may lead to adverse pregnancy
consequencesThere isa large prospective cohort stuadynducted in theNetherlands reported a
negativerelationshipbetween short IPand foetal growth, and that womemot using folic acid
supplements were at higher risk offoetal growth restriction after a short IFZhu and Le 2003;

van Eijsden et al. 2008jlowever, a recenstudy demonstated thatthe IPI influences the mean
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arterial pressure (MAP) of the second pregnancy in women who hadgaenpsia. Shorter IPI is
linkedwith amore significanteduction in MAP when compared to the longer [FHoughthere
was a trendoward higher preeclampsia recurrence with longer IPI, ttéadencydid not reach
statistical significancéHowe et al. 2018Moreover, IPI ohkl20 monthseemsto be
independentlycorrelatedwith a higher risk of gestational diabetes mellitus and premature

membrane ruptue (Lin et al. 2019)

1.10 Angiogenic factors

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

Throughout poshatal development, the vascular endothelial growth factor (VEGF) molecule
playsan essential role in many biological processes and related conditions. The VEGF molecules
exist and havéeen classifieth mammals as VEGY, VEGB, VEGE, VEGP and placental

growth factor (PIGF). The most common of #ferementioned molecules VESFA, whichis
interwovenwith alternateisoforms possessing prand antiangiogenic propertiefWoolard et al.
2009) When the ligands bind, they trigger the Flt1, FIkl (VEGFR2) and Flt4 (VEGFR3) receptors.
There are also eeeceptors, 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.Hz&E])
combinations of molecules and receptors playajorrole in the development of blood and

lymph vessels, VEGFRS3 being particularportant for lymph vessel$Kukk et al. 1996}-It1 binds
VEGFA, -B and PIGF, whereas FIk1 binds to VE@Rd-C, and Flt4 binds VE@Fand;D (Fischer

et al. 2008)

VEGFRs are made apthree domains: extracellulamansmembraneand 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 witimttien

of regulating vascular processes. Signalling events along the Fltl and Flk1 pathways have a
regulating effect on angiogenesis, such as endothelial cell migration, proliferation, tube formation

and vessel branchin@lsson et al. 2006)

Thekeyangiogenic growth factors, VEGF and PIGF, plapgortantrole in ensung normal
trophoblastic proliferation and implantation takes pla@g@stendorf et al. 2007)5Some researchers
have suggested that an imbalance in these growth factors can be linked-ecjaiepsia
(Thadhani et al. 2004)mpared invasion of spiral vessetgy havalifferent aetiologies;

immunological, genetic agnvironmental.Shallow trophoblast invasiodisturbs the formation of
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anenvironment with low resistancandthe high volumeof blood flow (Zhou et al. 1997)The
developing placentand, indirectly, the foetus are moffered access to appropriaigas
exchangeAs a resulteads toischemia in the uteroplacentabmpartment, and then to hypoi
(Roberts and Post 2008hadequate perfusion leads to ischemigperfusia lesionsalong with
free radical productionplacentaischemia and oxidative stressicit inflammatory processesnd
cytokine releaséMolvarec et al. 2011 herebre, Maintained chronic hypoxiproducesa
considerabldéncrease irinflammation Ittriggers the production of angiogenic factors such as
VEGF or PIGE compensate for the shortage of blood supplygygmptingangiogenesis and
increasing NO production,hichis anticipatedin vascular endotheliunstabilisation(Pratt et al.
2015) Thedemand thatconstantlygrows during pregnancy makes tipisocessnadequateresults
in decompensation, and disturbed balance in angiogenasd antiangiogenic substance

production(Kwiatkowski et al. 2016)

In cancer treatments, using anMIEGF has been linked to hypertension and praetedy which are
often associated with the onset of pexlampsia, which shows these may also be relevant in
understanding the conditiof®©stendorf et al. 2007)

1.11 Anti-angiogenic factors

1.11.1 Soluble FM8Sike tyrosine kinase

Solublefms-like tyrosine kinasel, also known as soluble VEGF receptor dFt#1 is an
endothelial receptor thabindsto and antagonises VEGF and PIGF. By producing vasoconstriction
and endothelial dysfunctioLuft 2006) sFIt1 contributes to several features of peelampsia,

including hypertension and glomerulandotheliosis

sFIt1 is thought to be one of thkeypeptides involved in the development of peelampsia.
Maternal £rum levels o6FIt1 have been shown tbe elevatedn women with preeclampsia
compared with controls, to correlate with disease sevef@aiworapongsa et al. 200dnd to
decrease markedly following delivefigoga et al. 2003)The genetic studies have broadened and
improved the understanding okseral diseases pathophysiologgsisting in enhancing clinical
care findings. As it is well known that sElis located o chromosome 18Gray et al. 2018Yhere

is a link between trisomy 13 and susceptibility to developgriampsia during the second and
third trimester in pregnant women haveetuswith trisomy 13 prone to havereabnormal
placenta(Chen 2009; Silasi et al. 201Therefore, identification of any variant of placental sFIt

holds promising findings for better prediction and diagnosis ofgmiampsia.
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1.11.2 Soluble endoglin

Solble endoglin (SEng) is a-oeceptor that antagonises transforming growth faciom | ¢ R
and contributes to the antingiogenic environment of preclampsiasEngs highly expressed on
endothelial cell membranes and syncytiotrophoblg#tsga et al. 2003)nnormalpregnancy,

levels of sEng fall between the first and second trimesters, but in women who go on to develop
pre-eclampsia, this reduction is bluntéRana et al2007) Consistent with studies involving sFLT
1, it has alsdeen demonstratedhat levels ofsEngare elevated in the sera of pregnant women
with pre-eclampsia, correlate with disease severity, and fall after deli(jdeykatesha et al.

2006)

A promising discovery in terms of predicting elampsia 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 deloped preterm pre-eclampsia, serum sgEng levels are

elevated (approximately twofold) as early as gestational week®0l(Levine et al. 2006)

1.12 Metabolic changes imormal and pre-eclamptic pregnancy

Normd pregnancy is associatedth considerableanaternalmetabolic alterationsthesechanges
tendto be anabolic during the firdvo trimesters as the nutrients are stored ian earlystage of
pregnancy to meet the foetal and maternal requiremeafdate gestation and lactationit has
been recognisethat the increase irinsulin resstanceseen in pregnanciesults in increassin

the maternal glucose and free fatty aaidhich in turnallows for greater substrate availability for
foetal developmen{Zeng et al. 2017)n contrast|ate pregnancy teds to be in a catabolic state

with decreased insulin sensitivifiMartineau et al. 2015)

Metabolicsyndrome defined as a cluster of common abnormalities, including hypertension, high
fasting plasma glucose, dyslipidaemia, obesity and insulin resistRiadeeinia et al. 2014)

Given the metabolic changes described in pregnancy it is not surprsihgetentresearchhas
focused on the relationship between metabolic syndrome andgmampsialt is notedthat

there is ashift towards a preatherogenic state imormalpregnancy. However, this more severe

in women who develop preclampsigMartin et al. 1999; Beigh et al. 201The presence of
metabolicsyndromecan be useds a simple way to identify populations at risk of cardiovascular
diseaseas itis a risk factor foboth cardiovascular disease adthbetes. It is also referred to by

the names cardiometabolic syndrome, insulin resistance syndronfReavan'syndrome. The

exact mechanism of metabolic syndrome is olgiaryet, andit hasvery complex

pathophysiologyPredisposing factes of metabole syndromeesncompasseveral factors suchs
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stress obesity, sedentary lifestyle, age, history of cardiovascular disease, diabetes, schizophrenia,

and other mental ilinesses, rheumatic diseases, psoriasis, and psoriatic a(fPattisiavati 2016)

1.13 Role of anexing proteomicsand miRNAs factors pre-eclampsia

While several efforts have been made irder to understand FEC fully, the pathogenesis of this
condition remains uncertain. Thus contributes to the current lack of an effective screening
method and treatment of FEC. Therefore, it is essential to identify novel biological markers for
early diagiesis 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 wowlem had a history of pre
eclampsia. Annexin5is generally used to identify cell apoptosis as it can bind to
phosphatidylserine, a marker of apoptosis on the outer leaflet of the membfzere Engeland et

al. 1998) Two annexins Aand ASave been selected irnis project;chapter4 will discuss in

more details the role of annexins in postpartum gelamptic subjects.

For a more detailed discussion of the relationship betweengm@mpsia and metabolic

syndrome se€hapter 5

Other factors could be added ihis project to investigate the changes in the MicroRNAs profiles
in preeclampsia postelivery at different time points since their delivery, which will be explained

in-depth inchapter 6.

1.14 Cardiovascular Disease

Cardiovascular disease (C\W¢ading case of mortality worldwide. It representsgroup of
disorders that occur as a defect in the circulatory systérashe heart and the blood vessels

(O'Donnell and Elosua 2008he most common predisposing causes known are:

Hypertension

Increase in lipid profile levels especially gtelesterd Lowdensity lipoprotein (LDL)

1

1

1 Diabetes
1 Obesity
1

Hereditary andanother such gender, age, life/environmental style
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This termcardiovascular diseasefers toseventypes of disorders, which include:

Ischemic heart disease.
Cerebrovascular dease.
Peripheral vascular disease.
Heart failure.

Rheumatic heart disease.

Congenital heart disease.

N o g M w D PE

Deep vein thrombosis.

1.14.1 Preedampsiaand cardiovascular diseases

During pregnancy, there asomeimportant 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 nepregnant womenAlsqg there is an incrase in the cardiac output to
approximately 20% at eight weeks of gestation (Sétillay et al. 2016) reachinga maximum

level of 45% at 24 weekSanghavi and Rutherford 201Z&hese changes might no¢ tolerated

in some women and can lead to pregnancy complications. thegpast decades, it has become
increasinglybviousthat women with a history of preclampsia are at high risk of cardiovascular
disease (CVD) in the futufere-eclampsia continues to pose risks to the mother postpartum, with
several studies reportinthat women with a history of f£C are at a greater risk

thromboembolic and cardiovascular disease several years following delivery, compared to women
with previously normal pregnhanci€kestenbaum et al. 2003; Bamy et al. 2007)Some

literature has been published suggesting that the clotting and angiogenic factor changes observed
during REC also persist postpartum. However results regarding this are incondBsarene

and Blomback 1996; He et al. 1999; Lwaleed et al. 20flddnfirmed, these haematological

changes may explain the heightened risks of cardiovascular and thromboembolic disease

experienced by formerly preclamptic women.

American Heart Associationigelines for 2011 acknowleddehat pre-eclamptic women, and
those with gestational hypertension, have an independent gersgecific cardiovascular risk
factor. There is much recent evidence that pgelampsia and cardiovascular disease share many
risk factors. Bellamy et al. (200@howed thatfollow-up data of up to 200.0&vomenwith a

history ofpre-eclampsiashow significantly increased relative risk for future chedmypertension,

ischaemic heart disease, venous thromboembolism and stroke. Overall mortality after 14.5 years
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was an estimated 1.4fbld higher (95% confidence interval 1-@5.4). Longerm maternal

prognosis is especially poor for women who experieready-onset disease, in whom lortigrm

follow up studies revealed a 7 to 8 fold increased cardiovascular mortality, compared to a 2 fold
increase in women with a history of lateset preeclampsia. Moreover, recent papers on leng

term cardiovascular eves after preeclampsia demonstrated that women with previous pre
eclampsia showing increased risk of subclinical coronary artery atherosclerosis from the age of 45

years onwards (485yrs)(Zoet et al. 2018)

Defiritive evidence on the real anaincauses and consequencespoé-eclampsiaemains tobe
resovedfF 2 NJ GKS &l 1S 2F Y2G0KSNRA YR OKAftRNByQa fA@Sa

rates in developing countries.

There are several questiomghichhavenot yetbeenanswered regarding the aetiology and the
exactmechanism of thisncrease in cardiovascular risk. Thomst researchs focusedon
biomolecularmarkers thatare thought to have a role ithe postpartumcourse of women with
pre-eclampsia Thisresearch will help to understand the effect 6EHZ on women postelivery

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

1.15 The aims of the studies

This studywasconductedin postpartum preeclampic women Fivehypotheseswill be explored

in this project
Hypothesisl:

The obijective of this study is to test the hypothesis that some inflammatory and haemostatic
indices could potentially be used postpartum to predict susceptibility to future caadimuar

events in preeclamptic women.
Aim

To investigate the relationship between circulating levels of haemostatic factors and

inflammatory cytokines in women with a history of prelampsia (Paper I, Chapter II).
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Hypothesisll:

To support the hypothgis that women with a medical history of peelampsia have a state or
tendency towards increasing levels of haemostatic and-amgiogenic factors, including: vascular
endothelial growth factor (VEGF), placental growth factor (PIGF), solublikénigrosine kinase

1 (sFlt1) and soluble endoglin (SEng), in combination with TF and TF pathway inhibitor (TFPI).

Alsq whether these factors alter postpartum in women with a history ofeceampsia.
Aim

To investigate the relationship between haemostatic &l &s angiogenic and argingiogenic

factors in women with a history ofBC (Paper II, Chapter.lll)
Hypothesis Il

To support the hypothesis that peclamptic women after one yegpostpartum have alterations

in their plasma proteomic profiling.
Aim

To examine the global plasma proteomic profile one year postpaof women with pre

eclampsia (Paper lll, Chaptsh).
Hypothesis IV:

Toevaluate the changes in the maternal plasma levels of annexin Adrerecin A5 in women
with a history of preeclampsa after several years since their delivery.

Aim

To determine the plasma levels of Annexins A2 and A5 ke@emptic women postpartum at
different time points past since they experienced the-pampsigChapterV).

Hypothesis V:

To support the hypothas that there are some alterations in the genes expression occurs in
women with a previous history of preclampsia and the possibility of using these biomarkers as a
G022t (2 Y2yAG2NJ GKS 62YSyQa KSItOGK®

Aim
To investigate the plasma miRNAs in postpartuergniamptic 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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1.16 General Experimental Design

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

chapter two, however, details for specific experiments such as coagulation and angiogenic
markers (Chapter 3) or plasma proteomic profiling (Chapter 4) or anA&xand annexin Adnd
miRNA biomarkers (Chapter 5 & 6 respectively) asedieed in each chapter methods sectidin.

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

non-pregnant women in the control arm.
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Chapter 2
Study |

Inflammatory and Haemostatic Changes Following fedampsia: Potential Link with

Development of Subsequent Cardiovascukavents?

This chapter will provide an overview abdhe presenceof a link between women who ave
experienced preeclampsia anényimbalance of the haemostatic system and disturbance of the

inflammatory pathways, which coulik predictiveof cardiovasculadiseasdater in life.
Publishedn Gynecology & Reproductive Health (ISSN268342)

http://scivisionpub.com/pdfs/inflammatoryand-haemostatiecchangegollowing-preeclampsia

potentiaklink-with-developmentof-subsequenicardiovasculaevents833.pdf
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2.1 Introduction

Duringa normalpregnancy, the maternal spiral artes 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 vesselslo not occur in preeclamptic pregnancies and, as a result, the placentaevented

from embedding into the maternal blood vessél$iscan also cause Intrauterine Growth

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

response tdeto-placentalfactors is likely to be involved in orchestrating the platelet activation

and vascular endothelial damage characteristic of the maternal dig¥dakker 2000) T-cells may

also play a role in the developmieof P-EC induced hypertensidiirott and Harrison 2014)

Inflammatory cytokines may play a role in the development of acute inflammation. The acute
inflammatory phasei.e. the first response to damage, is charatsed by an increase in blood

flow and permeability of vessels, together with a buuldl of fluid, leukocytes and cytokines. In
contrast, in the chronic inflammatory process, humoral and cellular immune responses to the
pathogens can be detected at theuny site.Somesoluble factors influence leukocyte

recruitment throughincreasedexpression of cellular adhesion molecules and chettiactants
(Cetin et al. 2011)Such soluble factors also regulate the activatib 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 Interleukit (I:1), Intedeukin6 (Il-6), Interleukin8 (1L-8) Interleukinll (1l-:11),
Tumour Necrosis Factor Alpha (FNB > | YR [/ KSY21 Ay Sa &adzOK & DNJ ydzZ 208

Factor and Granulocyte Monocyte Colony Stimulating Factor.

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

Pathway Inhibitor (TFRNhich,under normal conditios, is synthesised primarily by the vascular

endothelium.

Previously, we studied TF and TFPI levels in women who haveE@a&mpared with normal

counterparts (Lwaleed et al. 2014)n the presenttudy, we investigate the relationship between

thesefactorsand inflammatory cytokines @, I1-8, k10 and TNF 0 A Y 62YSYy GAGK | LI ad
medical history of FEC.
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2.2 Material and methods

221 Study design

This study uses a casentrol design tdry to identify a potential link between-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
casecontrol design is particularly useful when there is a need to study several risk factors, and
when a study musbe performedrelatively quickly and inexpensively. It is the most appropriate
and efficient design for research into rare diseases and usually needdlarshady population

than a cohort design.

222 Ethical approval

The ethical was grantefdr the study by the Southampton and South West Hampshire Research
Ethics Committee (REC reference number is 05/Q1702/(s&kAppendix B.

2.2.3 Definition of cases

In thisstudy, the cases (study group) are women who have hB€Previously. In the first paper,

women were included withisixmonths to 3 years posatelivery.

224 Definition of controls

Healthy women matched by age to the study group with no previous historyeeg@ampsia.

2.2.5 Recruitment strategy

The researchereviewed the data of women who had given birth at the Princess Anne Hospital
within the last years (200 20122016). The contact informatiomwas obtainedrom protection
officers within Southampton GenerHbspital (SGH), including the names, addresses and contact

numbers of 500 women (350 diagnosed witECand 150 women in the control group). We did

y2id KIFI@gS | 00Saa G2 GKS LI GASydaQAppeSdx® @dst NI O

sent to 0 women with a return envelopdfter receiving the reply slig.elephone calls were
made to contact women who responded to the invitation letteasdthe aim and objectives of
the projectwere explainedo them. The womenvere invitedto SGHor a bloodsample tobe

taken Recruitment of the controls was somewhat complicated, as the response to the initial
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invitation letter wasvery poot As the controls needed to match the age range of the women in

the study group, theyould only benvitedonce all thed (0 dzR& I NP dzLJe&n al Y LI Sa
completed Given thisSisters and female staff working at SGH were asked to participate in the
study, andthe response was very positive. The aim of the stwdg explainegandtheir helpwas
soughtin obtaining control saples.A number ofstaff and patients also offered to be involved.
However, specimens were collected by previous researchettast were used in the study |

and study II.

2.2.6 Interview instrument

The researcheconducted telephone interviews with the womemicipating in the study. It took
approximately 510 minutes to complete an interview. The participants were then asked to
complete a general medical questionnaire (gg@pendixD) to confirm inclusion status, then

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

227 Subjects

Ethical approvalvas grantedor the study by the Southampton and South West Hampshire
Research Ethics Committee (REC reference number is 05/Q1702/131). Informed easent
obtainedfrom all participants. The participés were asked to complete a general medical
guestionnaire to assegke inclusion and exclusion criteriA.casecontrolled study design was

used to evaluate plasma TF and TFPI levels, as well-asflaromatory (IL6, k8 and TN® 0 | Y R
an antrinflammatory (I11-10) cytokines in 26 women who had a history é&® during previous
pregnancieand 14 agematched healthy women who have never ha@E@ in previous

pregnancies.

2.2.8 Inclusion criteria

Inclusion criteria for the study groupere that participants hd experienced FEC between
January 200 and October 208; for the control group, participants were women within the same

age range but with naistoryof P-EC.

2.29 Exclusion criteria

Exclusion criteria common for the two groups were: current pregnancy (imgwdomen who
had given birth in the previousixmonths); 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 anticoagsil@ncorticosteroid therapwere

also excludedrom the study.

2.2.10 Sample size

A sample size calculatiavas performedbased on a 0.6 correlation coefficient between the TF,
TFPI and inflammatory cytokines levels are@® Th@-valueto assess this associatiwas seto
5%, twasided. The power was 0.95. Given these criteria, 30 subjects would need to be recruited

in each arm, taking into accountdaopout-rate of 25%.

2211 Specimen collection

A 5 mL specimen of venous blood was collected usingga@de needlginto vacutainer tubes
containing 3.8%ri-sodiumcitrate. These then were centrifuged at 3000 rpm for 10 minutes at
room temperature. Plasma samples then were immediately isolated and transferred into 250 pl
aliquots, whichthenwere storedat ¢86°C untiused for batckwise analysis. For each assay, a

previously unthawed aliquotvas used

2.2.12 Assays

Commercially available enzyriakedimmuno-sorbentassay (ELISA) assays were used to

measure 16, 11:8, II-k10and TNF = | OO0O2NRAYy 3 G2 GKS YI ydzFl OG dzNJ
UK). Thentra- and interassay coefficient of variations (CV) for TF and TFPI were 3.4 and 5.7%,

and 3.6 and 5.9%. For cytokmthese 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, Illid&48). The ShapikWilk test was used to

test normality. Datavere not normally distributedso results are expressed as a Box and Whisker
Plot, with outliers additionally identifiedComparisons between two groups were performed by
MannWhitney tests Pvalues of <0.05 were considered statisticallynificant.Correlations

between the preinflammatory cytokines were assessed by Spearman correlationAesays

results were either recorded as pg-thbf the original specimen for the inflammatory cytoksnar

ng mtl for TF and TFPI.
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2.3 Results

231

Demographic data

The clinical and demographic characteristics of the study gratgshownin Table2.1. No

significant differencesvere foundA y

iKS

LI NI AOALN yiaQ

I 3Ss

consumption; however, six of the participants had a family historyBEORhile eight had a

previous history of hypertension. The control group also sampled at least a year aftdre last

delivery.
Table2.1{ dz0 250G & Q

Characteristics

Number of participants
Mean age of participants
Minimum to maximum age
Mean BMI of participants
Familyhistory of REC
Familyhistory of
hypertension
Familyhistory of type Il
diabetes

Familyhistory of myocardial
infarction

Familyhistory of deep vein
thrombosis

Ethnic group

Curent smokers
Regular exercise
Alcohol consumers

Personal history of anaemia
either during, alternatively,
after pregnancy

Currently on contraception

RSY23INJ LIKAO

Preeclampsia
26
33.6years
24-47years
27.1
6
8

24 participantswere British; 1
white European;1 black
African

4
5
22-average units, units
consumed is 3.3 units/week
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Controls
14
30.5years
22-43years
24.9
None
4

None

10 participants were
British;1 white European; 1
Mexican Latino; 1 black
African; 1 Indian
2
3
10average units
consumed is
3.2 units/week

None

Ot AyAOlf RI
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2.3.2 Inflammatory cytokines

Plasma H10 levelsvere significantly raisesh women with a history of £C pospregnancy

compared with controls (P<0.0Ejgure2-1). Plasma H6 levels appeared elevated in the study

group compared with controls, but this rise was not signific&igre2-2). On the other hand,
plasmaTNE f S@St & Sy RiSHe stiidg grodis comdFarigairdcdriRrolsh but not

reaching statistical significanceigure2-3). For the other inflammatory cytokines measured, we
observed a trend towards raise levels in th&®@ group compared thicontrols. There were

positive and significant correlations between the finflammatory cytokines; 6 has strongly
correlated with IlBand TN | & ONI n®oHT LF ndnuHoX NI TandnT L

significant correlations were obsexd between 118 and IE10 (r=0.103; P<0.27), nor between

TNF and 11:10 (r=0.1; p<0.32).

1.5000= 20

38
1.0000-]

5000

IL-10 (pgiml)

—

T T
Pre-eclampsia Group Control Group
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Figure2-1: Plasma HLO in women with FEC and controls.

Resultsare showninthe. 2 E | YR 2 KA&1SNJ LI 20 ¢KS o2i0G2Y |
25th and 75th centile, respectively, while the line within thex represents the median value. The

WgKAATSNBRQ NBLINBaSyid (KS NIy3aSo
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Figure2-2 Plasma H6 in women with FEC and controls
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E
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e Pre-eclamyl::sia Group Controi Group
Figure2-3PlasmalNFh Ay ¢ 2 Y-BG/andschnirdis
2.3.3 Tissue factor and tissue factor pathway inhibitor

There was a slight increase, albeit statistically insignificant, in plasma TF levels-&Gegr&up
was conparedthe control group. On the other hand, plasma TFPI lewvele slightly reduceih
the REC group compared with controls; however, this also was not significant. Surprisingly, the

TF/TFPI ratio was significantly raised when women wifORere compaed with controls

(p<0.05;Figure2-4).
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0.030
0.0257

0.0207

0.0157

TFITFPI Ratio

0.0107

0.0054

0.000

T T
Pre-eclampsia Group Control Group

Figure2-4: Plasma TF/TFPI ratio in women witE® and controls

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

pathway inhibitor

There were positive and significant correlations betweehQland TFPI (r= 0.5; p<0.01), as well as

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

2.4 Discussion

Changes to the immune system ahdemostatic and endothelial status may have a profound
effect on maternal health. However, it is not yet fully understood how suchgdsrelate to the
aetiology and pathogenesis ofBC(dlan etal. 1985) In this study, we show that mothers who
experienced FEC show altered levels of both inflammatory and coagulation markers postpartum.
Our results have several implications for clinical practice. First, several studies have suggested
that ahistory of PEC is associated with an increased risk of cardiovascular disease later in life
(Smith et al. 2001; Bellamy et al. 200 Knowledgef the factors underlying this association is
lacking.The fndings @ our study maytherefore,be relevant in broadening this understanding

and may contribute to thenonitoringof subsequent risk progression. Second, alterations in
immune and haemostatic factors, in women with previodS®, during a nepregnant state,

maybe of aetiological significance in explaining maternal disease susceptibility.

The immune system pertaininig pregnant women ig&eyin maintaining a normal healthy

pregnancy. The prnflammatory Th1l cells which produce interleukirHllz A Y (i STNIING'NE v
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are involved in celinediated responses and delay#gpe hypersensitivity reactions, whereas the
anti-inflammatory Th2 cells producing4l_11-5, 11-10 and 1L 13 are involved in evoking humoral
immunity. For a pregnancy to remain successful, thaternal immune response must shift from
the Thl totheTh2 phenotypeg¢Kumar et al. 2013)Pregnant women with-EC have been shown
to have increased concentrations of serun6]LL-8 and soluble H4 receptorgJonsson et al.
2006) ThiandThde i 21 Ay Sa NBOALINROI f f & (Ndsrihazfetali2d032y S | y2iKS
Matsuzaki et al. 2005)In RPEC, the pranflammatory cytokinesre predominantly sourceth the
maternal circulation; however, both omocytes and macrophages are also known to express
certaincytokines when activated by nespecific immune reactions (Rahardjo et al. 2014).
Considering the immunological impact ofEE progression, we investigated the relationship
between plasma cytokinda women with gpast historyof PEC and ageatched healthy women
with no previous history of C. All plasma cytokines measurememse madeat least six

months postpartum (Table 1).

ILc LX F&a | @AGFE NRf S respondeddiee a sigrifigadt efled 1 Bo 2 R& Qa A Y Y
lymphocyte differentiation and the production of acupdase proteins, such as CRP.-B® a

significant increase in plasma@levelswasobserved between the firsind thirdtrimester; the

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

women with a history of previmIREC show altered levels of circulating inflammatory markers

and an increased acufghase response to fluenza vaccination postpartuifvan Rijn et al. 2016)

In the presenstudy, we observed raised levels ofélin postpartum FEC women compared with

the control group, although this was not statistically significant.

There are many potential sources ofdlspanningeveralcell types (all nucleated cells). Timain

sources of H8 are monocytes and macrophages the role of H8 is to recruit monocytes and

neutrophils, themaincells at work during an acute inflammatory response. We found a slight

increase irthe plasma I8 level of posfpregnancy presclamptic women compared to their

normalcounterparts; ths in agreement with other reports, where8Lhas been shown to

increase in preeclamptic subject¢Sharma et al. 2007)itis notedthat TNFr  LINR2 Y2 1 S& | L2 LJG 2 &4 A ¢
and further encourages leakage in etldelial vessels, resulting in a systemic endothelial

activation response and some of the symptoms-&® The low TNF § S@St Ay -LJ2 & { LI NI dzvy
eclampticwomen reported in our studies i accordance witlesults from another study

(Cackovic efil. 2008) which reported areduced TMF Ay A& LI GASY G 3INRdzZLI 2 O3S NI (
reductonin TN £ S@St & &SSy A beaitfibStedip dsxshod lialldie. A S& O2 dzZ R

IL-10 acts as aimmuno-regulatorycytokine balancingny increases of primflammatory

cytokines through its aninflammatory actionBakheit et al. (2009eported that IL10 plays a
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keyrole in regulating inflammatory responses in the placenta and is thought to be essential for a
healthypregnancyand that women with FEC had raised levels ofllQ in comparison to
normotensivewomen. SimilarlyBenian et al. (200Zpund increased plasma levels ofllQ in pre
eclamptic subjects and attributed this to the pathophysiological processes occurririgGn IR

our study, plasma HLOwas significatly increasedn PEC compared to controls.

Inflammatory cytokines activate coagulation through TF and protein C expression, and inhibition
of fibrinolysis. Inflammatiofis modulatedby the components of thrombin/fibrin pathwaiPetéja
2011) endothelium and monocytes/macrophages become activated afidaihd I8 secretion
increasegSower et al. 1995; van der Poll et al. 200$)milarly, immunoglobulins could

potentially exert many prothrombotic and antifibrinolytic activitiespeciallythrough irteraction

with mastcells(Lippi and Favaloro 2016)

Intravascular coagulation activation may play at@athe pathogenesis of-EC (Sandset et al.
1989. It hasbeen suggestethat coagulation abnormalities may be more relevanthe fatal
outcome than blood pressur@&edman 2014and coagulation indices ay be of value in
monitoring P-EC progresfHowie et al. 1976) Indicesof a prothrombotic state correspond with
those of inflammation and may be related to the underlying vascukeadie and conorbidities
(Conway et al. 2004)Vascular changes are prominent features-&f@Sandset et al. 198@)nd

both cardiovascular disease aneElE share many risk factqisvaleed et al. 2014)

Previously we investigated the relationship between TF and TFPI in women wheBt&d P
compared to theinormalcounterpart and reported a significant increase in TF/TFPI ratio in
women with REC(Lwaleed et al. 2014Dur result suggested an imbalance between TF/TFPI
levels in women withlihe past history of PEC pospregnancyandwe proposed that such
imbalance mayantribute to the development ofmaternal hypercoagulable statesmd may

predispose women with a history offBC to cardiovascular risks later in (ifevaleed et al. 2014)

In the present workwe examined the relationship between TF, TFPI and TF/TFPI ratio, and pro
and antiinflammatory cytokines in the same cohort of subjects. We observed a positive and
significant correlations between-ll0 and TFPI (r= 0.5; p<0.01), as well aslland TF/TFPI ratio
(r=0.31; p<0.041Yhissupports the welestablished phenomenqgm.e. that there is crosgalk
between inflammation and haemostasis in several pathophysiological condfflahanrVague et

al. 1996; O'Brien 2012It also suggests that both aatiflammatory cytokines and anfiF
dependent coagulation pathwaare activatedn the REC group, arguably due to endothelial
dysfunction and the development ehscular damage, both of which are knowrb®associated
with P-ECIndeed ascular endothelial changes are recognised as being a central process in

pregnancyinduced hypertensioiiGranger et al. 2001)
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We acknowledge that this work shoub@ seenas 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 beander-poweredas there aresomepossible associations that

might have achieved statistical significance if numbers of cases had been higher.
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Chapter 3
Study I

Do patients with a history of preeclampsia have elevated levels of coagulation and

angiogenic markers @stpartum?

This chapteexamines the changes in the levels of angiogenic,-antliogenic and haemostatic
markers of preeclamptic women after deliveryVe investigate the relationship between levels of
several angiogenic and arsthgiogenic factors, inatling vascular endothelial growth factor
(VEGF), placental growth factor (PIGF), solubldifragyrosine kinasd (sFlt1l) and soluble
endoglin (sEng), in combination with atairy of severe, early onsetl®C, compared to matched
controls with previousi normal pregnancy, then once more again between theqaampatic

women and IUGR.
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3.1 Abstract

BackgroundPreeclampsia (FEC) is a preghanspecific disorder, characterised by placental
insufficiency and endothelial dysfunction. It is a digant cause of maternal and fetal morbidity.
Women with a history of £C have heightened risks of future cardiovascular and thromboembolic
diseaseln addition pre-eclamptic patients have elevated levels of clotting and angiogenic

factors;howeverit 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 antingiogenic factors in women with a passtory of PEC, including vascular
endothelial gowth factor (VEGF), placental growth factor (PIGF), solubldifes$yrosine kinase

1 (sFt1) and soluble endoglin (SEng), in combination with tissue factor (TF) and TF pathway
inhibitor (TFPI), also whether these factors were altered postpartum in wositbna history of P
EC.

Methods: The study followed a casmntrol design. Blood sampl@&gere obtainedat 6-12 months
postpartum from 21 primiparous women after a pregnancy affected-BCPand 21 women with
a previously unaffected pregnancy. Plasma eoiations of each of the factors were determined

using enzymdinked immunosorbent assay.

Results:Significant differences were not observed in levels of VEGF (p=0.068), PIGF (p=0.333),
sFIt1 (p=0.910), sEng (p=0.612), TF (p=0.260) or TFPI (p=0.78é¢hetamen with and without
a history of preeclampsia. Additionally, no significant difference was found in the TF: TFPI ratio

between case and control groups (p=0.734).

ConclusionThis study does not support the hypothesis that levels of VEGF, PG s&Flty TF

or TFPare alteredin women with a history of £C 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 relatiwehall, our results suggest that circulating
haemostatic, angiogenic and afingiogenic factorare not significantly altereth women with a

pasthistory of PEC.

Keywords:Preeclampsia, Angiogenic Factors, Postpartum, Intrauterine Growth Restriction,

Cardiovascular Disease.
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3.2 MATERIALAND METHODS

3.21 Subjects

The Ethics Committee of the Tertiary Referral Centre (UMC Utrecht, the Netherlands) approved

the study; Informed consemas obtainedrom all participants. The research protocol did not

interfere with any medical recommendations or prescription.

3.2.2 Study design

The study takes a casentrol design which includes a total of 42 women dtZmonths
postpartum; 21 primiparous women following a pregnancy affected by @arbet preeclampsia,

and 21non-pregnantwomen 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 usingpai@d
needle. Thesavere collectednto 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 immediatelydtated and transferred into 250t | £ A lj dz2 G &
sampleswvere subsequently storedt -86°C until being extracted for batetise analysis of the
relevant haemostatic, angiogenic or aatigiogenic factors. For each assay, a previously

unthawed aliquotwas used

3.24 Assays

Commercially available Enzyraenked Immunosorbent assays were used to measure levels of
VEGF, PIGF, skltseng, TF and TFPI in each of the samples. The-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 interssay are; 8.8%, 11.8%, 9.8%, 6.7%, 6.3% and 6.1% respectively.
All assaysvere performed OO2 NRAYy 3 (12 GKS YI ydzZF OGdzZNENBEQ A

Kits; R&D Systems, UK).

3.25 Statistical analysis

Data were included in a database ashlysedy SPSS software (versioh®. Data normality
was testedby the Shapo-Wilk method. Results which were not normally distributed anel
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expressedis medians and intequartile ranges (IQRRifferences between two or more groups
were assessed by MaAWhitney U test and KruskaVallis test Category variables were
comparedusing the chisquare testDatafor TFPI wre normally distributed, therefore an
independentsamplesl-test was performed, witimeans and standard deviations reported. A p

value of <0.05 was considered to be statistically significant.

3.3 RESULTS

3.3.1 Demographicand clinical data

Characteristics of the study groupee summaged in Table3.1. No significant differencesere

observedbetween the groupsegardingLdr NI A OA LI yiaQ 3ST KSAIKGZ ¢SAITKGX
pressure, diastolic blood pressure, infaygnder and whether or not they had a history of

hypertension. As expected, womerho had suffered from fEC during their pregnancies had a

significantly lower mean gestational age (211.10+20.40 days versus 281.86+9.45 days @ds,contr

p<0.01). Consequentl§ormerly preeclamptic 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<0.0Bigure3-1 and Figure3-2). Thisis consistent with ou

expectations, given the effects on the offspring of mothers affédy REC(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 peclamptic cohort (115.00 +11.4 versus 108.75 +8.82 fotrots,
p=0.051). However, these measurements were still within the healthy ranges for both cases and

controls.
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Table3.1{ dzo 2SOl a RSY23INI LIKAO FyR Of AYAOFf RIFGLF
Mean Age (years) 34.84 (x4.72) 34.77(x4.78) 0.968
Mean Height (cm) p eabY L& v 171.57(+8.01) 0.223
Median Weght (kg) eoBtTw Y pTY 64(57-93) 0.587
Median BMI (kg/m?2) 23.85(19.1634.15) C@PUp & ¢ o@yx 0.251
Mean Systolic BP (mmHg) 76.25(+6.71) 72.08(x3.97) 0.127
Mean Diastolic BP (mmHg) 115(+11.40) 108.75(+8.82) 0.051
History of previous
Hypertension
Yes (%) 4(21.05%) 1(7.14%) 0.366
No (%) 15(78.95%) 13(92.86%)

Mean Gestational age@ 211.1(x20.4) 281.86(£9.45) 0.00L
Delivery (days)

Mean Birth Weight (g) 1168.57(x503.93) 3574.10(x462.12) 0.00L
Infant Gender

Male (%) 14(66.66%) 6(42.86%) 0.169
Female (%) 7(33.3%) 8(57.14%)

300+

275+

2507

2257

2004

Infant Gestational Age at Delivery (days)

1757

Figure3-1 Comparison of infant gestational agesdalivery in PEC and Control

groups.
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Figure3-2 Comparing infant birth weight in study and control groups.
3.3.2 Angiogenic factor levels in women with a history of pezlampsia

The results indicate no change in VEGF or PIGF concentrations between case and control groups,
and slight decreases between levefsFItl, sEng TF and TFPI in the formerly grelamptic

women compared with theihealthycounterparts. Figure3-3 illustrates the differences in the TF
concentrations between the groups. None of these findiwgsfound to be statistically

significant. sFiL, sEng TF and TFPI concentrations tend to reduce in concentrations amongst the
pre-eclampsia group compared to controls. Such tremdsvever, were not statistically
significant Alsq the ratio of sFkl and PIGF was insignificant. #ise women out of twentyone

have hadP-EC along with IUGR therefare compared between the cohorts to see whether a
history of IUGRad a significant affect on angiogefféctors postpartun(Table3.2). There were
increased levels of PIGF, sElnd TF in the group affected by IUGR compared teeplamptic
women (P=0.086, P=0.314 and P=0.431, respectiwblgieas levels of sEng and TFPI appear to

be decreased in the two groupgEGF remained ghanged between the cohorts. These

tendencies arenot statistically significant
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1
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Preeclampsia Group Control Group

Figure3-3 TF levels in women with-PC and cawol groups.
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Table3.2 Comparison of all factors between women with and without a history-B0P

Data are reported as mealis (lower and upper quartiles), except TFPI which is reported as Standard deviation (xSD)

VEGF

PIGF

sFIt1

SEng

TF

TFPI

0.25 (0.25

0.25)

0.35(0.35
0.67)

8.13(0.47
19.6)

4.37(3.62
4.96)

4.47(2.03
9.92)

157.25
(+59.68)

0.25(0.250.25)

0.35(0.350.78)

6.47(0.801880)

4.11(3.74.7)

3.69(0.087.5)

152.44(+50.18)

0.068

0.333

0.910

0.612

0.260

0.786

0.41(0.250.25)

0.5(0.350.67)

12.6(0.4719.6)

4.7(3.64.96)

5.8(2.09.9)

152.38(57.4)

0.25(0.250.25)

0.5(0.350.78)

7.9(0.814.1)

4.2(3.74.69)

3.6(0.086.96)

153.22(+60.86)

47

0.148

0.904

0.782

0.672

0.137

0.970

0.25 (0.25
0.25)

0.35(0.35
0.78)

1.47 (0.80
14.13)
4.3(3.74.69)

3.7(0.86.97)

156.8+62.5

0.25 (0.25
0.25)

0.78(0.35
0.78)

12.3(2.22
30.0)

4.04(3.44
4.75)

5(0.8011.97)

151.26+31.79

1.000

0.086

0.314

0.887

0.431

0.934
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TF/TFPI ratios in women with a history of aampsia with or IUGR compared to their

counterparts

Patients with a history of-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 comparedréeqelamptic women. However, this wast

statistically significant sed éble3.3).

Table3.3 Comparison of TF: TFPI ratio between women with and without a history-&@and
IUGR

TF:TFPI Ratio 0.03 (001-0.05) 0.02 (0.60.05) Decrease 0.734

TF:TFPI Ratio 0.02 (0.60.05) 0.4(0.0010.083) Increase 0.217

34 DISCUSSION

Preeclampsiavas definedas newonset development of hypertensn (with diastolicblood
pressure > 90mmHagndsystolicblood pressure > 140mmHg), alongside rmwget proteinuria,
dipstick 2+ or more than 300mg/24houiRedman and Jefferies 1988YEGF is an umbrella term
for various preangiogenigrowth factors including PIGF. They are vital for maintaining the
fenestratedendothelid in renal, liver and brain tissue, all of which can be affectedBECH joa et
al. 2010) Placental Growth Factor is expressed in the endothelial cells of the umbilical vein and
trophoblastand is necessary for the angiogenesis involved in healthy placental development
(Noori et al. 2010; Tjoa et al. 20). The endothelial dysfunction underlying2Z is thought to
represent an antangiogenic state duced by low concentrations of VEGF and RIN&eri et al.
2010) which precede and coincide witlisdase developmer(Levine and Karumanchi 2005;
Romero et al. 2008; Tjoa et al. 2010; Maynard and Karumanchi.2011)

Thisstudy did not find a statistically significadifference in levels of VEGF (p=0.068) or PIGF
(p=0.333) between women with a history oHZ and those with previously normal pregnancies.
These findings corroborated with thoselofall et al. (199Avho found no difference in VEGF
levels at 612 months postpartum between formerly greclamptic women and controls.
Comparable results have also been reportedWkstrOM et al. (2008)Volf et al. (2004)and
Kvehaugen et al. (201®ho measured VEGF and PIGF leveteatndays, 18 months and-8
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years postpartum, respectivelgoth Lyall et al. (1997and WikstrOM et al. (2008Iso found that
postpartum VEGF levels were significantly raised compared tdgdreery measurements,
further supporting our findings, that théecreases of VEGF during fgelampsia do not persist

postpartum.

The only study thatontradics 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 hormotensive pregnafispori et al. 2010) It shouldoe notedthat this

study did not differentiate between gestational hypertension arB®, although they have

distinct pathologes for which angiogenic profiles may diff€hismay account for the difference
between the two studiesAlsq their study did not adjust for the stage of the menstrual cycle that
participants wereat. It has been suggested that VEGF levels may riseamgiiogenesis occurring

in the ovary during follicular development, producing falsely elevated results (Noori et al. 2010).

Soluble fmdike tyrosine kinasd is an endothelial receptor which antagonises VEGF and PIGF. By
producing vasoconstriction and eotthelial dysfunction, sFit contributes to several features of
P-ECincluding hypertension and glomerulandotheliosigMaynard et al. 2003; Tjoa et al. 2010)
Studies have shown that placental sEkxpressioris elevated weeks before and duringele
Thereforethe antrangiogenic state increasétaynard et al. 2003; Levine et al. 2004; Romero et
al. 2008; Tjoa et al. 2010)

The present work found insignificant decreas sFK1 levels amongst formerly preclamptic

women (median 6.47 (0.808.80)) versus controls (median 8.13 (0XX.6); p=0.910). Our results

are in agreement with Noori and colleagues study who found no significant difference at 12 weeks
postpartum ketween case and control groups, but as mentioned previously, the cohort also
included women with gestational hypertensi@Noori et al. 201Q)sFIt1 has a molecular weight

of 110 kDa that considersadarge 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 feclarnpsia along

with the serum ratio of sFt/PLGF. Also, during our study, we tend to use the blood as

biomarkers rather than using other types of specimens such as (Eufdy et al. 2018)

Our findings oppose those Bowers et al. (2008nd WikstrOMet al. (2008who found
significantly elevated sFit levels at 48 hours argbvendays postpartumrespectively. The
reason for these results could be the length of time after delivery at which measuremvents
taken Both these studies measured sEMvithin days of delivery, compared te2 months

postpartum in our studylt couldbe hypothesisedhat a history of FEC disrupts and slows (but
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does notcompletelyLINBE @Sy 10 G KS 02 Re& Qa-15Shatkmay appedr 2 F Of S| NRA y 3

elevated in the edy postpartum period. It may be the case that these patients have normalised
sFIt1 levels when followed up aftexr longerpostpartum period. Howevekolf et al. (2004)
found increased sFIt concentrations in prdously preeclamptic women at 18 months

postpartum.

A reason for this could be the participant demographics; thegmlampsia group displayed
significantly higher baseline mean blood pressumed BMIs compared to control8nd were also
more likely tohave a family history of Cardiovascular disease, all of which are independent risk
factors for future Cardiovascular disegSeusilahti et al. 1999%o it is not unreasonable to

suggest that they also affesti angiogenic marker levels in these patients.

Additionally,Kvehaugen et al. (201igund elevated sH1 levels after 8B years in formerly £C
women.Thiscould be due to the mean age of peelamptic women reruited in this study

(37.2+4.4yearswhich is slightly older than in our study (34.84+4.72years).

Soluble endoglin is a cell surface receptor which antagonises transforming demidhi and
contributes to the antiangiogenic environment of-BC. It s been found to disrupt endothelial
tube production, and induce vascular permeability and hyperten§igoa et al. 2010; Maynard
and Karumanchi 2011)Studies have shown thaEngs upregulated in the circulath and
placentas of preeclamptic women before and during its occurrerfeenkatesha et al. 2006;
Jeyabalan et al. 2008; Tjoa et al. 2010; Maynard and Karumanchi 2011)

This study found a small, statistically grficant decrease in postpartusEngamongstthe
control group (median 4.37 (3.6296) versus median 4.11 (3477) for formerly preeclamptic
women, p=0.612). Two studies were found investigasiBgdevels following FEC, both of which
are supported i our findings(Noori et al.)Also, (Kvehaugen et alfpund no significant
differences in sEng levels between women with a historyBCRand carnols, when measured at
12 weeks and B years postpartum, respectivelioori et al. 2010; Kvehaugen et al. 2011)
Again, Noori and colleagues did not differentiate between gestational hypertension-BQj §o

these results should be interpreted with cauti@ioori et al. 2010)

Overall, our studyin combination with the current literature does not suggest elevated levels of
sEndollowing a preeclamptic pegnancy. However, our study and Noori et al. &w&haugen et
al. studies are limited by sizeencemore extensivenvestigations are indicated to confirm these

findings.

Tissue factor or factor Il éprimaryactivator of the extrinsic pathway of coalgtion. Tissue

factor pathway inhibitor (TFPI) is its main inhibitor. TF is abundant in the placentieaitlia

50



Chapter 3

and is involved in many of the mechanisms underlyiifPsuch as systemic inflammation and
defective placental implantatio(Erez et al. 2008)Maternal plasma concentrations of TF and
TFPI have been found to be elevated in womenrduREC, and are likely to contribute to the
RA&SIasSQa KeéLENDa 4l.2008; Raudséhu et dl. 20D

We found no significant difference in TF (p=0.260), TFPI (0.786) or the TF: TFPI ratid)p=0.73
between thepre-eclampticand control groups. There has been little literature investigating TF
afterpreSOf I YLIAAL & hdzNJ NBadzZ G& LI NGfeé O2NNRO62NI
no difference in TF and TFPI between formerlyguklmptic vomen and controls when

measured withirsixmonths to three years postpartum. However, this study foandnsignificant
increasein TF: TFPI ratio in the IUGR group. Additionally, there was a trend towards increased TF
levels amongst IUGR group, which nhaye reached statistical significance in a larger cohort,
NEOSYyid NBLR2NIA |faz2 adza33sSad GKFdG | KAadG2NE 2
disease, independent of preclampsigNess and Sibai 2006)

To conclude, our study does not support the hypothesis that levels of VEGF, PIGSEGtTF
or TFPI are significantly altereell@ months postpartum in women with a history of severe, early

onset REC 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 followdig@ Rre
indicated, withlargernumbers of participants anidngerpostpartum followup periods.Thismay
provide a definitive answer as to whether or not such factors play a raleiatiopathogenesis
of RPEC and may explain and predict adverse cardiovascularmigksviously preeclamptic

women.

51






Chapter 4

Chapter 4
Study IV

Plasma anexinsA2 and A5in women with apast historyof pre-eclampsia
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Abstract

Background Generally, pregnandg associateavith normal physiological changes in the
haemostatic processes. However, it islvestablished that a group of preclamptic women are
predisposed to cardiovascular diseases later inTife decreasednticoagulant activity of
annexin A5 and the deficient profibrinolytic activity of annexin A2 Heeen linkedto an

increased risk fothrombotic events.

Methods: In the present retrospective casmntrol study, weanvestigated plasma annexins A2

and A5 levels in 5 healthy volunteers and 66 women who haggi@mpsia (FEC) at interval

years including 2007, 2012 till 2016. Blood saaplere collected ikthylenediaminetetraacetic
acidvacutainer tubes, processed and assessed for plasma annexins A2 and A5, using commercially

available Enzymekinked Immunosorbent Assays.

Results Plasma annexin A2 was higher in the study group compaitedhe 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 &dt, and p= 0.086 for A5). Annexin A2 levels
showed asignificantpostive association with the number of years paslivery (r = 0.254, p =
0.039). However, annexin A5 levelsre negdively associatedvith the number of years

postpartum (r = 0.3, p = 015).

Conclusion: There is no significant difference between plasma annexin A2 levels and annexin A5
in the studied group. Annexin2&showed a positive, while annexirb Ahowed a negative

association with the number of years postpartum. Our findings esigipat there is a slight
imbalance between annexins A2 and A5 in-eckamptic 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/ tissuadtor pathway inhibitor ratio in women with-BC.

Keywords:Annexin A2; Annexin A5; Haemostasis; Pregnancye®aenpsia; Postpartum;

Cardiovascular disease
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4.1 Introduction

Preeclampsia (FEC)s a condition peculiar to pregnanapd commonly charactesed by
hypertension and proteinuria after 20 weeks of pregna(iRgberts and Cooper 2001)

Worldwide, this condition has a notable impact on maternal and foetal morbidity and mortality.
Despite intensive research the aetiology eEE remains poorly understoddowever, it has been
suggested that FEC could resuftom either a failure of trophoblast remodelling of uterine spiral
arterioles that may lead to placental ischaemia, or due to immunological and haematological
FIL OG2NER &ASONBGSR Ayid2 (KS (BladNddwizh et@lA280fJjo2 ¥ G KS
date, the majority of studies have focused on the assessment of the coagulation and
inflammatory activitiesWhile little-published data is knowabout an alteration in the fibrinolytic
system in FEC womenit is well established that normal pregnancy is associated natimal
physiological changes in the coagulation activities towards hypercoagulability status and the
formation of placental fibri deposits, to prevent haemorrhaging during labour. Such changes
returns to normal within 46 weeks postpartuniDeitcher and Gardner 199%evertheless, the
hypercoagulabity may contribute with predisposing factors, to the development of thrombotic
complications associated withEEC(Hellgren 2003)Therefore, a functional fibrinolytic system is
essential to maintain the balance tweeen the normal haemostasis and hypercoagulability status
(Gonhil et al. 2009)It hasbeen demonstratedhat a deficiency in the fibrinolytic activity is
considered as a risk factéor increased thromboembolism in women complicated b &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 arocesghat removes the physiological deposit of fibrin from accumuaain the
vascular system, thus preventing haemostatic cfais happening, known as clot lysishas

been noticed that there severhistologicaldysfunctionsoccurred in the placenta of many pre
eclamptic women by theresenceof excessive fibrideposition and micrethrombi that may
contribute to the disease development. Four decades ago, Syma&sthe first annexin

discovered and recently known as annexin(8reutz et al. 1978Annexins are a type of proteins
that share structural and functiohaspectgGeisow et al. 1987Todate, this family encompasses
thirteen members whose primary structure hbsen resolvedMore than 100 annexins are
knownto occur in many different species. Twelve proteins haeenrecognisedn humans;

these are conventionally referred to as annexin18L However, the ANXA12 gene is unassigned.
There are some abbreviations which denote their presence in different species for instance; the
RSAONALII 2N ! Q RYYy DENA SOMS KNATINBPA Yy RSy 20Sa
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Annexin A2 has been described as a cell surfagea@ptor for plasminogen and its activator
tissue plasminogen activator. It is binding significaatiifances cell surface plasmin generation
(Hayashi et al. 2009)dditionally, annexin A2 belongs to a calcirggulated phospholipid

binding prdein 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
brushtborder membrane of placental syncytiotrophobldXiin et al. 2012)t is well known that

the annexin Alasexpressed in the adipose tissues of humans and rodents. Annexin A2 has
involved in glucose homeostasis, particularly the insulgucible translocation of GLUT4, the vital
and essentiagjlucose transporter in adipocytes, from intracellular compartments to the cell
surface. Also, Annexin A2 has been implicated in the accumulation of fattyGreial et al.

2019)

In 1985 annexin A5 was first described as a vasculaaagulant. It is also known as Lipocortin

V, Endonexin I, placental anticoagulant protein | and Thromboplastin inh{ditessunoor and
Murray 2008) Annexin A5 is defined asonomerig a singlechain protein that has highffinity

binding properties to phosphatidylserine (PSaioalciumdependent manner(NAKAO et al.

1994) Furthermore, The timer is composed of three monomers of Annexin A5 combined in order
to bound to the membrangSchutters and Reutelingsp&rg2010) The trimers tend to the

assembly in a twalimensional 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 levetieposty in
women with a history of EC compared with previously healthy pregnhant controls and to
investigate their relationship to increase the risk of cardiovascular disease préfeclamptic

women in the future.
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4.2 Materials and Methods

42.1 Subjects

Ethical approvalvas gainedy the Southampton and South West Hampshire Research Ethics
Committee (REC reference number is 05/Q1702/131). Informed comsenbbtainedrom all
participants. The research protocol did not interfere with any medical recommendations or

prescription.

4.2.2 Study design

The study takes getrospective caseontrol studydesign which includes a total of 71-HE (n=66)
womenwho deliveredin 2007(7), 2012(7), 2@(18), 2014(11), 2015(10) and 13 women who
delivered 2016 postpartum following a pregnancy affected by eamet PRECand fivehealthy

womenwho deliveredn 2016.

4.2.3 Specimen collection

From each of the participants, a 5ml sample of venous blood was @otaising a 2-gauge

needle. Thesavere collectednto vacutainer tubes containing 3.8¥sodiumcitrate or EDTA

container tubes. The blood samples were then placed in a centrifuge at 3000 rpm for 10 minutes,
at room temperature. After being immediatef@id  § SR ' yR (NI} yaFSNNBR A
plasma samplewere subsequently storedt -86°C until extraction for batetvise analysis of the

annexins A2 and A5. For each assay, a previously unthawed aligaatsed

4.2.4 Assays

Commercially available Enzgrhinked Immunosorbent assays were used to measure levels of
l'b-!'H FYR !'b-1!p Ay SFOK 2F GKS atyLX S$a | 002N
(Quantikine Human ELISA Kits; Lifespan Bioscience, UK). Trasgayecoefficient of variations

for the measuwed 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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425 Statistical analysis

Data were included in a database and analysed by SPSS software (version 24.0). Ddiiy norma
was testedusing the ShapirdVilk method. Results which were not normally distributee

expressedis medians and integuartile ranges (IQR).

4.3 Results

Plasma annexins A2 and A5 levels in the studied groups

43.1 Descriptive analysis

Levels of Annexin A2 weehigher in FEC 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 REC group. Sdeigure4-1 andFigured-2. The plot of the mean levels of Annexin A2 and
Annexin A5 for the control andPC groups, as shown in previous figures, gives a graphical view of
the large difference between the mean levditowever, the ManAVhitney U test suggests that

there is no statistically significant difference in the plasma annexin levels between the controls
and the PEC groups (p = 0.121 > 0.05 for Annexin A2, and p = 0.086 > 0.05 for Annexin A5). The
difference béween the levels of A2 and A5 (A2 vatua5 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 long&pgotum. This is

true for both the control and preclampsia groups.

.00

300

Annexin A2 (ngiml)

1,00 %

0o —

Control group Pre-eclampsia group

Figure4-1: Mean plasma levels of Annexin A2 in the-potampsia and control groups.
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Figure4-2: Mean plasma Annexin A5 in the studied groups.

43.2 To examine whether levels of ANXA2 or ANXADS levels reduced in women who had

delivered in 2007 because of the number of years since postpartum.

This analysis examined the pattern of changthelevels 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 Trable4.1. 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 postdelivery, which is very clear in the figure below. The highest levels of AnnexiarA2
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 @)d2re4-3, Figure4-4 and

Figue 4-5).
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Table4.1: Association betweeAnnexinA2, AnnexinA5 and year of birth.

Year Min.  1st 3rd Lower = Upper

Qu. Median Mean Qu. Cl Cl

6 0.470 | 1.220| 1.360 1.700 | 3.710 | 1.080 | 2.030
1.557

5 0.650 1.700 2.120 | 3.130| 1.150 | 2.490
1.580 1.819

4 0.166 | 1.620| 1.790 | 2.145|2.110 |5.670 | 1.270 | 3.020

3 0.002 1.440 1.810 | 19.570| 0.546 | 5.060
1.270 2.804

2 0.001 | 2.472| 4.404 | 7.267 | 10.810| 20.020| -0.734 | 15.300

1 0.197 4.660 8.840 | 28.470| -1.290 | 16.800
1.717 7.777

Annexin A5 | 6 0.000 1.850 3.340 | 9.818 | 1.220 | 4.570
1.520 2.897

5 0.610 2.190 2.720 | 2.950 | 1.450 | 2.680
1.540 2.067

4 0.560 2.450 3.130 | 17.050| 1.000 | 6.240
1.640 3.618

3 0.001 1.780 3.396 | 16.360| 1.320 | 5.710
1.218 3.516

2 0.350 0.960 1.350 | 1.910 | 0.560 | 1.650
0.840 1.077

1 0.700 | 0.795 | 0.970 1.230| 2.420|0.611 | 1.710
1.163

1=2007, 2=2012, 3=2013, 4=2014, 5=2015 and 6=2016.
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Figured-3: Mean plasma Annexin A2 levels inqeampsia group by year of delivery.

12.00

10.00

8.00

6.00

Annexin A5

400

2.00

;-}*?F

2007 2012 2013 2014 2015 2016

Year of deilvery

Figure4-4: Mean plasma Annexin A5 levels inja@amptic women by year of delivery.
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Figue 4-5: Mean plasma levels #&nnexinA2 andAnnexinA5 in preeclampsia 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 &t 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 significantbtimegelation with Annexin A5

and the number of years postpartum (r8.30, p = 0.0148), the longer the length of years after
childbirth, the lower the levels of Annexin Ahere was no significant association of levels of

Annexin A2 and Annexin A5 tvieither BMI or weight

434 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 (contRiC)
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 assaf®e 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 Arexin A5 levels (p = 0.005). The difference in the changes in leala@fins
Annexin A2, Annexin Afetween the controls and preclmaptic women was not statistically
significant (pvalue = 0.072). For every additional year postpartum, the differeete@den the

levels of Annexin A2 and Annexin A5 increased by 1.417.

Regression model

Model Summary

Mod R R Square| Adjusted R Std. Error of | Durbin
el Square the Estimate | Watson
1 .208 .185 6.19367 2.138

a. Predictors: (Constant), Postpartum, Confreyes,0=no
b. Dependent Variable: Diff2_5

ANOVA
Model Sum of df Mean F Sig.
Squares Square

1 Regression| 684.653 2 342.326 8.924
Residual 2608.588 68 38.362
Total 3293.241 70

a. Dependent Variable: Diff2_5

b. Predictors: (Constantpostpartum, Control 1=yes,0=no

4.4 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 candered to be one of théeading causes for maternal morbidity and

mortality worldwide(Steeger®t 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 betweeffiedlent 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 plasminogertiaator (tPA), works as a dactor for plasmin generation

and localising fibrinolytic activity to the cell surfgtévak and Schmittgen 2001)

Our study demonstrates that the plasma annexin A2 levels increased in thelaraptic group
compared with that of the controls. On the other tdrthis 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 (90.086) between women with a history of peelampsia and those with previously
healthy and normal pregnancies. Our finding is in contrast to the resu{shof ElLatif et al.
2017)where their study showed thahe level of serum Annexin A2 had significantly decreased in
women with preeclampsia, 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
spedmens 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 sel@ennexins, in women who had

a history of preeclampsia. 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 differencetiveen the levels of Annexin A2 and A5 increased by 1.417, for

every additional year postelivery.

The researcher applied the statistical analysis among thespl@mptic participants, omitting the
control group, to examine the pattern of change in thedks 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, avgmlevels 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 gno et al. 2014jvho investigated the
placental Annexin A2 level by using immunohistochemistry and quantitatal¢inee PCR
technique; his study was the first to demonstrate increased placental Annexin A2 mRNA
expression, during the acute phase eER A study showed that annexin A2 is linked witmat
shock protein 90Hsp9(Q and is upregulated in endothedil cels of diabetic rat aorta. 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 dialb&ddy et al. 2018)

Interestingly, wefound a significantly positive correlation between the levels of Annexin A2 with
the number of years after delivery (rho = 0.25ygdue = 0.0393). This suggests that as the number
of years postpartum increased, levels of Annexin A2 also increased. Howev/kvel of Annexin

A5 was significantly negatively associated with the number of years postpartum @80+ p

value = 0.0148), as the number of years after childbirth increased, the lower the levels of Annexin
A5.0ur results are in agreement withprevious 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 ins\fliiu et al. 2012)A previous study
demonstrated that Annexin A2 atdl 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 areateld to cardiometabolic diseaswe could draw a

link between the overexpression of Annexin A2 and lipid metabolism/insulin resistance in
postpartum preeclamptic subject$WWang et al. 2019}hese findings are consistent with the

proteomic results in chapter five.

The current wark 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 immunatistoically in

placentas from women with preclampsia. 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 abiftyn&xinA5 to bind with

high affinity in the presence of Ca2+ to negatively charged phospholipidsasuch
phosphatidylserine (PS), which is expressed in the external leaflet of the trophoblast membrane
(Reutelingsperger and van Heerde 1997; Gourvas et al. ZDlid cell membranes with PS

exposed at the externalupply a catalytic surface for coagulation reactions, causing a high rate of
prothrombinase complex formation and the activation of coagulafiéamar et al. 1995)
Cmsequently AnnexinA5 forms an antthrombotic shield around the procoagulant anionic

phospholipids on the trophoblast surface, preventing the phosphobigidendent coagulation

65



Chapter 4

reactions(Matsubayashi et al. 2001)ience AnnexinA5 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-BCPeng et al.
2014)

In conclusion, we postulaténat 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 experienceeER. Although the reduction in the level of

Annexn A5 and increase levels of annexin A2 in late postdeliverggi@mptic women were
statistically insignificant, interestingly, the levels of annexawére weakly and negatively

significantly correlated with the number of years postpartum.
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Chapter 5 Study 11l

Proteomics

5.1 Introduction

Preeclampsia 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 preeclamptic patientsP-ECand preterm birth now represent a notable burden of
adversehealth. To identify new insights in the aetiology of pgelampsia and novel predictive
biomarkersresearchersare turning towards high throughput proteomics to enable robust
comparisons btween the protein expressioim pre-eclamptic and normotensive pregnancies.
While there are multiple proteomic approaches available, nspestrometrybasedtechniques

remain a popular choice and are the fo@ighis chapter.

Proteomics offes a promifg alternative taclassical method based approaches for biomarkers
identification of preeclampsia due to its ability to detect the whole protmmplement (protein
profiling).Proteomics studiethe quartitative description of proteirexpression, and any
alterationsthat mightoccur under the influence of biological changes either due to pathological
condition ortheir treatment (Anderson and Anderson 1998Also, this approach is used for
localisation and idenfication of posttranslational modificationgnd to assess proteiprotein

interactions(Wilkins et al. 1996)

Recentlythe use ofproteomic technologietasprovided a robust vew of several diseases. By
focudng on the protein expression of several target samples, whether these samples have been
derived from cytoplasmic cell congments or secreted proteinglasma/serum or other body

fluids such as synovial, cerebrospinal and amni{darwitz et al. 2005; Vascotto et al. 2007,

Baillet et al. 2010)However, the collection procefsr these fluidsmay beproblematic and
complicated. Therefore, plasma or serum specimens are preferable as they are easy to othtain a
alsohave ahigh protein contenimaking them a valuable mediar biomarker determination

(Ardekani et al. 2002)

Proteomicstudyis, therefore, a beneficial tool for monitoring disease progression, particularly in
multifactorial diseasg such as preclampsia due to studies showititat the mostof the
circulatingof interest factors originally contain@otein componentThis staly is a pilot to look

at the small number of samples to identify apyotein of interest and quantify potential
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biomarkers to find factors or unique proteitisat could be further used as a diagnostic tool for

disease detectionmnonitoring and treatment.

5.2 Aims of this study

1. To identify individual plasma proteins differentially expressed betweereptamptic and

healthy women after pospregnancy.

2. To identify clusters of differentially expressed plasma proteins in preeclampsia associated

with the susceptbility to develop cardiovascular diseases in the future.

5.3 Plasma profiling

The wide dynamic range in tlexpressiorof proteins in a biological systeimnearlyl2 ordersof

magnitude(Dayarathna et al. 2008y heproteins of interest usually exist &w concentration,

andtheir activitiesare maskedy highly abundant proteins present in the systemidtknownthat

albumin represerg more than half of the total protein mass in humplasmawhereas the top

ten proteins together make up 90% of thatal protein content(Dayarathna et al. 2008)

Thereforgl Of F a&AA 0 &l YL S LINEhO&duatibn/oBhigiabentehcet 2 6 Q Ay Of dzRS
proteins or enhancement for proteins of intere§eparation technologigscludeprotein

digestionfurther peptide fractionation using Higberformance liquid chromatography (HPLC) or

peptide enrichment, and orthogonal sepai@t of peptides directly before MS/MS analysis-(LC

MS/MS) areessential to reduce sample complexf®ian et al. 2006)

AnImmunodepletion approach smost common techniquesedwhere high-abundance
proteinshawe to be removedHowever, 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. Therefarepmbination of multimensional
separation withlabetbased methodsi.e.tandem masspectrometry (MS/MShave been used

for this current experiment.
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5.4 Ultra-FastSpeed and High Separation Performance

The speed oliquid chromatography separation becomes faster by using énalycolumns with
ultra-fine particle packing and also by increasing the flow rate efiobile phase. Once the time
for the actual analysis is reduced, other factors essential for the analytical cycle time need to be
consideredsuch as the injectionrtie, injection movement, gradient delay time and system

conditioning time.

UFL®rovidesthe key answer for these factors, most importantly reducing the total analysis
cycle time, which ultimately enhances laboratory productivitgedevice consists of tor
units:

1. Degassing unit (DGRDA3R).

2. Solvent delivery unit (LC20AD).

3. Column ovens (CTEZDA).

4. UFLC UWIS detector (SRE0OA).

5.5 High PerformanceSize exclusion chromatography (FSEC)

High PerformanceSize exclusion chromatography (BEG)alsoknown asnolecular sieve
chromatographyseparates 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
specificsize distribution. Therefordarger molecules igrate 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 wgit (MW).

Operating conditions and gel selection depend on the application and the desired resolution. Two
common types of separations performed the SEC are fractionation and desalting (or buffer
exchange). When an aqueous solutisrusedas mobilephase this techniqueis calledas gel

filtration chromatography (GFSEC)andthe stationary phaséendsto be hydrophilic, whereas

gel permeatim chromatography (GRSEC) usesrganic solventasthe mobile phase and the

stationary phasés hydrophobic(Schure and Moran 2017)
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5.6 Mass spectrometry (MS)

A Mass spectrometas an instrument thameasuresnass to charge ratio (m/zgluesandthe
relative abundance of ions. Maspectrometrybasedproteomic assayhave incredible breadth

when it comes to protein identifications.

Proteomics studies have been categoriget two approaches:
1) analysis of the intact proteinand peptides known as the tegown approach
2) analysis of the proteolytic peptides thatt assurrogatemarkers for the protein of
interest known ashe bottom-up approach
Classically MS consists of four main parts knas/n
1. Sample inlet.
2. lon source.
3. The mass analyser.
4. lon detection.

Each compartment will be discussed further befawmore detils.

5.6.1 Sample inlet

The samplés appliedto the instrument via thesample inletCharged intact proteinare changed
into gasphase ions which are produced by the ionisation soarme directed toward the mass
analyser. The mass analyser then separates ly thér mass to charge ratiar{/z). Theion

detector then quantifies the intensity of the ions at each nifhe result is a mass spectrum which
plots the intensity of the ions at each/z and can be used to determine the molecular weight of
the ions meaured. 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 movemeand measurement of the ions.

5.6.2 lonisation Source

The samplenustbe vaporised angbnised tobe measured by MS. Therefore, the ion source is
that part thatof the MS that isble toproduce gagphase ions swhich can therbe
acceleratedProteins and polypeptides are predisposed to excessagnientation and

thermal decomposition when exposed to the highergy iomsation methods used to ionise

mored i 6t 8 OKSYAOIE O2YLRdzyyRa® [2¢6 SyYSNEHE 1y26y | 3

therefore developed to ionise proteins and polypeptid&anaka et al. 1988;-Bheed et al.
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2009) Electrospray ionisation (ESdipd matrix-assisted laser desorption ionisation (MALDI)

are the two most common techniques used in proteomigsearch.

5.6.2.1 Electrospray lonisation

ESkencompasses theansferof ions in solution into gaseous stage ions@hospheric
pressure by usingharge(Quinn et al. 2012)The precise mechanism by which the peptides

vaporised and ionised i®hyet fully understoodESI involves three stefido et al. 2003)

9 droplet formation by application of the sample to a capillin a strog electric field
9 dropletreduction by gas flow or heat

M ion formation

ESI is different from other atmospheric pressimeisationprocesses since it may produce
multiple-charged ionssuccessfullgxtending the mass range of the analyser to accommodate
the kDaMDa orders othe magnitude observed in proteins and their associated polypeptide
fragments(Somogyi 2008ESis commonly coupledith HPLC; chromatograplisy directly
comhbnedwith the MS instrument via the electrospray capillido et al. 2003)MS analysis is

carried out dynamically cfine as the sample elutes from the chromatography column.

5.6.2.2 Matrix-Assisted LaseDesorption lonisation

Hillenkamp and Karas first introduced MALD1988(Kathleen Lewis et al. 2006; Shin et al. 2010)
Themeans for the laser desorptiomdnisationof compounds in MALDI is a matrix usually
consisting of organic acid crystals that are good absorbers ofriadiation; the matrix is excited

by pulses of light from kser to the analyte moleculeanitrogenlaser at 337nms usually used
The sample enteras agasphase alongside the matrix. A small amount of energy is transferred

from the matrix to the sample allowing ionisation without fragmentation.

Surfaceenhancedaser desorptionfonisation(SELDI) is ather technique whiclis a relative
variation of the MALDI technique allowing selection of proteins from crude mixhetse
ionisation. Proteingre applied to a solid phase surface aimed to select for proteins according
to their chemical propertiegTang et al. 2004Bound proteins are then etrystallised with

the matrix and ionised ut#iing the MALDI techniquélnboundproteins andundesirable
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constituents(for example saltsdetergents, and lipidgre removedoy washing with an

appropriate buffer.

5.6.3 Mass Analyser

The mass analyser separates ionsiy ratio enabling detection. The mass analyseinis,
large part responsible for the performance of the mass spectrometer thedquality of the
data output. The most commonly used mass analysers in proteomics ar®fifiight (TOF),

quadrupole (g or Q) and ion tra$ang et al. 2004)

The formation and operatn of ions in the gaseous staége liable due to their sensitivity and
short life.Mass spectrometes 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 gradi@ngource

to detector is usedo help pump ions through the analyser.

5.6.3.1 Timeof-Flight Mass Analyser (TGWS)

Timeof-flight mass analyserseasurethe time that ions take to travel a set distance through

an electricfield (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 appledto all ionsthe kinetic energy of an ion is a function lméth mass and charge.
Consequentlyions of different masbut with the samecharge travel at different velocities

and so reach the detector at different times. TOF mass analgsersommonly gupledto

MALDI ionisation sources.

Mass resolution cahe weakdue to spatial and temporal differencesthe formation of the
ions, and variations in flight times of ions with simiialz ratios. Applying delayed extraction
IS necessary to avoid poor smresolution, where ions are held in a fi#lele region until
accelerated by the application of a voltage pulBke use ofeflections that deflect ion with
high energyis commonly usetb overcome the variations in flight time$he length of the
flight pathway is increaseproportionally to theenergyof the ion and higkenergy ions arrive

at the detector at the same time as lower energy ions of the sarfe
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5.6.3.2 Quadrupole Mass Analyser

Quadrupole mass analysarsnsst of four parallel rods afircularor hyperbolic crossection.
Fieldsare recognise@cross pairs of parallel rods of opposite charge arranged around a central
axis.lons are introduced to the quadrupole continuously and filteredridy. The positive rods
permit ions above a selectad/z to pass through the central axis while the negative rods
allow ions beneath a selectaed/z to pass. The arrangement of the rods in a quadrupole
overlaps the mass filter regions of both positive and negative rods. This le¢gsanerelyions
between the s&ectedm/z values to continueo the detector. lons witha m/z outside this

range collide with the rods and do not proceed through quadrupole. Scanning of the
quadrupole mass analyser cha performedby altering the amplitude of current and
radiofrequencyat a constant ratio allowing a range ofz ratios tobe detected Quadrupole
mass analyserare commonly coupletb ESI sources. lons are produced continuously by ESI,

andthe quadrupolecanfilter m/z of the generated ions on a continuous basis.

5.6.4 lon Trap Mass Analyser

An ion trap mass analysasesa magnetic field which collects continuous stream of ions in a
three-dimensionaklectric field trapingthe ions into an orbit insidéhe field (Hager 2002)
lonsare trappeduntil the space charge limithe number of ions which cdpe heldin the field
without distorting itis reatied. Them/z ratio of the ionss determinedby application of a
radio frequency voltage which causes ions to oscilléke frequency of oscillation is a
determinantof the m/z value of the ionThe radidrequency voltageés increasedo scan a
range ofm/z ratios. Asthe frequency of oscillation of the ions increases the ion becomes
destabilised ands emittedfrom the trap. As the oscillating frequency is a function ofrilea
value ofan ion, ions with differenin/z are ejectedat different voltages antimes (Aebersold

and Mann 2003)

5.7 Data output

After ions generated by the ion source have been filtered and separated/ byaluesn the
massanalyserthe ionsare subjectedo a detector. The detector measures the numbers of
ions at eachm/z. This informations transformednto a signal and a maspectrum produced
by processing softwareThe relative intensity of ions detected at eaulz is plottedasthe

mass spectrumThis information then used to define timeolecular weight othe ions
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produced. Algorithms are used to process this data afet structural information about the

sample applied to the mass spectrometer.

5.8 Materials and Methods

5 ml sample of venous blood wereollected using a 2fjauge needle, into vacutainer tubes
containingEthylenediaminetetraacetiacid (EDTAYheblood wasthen centrifugedat

3000 rpm for 10 min at room temperature. Plasma samples were then immediately isolated and
transferred into 25@l aliquotsto Eppendorf tubeswhichwere then kept and storedt -80°C

until used for batchwise analysis.

Serumspecimensvere thawedand vortex mixed for 2 mirPlasma samplesere mixedin a
1:4 ratio with 6Mguanidine HCI + 10% MeétH;this conditionis calledsocratic wherghe use
of asolvent thatdoes notchange the composition of the sample of interest during the and

protect the sample from proteidegradation.

One of the propertiesf guanidine isits ability to break down the hydrogen bonds between
amino acid residues. Consequently, the 3D conformation of the protein is unfolded, and the
aqueous solubility athe protein is significantly elevated. After denadtion, the protein can be
reduced, modified, oanalysed, in a variety of procedures. Therefdr&2ulof samples and
controls were mixed with 588l of 6 M aqueous guanidine hydrochlorideasard kepton dried

ice.

58.1 First Dimension

To evaluate the technical reproducibility relative to the biological replicates mliguofsas
abovewere subjected to SubProteome Enrichment by kpgiformance Size Exclusion
Chromatography (SUREEC) in duplicate andihdled as a standlone sample throughout the
experimental procedure. 500 ghmplesvere subjected to SUPrESEC into gientoad under
these conditions:

T The flowrate is 1 ml/min.

I Temperature35°C.

9 The dsorbanceof 280°.

1 Pressureébetween 9.212.5 Megapascal (MPa).

1 End time: 20 minutes.
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Five distinct SEC segments were selected for serial fraction collegtibe U\fsignal response at

280 nmso as to reducehromatographic peakinder sampling

For example, segment one (S1) contains the high maewdight proteins,segmenttwo (S2
contains IgG enriched segmesggment three $3) isknown aghe Albumin enriched segment,
segment four $4 iscomposed of low molecular weight proteins and degradation products and
segment five $5 contains small mlecules such as metaboliteSollection of these samplés

dependingon peak and timeAll the aliquotswere keptat -20°Cuntil batch analysis.

5.8.2 Reagents and Chemicals

The chemical reagents acetonitrile, methanol, acetone, triethylammonium bicarb§h&#&B)

Sodium dodecyl sulfatsSPp$H Methyl methanethiosulfonateNIMT) and formic acid (HPLC grade)

were obtainedfrom Sigma Corporation (Poole, Dorset, U. K.). The ultrapure HPLC grade water,
utilised for the initial peptide fractionation with high pH RRd subsequent 8IS analysis

procedures, was generated from the Barnstead water filtration system (Dubuque, IW, UAB.A.).
TMT reagents and buffers were obtained from Applied Biosyst&asrington, Cheshire, UK.).
Eachl00pl ofunprocesseglasma samigwas mixewd A 4§ K nnann >[ 2F ¢ a I |jd:

hydrochloride.

5.8.3 Dialysis or Ultrafiltration

Theproteinsfractions were dialysis purified witl5K MWCO SlideA-Lyzer cassettes

(Thermo Fisher, Hemel Hempstead, Hertfordshire, Urt)the first 4cyclg, 10ml of ultra

purified H20 (18.2MQyasadded to 10 tubes and centrifuged at 3600 cold environmen(4

°C) every 1.5hr intervals this step repeated four times famal step of exchangd,0ml of 0.5M
ammoniumbicarbonate was added to the tubegich werethen centrifuged againnderthe

same conditionsThe resulting dialysatesere lyophilisedto dryness aftediscarding the
precipitants then collected from the membranandapproximately 1ml transferred inta new

tube and ammonium bicarbonatadded 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

Proteinswere resuspendeth 0.5M Triethylamindicarbonate (TEAB) +0.05%Sodium dodecyl
sulfate (SDjuffer at pH 8.0-8.5while they were kepbn ice.After thisstepthe tubes were put

in Tip sonicator for 2 minute® prepare them for quantification.

5.8.5 Reduction, alkylation and trypsin digestion

2ul of reducing agent was addédl the ten tubes in thdume cupnoardand then were put ira
heat bbck at 60C for 1 hourthen onepl of blocking reagent was added atite speimenskept in
the dark place for ten minutes. An Enzysstrate ratio of 1:40 is needed to calculate the
amount of trypsin needed tadd to the samples. TherefoEe2 ul of trypsinwasadded in and left

in the incubator for 16hrs at 3T.

5.8.6 Stable isobarid_abelling

| G2drt 2F wnn >3 2F LOEE defreyl wad Bypsindligastedi® Y S| OK

labelledwith (TMTLOplex) isobaric label reagent. \&alere reconstitutedwith 41l of
Acetonitrile (ACN) then transferred to the samples and controls. Labels \wsignad as follows:
Control 1 CT1126,CT2127N, CT3127C CT4 128N CT5; 128C and the peelamptic samples
assigned aPE2; 129NPE18; 129(PE28130N, PE38; 130C, PE39; TR¥iey were puthem at
room temperature for 2hrs and covered with foil tegy weresensitive to oxidation. 8 pl of

hydroxylamine (5%as addedo each sample to stop the reaction.

5.8.7 Peptide Prefractionation with Offline HighpH RP HPLC

Initial offline peptide fractionationvas basean high pH Reverse phadeR) chromatograph

dzaAy3 GKS 21 G4SNABRZ - . NR R3I)Mobilg ph&ze ()dexsycomposedof P

2% acetonitle and 0.05% ammonium hydroxide, amthobile phase (B) was composed of 100%

acetonitrile and 0.05% ammonium hydroxide.
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5.8.8 L&GMS Analysis

The LENESHBMS analysis was performed with the Dionex Ultimate 3000 UHPLC system coupled
with the ultra-high resolution nano ESI L-M@los Pro Orbitrap Elite masgectrometer (Thermo
Scientific, Warringin, Cheshire, U. K.)fiine fractions derived from subproteomds 2, 3, and

four were handled adiscrete proteomes and were injected sequetiyidy their retention time
indices Mobile phase blanks were run between subproteome injectionsvaeik verifiedfor the
absence of carrpver signal. The TMT laled peptideswere fragmentedwith the axial electric
field-assisted higheenergy collisional dissociati (HCD) cell at the resolutiaetting of 15 000.

The LTQ FOrbitrap system was externally mass calibrated evédy@ays using the positive ion
calibration sdution (Thermo Pierce, Rockford, IL, U. S.A.). lon tuning was verified on a weekly

basis as recommended by the manufacturer.

5.9 MS Data processing

Processing of the acquired mass spegtes performedvith the Proteome Discoverer 1.4
software Thermo proteimliscover 1.4 manual Fisher Scientific. Sep 15, 281the spectravere
searchedagainst the UniProtKB SwiBsot 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 lytest.

5.10 KEGG Pathway analysis

Pathway analysis was mapped to KEGG pathways using DAVID Bioinfqifneatiosline
bioinformatic resourceassociated with multiple testing was corrected using the Benjamini

method and arfalse disovery rateFDRcorrectedp-value <0.05 was considered significant.

Here is a copy of the short communication report for the proteomics experiment findings that is

to be submittedto AJOG Journal.
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5.11 Plasma proteomic profiling one year postpartum wfomen with pre-eclampsia

shows dysregulated cardiometabolic profile

Abstract

Background Emerging epidemiological data suggest that-potampsia (FEC) is associatedvith
longterm complications, including a twim four-fold increased risk of cardiovadan diseaseThe
present study aimedo examine the global plasma proteomic profile one year postpartum of
women with PECduring pregnancyto identify which processeare dysregulated

Methods: Non-depleted plasma collected one year postpartum from womeéth P-EC (n=5) and
agematched, BMimatched women with normal pregnancy (n=5) was analysed using quantitative
proteomics.

Results Principal component analysis of all identified proteins showed that women wHS P
during pregnancy had a distinct plasipeoteomic profile oneyear postpartum compared to the
control group. Onéundred andseventytwo proteinswere differentially expresseih the RECvs
control. Gene ontology analysis using DAVID showed that terms relateflammatory | Immune
responseBlood coagulatiomnd Metabolismwere significantly enriched.

Conclusions The identified proteins could provide insight into the letegm dysregulated

cardiometabolic profile of women with-EC.
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5111 Introduction

Pre-eclampsia that occurred durindhe first pregnancy was considered to have no lemn
adverse cardiovascular effec(€hesley et al. 1976However, emerging epidemiological data
suggest that preeclampsids associateavith longterm complications, including a twio four-fold
increasedrisk of cardiovascular diseag€hen et al. 2014More specifically, women with pre
eclampsia are atisk for chronic hypertensioifLykke et al. 2009; Magnussen et al. 2009; Wang et
al. 2013) fatal and norfatal coronary heart disease, reus thromboembolism and strok&mith

et al. 2001; Kestenbaum et al. 2003; Pell et al. 2004; Bellamy et al. 2007; Me@bedfin et al.
2010)

Plasma proteomics refers to the untargeted analysis of the global circulating proteome. Shotgun
proteomics is becoming very importantool in clincal research, as it can provide valuable insight
into the pathophysiology of disease but also identify novel disease markers and therapeutic targets
(AFDaghri et al. 2016; Larkin et al. 2018) recently publishedstudy byMurphy et al. (2015)
examined the maternal circulating proteors&xmonths postpartum of women with preclampsia
(n=12) compared to controls (n=12) usingdbitee quantitative proteomicgMurphy 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 not mentioned

The aim of the present study wdo apply a refined quantitative proteomic methodology to
examine the global plasma proteomic profile one year postpartum of women witlegieanpsia

during pregnancy. An overview of the study desgpresentedn Figure5-1.

A o
> Women with pre-eclampsia (PE) at 28-32 weeks of pregnancy
(pre-eclampsia group) (n=5)

ﬁ Women with normal pregnancy
0 (control group) (n=5)

~ Collection of plasma one year post-delivery — Quantitative plasma proteomic analysis

Figureb-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 pararagtgresentedasa meanz
standard deviation. An unpaired, twtailed Student fest was applied to compare the baseline

characteristic of participants.

5.11.2.2 Plasma proteomic analysis

The procurement and handling of plasmere in accordance witlthe recommendation®f the
Standard Operating Procedure tégration Working Group (SOPIW@)ne ten-plex plasma
proteomics experimenivas performedPlasma specimens were freshly thawed and vortexed for 2
minutes. For each participant, 100uL of unprocessiedmawere immedately mixed with 400uL
6M Guanidine Hydrochloride arslibjected to global quantitative serum proteomic analysis using

our previously published metho@HFDaghri et al. 2016)

Unprocessed raw filewere submittedto Proteome Discoverer 1.4 ftarget-decoysearchagainst

the UniProtKkBHomo Sapiens database (release dateJaf2015) usingsequestHTOnNly reporter

ion ratios from unique peptidewere consideredor the quantitation of the respective protein.
Median rormalisation and logiransformationwere performed for the reporter ion quantification
ratios. A protein was considered differentially expressed between thegmlampsiavs control

group when itsone-sample, twesided, Tiestp@ | £ dzS &I & XK iTRAQIqmatid higRer Y S| vy
than® 0.3. Only proteins identified with at least two unique peptidesre further consideredor
bioinformatics analysis in compliance with the Paris Publication Guidelingbdainalysis and
documentation of peptide and protein identifications

(http://www.mcponline.org/site/misc/ParisReport _Final.xhtjnl ~ All mass  spectrometry

proteomics datehavebeen depositedo the ProteomeXchange Consortium via thd[PRpartner
repository with the dataset identifiePXD009325

5.11.2.3  Principal component analysis and bioinformatics interrogation

Principal component analysis using the reporter ion ratios of the differentially expressed proteins
in PEC vs control groups was peformed using the online software tool ClustVis

(https://biit.cs.ut.ee/clustvis/). DAVIDh{tps://david.ncifcrf.gov), STRING (https://strindb.org)

and Ingenuity Pathway Analysis (IPA) (Qiagen, Hilden, Gerimiamfprmatics tools were used to

identify gene ontology terms, pathways and protein networks significantly enriched in the
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differentially expressed proteins betweerBZand control groups. Significaness setat p-value
X ndnp o

5.11.3 Results

The anthropometric and clinical characteristics of the participantspresentedn Table5.1

The PECand control groups were similar with regards to age-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 pregnancgad a distinct plasma proteomic profile oear postdelivery
compared to the control groufFigure5-2). A volcano plot of the analysed proteome [mean iTRAQ
logratio (RECcontrol) plotted against the minus lagp-value of the onesample TTest] is

presentedin (Figure5-3).

Table5.1 Clinical profile of subjects studied.

Clinical parameters P-EC (n=5) Control (n=5)
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 Weigt (kg) 78.57 £16.1 61.22+8 0.075
BMI (kg/m?) 27.0 +4.88 242+35 0.318

81



Chapter 5

= Principal Component Analysis

Figure5-2 Plasma proteomic prdé in REC and Control groups.
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Mean iTRAQ log,ratio (pre-eclampsia vs. control)

Figure5-3 Mean iTRAQ logatio (REC/contral).

In total, 172 proteinsvere differentially expresseth the REC vs control groups. Gene ontology
analysis using DAVID showed that terms relatedlmod coagulationinflammatory | Immune
responsesand Metabolism were significantly enriched in the differentially expressed proteins
(DEPsyhown in Figure5-4). DEPs mapping to these gene ontology term grasgsesented in
heatmap format irFigure5-5, along with an IPA protein network related to cardiovascular disease.
Pathway analysis with IPA showed that tharinsic prothrombin activation pathwaywvas

significantly inducedh the RECgroup compared t@ontrol (Figure5-6)
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Figure5-4 Gene ontology analysis of DER$ECvsControl
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