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Abstract

Introduction: Both placental vascular defects and a genetic contribution are
documented in pregnancies complicated by preeclampsia, small-for-gestational-age
infants (SGA) and spontaneous preterm birth (sPTB). Our primary aim was to
investigate the association between polymorphisms in genes regulating placental
vascular integrity including vascular endothelial growth factor (VEGFA), placenta
growth factor (PGF), kinase insert domain receptor (KDR), fms-like tyrosine kinase 1
receptor (FLT1), angiopoietin 1 (ANGPT1) and thrombospondin 1 (TSP1) and these
pregnancy complications in a Caucasian cohort. The secondary aims were to investigate
the association between these polymorphisms and (1) preeclampsia in Sri Lankan
women (2) first trimester placental gene expression (3) abnormal uterine and umbilical
artery Doppler (4) environment and lifestyle interactions that modify the risk of
pregnancy complications and to (5) compare term placental angiogenic gene mRNA
expression in complicated pregnancy with uncomplicated pregnancy.

Methods: Nulliparous pregnant women, their partners and infants (3234 trios) were
recruited to a prospective multicenter cohort study (SCOPE study) in Adelaide,
Australia and Auckland, New Zealand. Pregnancy outcomes were classified using
international guidelines. Uterine and umbilical artery Doppler was performed at 20
weeks gestation. Mean uterine or umbilical artery resistance indices (RI) above the 90"
percentile or the presence of bilateral notching of the uterine artery waveform were
considered abnormal. A second Sri Lankan cohort comprised 175 nulliparous
preeclamptic women and 171 matched controls. The polymorphisms in the Caucasian
parent-infant trios, Sri Lankan women and first trimester placental tissue from elective
pregnancy terminations (n = 74) were genotyped using the Sequenom Mass ARRAY
system. Term placentae were collected from women with preeclampsia (n = 18),

gestational hypertension (n = 15), normotensive SGA infants (n = 13), spontaneous



preterm birth (n = 10) and uncomplicated pregnancy (n = 30). Placental mRNA
expression was analysed by quantitative RT-PCR.

Results: In the Caucasian cohort, maternal ANGPT1 1414T/A and paternal and infant
KDR -604T/C polymorphisms were associated with preeclampsia; maternal ANGPT1
1414T/A, paternal and infant KDR -604T/C, paternal and infant TSP1 2210A/G and
infant VEGFA+936C/T were associated with SGA. In the Sri Lankan cohort, PGF
642C/A was associated with preeclampsia. The ANGPT1 1414T/A was associated with
abnormal uterine Doppler and the VEGFA +936C/T was associated with abnormal
uterine and umbilical artery Doppler and reduced first trimester placental VEGFA
MRNA expression suggesting that these polymorphisms may have a role in the
pathogenesis of pregnancy complications. We also found that the maternal ANGPT1
1414T/A and VEGFA -2578C/A polymorphisms interact with maternal BMI to modify
the risk of SPTB and that the maternal KDR -604T/C interacts with smoking to influence
the risk of preeclampsia and SGA. In all these polymorphisms, genotypes associated
with pro-angiogenic phenotypes reduced the risk and genotypes associated with anti-
angiogenic phenotypes increased the risk of pregnancy complications. We were also
able to demonstrate that term placental expression of VEGFA, PGF, KDR and FLT1
mRNA were reduced in pregnancy complications compared to uncomplicated
pregnancy.

Conclusion: This project demonstrates that inherited susceptibility to altered
angiogenic gene expression in the placenta contributes to the risk of pregnancy

complications.
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Thesis explanation

This thesis is arranged as a portfolio of published/accepted or submitted manuscripts.
Manuscript 1 provides a comprehensive review of literature on the role of the vascular
endothelial growth factor family of angiogenic growth factors and a brief overview of
the role of the angiopoietin family and the thrombospondin family in normal and
complicated pregnancies. This is followed by the hypotheses and aims of the project.
The work described in the thesis mainly arises from the Adelaide, Australia and
Auckland, New Zealand arms of the SCOPE (Screening for Pregnancy Endpoints)
study. The SCOPE study is an international, multicenter, prospective cohort study with
the aim of developing screening tests to predict the risk of pregnancy complications
namely preeclampsia, small for gestational age infants and spontaneous preterm birth.
The SCOPE study is registered in the Australian and New Zealand clinical trial registry
and the details are given below.

Trial Registry Name: Screening nulliparous women to identify the combinations of
clinical risk factors and/or biomarkers required to predict preeclampsia, small for
gestational age babies and spontaneous preterm birth.

URL: https://www.anzctr.org.au

Registration number: ACTRN12607000551493

Manuscripts 2 - 6 describe the associations of polymorphisms in candidate genes that
regulate angiogenesis in the SCOPE cohort. As these papers are from the same study
there is some repetition in the methods sections of the manuscripts.

Manuscript 7 describes the same polymorphisms in a case-control study population
comprising preeclamptic women and matched controls from Sri Lanka.

Manuscript 8 describes the association of placental mMRNA expression of the VEGF
family in complicated compared to uncomplicated pregnancy. This study population is a
randomly selected subset of those recruited to the SCOPE study in Adelaide.
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The final section of the thesis comprises a general discussion based on the overall

significance of the findings, the problems encountered and future directions of the work.
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Abbreviations

Complementary dioxyribonucleic acid
Confidence interval

Dioxyribonucleic acid

Fms-like tyrosine kinase receptor 1 gene
Fms-like tyrosine kinase receptor 1 protein
Kinase-insert domain receptor gene
Kinase-insert domain receptor protein
Odds ratio

Polymerase chain reaction

Placenta growth factor gene

Placenta growth factor protein
Ribonucleic acid

Single nucleotide polymorphism
Thrombospondin 1 gene
Thrombospondin 1 protein

Vascular endothelial growth factor gene

Vascular endothelial growth factor protein
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