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The proper care for preeclamptic patients is a cornerstone of obstetrical medicine and is difficult. 
The sudden onset and swift clinical deterioration of preeclamptic patients remains impressive 
and can be a disaster for both mother and child. Doctors working in the obstetric field can 
visualize patients most severely affected by this pregnancy specific syndrome even after years. 
The maternal consequences, that can be both physical1,2 and mental3, can be lifelong and 
patients still die because of the complications from preeclampsia.  Neonatal implications arise 
from both prematurity and dysmaturity. Premature delivery is a major risk factor for perinatal 
death and morbidity4,5, while low birth weight infants are at increased risk for cardiovascular 
disease and type II diabetes later in life6. The incidence of preeclampsia is 1.5-6 %, depending on 
populations studied7-9.

Preeclampsia (PE) is defined by only two criteria; de novo hypertension in conjunction with 
proteinuria after 20 weeks of gestation10. In reality the clinical spectrum ranges from patients 
with mild hypertension and minimal proteinuria to severely ill patients with multi-organ 
failure in any trimester of pregnancy. In many cases aberrant liver function also contributes 
to the disease. This is by definition evident in Hemolysis Elevated Liver enzymes and Low 
Platelets (HELLP) syndrome. HELLP syndrome affects 10-20% of cases with severe PE but HELLP 
syndrome develops in the absence of PE in 20% of cases11. In cases with maternal mortality due 
to preeclamptic disorders of pregnancy, low platelets in combination with high blood pressure 
is almost always present in fatal cases due to cerebral hemorrhage, the most frequent cause 
of death among preeclamptic patients. Most of these patients with fatal preeclampsia were in 
good health pre-pregnancy12. 

Another pregnancy specific disorder with liver involvement is intrahepatic cholestasis of 
pregnancy (ICP) that is characterized by maternal pruritus and raised total bile acids (TBA)13. The 
incidence differs among different ethnicities13 and shows significant familial clustering14,15 thus 
implying a genetic component. It has been noted that ICP predisposes women to preeclampsia 
as PE incidence in patients with ICP is higher compared to a normal pregnant population16-18 but 
the relationship is not fully understood. 

We know that the placenta causes preeclampsia. This is exemplified by the fact that in the absence 
of a fetus but presence of a placenta (complete hydatiform molar pregnancy) development of 
severe PE has been described19. Also in pregnancies with a ‘placental overload’ e.g. in pregnancies 
with macrosomia and / or gestational diabetes and multiple pregnancies higher incidences of 
PE are reported20. A final argument is that clinical signs and symptoms rapidly improve after 
delivery of the placenta and that retention of even small amounts of placental tissue can cause 
a relapse of preeclamptic symptoms even weeks after delivery21. Probably because placentation 
in humans is uniquely organized22, preeclampsia is exclusive to humans and has been described 
in literature as early as 400 BC by Hippocrates23. Even nowadays the only true therapeutic option 
is delivery of the baby and placenta, but at an early gestational age this automatically implies 
an unfavorable fetal outcome. At early gestational ages this forces clinicians to make a choice 
between fighting maternal symptoms, applying blood pressure regulation combined with 
seizure prophylaxis and immediate premature delivery. 

Preeclampsia is considered a two-stage disease24; first and early second trimester insufficient 
remodeling of maternal spiral arteries by placental extravillous trophoblast cells followed by 
reduced perfusion of the feto-placental unit and systematic oxidative stress causes maternal 
endothelial dysfunction with multisystemic involvement in the second half of pregnancy24. 
Several clinical risk factors are acknowledged, but as primiparity and a history of PE are among 
the most strongly correlated risk factors, many women are not identified as high risk at antenatal 
booking25.

As we know that acetylsalicylate given before 16 weeks of gestation significantly reduces the 
risk of preeclampsia and IUGR in a high-risk population31,32, early identification of nulliparous 
patients at risk may be used as a preventive strategy in developing preeclampsia. 

Despite the fact that preeclampsia is a highly clinically relevant topic, no early and reliable 
first trimester biomarkers are currently available for early prediction of development of this 
obstetrical disease. There are a few potent markers differentially expressed in the maternal 
circulation weeks before the onset of clinical disease26. Increased soluble fms-like thyrosine 
kinase 1(sFLT1) that in turn results in decreased availability of vascular endothelial growth factor 
(VEGF), and increased soluble endoglin (sENG) most likely both result in decreased angiogenesis. 
Decreased levels of free placental growth factor (PlGF) also have a strong predictive value, 
but the pathophysiological role of this is incompletely understood27. However, the predictive 
performance of a screening strategy combining patient characteristics, doppler ultrasound 
parameters and these promising biomarkers is too low to justify use of this screening strategy 
in a low risk nulliparous population. Additional or other markers are needed to achieve clinical 
utility29;30. 

To investigate placenta physiology and pathophysiology we initiated the Preeclampsia And 
Non-preeclampsia Database (PANDA) project in 2006. PANDA is a biobanking effort of the 
AMC department of obstetrics where we in a period of 4 years collected placental biopsies 
in combination with umbilical cord blood samples and maternal blood samples of over 400 
women with either preeclamptic (n=177) or normotensive (n=256) pregnancies. This gave 
us the availability of a large patient and control tissue sample cohort, coupled to clinical and 
biochemical data sets to explore novel biomarkers in preeclampsia and to study placental 
(patho-) physiology. The PANDA obstetrics biobank allowed us to perform the studies described 
in this thesis.

Although a genetic basis for the development of gestational hypertensive disorders is generally 
assumed, the identification of robust maternal or fetal susceptibility genes for preeclampsia has 
not been successful as is reviewed in Chapter 2. Most studies have focused on polymorphisms 
and mutations of specific maternal susceptibility genes that were selected based on their 
involvement in cellular pathways linking to the clinical features of the disease, like hypertension 
or renal disease. As it is evident that preeclampsia is not a disease with a clear Mendelian mode 
of inheritance, studies assumed different modes of inheritance. The current consensus is that PE 
is a complex disorder meaning that it is caused by a mixture of genetic changes in both maternal 
and fetal genes combined with environmental factors33;34. 



Chapter 1

14

Introduction and aim of the thesis

15

1

If a disorder has a complex genetic background it can be reasoned that multiple ordinary 
molecular events at the DNA or RNA level in a unique combination are able to produce a 
pathological state. Since preeclamptic disorders originate in the placenta, understanding of 
basic molecular (patho-) physiology of the placenta is essential in this respect. 

Placenta tissue enables the study of genes, RNA molecules and proteins relevant during 
pregnancy. Genes are build up by deoxyribonucleic acid (DNA) that is located in the nucleus 
and mitochondria of each cell (Figure 1). In general the DNA content in each organ and cell 
of an individual is identical with exception of placental mosaicism that occurs in 1-2% of 
pregnancies35. Typically, searching for mutations that cause a specific disease is done at the DNA 
level. DNA, that consists of regions coding for a protein (exons) are interspersed by ‘nonsense’ 
regions (introns). In order to function and to signal to other cells, a cell needs to make protein. 
Transcription of DNA and splicing result in an RNA molecule that contains the coding sequence 
for a protein (Figure 1). The collection of different mRNA molecules in a type of tissue is referred 
to as the ‘transcriptome’. The transcriptome of an organ, such as the placenta, can be altered 
in case of a pathological condition (in our case preeclamptic disorders of pregnancy). There 
are many genes of which different mRNA molecules can be made due to alternative splicing. If 
these alternative spliced forms alter the protein coding sequence, their translation will result in 
different proteins (Figure 1).  As alternative splicing greatly increases the biodiversity of proteins 
that can be encoded by the genome, it is regarded as a normal phenomenon although the 
regulating process is often not known36. An example of functional splicing is the occurrence of 
sFLT1 in pregnant women. sFLT1 is generated by alternative splicing of the FLT1 gene. This results 
in a secreted soluble version of the otherwise transmembrane VEGFR1. Increased amounts of 
sFLT1 are functional involved in the pathogenesis of preeclampsia37.  Once protein is made by 
the cell, it can either be used within the cell itself or be secreted for a remote effect. In case of 
placental trophoblasts, this secretion can be either into the villous structure to the fetal blood 
vessel, or out of the villous structure into the maternal circulation (Figure 1). The strength of the 
signal that induces transcription of DNA to RNA is also regulated by epigenetics. Epigenetics 
are changes to the DNA such as methylation of CpG islands and modification of histones, the 
proteins that determine the 3-dimensional structure of DNA. Both these epigenetic features are 
described to occur in placenta38. 

Using our PANDA biobank, where we collected placenta, maternal and umbilical cord blood 
we were able to study the DNA, RNA and protein in the placenta but also the effect of this on 
proteins in maternal and fetal blood.   

In conclusion: The aim of this thesis, that is divided in three parts, is to gain further understanding 
of placental molecular mechanisms in general and preeclamptic disorders in particular, and 
to discover novel biomarkers that will enable the development of preventive strategies for a 
disorder that is still claiming maternal and fetal lives today.  

 

Figure 1: (A) Profile of pregnant women with placenta, umbilical cord, and baby. (B) Topview of placenta 
cross section, depicting placental villi from fetal origin with maternal blood filling the intervillous space. (C) 
Schematic representation of trophoblast cell where protein is made that is necessary for the function of the 
cell or is excreted to either the maternal or the fetal circulation.

Part I provides a general introduction in two chapters. Chapter 1 contains the introduction and 
aims of this thesis. In Chapter 2 the molecular genetics of preeclampsia and HELLP syndrome 
are presented in the form of a general review article. It addresses the clinical spectrum and 
relevance of both syndromes, knowledge on pathophysiology and a current overview of the 
most relevant genes implicated in relation to preeclampsia.

Part II displays novel molecular insights at the genomic and transcriptomic level of preeclamptic 
disorders of pregnancy. 

STOX1 was first implicated in relation with familial preeclampsia in 200539. To investigated 
whether STOX1 was implicated in non-familial cases and whether the proposed mechanism 
of maternal imprinting occurred in placenta we investigated the occurrence of the c. 458 T>C 
p. Y153H mutation in both control and preeclamptic patients together with methylation- and 
imprinting status of the STOX1 gene in both human and mouse placenta (Chapter 3). 
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The splicing patterns of the FLT1 gene that result in different types of soluble FLT1 (sFLT1) mRNAs 
in placenta and other human tissues are investigated (Chapter 4).  

In search of novel biomarkers, we describe how we identified GBA (glucosidase beta acid),  
encoding glucocerebrosidase, as a gene that is highly expressed in preeclamptic placenta. 
GBA deficiency results in a well-known lysosomal storage disorder called Gaucher disease but 
overexpression has not previously been implicated in human disease. In-depth molecular analysis 
tries to unravel its function in placenta and its role in relation to preeclampsia (Chapter 5). 

Furthermore we describe four clinical cases of women with pregnancies complicated by both 
ICP and HELLP syndrome. The co-occurrence of these two rare pregnancy complications, that 
both have compromised liver function as a central feature, has not been described before 
(Chapter 6). 

Since a substantial amount of preeclamptic patients without full-blown HELLP syndrome show 
involvement of the liver with raised total bile acids (TBA) to some extent17 we investigated the 
role of TBA in the pathogenesis of preeclampsia in relation to expression levels of ABCG2, a 
newly described major bile acid transporter in placenta (Chapter 7). 

Part III contains the general discussion and future research implications of the work presented 
in this thesis. Also a summary in Dutch is included.
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