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Abstract 

During pregnancy, the human placenta constantly extrudes extracellular vesicles into the 

maternal circulation. This deportation of placental extracellular material creates an extensive 

feto-maternal interface dispersed around the maternal body and exposes various maternal cells 

to a large amount of fetal/placental material. Preeclampsia, a major complication of pregnancy, 

is characterized by systemic maternal endothelial cell dysfunction and exaggerated 

inflammation. It is hypothesized that substances, including placental extracellular vesicles, 

released from preeclamptic placenta contribute to the pathology of maternal endothelial cell 

dysfunction. However, how endothelial cells respond to placental extracellular vesicles during 

normal and preeclamptic pregnancies is not fully elucidated. This work investigated the 

interaction of endothelial cells with normotensive and preeclamptic trophoblast debris, the 

largest class of placental extracellular vesicles. The investigations consisted of recognition 

mechanisms, changes in molecular phenotypes and cellular function of endothelial cells, with 

the aim of gaining a better understanding of how the maternal vascular system adapts during 

normal and preeclamptic pregnancies. 

In this work, it was shown that the protein cargo, IL-1β, in necrotic/ preeclamptic trophoblast 

debris might directly activate endothelial cells. Trophoblast debris derived from the healthy 

first trimester placenta could contribute to inflammatory, angiogenic, endocrine and anti-

apoptotic responses in endothelial cells by both transcriptomic and functional studies. More 

importantly, this work showed that trophoblast debris can mediate feto-maternal signalling 

through modulation of the gene expression in maternal cells rather than simply delivery of 

messenger RNA. Here it suggested that trophoblast debris travelling through the maternal 

circulation might contribute to physiological maternal adaptations to pregnancy via the effects 

on endothelial cells and possibly other cell types. 

By employing high throughput small RNA sequencing, different small RNA cargos contained 

within preeclamptic and normotensive trophoblast debris were identified. These small RNA 

cargos, carried by trophoblast debris, could be directly transferred into maternal recipient cells 

and thereafter modulate their gene expression. On the other hand, dysregulated small RNAs 

contained within preeclamptic trophoblast debris is likely to contribute to endothelial cell 

dysfunction as shown by artificially engineered normotensive trophoblast debris containing 

excessive miR-145. This engineered debris was able to partially mimic the effect of 
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preeclamptic trophoblast debris on endothelial cell gene expression. Finally, transcriptomic 

analysis of endothelial cells after exposure to preeclamptic trophoblast debris suggested that 

these endothelial cells might undergo a DNA-damage response, possibly due to the excessive 

ROS generation in endothelial cells induced by preeclamptic trophoblast debris. 

In conclusion, this work has shown that instead of being a waste product of trophoblast 

turnover, trophoblast debris can convey signals from the feto-placental unit to maternal cells 

and may contribute to maternal vascular adaptations to pregnancy. However, trophoblast debris 

can also play a role in systemic endothelial cell dysfunction during preeclampsia, possibly 

mediated by the dysregulated protein and nucleic acid cargos carried by the debris. 
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1 Introduction 

“Pregnancy, a unique biological situation - two individuals with different genomes coexisting. 

One inside of the other.” 

-- Tinnakorn Chaiworapongsa 

1.1 The human placenta development 

1.1.1 The structure of human placental villi 

The human placenta is the key organ for a successful pregnancy. It is involved in nutrient, 

oxygen and waste exchange between mother and fetus, and plays important role in 

facilitating communication between the fetus and its mother to fine-tune the maternal 

adaptation to pregnancy (Gude, Roberts, Kalionis, & King, 2004; Hemberger, 2013; Miura 

et al., 2015a).  

A villous tree is the main structure of the human placenta. There are two broad categories 

of placental villi; floating villi and anchoring villi (Knofler & Pollheimer, 2013). Floating 

villi are characterised by a mesenchymal core containing fetal blood vessels surrounded by 

a bi-layer of trophoblasts. They define the intervillous space which is formed in between 

the adjacent villi and are primarily responsible for gas and nutrient transport in the human 

placenta. In contrast, anchoring villi connect the placenta to the maternal uterine lining, the 

decidua, via columns of extra-villous trophoblasts. 

1.1.2 Trophoblast populations 

Trophoblasts are an epithelial cell type unique to the placenta. The populations of 

trophoblasts include: cytotrophoblast (CTB), syncytiotrophoblast (STB) and extravillous 

trophoblast (EVT), which can be sub-divided into endovascular trophoblast (eTB) and 

interstitial trophoblast (iTB).  

The STB which covers the entire placental villous tree has a very unique biological 

manifestation due to its unique syncytial nature. It is a terminally differentiated cell which 

does not show the ability to mitosis (Moe, 1971) and it expands through the continuous 

fusion of the CTBs that are directly located underneath (Aplin, 2010). The STB is in direct 

contact with maternal blood after the utero-placental circulation is established, therefore it 

is essential for exchange of nutrients and gasses between the fetus and its mother. In 

addition, it also secretes numerous hormones to maternal circulation to regulate maternal 
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adaptations to pregnancy, such as human chorionic gonadotropin (hCG), progesterone, 

leptin, and human placental lactogen (hPL) (Bansal et al., 2012).  

Extravillous trophoblasts, on the other hand, derive from proliferative cell columns at the 

tips of anchoring villi. They invade into maternal decidua up to as deep as one third of the 

myometrium (uterus smooth muscle wall), and play an important role in transforming the 

maternal uterine blood supply to support the growing fetus (Bulmer, Williams, & Lash, 

2010; Hiby et al., 2004; Oreshkova, Dimitrov, & Mourdjeva, 2012; C. W. Redman & 

Sargent, 2010). 

1.1.3 Utero-placental circulation and spiral artery remodelling  

In the early stage of implantation, invasive eTBs form plugs in maternal spiral arteries to 

prevent premature onset of maternal blood flow into the intervillous space, therefore there 

is no direct contact of placental villi with maternal blood. At around the 10th-12th week of 

gestation these plugs dissipate (Valentin, Sladkevicius, Laurini, Söderberg, & Marsa, 1996) 

and extensive spiral artery remodelling occurs. Spiral arteries are small in diameter and 

highly resistant to blood flow before pregnancy. However, the physiological transformation 

turns them into large-diameter and low-resistant uteroplacental arteries, thereby enabling 

adequate placental perfusion to sustain fetal growth (I. Brosens, Robertson, & Dixon, 

1967).  

1.1.4 Trophoblast turnover 

The human villous trophoblast is a continuously renewing epithelium (Simpson, Mayhew, 

& Barnes, 1992). Cytotrophoblasts proliferate constantly throughout the whole of gestation 

and some of their progeny are recruited into the STB by membrane fusion. This fusion is 

initiated by the same cellular machinery that is used in the early stages of apoptosis (a 

pattern of programmed cell death, features of which include cell membrane vesiculation, 

nuclear condensation and fragmentation) in cytotrophoblast (Crocker, 2007). Once CTBs 

have been incorporated into STB, a well-controlled sequence of differentiation begins. 

During this differentiation, nuclei undergo changes in shape, chromatin condensation and 

packing density (N. M. Fogarty, Mayhew, Ferguson-Smith, & Burton, 2011; N. M. E. 

Fogarty, Ferguson-Smith, & Burton, 2013; Mayhew et al., 1999). The nuclei of the 

syncytiotrophoblast display a range of packing densities. At term, densely-clustered nuclei 

account for 17-42 % of the nuclei in the STB while non-clustered nuclei account for the 

rest (Mayhew & Barker, 2001). The regions of nuclear clustering in STB are called 
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syncytial knots, sprouts, or syncytial nuclear aggregates (SNA) depending on the technique 

used for identification (Burton & Jones, 2009; Burton, 2011; Coleman et al., 2013). Both 

clustered and non-clustered nuclei show features of pre-apoptosis and apoptosis and this 

incidence increases over gestation (Athapathu, Jayawardana, & Senanayaka, 2003; 

Kadyrov, Kaufmann, & Huppertz, 2001; S. Smith, Baker, & Symonds, 1997). 

The dense packing of nuclei is proposed to be the first step of deportation of the STB 

extracellular vesicles or trophoblast debris (Huppertz, Frank, Reister, & Kaufmann, 1998; 

Mayhew, 2001; Mayhew et al., 1999). These placental extracellular vesicles are extruded 

into intervillous space and then deported into the maternal circulation (Askelund & 

Chamley, 2011; Johansen, 1999). 

A schematic figure of human placental villous structure is presented by Kweider et al, 

which includes the structure of two types of placental villi, three populations of trophoblast, 

utero-placental circulation and the nuclei clustering in STB (Figure 1.1). 
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Figure 1.1 A schematic illustration of human placental villous structure 

A schematic illustration of human placental villous structure, showing the two different 

types of villi, three populations of trophoblast and the maternal uterus structure 

including decidua, myometrium as well as the transformed uteroplacental artery. The 

different packing density of nuclei in syncytiotrophoblast is also presented in this figure. 

Permission for reproduction obtained under the Creative Commons Attribution License, 

which permits unrestricted use, distribution, and reproduction in any medium, provided 

the original author and source are credited. Kweider, Nisreen, et al. PloS one 7.10 

(2012): e47055.  

Uterus lining  

Densely packed nuclei 

 Placental 

villous tree 
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1.2 Placental extracellular vesicles 

The phenomenon of production and deportation of the placental extracellular vesicles, 

some of which are also described as trophoblast debris, was first identified over 100 years 

ago, by the presence of placenta-derived multinucleated cells in the pulmonary capillaries 

of pregnant women (Schmorl, 1893). Later, these multinucleated structures were found to 

be only one aspect of a much broader spectrum of extracellular material deported from the 

syncytium of the human placenta, which are collectively called placental extracellular 

vesicles. These extracellular vesicles are membrane encapsulated structures with lipid 

bilayer membranes that are released from the syncytiotrophoblast into the extracellular 

environment during both normal and pathological pregnancies (Mincheva-Nilsson & 

Baranov, 2010; M. D. Mitchell et al., 2015). It was estimated that at term, about 150,000 

multinucleated fragments/trophoblast debris enter maternal circulation per day (Johansen, 

1999). As our knowledge has advanced, these extracellular vesicles have been classified 

into nanovesicles including exosomes (70-120 nm), microvesicles (100-1000 nm), 

apoptotic bodies (300-3000 nm) and macro trophoblast debris (including mononuclear 

trophoblasts and multinucleated syncytial nuclear aggregates, SNA) (20-100 µm) based on 

their size, biogenesis and function. These structures differ from each other in many ways 

and may have unique functions during pregnancies (Askelund & Chamley, 2011; Pantham, 

Askelund, & Chamley, 2011).  

For decades, the deportation of placental extracellular vesicles/trophoblast debris was 

thought to be a mechanism of waste disposal. However, the importance of this extracellular 

placental material in connecting placental function and maternal responses are increasingly 

acknowledged (Delorme-Axford et al., 2013; Joerger-Messerli, Hoesli, Rusterholz, & 

Lapaire, 2014; Salomon et al., 2014).  

1.2.1 Biogenesis of syncytiotrophoblast extracellular vesicles 

The regions of densely packed nuclei in STB are proposed to form the multinucleated 

trophoblast debris (Attwood & Park, 1961) and this process is proposed to be mediated by 

apoptosis. Therefore, apoptotic bodies and macro trophoblast debris are proposed to be 

produced in an apoptosis-like fashion, in order to eliminate the aged/ non-functional parts 

of the syncytiotrophoblast into the maternal circulation without provoking intensive 

immune responses (Black et al., 2004; Burton & Jones, 2009; Burton, 2011; Huppertz, 

Tews, & Kaufmann, 2001).  
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Placental microvesicles, on the other hand, are released from the external plasma 

membrane of STB by directly budding in response to cellular activation or stress, as a 

universal means of intercellular communication (Freyssinet & Toti, 2010). 

Exosomes (one type of nanovesicles), differs to the other types of placental extracellular 

vesicles, are of internal endocytic origin formed by the inward budding of the 

multivesicular body (MVB) membranes and secreted following the fusion of MVBs with 

the plasma membrane (Stoorvogel, Kleijmeer, Geuze, & Raposo, 2002). Thus the release 

of exosomes is an active form of intercellular communication and it is widely reported that 

the STB constitutively secretes exosomes into maternal circulation throughout gestation 

(Abrahams, Straszewski-Chavez, Guller, & Mor, 2004; Frangsmyr et al., 2005; Mincheva-

Nilsson & Baranov, 2014; Taylor, Akyol, & Gercel-Taylor, 2006).  

1.2.2 The contents packaged within placental extracellular vesicles 

Due to the various biogenesic mechanisms, the different types of placental extracellular 

vesicles contain non-identical cargos, including organelles, proteins, nucleic acids and 

lipids (Tong & Chamley, 2015). 

Macro trophoblast debris contains multiple nuclei and other cellular organelles, such as 

mitochondria and endoplasmic reticulum. In addition, the lipid membrane is consistent 

with the syncytiotrophoblast. The proteomic profile of trophoblast debris isolated from first 

trimester showed that it contains 1585 proteins and these proteins are involved in oxidative 

stress response, transportation and cellular death (Tong et al., 2016). Macro trophoblast 

debris is also known to be enriched in histones, DNA, as well as both mRNA and 

microRNA (miRNA) (Mincheva-Nilsson & Baranov, 2010). However, very little is known 

about the characteristics of its nuclei acid cargos. One recent publication has shown that 

individual SNA contains 61 ± 43 nuclei and the majority of the DNA contents have strand 

breaks (Holland et al., 2016). On the other hand, an unpublished deep sequencing study 

from our laboratory conducted by Dr. Holland exaiming the RNA contents of the SNA 

showed that there is very limited amount of intact mRNA in SNA while most of the coding 

RNA was degraded. As such there is almost nothing known about the RNA cargo of 

trophoblast debris nor its potential to affect maternal cellular functions.  

Microvesicles also share the same plasma membrane markers as their parenting cells, the 

STB, but do not contain intact nuclei and organelles, however, they contain abundant 

proteins and nucleic acids (EL Andaloussi, Mager, Breakefield, & Wood, 2013).  
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Exosomes, however, are more homogenous in size and composition compared to the other 

two forms of placental extracellular vesicles. They are free of cytoskeletal components and 

are depleted with most of the transmembrane proteins due to their special biogenesic 

pathway. Therefore, exosomes are enriched with endosomal membrane markers, such as 

CD9, CD63, TSG101 and CD81 (M. D. Mitchell et al., 2015).  

The cargos carried by all sized placental extracellular vesicles share both similarities and 

differences. To date, the full molecular characterization of placental extracellular vesicle is 

not completed. However, Tong et al. showed that the majority of the protein cargos in all 

sized placental extracellular vesicles overlap in their contents. These common proteins are 

mostly involved in cellular death, inflammation and transport (Tong et al., 2016), 

suggesting these placental extracellular vesicles may share the common biological 

functions. While the exclusive proteins packed within each individual population of 

placental extracellular vesicles may play a role in their unique functions during pregnancy.  

1.2.3 The distribution and clearance of placental extracellular vesicles 

Placental extracellular vesicles have different biodistribution in maternal circulation 

primarily due to the size differences. Macro trophoblast debris is retained in the pulmonary 

capillaries (mean diameter 5.5 µm) while the smaller placental extracellular vesicles pass 

through the lungs and continue to travel through the maternal arterial system (Attwood & 

Park, 1961; B. S. Holder, 2012). The detailed biodistribution of placental extracellular 

vesicles in vivo has not been fully identified, therefore which maternal organs are 

responsible for the clearance of smaller placental extracellular vesicles is not known. 

However, based on the research of extracellular vesicles released by other cell types, the 

biodistribution may related to different parenting cell types. For example, extracellular 

vesicles derived from red blood cells are mainly distributed in liver (44.9%) and bone 

(22.5%), while melanoma-derived extracellular vesicles are mostly taken up by the lungs 

and spleen (Takahashi et al., 2013; Willekens et al., 2005).  

Macro trophoblast debris was reported to be cleared from maternal lungs within 

approximately 72 hours (Attwood & Park, 1961). However, the half-life for placental 

microvesicles and nanovesicles is not fully determined. To date, one study showed that 24 

hours after delivery of the placenta, the level of circulating placental microvesicles declined 

to less than 50% compared to pre-delivery status (Reddy et al., 2008), suggesting the 

clearance of smaller placental extracellular vesicles is faster compared to macro trophoblast 

debris. Other studies investigating the clearance of microvesicles and exosomes derived 
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from other cell types showed that the half-life of platelet derived microvesicles is about 5.5 

hours, and the exosomes secreted from red blood cells and melanoma cells are cleared 

within 30 minutes (Rank et al., 2011; Takahashi et al., 2013; Willekens et al., 2005). These 

data indicate that size and molecular content of these extracellular structures might 

contribute to the clearance rate. 

1.2.4 The isolation methods of placental extracellular vesicles in vitro 

Currently there are different published methods for isolating placental extracellular vesicles 

in vitro. They are: 

1) Placental explant culture: placental tissue is dissected into small explants (300-400 

mg) and cultured directly in sterile culture dish or in Netwell inserts in a culture dish. The 

conditioned medium containing all three types of vesicles is collected and differential 

centrifugation used to separate the various sized vesicles (Abumaree, Stone, & Chamley, 

2006b; Gupta, Holzgreve, & Hahn, 2008). This minimally disruptive method is employed 

in this thesis.  

2) Placental perfusion: the maternal aspect of the human placenta is perfused in a closed 

circuit for 3 hours and the perfusate is collected on the maternal side. Different sized 

placental extracellular vesicles are isolated from the perfusate via differential 

centrifugation (Gupta et al., 2005; D. S. Tannetta, Dragovic, Gardiner, Redman, & Sargent, 

2013); 

3) Mechanical disruption: 10-20 grams of placental tissue is scrapped and placed in ice 

cold buffer stirring with magnetic bar for 0.5-1 hour at 0C. The suspension is then 

centrifuged at speed suitable to isolate different sized placental extracellular vesicles. This 

highly disruptive method was used to obtain the micro villi of the STB and other fragments 

(N. C. Smith, Brush, & Luckett, 1974; D. S. Tannetta et al., 2013).  

The functional properties of placental extracellular vesicles obtained by three methods are 

not equivalent (Gupta et al., 2005). As mechanically prepared placental vesicles have 

potent effect on disruption of endothelial cells and comprehensive immuno-activation 

(Aaril, Kristoffersen, Jensen, Ulvestad, & Matre, 1997; de Jager, Linton, Spyropoulou, 

Sargent, & Redman, 2003; S. J. Germain, Sacks, Sooranna, Sargent, & Redman, 2007), 

which currently is considered as a model for pathological placental extracellular vesicles. 
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The isolation method applied in this work was the placental explant culture model. By 

culturing the explants in netwell inserts and aspirating the material shed from below the 

placental explant without touching the explants, then harvesting it by low speed 

centrifugation, the trophoblast debris collected consists of mononuclear trophoblasts (mean 

diameter 19 µm) and multinucleated syncytial nuclear aggregates (SNAs, mean diameter 

60 µm) as well as trophoblast-derived “ghosts” and it closely resemble the trophoblast 

debris found in the maternal blood in vivo (Abumaree et al., 2006b), This material will be 

referred as trophoblast debris in this work. This material displayed markers of apoptosis 

when harvested directly from normal placentae, but if it was subjected to freeze-thaw 

treatment, the debris undergoes secondary necrosis which is believed to reflect more 

closely debris from pathologic, especially preeclamptic, placentae. Such secondary 

necrotic trophoblast debris has been used to model the effects of pathological trophoblast 

debris on endothelial cells in several studies (Q. Chen, Stone, McCowan, & Chamley, 

2006; Q. Chen, Ding et al., 2010). It is clear that apoptotic and necrotic trophoblast debris 

have opposing effects on endothelial cells, but the mechanism by which endothelial cell 

distinguish apoptotic from necrotic debris remains to be determined. 

1.2.5 The function of placental extracellular vesicles 

In the past few decades, accumulating evidence showed that instead of being a waste by-

product of trophoblast turnover, placental extracellular vesicles can conduct feto-maternal 

communications (Delorme-Axford et al., 2013; Joerger-Messerli et al., 2014; Salomon et 

al., 2014).  

One major breakthrough in extracellular vesicle research was the demonstration that 

mRNA carried by vesicles can be delivered and translated into proteins in recipient cells 

(Ratajczak, Wysoczynski, Hayek, Janowska-Wieczorek, & Ratajczak, 2006; Valadi et al., 

2007). This finding is of extreme importance as it identified a new mechanism of 

intercellular communication, but also indicated that extracellular vesicles can mediate 

genetic exchange between various cell types. In relevance to pregnancy, the genetic 

exchange between fetus and its mother have also been demonstrated by Sadovsky et al., 

showing that exosomes derived from trophoblasts can transfer placenta-specific miRNAs 

into maternal cells to protect them from viral infection (Delorme-Axford et al., 2013).  

To date, the investigation of the interactions between placental extracellular vesicles and 

maternal cells have mainly focused on immune cells and endothelial cells. Placental 

extracellular vesicles can provoke maternal peripheral blood mononuclear cell activation 
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inducing secretion of proinflammatory cytokines, regardless of the vesicle size (Abumaree, 

Chamley, Badri, & El-Muzaini, 2012; B. S. Holder, 2012; Joerger-Messerli et al., 2014; S. 

M. Lee et al., 2012). On the other hand, numerous studies have investigated the effect of 

placental extracellular vesicles on endothelial cell function. The findings are not entirely 

consistent, possibly due to different preparations and sources of vesicles. In general, 

extracellular vesicles isolated from preeclamptic placentae or maternal plasma were 

demonstrated to cause endothelial cell activation (Q. Chen et al., 2013), inhibit proliferation 

and disrupt the endothelial cell monolayers (Smarason, Sargent, Starkey, & Redman, 

1993). Artificially induced necrotic placental extracellular vesicle models (including 

mechanically prepared placental extracellular vesicles) were also shown to have similar 

effects. However, the effects of physiologically obtained placental extracellular vesicles on 

endothelial cells is still controversial. Some researchers have reported that they can inhibit 

cell proliferation (Gupta et al., 2005), while the others showed the opposite: normal 

placental extracellular vesicles can induce endothelial cell migration and angiogenesis 

(Salomon et al., 2014; Shomer et al., 2013). All studies investigating the interaction 

between placental extracellular vesicles and endothelial cells to date are summarized in the 

Table 1-1. 
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Table 1-1 Summary of the current studies on placental extracellular vesicles on endothelial cell function 

cTD †:       cultured trophoblast debris HMEC-1 ҂:      Human microvascular endothelial cell 

mSTBM ‡: mechanically prepared syncytiotrophoblast microvesicles HUVEC ϕ:       Human umbilical vein endothelial cell 

pSTBM  ⃰: perfusion obtained syncytiotrophoblast microvesicles  HUtMVECs Ϯ: Human uterine microvascular endothelial cell 

1.  2. HPAEC ϯ:        Human pulmonary artery endothelial cell 

3.  4. HUAEC ₫:       Human Umbilical Artery Endothelial Cells 

5.  6. HGMEC ℓ:…...Human Glomerular Microvascular Endothelial Cells 

Extracellular 

vesicles  
Gestation Recipient cells Findings 

cTD † 1st and 3rd  HMEC-1 ҂ 
preeclamptic sera exposed TD or preeclamptic TD induced endothelial cell activation (increased surface ICAM-1 

expression and monocytes adhesion) (Q. Chen et al., 2013) 

Plasma exosomes 1st, 2nd and 3rd  HUVEC ϕ plasma exosomes isolated from 1st, 2nd and 3rd trimester increased endothelial cells migration (Salomon et al., 2014) 

mSTBM‡ 3rd  HUVEC 
mSTBMs disrupted the endothelial cells monolayer, addition of VEGF, TGFβ and PLGF can reverse the disruptive 

effects to different degrees (D. S. Tannetta et al., 2013) 

Plasma 

microvesicles 
3rd  HUVEC 

45% microvesicles internalized into HUVECs while the rest bound to cells membrane, microvesicles from both normal 

control and gestational vascular complications’ patients decreased caspase3/7 activity in HUVECs and increased 

HUVECs migration and angiogenesis (Shomer et al., 2013) 

Exosomes 
primary human 

trophoblasts 

HUVEC & 

HUtMVECs Ϯ 

Exosomes from primary trophoblast culture medium can confer viral resistance to recipient cells (Delorme-Axford et 

al., 2013) 

cTD/ serum 

(microvesicles & 

nanovesicles) 

1st and 3rd  HMEC-1 
Necrotic cTD and preeclamptic women serum caused HMEC-1 activation (increased cell surface ICAM-1 and 

monocytes adhesion). This effect can be prevented by pre-treatment by calcium(Q. Chen, Zhang et al., 2013) 
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cTD/ serum 

(microvesicles & 

nanovesicles) 

1st and 3rd HMEC-1 
Necrotic cTD and preeclamptic women serum caused HMEC-1 activation (increased cell surface ICAM-1 and 

monocytes adhesion). This effect can be reversed by additional high level calcium(Q. Chen et al., 2013) 

cTD 1st  
HMEC-1 & 

HUVEC 

Necrotic cTD activated endothelial cells (increase cell surface expression of ICAM-1 and E-selectin and increased cell 

secretion of IL-6 and TGF-β1) (Q. Chen, Guo, Liu et al., 2012) 

cTD 1st 
HMEC-1 & 

HPAECϯ 

HPAEC can phagocytose cTD; cTD can prevent endothelial cells activation from a variety of activators (Q. Chen, 

Guo, Jin et al., 2012). 

cTD 1st 
HMEC-1 & 

HPAEC 

Necrotic cTD and preeclamptic women serum caused endothelial cells activation (increased cell surface ICAM-1 and 

monocytes adhesion) (Q. Chen, Guo, Hensby-Bennett, Stone, & Chamley, 2012) 

cTD 1st 
HMEC-1 & 

HUVEC 

Endothelial cells proliferation and cell surface endoglin was reduced by conditioned medium of endothelial cells 

cultured with necrotic cTD (Q. Chen et al., 2010). 

cTD  1st  
HMEC-1 & 

HUVEC 
Necrotic cTD increased the secretion of TGF-β1 in HMEC-1 cells (Q. Chen et al., 2010). 

cTD 1st HMEC-1 
cTD collected from IL-6, TGF-β1 or TNFα treated placental explants cause HMEC-1 activation (increased cell surface 

ICAM-1)(L. M. Chen et al., 2010) 

Primary 

trophoblast culture 

medium  

1st HUtMVECs 
Trophoblast culture medium increased cells surface expression of ICAM-1, endothelial cells permeability, RANTES 

secretion and trophoblast adhesion (Cao, Thirkill, Wells, Barakat, & Douglas, 2008) 

mSTBM 3rd HUVEC 
mSTBMs inhibited HUVECs proliferation, and regulated a number of genes belonged to the unfolded protein response 

and cell cycle regulation(Hoegh et al., 2006). 

cSTBM 
3rd HUVEC 

All three different microvesicles inhibited HUVECs proliferation, while mSTBM can inhibit the most. mSTBMs 

disrupted endothelial cells monolayer; also induced the endothelial cells apoptosis while the other two STBMs don't 

have this effect(Gupta et al., 2005). mSTBM 
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pSTBM 

mSTBM 3rd HUVEC mSTBMs disrupted endothelial cell monolayer and inhibited endothelial cells proliferation (de Jager et al., 2003) 

mSTBM 3rd 
Intramyometrial 

resistance arteries 

There was no altered bradykinin-mediated dilation of the arteries by mSTBMs perfusion. There was no visible 

aggregation of mSTBMs on the surface of arteries (Van Wijk et al., 2001) 

mSTBM 3rd HUVEC 
8 proteins identified from mSTBMs that could inhibit endothelial cells proliferation (Kertesz, Linton, & Redman, 

2000). 

mSTBM 3rd HUVEC mSTBMs inhibited primary HUVEC proliferation in a dose dependent manner (Kertesz et al., 1999) 

mSTBM 3rd 

Small unbranched 

arteries from fat 

tissue 

Relaxation to acetylcholine in the noradrenaline pre-constricted arteries was profoundly impaired by mSTBMs and the 

endothelial cell layer was disrupted and intracellular organelles were distorted (Cockell et al., 1997) 

mSTBM 3rd  
HUVEC, HUAEC 

₫ 

STBM can inhibit endothelial cells proliferation and disrupt the monolayer into a honeycomb like pattern. Both 

mSTBM and preeclamptic STBM had a similar effect (Smarason et al., 1993). 

Plasma 

(microvesicles, 

nanovesicles and 

soluble factors) 

3rd  HUVEC 
Microvesicles or microvesicles free plasma from patients with preeclampsia, normotensive women or healthy non-

pregnant controls didn’t affect inflammation related genes transcription in endothelial cells (Lok et al., 2006). 

Plasma 

(microvesicles, 

nanovesicles and 

soluble factors) 

3rd  
HUVEC and 

HGMEC ℓ 

No altered genes in endothelial cells after exposure to preeclamptic plasma was detected by microarray. The 

expression of IL8 was significantly up-regulated in endothelial cells by the plasma from preeclamptic patients analysed 

by qRT-PCR (Donker et al., 2005) 
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1.3 Endothelial cell biology 

The endothelium is a barrier that separates the blood and lymph compartments from the 

surrounding cells and tissue. Instead of being a passive permeability barrier, the 

endothelium is an active organ that regulates its responses to external stress. The 

physiological functions of endothelial cells include blood flow control, immune 

surveillance and inflammatory responses (Cines et al., 1998). 

As part of the front line for encountering circulating pathogens and necrotic bodies, 

endothelial cells participate in immune surveillance as antigen presenting cells (Carman 

& Martinelli, 2015; Daar, Fuggle, Fabre, Ting, & Morris, 1984; M. Rose, Coles, Griffin, 

Pomerance, & Yacoub, 1986; M. Rose, 1998). This function is of vital importance during 

pregnancy. As maternal immune surveillance is more active compared to the nonpregnant 

state, in order to clear potential infectious pathogens and increasing products of sterile 

inflammation.  

Endothelial cells have shown the ability of distinguishing of physiological and 

pathological placental extracellular vesicles by different cellular responses (summarized 

in Table 1-1). This mechanism endothelial cells use to sense this difference is not yet 

identified, however it is hypothesized that cargos in placental extracellular vesicles 

contribute to this sensing/signalling. One mechanism by which macrophages recognize 

necrotic/dangerous cellular debris is via the NALP3 (NACHT, LRR and PYD domains-

containing protein 3) inflammasome. The NALP3 inflammasome consists of three 

proteins: a recognition receptor, a connecting protein and the core functional protein- 

cysteinyl, aspartyl-directed proteases-1 (caspases-1). Upon activation, caspase -1 is able 

to proteolytically cleave pro-IL-1β into its activated form and therefore initiate 

inflammatory responses. The NALP3 inflammasome is an important sensor for various 

sterile endogenous stimuli in professional antigen presenting cells such as macrophages 

(Hornung et al., 2008) but whether it was also expressed and functional in endothelial cells 

was unclear at the beginning of this work, with only one report suggesting it was present 

in synovial endothelium (Kolly et al., 2010) . 

In this work, I used a human microvascular endothelial cell line (HMEC-1) as a model for 

microvascular endothelial cells as trophoblastic debris was found mostly lodged in 

maternal pulmonary microvessels (Attwood & Park, 1961). Based on previous 

publications, it has shown that placental extracellular vesicles induce similar effects on 

HMEC-1 cells compared to other vascular endothelial cells including HPAEC (Human 
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pulmonary artery endothelial cell); HUVECs (Human uterine vein endothelial cell) (Q. 

Chen, Guo, Jin et al., 2012; Q Chen, L Chamley et al. 2012).  
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1.4 Maternal adaptations in normal pregnancy 

A healthy pregnancy requires multiple maternal systems, including the cardiovascular, 

renal, endocrine and respiratory systems, to progressively adapt to the growing demands 

of placental development and fetal growth, (Sibai & Frangieh, 1995). Well-controlled 

hemodynamic changes are the result of coordination of all these adaptations (Duvekot & 

Peeters, 1994). Maternal adaptation starts soon after conception and lasts throughout the 

whole of gestation. It is commonly accepted that maternal adaptation to pregnancy is 

regulated by hormones, growth factors and other soluble substances secreted by the human 

placenta (Aasa et al., 2015). However, the underlying mechanisms of these physiological 

changes are not fully understood. Better understanding these physiological changes and 

their regulatory mechanisms is essential for improving our knowledge of complicated 

pregnancies. 

1.4.1 Hemodynamic changes during pregnancy 

The maternal cardiovascular system undergoes the most profound changes during 

pregnancy, including decreased systemic vascular resistance to blood flow, decreased mean 

arterial pressure as well as, increased blood volume and cardiac output. The inner lining of 

maternal vasculature is formed by a single layer endothelial cells (Wolinsky, 1980). These 

physiological adaptations during pregnancy not only cause substantial changes in 

endothelial cell functions but also ensure a sufficient blood supply to the placenta. 

Insufficient adaptation, such as systemic endothelial cell activation, will lead to pregnancy 

complications, especially preeclampsia. 

1.4.2 Vascular tone and blood pressure 

During normal pregnancy, flow-mediated endothelium-dependent vascular resistance is 

decreased by 10 weeks of gestation (Savvidou, Kametas, Donald, & Nicolaides, 2000) and 

remains reduced throughout early pregnancy (Dorup, Skajaa, & Sorensen, 1999; Savvidou 

et al., 2000). The overall decrease of vascular resistance is thought to be a result of 

increased circulating hormones secreted by the placenta, such as estrogen, placental 

lactogen and relaxin(Corbacho, Martinez De La Escalera, & Clapp, 2002; Fisher et al., 

2002; Walters & Lim, 1969). These hormones can exert acute vasodilatory effects that have 

been well documented in many experimental and clinical contexts (Pastore, Jobe, 

Ramadoss, & Magness, 2012). The underlying mechanism of the effect of these hormones 

on vasodilation involves activation of endothelial nitric oxide synthase (eNOS) pathway 
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and the consequent generation of nitric oxide (NO) (Gonzalez et al., 2015; Quattrone, 

Chiappini, Scapagnini, Bigazzi, & Bani, 2004; Tropea et al., 2015), which plays an 

important role in regulating vascular tone, as it activates the cyclic GMP (cGMP) pathway 

in smooth muscle cells  thereby inducing muscle relaxation and dilation of blood vessels 

(Krause, Hanson, & Casanello, 2011).  

This decreased systemic vascular resistance is primarily responsible for the fall in arterial 

pressure (Khalil, Goodyear, Joseph, & Khalil, 2012). The arterial pressure is decreased 

compared to nonpregnant women, including systolic arterial pressure (SAP), diastolic 

arterial pressure (DAP) and mean arterial pressure (MAP). The drop of MAP begins during 

the first trimester and reaches a nadir during the second trimester (5-10 mmHg below the 

baseline), while the drop of DAP is more than that in SAP (Mahendru, Everett, Wilkinson, 

Lees, & McEniery, 2014). This drop in arterial pressure in early gestation is induced by the 

fetus itself rather than by endometrial decidualization (the transformation of endometrium 

to decidua during early pregnancy), as the decrease of maternal mean arterial pressure does 

not occur in artificially induced decidualization in the absence of the fetus (Barrette, 

Adams, & Croy, 2012).  

Due to the increase in vasodilation in early gestation, the consequent state of relative 

vascular underfilling can induce activation of the cardiovascular regulatory system, which 

in turn increases the blood volume, heart rate, cardiac output and stroke volume to 

compensate (Cholewa, Meister, & Mattson, 2005; Moutquin et al., 1985).  

1.4.2.1 Blood volume 

Due to the general fall in maternal vascular tone and blood pressure, the maternal 

vasculature increases water and sodium retention to increase the blood volume. By the end 

of third trimester, the average total blood volume increases by 1250 mL, which is about a 

50% increase compared to non-pregnant women (Hytten, 1986). This increase begins from 

the first trimester, with 15% increase by the end of first trimester and it expands most 

rapidly during the second trimester and reaches to the plateau at 34-36 weeks (Hytten, 1986 

; Longo, 1983).  

As a result of the increased maternal plasma volume, renal plasma flow increases during 

pregnancy, peaking at 50-85% above pre-pregnancy level during the third trimester, with 

a 40-65% increase in the glomerular filtration rate (GFR) (Baylis, 1987). This increased 
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burden in the maternal kidneys predisposes women to develop kidney dysfunction during 

pregnancy and this is a common feature of preeclampsia. 

1.4.2.2 Cardiac output 

Cardiac output is the volume of blooded pumped by heart per minute (mL/min), which is 

the most commonly used measure for maternal cardiac performance during pregnancy. It 

is affected by heart rate and stroke volume (the blood volume pumped by each heartbeat), 

both of which are increased during pregnancy (Robson, Hunter, Boys, & Dunlop, 1989). 

Heart rate is positively regulated due to the decrease of mean arterial pressure. During 

pregnancy, the maternal heart rate continuously increases over gestation, from 75 beats/min 

to 87 beats/min by the end of the third trimester (S. Hunter & Robson, 1992). Stroke volume 

is affected by both preload and afterload. Due to the expansion of total blood volume 

(preload) and decrease of vascular resistance (afterload) in normal pregnancy, stroke 

volume increases rapidly in the first trimester from 65 mL/ heartbeat to 85 mL/ heartbeat, 

and stays stable until the end of gestation (Duvekot, Cheriex, Pieters, Menheere, & Peeters, 

1993). Therefore, in first trimester, cardiac output increases dramatically compared to the 

remainder of pregnancy. It continues to increase slowly into the second trimester (Robson 

et al., 1989). By 24 weeks of gestation, cardiac output in a normotensive singleton 

pregnancy has increased by 45% compared to nonpregnant women in normotensive 

singleton pregnancy (7.2 L/min vs. 4.88 L/min) (Kager, Dekker, & Stam, 2009; Sanghavi 

& Rutherford, 2014). The increase in cardiac output is predominately mediated by the 

increase in stroke volume in early gestation, whereas, the elevated heart rate contributes to 

the increase of cardiac output in late gestation (Duvekot et al., 1993).  

In conclusion, the fetus and its attached organ, the placenta, secrete elevated quantities of 

hormones, cytokines and other substances into maternal circulation throughout gestation, 

which contribute to the transformation of maternal cardiovascular system during pregnancy 

(Figure 1.2). However, it is not clear whether other factors such as placental extracellular 

vesicles including trophoblast debris might also contribute to the maternal adaptations of 

the cardiovascular system in healthy and diseased pregnancies.  
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Figure 1.2 Schematic diagram of interactive haemodynamic changes by maternal 

cardiovascular and renal systems 

Schematic diagram showing the interactive haemodynamic changes by maternal 

cardiovascular and renal system during pregnancy due to the increasing secretion of the 

placental hormones. The placental hormones increase the vasodialation and therefore 

decrease the mean arterial pressure (MAP), which in turn stimulates the heart rate and 

sodium and water retention. The expanded blood volume contributes to both increased 

cardiac output and glomerular filtration rate (GFR).  
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1.4.3 Systemic inflammatory response 

In addition to maternal hemodynamic changes, normal pregnancy is also characterized by 

a moderate systemic inflammatory response (Sargent, Borzychowski, & Redman, 2006a). 

This is evidenced by increased leucocytosis, monocyte priming and phagocytic activity in 

peripheral blood mononuclear cells (PBMC) (Koumandakis et al., 1986; Sacks, Redman, 

& Sargent, 2003; Smarason, Gunnarsson, Alfredsson, & Valdimarsson, 1986). In addition 

to the elevated levels of pro-inflammatory cytokines, such as interleukin 6 (IL-6), 

interleukin 12 (IL-12) and tumour necrosis factor α (TNF-α) (Austgulen, Lien, Liabakk, 

Jacobsen, & Arntzen, 1994; Melczer et al., 2003; Sacks et al., 2003), there is also a 

moderate increase in c-reactive protein (CRP), which is a marker for an overall 

inflammation activity (Sacks, Seyani, Lavery, & Trew, 2004). This increase can be detected 

as early as 4 weeks of gestation, which indicates that pregnancy brings about a sterile 

inflammatory response. 

During pregnancy, there are at least two major immunological interfaces. One lies in the 

intervillous space and spiral arteries where fetal trophoblast and maternal immune cells 

meet. Placental extracellular vesicles deported into maternal circulation, are a second feto-

maternal immunological interface.  

It has been reported that microvesicles released by STB are pro-inflammatory since they 

can induce the production of TNF-α, IL-12, IL-18 in PBMC (S. Germain, 2004). The 

activation of maternal PBMC by placental extracellular vesicles could potentially 

contribute to the clearance of this placental material from the maternal body. However, 

others suggest that these vesicles induce monocytes to take on an anti-inflammatory 

phenotype that might help to tolerise the maternal immune system to placental/fetal 

antigens (Abumaree, Stone, & Chamley, 2006a; Abumaree et al., 2012). 
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1.5  Preeclampsia and its pathogenesis/pathophysiology 

Preeclampsia, one of the major pregnancy complications, is primarily a systemic maternal 

vascular disorder. The clinical manifestations of preeclampsia result from impairment of 

multiple maternal organs, including the kidneys, blood system, liver, lungs, brain, eyes and 

vasculature (Roberts, Cunningham, & Lindheimer, 2009). It is the second most common 

direct cause for maternal mortality, resulting in 343,000 deaths worldwide from 2003 to 

2009 (Say et al., 2014). The diagnostic criteria for the preeclampsia is new-onset of 

hypertension after 20 weeks of gestation (defined as systolic blood pressure ≥ 140 mmHg 

or diastolic blood pressure ≥ 90 mmHg on two occasions, at least 4 hours apart), 

accompanied with one or more of the following symptoms, new-onset proteinuria (> 0.3 

gram per 24 hours), new-onset thrombocytopenia (platelet count < 100,000/µl), impaired 

liver function, renal insufficiency, pulmonary oedema and visual or cerebral disturbances 

(American College of Obstetricians and Gynecologists & Task Force on Hypertension in 

Pregnancy, 2013). 

Preeclampsia can be classified according to gestational week at diagnosis into early onset 

(< 34 weeks of gestation) and late-onset (Parra‐Cordero et al., 2013; von Dadelszen, 

Magee, & Roberts, 2003). Early-onset preeclampsia comprises 5 - 20% of all preeclampsia 

cases, however it is associated with more severe manifestations. Late-onset preeclampsia 

makes up more than 80% of all cases, but maternal manifestations and fetal outcomes are 

usually better compared to early-onset preeclampsia (Huppertz, 2008). It is hypothesized 

that the pathogenesis of these two sub-types of preeclampsia is different, as incomplete 

spiral artery remodelling has been frequently observed in early-onset but not late-onset 

preeclamptic placentae (Sohlberg et al., 2014; Valensise, Vasapollo, Gagliardi, & Novelli, 

2008). Incomplete spiral artery remodelling can lead to insufficient oxygen supply and 

placental ischemia, which to some degree explains why the occurrence of intra uterine 

growth restriction (IUGR) is higher in early-onset preeclampsia cases (Huppertz, 2008; von 

Dadelszen et al., 2003). Preeclampsia can also be classified according to its severity, 

however, the most recent guidelines for preeclampsia chose the term “preeclampsia with 

or without severe features” over “mild/severe preeclampsia”, to avoid conveying a 

misleading sense of security to clinicians. The severe features of preeclampsia include 

resting systolic blood pressure ≥ 160 mmHg or diastolic blood pressure ≥ 110mmHg on 2 

occasions at least 4 hours apart, thrombocytopenia, impaired liver function, progressive 

renal insufficiency, pulmonary oedema and new-onset of cerebral or visual disturbances. 

Women with a history of preeclampsia have a higher chance of developing cardiovascular 
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events later in life, which implies that preeclampsia can have a long-term effect on maternal 

cardiovascular system (Amaral, Cunningham, Cornelius, & LaMarca, 2015).  

Currently, there is no cure for preeclampsia. Delivery is the only known treatment to 

alleviate the symptoms which naturally resolve following delivery of the fetus and its 

attached placenta. The aims of preeclampsia management are to control the hypertension 

to between 140-150/80-100 mmHg as well as, to prolong gestation (American College of 

Obstetricians and Gynecologists & Task Force on Hypertension in Pregnancy, 2013). 

Slowly reducing blood pressure is essential, as rapid reduction of blood pressure would 

lead to hypo-perfusion in maternal organs hence cause further placental under perfusion 

(Helou, Walker, Stewart, & George, 2016). 

It is commonly accepted that the pathogenesis of preeclampsia evolves in two stages (C. 

W. G. Redman, 1991). The first stage (< 20 weeks of gestation) involves placental 

ischaemia, and the second stage involves clinical manifestations, such as damaged maternal 

endothelium and limited fetal growth. The linkage between the two stages of preeclampsia 

are the factors released from the ischemic placenta into maternal circulation (LaMarca, 

Gilbert, & Granger, 2008; Roberts & Gammill, 2005). Further elucidation of the underlying 

mechanisms of the pathogenesis of preeclampsia would lead to a better understanding of 

the aetiology of preeclampsia and potentially, a successful intervention. 

1.5.1 First stage of preeclampsia 

Placental ischemia lies of the centre of our current understanding of the pathogenesis of 

preeclampsia. Shallow trophoblast invasion and inadequate spiral artery remodelling are 

thought to contribute to the placental ischemia and therefore, lead to placental dysfunction 

(I. Brosens & Renaer, 1972; Goldman-Wohl et al., 2000; Graham & McCrae, 1996; 

Kupferminc et al., 1997; K. H. Lim et al., 1997; Meekins, Pijnenborg, Hanssens, 

McFadyen, & Asshe, 1994).  

1.5.1.1 Excess oxidative stress and apoptosis in placenta 

Contary to the physiological placentation, inadequate transformation of spiral arteries is 

observed in preeclamptic placentae (I. A. Brosens, Robertson, & Dixon, 1972). This is 

believed to result in high vascular resistance and intermittent uteroplacental blood flow, 

which causes hypoxia-reoxygenation (H/R) injury (Hung & Burton, 2006). A major 

consequence of H/R injury is the generation of excess reactive oxygen species (ROS) 

(Grace, 1994; Kalogeris, Baines, Krenz, & Korthuis, 2012), which is confirmed by one in 
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vitro study showing that exposing human placental explants to H/R injury can also induce 

significantly increased levels of oxidative stress and apoptosis (Cindrova-Davies, Spasic-

Boskovic, Jauniaux, Charnock-Jones, & Burton, 2007). Exposure to excess ROS leads to 

cellular protein carboxylation, lipid peroxidation and DNA oxidation, all of which have 

been observed in placentae obtained from preeclamptic pregnancies, indicating that 

preeclamptic placentae undergo intensive oxidative stress (Burton & Jauniaux, 2011).  

Hypoxia-reoxygenation injury also induces a significantly increased level of apoptosis in 

placenta. The phenomenon of apoptosis in normal human placentae ensures that aged/non-

functional components of the STB can be eliminated without provoking an intensive 

maternal immune response (Black et al., 2004; Huppertz et al., 2001). However, during 

preeclampsia the level of apoptosis is significantly elevated as the proportion of apoptotic 

nuclei is significantly higher in preeclamptic placentae (Allaire, Ballenger, Wells, 

McMahon, & Lessey, 2000). This is further supported by the observation that number of 

apoptotic placental extracellular vesicles is significantly increased in the maternal 

circulation during preeclampsia (Huppertz et al., 1999; Knight, Redman, Linton, & 

Sargent, 1998; S. Kumar et al., 2000). 

1.5.1.2 Anti-angiogenic state of the placenta 

In addition to inadequate spiral artery remodelling and trophoblast invasion, abnormal 

placental angiogenesis has long been proposed as one of the pathogenic processes leading 

to preeclampsia (Agarwal & Karumanchi, 2011; Torry, Wang, Wang, Caudle, & Torry, 

1998). Carlstrom et al showed that inhibition of uterine angiogenesis resulted in elevated 

maternal blood pressure and compromised fetal and placental growth (Carlstrom, Wentzel, 

Skott, Persson, & Eriksson, 2009). It is well-accepted that the inhibited angiogenesis in 

preeclamptic placentae is the consequence of an imbalance of factors promoting 

angiogenesis and anti-angiogenic factors, characterized by the elevated levels of anti-

angiogenetic factors such as soluble fms-like tyrosine kinase 1 (sFLT-1 or sVEGFR-1) and 

soluble endoglin (sEng) as well as, the decreased level of the angiogenic factor, placental 

growth factor (PLGF), in both placentae and plasma from preeclamptic women 

(Chaiworapongsa et al., 2004; Foidart, Schaaps, Chantraine, Munaut, & Lorquet, 2009; 

Levine et al., 2004; Maynard et al., 2003; Schmidt et al., 2007). The mechanism of the shift 

in the balance of the angiogenic and anti-angiogenic state in placenta during preeclampsia 

is not fully understood. It has been proposed that reduced utero-placental blood flow, 

oxidative stress and excessive inflammation can all contribute to the anti-angiogenic state 
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of the placenta during preeclampsia (Gilbert, Babcock, & Granger, 2007; Makris et al., 

2007; Parrish et al., 2010; Zhao, Wong, Kalish, Nayak, & Stevenson, 2009). 

In conclusion, as a result of placental ischemia, the placenta will undergo excessive 

oxidative stress and apoptosis as well as, production of excess anti-angiogenic factors. 

Dysregulated factors including placental extracellular vesicles released from an ischemic 

placenta could worsen placental development locally and are hypothesized to induce 

systemic maternal endothelial cell damage after entering into maternal circulation. 

1.5.2 Second stage of preeclampsia 

Placental ischemia is not unique to preeclampsia, as it is also observed in other non-

hypertensive pregnancy complications, such as spontaneous abortion, IUGR and placental 

abruption (Kwiatkowski, Kwiatkowska, Rzepka, Torbe, & Dolegowska, 2016). The 

maternal response to substances released from preeclamptic placentae determines, in large 

part, the clinical presentations. During the second stage of preeclampsia, an exaggerated 

inflammatory response and maternal endothelial cell dysfunction are the most important 

features in maternal pathophysiology.  

1.5.2.1 Exaggerated systemic inflammatory response 

While normal pregnancy provokes a moderate systemic inflammatory response, 

preeclampsia is characterised by an exaggerated systemic inflammatory response induced 

by factors released from preeclamptic placentae (C. W. Redman, Sacks, & Sargent, 1999). 

A systematic review on the correlation between circulating levels of cytokines and 

preeclampsia has confirmed that, elevated levels of circulating tumour necrosis factor alpha 

(TNF-α), interleukin 6 (IL-6) IL-10 are associated with preeclampsia (Lau et al., 2013). By 

comparing the inflammatory markers in both placenta and plasma from preeclamptic 

women to normal pregnant women, it was revealed that the localized inflammation does 

not differ between preeclamptic and normal placentae. However, systemic inflammation 

was significantly more active in preeclamptic women, reflected by both increased immune 

cell activity and secreted pro-inflammatory cytokines in preeclampsia (S. J. Germain et al., 

2007; I. A. Greer, Lyall, Perera, Boswell, & Macara, 1994; Koumandakis et al., 1986; 

Sacks, Studena, Sargent, & Redman, 1998; Sargent, Borzychowski, & Redman, 2006b; 

Smarason et al., 1986; Stallmach, Hebisch, Joller, Kolditz, & Engelmann, 1995). It has 

been suggested that placental extracellular vesicles play an important role in priming this 

systemic inflammation. This hypothesis was supported by Holder et al. showing that 
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microvesicles isolated from preeclamptic placentae were significantly more potent in 

inducing a pro-inflammatory response in PBMC compared to normotensive placental 

microvesicles (B. S. Holder, 2012). 

1.5.2.2 Endothelial cell activation and dysfunction 

Endothelial cell dysfunction is a central feature of preeclampsia (Roberts et al., 1989; 

Szpera-Gozdziewicz & Breborowicz, 2014), reflected by the fact that all clinical 

manifestations of the disease result from impairment of endothelium in multiple maternal 

organs. Based on the observation of significant elevation of circulating endothelial cell 

activation and apoptosis markers, it is well accepted that maternal endothelial cells are 

activated and damaged in preeclamptic pregnancies (Chaiworapongsa et al., 2002; 

Petrozella et al., 2012; Saposnik et al., 2012; Tuzcu et al., 2015). The underlying 

mechanism of this endothelial cell dysfunction is not fully understood. Placental 

extracellular vesicles and soluble toxins released by preeclamptic placenta are proposed to 

play an important role in the maternal endothelial cell dysfunction (Maynard et al., 2003; 

Rajakumar et al., 2012; Szpera-Gozdziewicz & Breborowicz, 2014; D. S. Tannetta et al., 

2013). That hypothesis has been supported by several in vitro studies showing that 

extracellular vesicles isolated from preeclamptic placentae inhibited endothelial cell 

migration, angiogenesis and induced their apoptosis (Shomer et al., 2013; Smárason, 

Sargent, & Redman, 1996). 

In addition to placental extracellular vesicles, soluble factors released by preeclamptic 

placentae can also contribute to maternal endothelial cell dysfunction. Among which 

factors, soluble fms-like tyrosine kinase 1 (sFLT-1 or sVEGFR-1) is the most well-studied. 

Maynard et al. showed that excess levels of sFLT-1 in the maternal circulation can induce 

hypertension, glomerular capillary endotheliosis and proteinuria in animal model (Maynard 

et al., 2003). It is hypothesized that an increased bioavailability of sVEGFR-1 could in turn 

inhibit angiogenesis and nitric oxide production in endothelial cells, and thereby induce the 

elevated vascular resistance and glomerular endothelial cell damage as seen in 

preeclampsia (Eremina et al., 2003).  

In summary, placental ischemia induces excess oxidative stress, as well as, an apoptotic 

and anti-angiogenic state in the human placenta. Extracellular vesicles and soluble factors 

subsequently released from pathological placentae into the maternal circulation could 

contribute to the intensive inflammatory response and maternal endothelial cell activation/ 

apoptosis, which are important clinical features of preeclampsia (modelled in Figure 1.3).   
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Figure 1.3 Integrated model of the complex pathophysiology of preeclampsia 

Due to insufficient placental perfusion,  human placentae undergo excess oxidative 

stress and apoptosis and release increased levels of extracellular vesicles and other 

soluble toxins into the maternal circulation. Collectively, these factors cause 

exaggerated maternal inflammation and endothelial cell dysfunction. ICH, intracerebral 

haemorrhage; IUGR, intrauterine growth restriction; PlGF, placental growth factor; s, 

soluble; VEGF, vascular endothelial growth factor; VEGFR‑1, vascular endothelial 

growth factor receptor 1. Permission for reproduction obtained from Nature Publishing 

Group© Chaiworapongsa, Tinnakorn, et al. Nature Reviews Nephrology 10.8 (2014): 

466-480.  
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1.6  Small non-coding RNAs in pregnancy 

Small non-coding RNAs (< 200 nucleotides in length) are a group of RNAs which do not 

code for proteins. They can be classified into microRNA (miRNA), small nuclear RNA 

(snRNA), small nucleolar RNA (snoRNA), small temporal RNA (stRNA), ribosomal RNA 

(rRNA) and transfer RNA (tRNA). Among which, miRNAs are the most studied subclass 

(Eddy, 2001). It was only in the early 2000s that the term “microRNA” was introduced but 

their importance in the regulation of genome expression became obvious when the analysis 

of miRNA functions revealed that they can potentially suppress the transcription and 

translation of mRNAs (Buckingham, 2003; B. Zhang, Pan, Cobb, & Anderson, 2007). The 

relevance of miRNAs in reproduction is revealed by the finding of miRNAs biogenesis 

proteins and their function in trophoblast (Donker, Mouillet, Nelson, & Sadovsky, 2007). 

The importance of miRNAs in development was confirmed by the knockout of these 

miRNAs biogenesis proteins, which leads to female infertility and early stage embryo loss 

(Hong, Luense, McGinnis, Nothnick, & Christenson, 2008; Morita et al., 2007) . 

1.6.1 MicroRNA biogenesis and the RNA interference pathway 

MicroRNAs are transcribed from DNA in the nucleus as large RNA precursors called  pri-

miRNAs, which are cleaved by a nuclear enzyme called Drosha to form a hairpin structure 

(pre-miRNAs) before being exported into the cytoplasm. Pre-miRNAs are further cleaved 

by Dicer, an enzyme in the RNase III superfamily, to form mature double stranded miRNAs 

in the cytoplasm (Ando et al., 2011). Mature miRNAs are associated with proteins of the 

Argonaute (AGO) family, forming a core of the RNA-induced silencing complex (RISC) 

and can interfere with RNA transcription and translation (Ipsaro & Joshua-Tor, 2015; Jonas 

& Izaurralde, 2015). The remarkable stability of AGO proteins partially explains why 

miRNAs are so stable in nuclease- and protease-enriched environments such as the 

maternal plasma (Turchinovich, Weiz, Langheinz, & Burwinkel, 2011). 

The RISC carries miRNAs to the 3' untranslated regions (3' UTRs) of their target mRNAs 

which they then bind to (Gu, Jin, Zhang, Sarnow, & Kay, 2009). Due to their short binding 

sequences, one miRNA can have multiple mRNA targets. On the other hand, one mRNA 

can be regulated by multiple miRNAs, therefore these interactions form a complicated 

regulatory network (He & Hannon, 2004; L. P. Lim et al., 2005; Rajewsky, 2006). The 

miRNA-mRNA interference depends on the complementarity between the miRNA and its 

target mRNAs. As a whole, if the alignment is complete, the interaction will result in 

specific degradation of target mRNA within the region of complementarity (Llave, Xie, 
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Kasschau, & Carrington, 2002). However, if the complementarity is only partial, it can lead 

to translational repression which can be mediated through the initiation step of translation 

(Djuranovic, Nahvi, & Green, 2011; Filipowicz, Bhattacharyya, & Sonenberg, 2008; 

Humphreys, Westman, Martin, & Preiss, 2005; Pillai et al., 2005) . 

1.6.2 MicroRNA expression in the human placenta 

Recently placenta-specific miRNAs were identified (Liang, Ridzon, Wong, & Chen, 2007) 

and these miRNAs are mainly expressed by the trophoblast (Donker et al., 2012; D. M. 

Morales-Prieto et al., 2012). They are localized within three miRNA clusters: chromosome 

14 miRNA cluster (C14MC), chromosome 19 miRNA cluster (C19MC) and miR-371-3 

cluster (Liang et al., 2007; Miura et al., 2010; Morales Prieto & Markert, 2011). These 

clusters are located within imprinted genes which are known to be involved in human 

embryonic stem cell development and trophoblast proliferation, invasion and 

differentiation (Bar et al., 2008; Doridot, Miralles, Barbaux, & Vaiman, 2013; Laurent, 

2008; Ren, Jin, Wang, Marincola, & Stroncek, 2009). 

C14MC is the largest identified miRNA cluster located within a large imprinted domain on 

chromosome locus 14q32 and consists of 52 miRNAs (Gardiner et al., 2012; Seitz et al., 

2004). The C14MC miRNAs are imprinted on the maternal chromosome and are expressed 

mainly in the developing embryo and placenta (Gattolliat et al., 2014; Seitz et al., 2004). 

Dysregulation of one of the C14MC target mRNAs, RTL1, has been seen in abnormal 

placental development, and the predicted targets of C14MC have a proposed role in stem 

cell physiology and pluripotency (Sekita et al., 2008). 

The C19MC, the second largest imprinted miRNA cluster in humans, is located on 

chromosome 19q13.41 and contains 46 miRNAs (Bortolin-Cavaille, Dance, Weber, & 

Cavaille, 2009). Unlike C14MC, C19MC is regulated by genomic imprinting with only the 

paternally inherited allele (Marie et al., 2010). However, they are also exclusively 

expressed in embryonic stem cells and the placenta (Marie et al., 2010). The biological 

functions of C19MC requires more elucidation, however, based on the current data, these 

miRNAs are known to be involved in cell development, cell differentiation and cell cycle 

(Flor et al., 2012).  

The miR-371-3 cluster is also located on chromosome 19 and consists of three miRNAs: 

hsa-miR-371a-3p; hsa-miR-372 and hsa-miR-373-3p (Kim et al., 2011). Again 

predominantly expressed in placenta (Bentwich et al., 2005), the miR-371-3 cluster is 
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essential for cell cycle maintenance, cell proliferation and apoptosis in embryonic stem 

cells (Cho et al., 2009; Qi et al., 2009; Voorhoeve et al., 2006; Y. Wang et al., 2008). 

The expression of miRNAs in both trophoblasts and placental tissue is dynamic over 

gestation (D. M. Morales-Prieto, Ospina-Prieto, Chaiwangyen, Schoenleben, & Markert, 

2013). The levels of C19MC miRNAs in trophoblasts are significantly greater in the first 

trimester compared to the third trimester, while the expression of miRNAs from C14MC 

showed the opposite pattern. The expression of the miR-371-3 cluster is stable in 

trophoblast cells throughout gestation (D. M. Morales-Prieto et al., 2012). This suggests 

that the expression of these miRNAs in the human placenta is well regulated during 

pregnancy and this changing expression might be associated with the different roles of the 

miRNAs in placental development. 

1.6.2.1 MicroRNA expression during preeclampsia 

Numerous studies have been carried out to identify the different miRNAs expression 

profiles between preeclamptic and normal placentae (Betoni et al., 2013; W. Cheng et al., 

2011; Hu et al., 2009; Ishibashi et al., 2012; Mayor-Lynn, Toloubeydokhti, Cruz, & 

Chegini, 2011; Noack et al., 2011; Pineles et al., 2007; W. Wang et al., 2012; Y. Zhang et 

al., 2010a; X. M. Zhu, Han, Sargent, Yin, & Yao, 2009). Thus far, 110 miRNAs have been 

reported to be dysregulated in preeclampsia, however, only 19 of these miRNAs were 

identified in at least two independent studies, as summarized by Morales-Prieto (D. 

Morales-Prieto, Ospina-Prieto, Schmidt, Chaiwangyen, & Markert, 2014). These 19 

include the up-regulation of miR-20a, miR-155, miR-182, miR-517c, miR-342-3p, miR-

26b, miR-519e, miR-26a, miR-16, miR-29a, miR-222, miR-519d, miR-136, miR-181a and 

miR-210 as well as, the down-regulation of miR-1, miR-223, miR-21 and miR-15b. 

MicroRNA-210 is the most consistently up-regulated in preeclamptic placental tissue being 

reported in at least three studies (Ishibashi et al., 2012; D. Lee et al., 2012; 

Muralimanoharan et al., 2012) and is induced by hypoxia in various cell types (Hsu et al., 

2012). Since H/R injury is an important feature of preeclamptic placentae, the reported up 

regulation of miR-210 is likely to be due to placental hypoxic injury. One study also 

demonstrated that up-regulation of miR-210 is responsible for the mitochondrial 

dysfunction observed in preeclamptic placentae, which would further contribute to the 

increased ROS production found in preeclampsia (Muralimanoharan et al., 2012). 

However, it is worth noting that the dysregulation of miR-210 is not unique to 

preeclampsia, and it has been reported of that there is up-regulation of placental miR-210 
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in small-for-gestational-age pregnancy and conversely down-regulation in preterm delivery 

(Mayor-Lynn et al., 2011; D. M. Morales-Prieto et al., 2013).  

1.6.3 Function of miRNAs during placental development 

Due to the complexity of miRNA regulation, our current understanding of placental 

miRNAs and their biological functions is still very limited. Increasing numbers of studies 

have shown that miRNAs contribute to placental development such as trophoblast turnover 

and vasculogenesis at the utero-placental interface (Doridot et al., 2013).  

For example, Kumar et al. investigated the expression of miRNAs during the transition 

leading to CTB fusion into STB (P. Kumar, Luo, Tudela, Alexander, & Mendelson, 2013) 

and showed that members of the miR-17~92 cluster and its paralogs, miR-106a~363 and 

miR-106b~25 were significantly downregulated upon syncytiotrophoblast differentiation. 

A predicted target of miR-17~92 cluster, glial cell missing homolog1 (GCM1), is a 

transcription factor that is known to play a major role in trophoblast differentiation and 

fusion (Anson-Cartwright et al., 2000). The same study revealed that during preeclampsia, 

the levels of the miR-17~92 and miR-106a~363 clusters are up-regulated in placental tissue 

and therefore may have inhibited trophoblast differentiation by repressing GCM1. This 

result agrees with another study showing the up-regulation of the miR-17~92 and miR-

106a~363 clusters in placentae obtained from preeclamptic pregnancies (W. Wang et al., 

2012). Collectively, these data strongly suggest that miRNAs can contribute to trophoblast 

turnover and dysregulated miRNAs during placental development can potentially 

contribute to the pathogenesis of preeclampsia. 

1.6.4 Circulating miRNAs carried by placental extracellular vesicles 

Abundant studies have shown that placenta-specific miRNAs can be detected in plasma 

from pregnant women but not non-pregnant women, and the levels of some C19MC 

miRNAs showed a significant increase over gestation. Further, these placenta-specific 

miRNAs became undetectable in the plasma of postpartum women (Chim et al., 2008; 

Kotlabova, Doucha, & Hromadnikova, 2011; Miura et al., 2010). Identification of the 

different circulating miRNA profiles between pregnant and non-pregnant women 

confirmed the hypothesis that placenta-specific miRNAs are present in maternal blood and 

can potentially be a useful clinical tool for diagnosis during pregnancy (Gilad et al., 2008).  

Shortly before the identification of extracellular miRNA in biological fluid, the 

extracellular vesicles (exosomes) released by cultured cells were demonstrated to contain 
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miRNAs (Valadi et al., 2007). Donker et al. showed that exosomes from primary human 

trophoblast cells contained C19MC miRNAs, further reinforcing the theory of vesicle-

protected miRNAs in the blood (Donker et al., 2012). However, there is also evidence 

showing the existence of vesicle free circulating miRNAs (Arroyo et al., 2011), raising the 

question, “in what form do these extracellular miRNAs exist”?  

Accumulating studies demonstrated that the circulating extracellular miRNA population is 

heterogeneous. Some miRNAs are packed into apoptotic bodies, budding microvesicles, 

secreted exosomes, while others are solely complexed with AGO proteins (Arroyo et al., 

2011; M. P. Hunter et al., 2008; Kosaka, Iguchi, & Ochiya, 2010; Kosaka & Ochiya, 2012; 

Zernecke et al., 2009). Using different isolation methods, it is consistently confirmed that 

90-95% of the extracellular miRNAs in plasma are in a vesicle-free form and simply bound 

to AGO proteins. Similarly, 99% of the miRNAs exported from cultured cells under normal 

conditions were reported to be in an AGO-protein bound form (Turchinovich et al., 2011). 

These data indicate that extracellular miRNAs in maternal circulation are likely to be 

mostly vesicle-free. 

Despite the fact that extracellular vesicle encapsulated miRNAs only make up a small 

portion of the total circulating extracellular miRNAs, they can transfer miRNA contents 

into recipient cells and modulate gene expression and consequent functional changes 

(Hergenreider et al., 2012; Kogure, Lin, Yan, Braconi, & Patel, 2011; Kosaka et al., 2010; 

Mittelbrunn et al., 2011; Montecalvo et al., 2012; Pegtel et al., 2010; Skog et al., 2008; 

Valadi et al., 2007; Xin et al., 2012; M. Yang et al., 2011; Y. Zhang et al., 2010b). However, 

there is no indication of the active secretion or uptake of protein-bound miRNAs in 

mammals. Based on these findings, it is highly possible that feto-maternal signalling can 

be conducted through the delivery of miRNAs as a cargo of extracellular vesicles. 

To date, there is are only limited studies characterizing the miRNAs contents packaged in 

placental extracellular vesicles, and none examining the miRNA contents of macro 

trophoblast debris. However, the role of these encapsulated miRNAs in the physiological 

adaptation to normal pregnancy and pathophysiology of complicated pregnancies is 

increasingly acknowledged and requires further investigation (Escudero et al., 2016).   
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1.7 Summary of the study objectives and hypothesis 

1.7.1 Aims of this study 

The overall aim of this work was to characterize the interaction between placental 

extracellular vesicles, trophoblast debris, and endothelial cells. In particular, the ability of 

endothelial cells to distinguish normal and pathological placental material and the resulting 

consequences. 

The first aim was to examine the mechanism by which endothelial cells used to distinguish 

necrotic and apoptotic placental trophoblast debris. Secondly, to profile the transcriptomic 

changes of endothelial cells after exposure to either apoptotic or necrotic trophoblast debris 

derived from first trimester placentae. Thirdly, to profile the transcriptomic changes of 

endothelial cells after exposure to preeclamptic or normotensive trophoblast debris derived 

from third trimester placentae. Finally, to examine the differences in small RNA contents 

carried by preeclamptic and normotensive trophoblast debris and the biological effects of 

these dysregulated small RNAs on endothelial cells. 

These analyses were conducted with the aim of improving of our knowledge of the role of 

placental extracellular vesicles in regulating the maternal cardiovascular adaptations 

required for normal pregnancy and which may be disrupted in preeclamptic pregnancy.  

1.7.2 Hypothesis 

The hypothesis tested in this thesis were: 

1. The NALP3 inflammasome is part of the sensing mechanism by which endothelial 

cells distinguish apoptotic from necrotic trophoblast debris; 

2. The transcriptomic changes in endothelial cells after exposure to necrotic compared 

to apoptotic trophoblast debris are associated with abnormal endothelial cell 

activation; 

3. The different transcriptomic changes of endothelial cells after exposure to 

preeclamptic compared to normotensive trophoblast debris are associated with 

endothelial cell dysfunction. 

4. Differences in the small RNA cargo carried by preeclamptic compared to 

normotensive trophoblast debris contribute to endothelial cell dysfunction. 
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2 Materials and methods 

2.1 Materials 

All chemical and organic solvents were AnalaR or laboratory reagent grade. Reagents and 

solutions utilised in sample preparation, small RNA sequencing and microarrays conducted 

at the New Zealand Genomics Limited are not included in these tables. All other reagents 

are described in Tables 2-1 to 2-6. Equipment, software and bioinformatics databases are 

described in Tables 2-7 to 2-9. Note that Life Technologies, Gibco and Invitrogen are now 

all owned by Thermo Fisher Scientific. 

Table 2-1 Reagents and consumables used in cell/ tissue culture 

Chemicals and reagents 
Manufacturer and catalogue 

number 

Collagenase, Type II Invitrogen, 17101-015 

Fetal Bovine Serum (FBS), qualified, New 

Zealand origin  
Gibco, 10091148 

Penicillin-Streptomycin (10,000 U/mL) Gibco, 15140122 

L-Glutamine (200 mM) Gibco, 25030-081 

Advanced DMEM/F-12 Medium Gibco, 12634028 

MCDB 131 Medium Gibco, 10372019 

Advanced RPMI 1640 Medium Gibco, 12633012 

DMEM/F-12, no phenol red Life Technologies, 21041025 

Trypsin-EDTA Life Technologies, 25200072 

Phorbol myristate acetate (PMA) Sigma, P8139-1MG 

Monosodium uric crystals (MSU) AG-CRI-3951 

CD45 Dynabeads Life Technologies, 11153D 

Interleukin-1 receptor antagonist (IL-1RA) Sigma, SRP3084-100UG 

Matrigel® Growth Factor Reduced Corning, 354230 

CellTracker™ Green CMFDA  Thermo Fisher, C2925 

CellTracker™ Red CMTPX Thermo Fisher, C34552 

CyQUANT® Cell Proliferation Assay Kit  Life Technologies, C7026 

Alamar blue cell viability reagent Life Technologies, DAL1025 

Caspase-1 assay kit fluorometric Abcam, AB39412 

Falcon tubes 15 mL Falcon, FAL352096  
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Falcon tubes 50 mL Falcon, FAL352070  

T25 Flask Falcon, FAL353108 

T75 Flask Falcon, FAL353136  

6 well culture plate Falcon, FAL353046 

12 well culture plate Falcon, FAL353043 

24 well culture plate Falcon, FAL353047 

48 well culture plate Falcon, FAL353078 

96 well culture plate Falcon, FAL353072 

Ibidi µ-Slide Angiogenesis Ibidi, IBI81506 

Ibidi µ-Slide 8 well Ibidi, IBI80826 

Corning® 15Mm Netwell™ Insert Corning, COR3478 

CellROX® Deep Red Reagent Life Technologies, C10422 

5-Ethynyl uridine (5 EU) Baseclick, Germany 

Lipofectamine 2000 transfection reagent Life Technologies, 11668-019 

hsa-miR-1269a miRNA mimic Thermo Fisher, 4464066, MC13388 

hsa-miR-1247-5p miRNA mimic Thermo Fisher, 4464066, MC13197 

hsa-miR-145-5p miRNA mimic Thermo Fisher, 4464066, MC11480 

hsa-miR-526b-5p miRNA mimic Thermo Fisher, 4464066, MC12705 

mirVana™ miRNA Mimic, Negative Control  Thermo Fisher, 4464058 

Cy™3-labeled Negative Control No. 1 siRNA Thermo Fisher, AM4621 

 

Table 2-2 Culture media used in this work 

Media Constituents 

Human placental explant 

culture medium 

Advanced DMEM/F-12 medium supplemented with 

2% heat-inactivated fetal bovine serum and 1% 

Penicillin-Streptomycin 

HMEC-1 cell culture medium  

MCDB131 medium supplemented with 10% heat-

inactivated fetal bovine serum, 1% Penicillin-

Streptomycin and 1% L-glutamine 

U937 cell culture medium 

RPMI 1640 medium supplemented with 10% heat-

inactivated fetal bovine serum, 1% Penicillin-

Streptomycin and 1% L-glutamine 

 

Table 2-3 Buffers and solutions used in this work 

Buffer Constituents 

https://www.thermofisher.com/order/catalog/en/US/adirect/lt?cmd=catProductDetail&productID=4464058&CommerceQuery_OwnedBy=199
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Phosphate buffered saline 

(PBS) 

120 mM NaCl, 2.7 mM KCl, 1.5 mM NaH2PO4,  

8 mM KH2HPO4, pH 7.4 

Phosphate buffered saline 

with Tween® 20 (PBST) 

120 mM NaCl, 2.7 mM KCl, 1.5 mM NaH2PO4,  

8 mM KH2HPO4, 0.05% v/v Tween® 20, pH 7.4 

Radioimmunoprecipitation 

assay buffer (RIPA buffer) 

50 mM Tris (pH 8.0), 150 mM sodium chloride, 1% 

NP-40, 1% sodium deoxycholate, 0.1% sodium 

dodecyl sulphate (SDS), 1× complete EDTA-free 

protease inhibitor cocktail, and 1mM 

phenylmethanesulfonylfluoride (PMSF) 

5× reducing Laemmli buffer 

0.3125 M Tris (pH 6.8), 10% w/v SDS, 50% v/v 

glycerol, 5% v/v β-mercaptoethanol, 0.005% w/v 

bromophenol blue  

Electrophoresis running 

buffer 

14.4 g Glycine, 3.027 g Tris, 1 g SDS, dissolved in 1 

L distilled water  

Western blot transfer buffer 
14.4 g Glycine, 3.027 g Tris, 10% v/v methanol, in 1 

L distilled water  

Western blot blocking buffer 5% w/v non-fat milk in PBST buffer 

ELISA coating buffer 
0.1 M Sodium Carbonate (pH 9.5), 7.13 g NaHCO3, 

1.59 g Na2CO3 in 1 L distilled water (pH 9.5) 

ELISA blocking buffer 10% FBS in PBS buffer 

ELISA Stop Solution  0.16M sulfuric acid 

Citrate buffer  24 mM citric acid, 5 mM Na2HPO4 (pH 5.5) 

containing 0.4% H2O2 

4% paraformaldehyde 

solution (PFA) 
4% w/v paraformaldehyde powder in PBS buffer 

Permeabilization buffer 0.25% v/v Triton-X100 in PBS buffer 

Immunochemistry blocking 

buffer 
1% w/v Bovine Serum Albumin (BSA) in PBS  

 

Table 2-4 Reagents and materials used in immunoassays 

Reagent 
Manufacturer and catalogue 

number 

Pierce™ BCA Protein Assay Kit Thermo Fisher, 23225 

30% Acrylamide  BioRad, 1610156 

Ammonium persulfate  BioRad, 1610700 

Tetramethylethylenediamine (TEMED) BioRad, 1610801 

Methanol Merck Millipore, 1133512500 
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Mini-PROTEAN® TGX™ Precast Gels BioRad, 4561083 

Precision Plus Protein™ All Blue Prestained 

Protein Standards 

BioRad, 1610373 

Nitrocellulose Membranes  GE Healthcare, GEHE10600003 

ECL Prime Western Blotting Detection 

Reagent 

GE Healthcare, geherpn2232 

OCT compound (Jung) Biostrategy, LES14020108926 

Dako pen Global Science, DAKOS2002-30 

Pre-clean slides Thermo fisher, LBS7951 

Cover slip Thermo fisher, LBS22*22 

2-Methylbutane (iso-Pentane) AR  Thermo fisher, aja1521-500ml 

0.1% poly-L-lysine solution Sigma, P8920-100ml 

Citifluor™ Antifadent Mountant Solutions Electron microscopy science, 17970-

25 

Human IL-8 ELISA kit BD, 555244 

Human IL-1β ELISA Set II BD, 557953 

High binding ELISA microplate Greiner Bio-one, GR655061 

TMB substrate reagent set BD bioscience, 555214 

Human Angiogenesis Antibody Array  Abcam, ab169808 

o-phenylene diamine dihydrochloride (OPD) Sigma, P1526-25G 
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Table 2-5 Antibodies used in immunochemistry staining and western blot 

Antibody Manufacturer Source Dilution 

NALP3 

Novus 

Biologicals, 

NB100-41104 

Goat, Polyclonal 
Immunohistochemistry 

2-4 μg/mL 

ASC 
Everest Biotech, 

EB05291 
Goat, Polyclonal 

Immunohistochemistry 

2-4 μg/mL 

Caspase-1 
R&D systems, 

AF6215 
Goat, Polyclonal 

Immunohistochemistry 

5-15 μg/mL 

Caspase-1 
R&D systems, 

MAB6215 
Mouse IgG2A 

Western Blot 

0.1 μg/mL 

Vimentin 
Dako 

M7020 

Mouse 

monoclonal 

Western Blot 

0.1 μg/mL 

ICAM-1 
ALS, 

SEMCA1135 

Mouse 

monoclonal 

Cell-based ELISA 

5 μg/mL 

Peroxidase 

AffiniPure Goat 

Anti-Mouse IgG 

Jackson 

ImmunoResearch, 

JI115035062 

Goat, IgG 
Western Blot 

0.5 -10 ng/mL 

goat anti mouse IgG 

F(ab)2 biotin 

Jackson 

ImmunoResearch, 

JI115065072 

Goat, IgG 
Cell-based ELISA 

0.2 μg/mL 

streptavidin-

horseradish 

peroxidase (SHRP) 

Jackson 

ImmunoResearch, 

JI016030084 

N/A 
Cell-based ELISA 

1 μg/mL 

Biotin-SP 

AffiniPure Donkey 

Anti-Goat IgG 

Jackson 

ImmunoResearch 

JI705066147 

Donkey, 

IgG 

Histo-/Cyto-chemistry 

1-5 μg/mL 

Hoechst 

 34322 

Life Technologies, 

H3570 
NA 

Immunohistochemistry 

0.2-2 µg/mL 

Streptavidin, Alexa 

Fluor® 568 

conjugate 

Life Technologies, 

S-11226 
NA 

Immunohistochemistry 

0.5-10 µg/mL 
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Table 2-6 Reagents and consumables used in molecular biology  

Reagent Manufacturer and catalogue number 

RNAlater Life Technologies, AM7021 

TRIzol Reagent Life Technologies, 15596026 

Chloroform Merck Millipore, 1024452500 

Analar grade ethanol Merck Millipore, 1009742500 

Purelink RNA mini kit Life Technologies, 12183018A 

Nuclease free water Life Technologies, AM9932 

High Sensitivity RNA ScreenTape Sample 

Buffer 
Agilent technologies,5067-5580 

High Sensitivity RNA ScreenTape Agilent technologies,5067-5579 

RNA ScreenTape Sample Buffer Agilent technologies, 5067-5577 

RNA ScreenTape Agilent technologies, 5067-5576 

Amplification Grade DNase I Sigma, AMP-D1 

SuperScript® III First-Strand Synthesis 

System 
Life Technologies, 18080051 

Platinum SYBR Green qPCR SuperMix 

UDG w/ROX 
Life Technologies, 11744500 

Click-iT Nascent RNA capture kit Life Technologies, C10365 

qScript™ microRNA cDNA Synthesis Kit Quanta Biosciences, 95107-025 

PerfeCTa Universal PCR Primer Quanta Biosciences, 95109-500 

PerfeCTa® SYBR® Green FastMix®, Low 

ROX™ 
Quanta Biosciences, 95074-012 

PerfeCTa microRNA Assay Quanta Biosciences, HSMIR  

1.7 mL RNase free tubes Axygen Scientific, AXYGMCT175C 

0.2 mL PCR tubes Eppendorf, EP0030124359 

384 well PCR plates Sorenson BioScience, SOR39690 

MicroAmp® Optical Adhesive Film Life Technologies, 4311971 
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Table 2-7 Equipment used in this work 

Instruments Manufacturer 

Pipettes p2 Eppendorf, 3120000011 

Pipettes p10 Eppendorf, 3120000020 

Pipettes p200 Eppendorf, 3120000054 

Pipettes p1000 Eppendorf, 3120000062 

HERAsafe® Microbiological Safety Cabinets Thermo Scientific 

Water bath Grant SUB14 

Sonicator Qsonica 

Homogenizer MICCRA 

Heracell™ CO2 Incubators Thermo Scientific 

Heraeus Fresco 21 microcentrifuge Thermo Scientific 

Heraeus Multifuge X3R centrifuge  Thermo Scientific  

Dynabeads® MPC®-S Thermo Scientific 

Mini-PROTEAN® Tetra Handcast Systems Bio-Rad 

Mini-PROTEAN® Tetra Vertical Electrophoresis Cell Bio-Rad 

Mini Trans-Blot® Cell Bio-Rad 

Elipse Ci-E upright microscope Nikon  

ECLIPSE TS100/100-F Inverted microscope Nikon 

ECLIPSE Ni-E motorized microscope system Nikon  

Elipse Ti-E Inverted Microscope System Nikon 

LSM 710 inverted confocal laser scanning microscope  Zeiss 

Advanced Vortex Mixer - ZX3 VELP Scientifica 

NanoDrop Lite Spectrophotometer Thermo Scientific 

Agilent 4200 TapeStation System Agilent Technologies 

QuantStudio®12K Flex System Thermo Fisher Scientific 

Mastercycler® pro Eppendorf 

ChemiDoc Touch Imaging System Bio-Rad 

The Aerospray Hematology Pro automated slide stainer ELITechGroup 

X-Mark BioRad Microplate Spectrophotometer Bio-Rad 

BioTek™ Synergy™ 2 Multi-Mode Microplate Readers BioTek 

CryoStar™ NX70 Cryostat Thermo Scientific 

GS-800™ Calibrated Densitometer Bio-Rad 
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Table 2-8 Software used in this work 

Software  Source 

WimTube software  Ibidi, Germany 

ZEN 2011 Carl Zeiss Microscopy, Germany 

Fuji Film LAS-3000 R&D systems 

GraphPad Prism 6 GraphPad Software, CA, USA 

Primer 3 (v. 0.4.0) http://bioinfo.ut.ee/primer3-0.4.0/  

R x64 2.15.2 https://www.r-project.org/    

Bioconductor web software 

repository  

http://www.bioconductor.org/ 

LinRegPCR http://www.hartfaalcentrum.nl/index.php?main=fil

es&sub=LinRegPCR 

QuantStudio 12K Flex Software Thermo Fisher Scientific 

Expression Console Affymetrix®, CA, USA 

Transcriptome Analysis Console 

v3.0 

Affymetrix®, CA, USA 

Genboree  http://genboree.org/site/  

isRAP http://israp.sourceforge.net/contents/features.html 

Fast QC http://www.bioinformatics.babraham.ac.uk/project

s/fastqc/  

mirPath v.3 http://snf-

515788.vm.okeanos.grnet.gr/dianauniverse/index.

php?r=mirpath  

 

Table 2-9 Database used in this work 

Bioinformatic database Website 

Gene Annotation Tool to Help Explain 

Relationships (GATHER) 

http://gather.genome.duke.edu/  

Database for Annotation, Visualization and 

Integrated Discovery (DAVID) version 6.7 

https://david.ncifcrf.gov/ 

miRBase http://www.mirbase.org/  

TargetScan Human http://www.targetscan.org/  

TarBase v7.0 http://diana.imis.athena-

innovation.gr/DianaTools/index.php

?r=tarbase/index 

http://bioinfo.ut.ee/primer3-0.4.0/
https://www.r-project.org/
http://www.bioconductor.org/
http://www.hartfaalcentrum.nl/index.php?main=files&sub=LinRegPCR
http://www.hartfaalcentrum.nl/index.php?main=files&sub=LinRegPCR
http://genboree.org/site/
http://israp.sourceforge.net/contents/features.html
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://snf-515788.vm.okeanos.grnet.gr/dianauniverse/index.php?r=mirpath
http://snf-515788.vm.okeanos.grnet.gr/dianauniverse/index.php?r=mirpath
http://snf-515788.vm.okeanos.grnet.gr/dianauniverse/index.php?r=mirpath
https://david.ncifcrf.gov/
http://www.mirbase.org/
http://www.targetscan.org/
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2.2  Participants and Tissue Collection 

All experiments were carried in the reproductive biology laboratories of The Auckland 

University, Auckland, New Zealand. The experiments involving human tissue were 

approved by The Auckland Regional Health and Disability Ethics Committee 

(NTX/12/06/057/AM03). 

First trimester placentae were collected with written consent from patients undergoing 

elective surgical termination of pregnancy at Epsom Day Unit, Greenlane Hospital, 

Auckland, New Zealand. Fetal viability and gestational age were assessed by ultrasound 

before the termination. Placentae were stored in sterile phosphate-buffered saline (PBS, pH 

7.4) and transported to the laboratory for immediate processing within 3 hours. 

Preeclamptic placentae and healthy term placentae were donated by patients at Auckland 

City Hospital, New Zealand with written consent. Placentae were stored in sterile PBS and 

transported to the laboratory for immediate processing within 3 hours after either caesarean 

section or vaginal delivery. 

The diagnostic criteria for the preeclampsia is new-onset of hypertension after 20 weeks of 

gestation (defined as systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 

mmHg on two occasions, at least 4 hours apart), accompanied with one or more of the 

following symptoms, new-onset proteinuria (> 0.3 gram per 24 hours), new-onset 

thrombocytopenia (platelet count < 100,000 / µl), impaired liver function, renal 

insufficiency, pulmonary oedema and visual or cerebral disturbances (American College 

of Obstetricians and Gynecologists & Task Force on Hypertension in Pregnancy, 2013). 

The severe features of preeclampsia include resting systolic blood pressure ≥ 160 mmHg 

or diastolic blood pressure ≥ 110 mmHg on 2 occasions at least 4 hours apart, 

thrombocytopenia, impaired liver function, progressive renal insufficiency, pulmonary 

oedema and new-onset of cerebral or visual disturbances (American College of 

Obstetricians and Gynecologists & Task Force on Hypertension in Pregnancy, 2013). 

2.3  Laboratory Methods 

2.3.1 Cell culture 

2.3.1.1 Cell lines 

The human microvascular endothelial cell line (HMEC-1) originally derived from dermal 

microvascular endothelial cells was obtained from the National Centre for Infectious 
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Diseases (USA) and grown in MCDB 131 medium supplemented with 10% FBS, 1% L-

glutamine and 1% Penicillin/Streptomycin (Gibco, Auckland). The seeding density was 2.5 

×104 cells/cm2/mL media. The passages of HMEC-1 used in this study were under 15.  

The ratio of exposing HMEC-1 cells to trophoblast debris used in this work is 1.2 million 

of HMEC-1 cells exposed to approximately 6600 pieces of trophoblast debris (including 

mononuclear and multinucleated trophoblast debris) for various length of time with or 

without the presence of 2 µM of 5-Ethynyl Uridine (5 EU, Table 2-1) for the purpose of 

isolation newly synthesised RNA. 

To stimulate HMEC-1 cells with Monosodium uric crystals (MSU, Table 2-1), HMEC-1 

cells were primed with 0.5 µM phorbol myristate acetate (PMA, Table 2-1) for 3 hours 

followed with addition of 100 µg/mL MSU for 6 hours. 

To track the HMEC-1 cells, they were labelled with 1 µM of CellTracker™ Green CMFDA 

(Table 2-1) at 37°C with 5% CO2 for 2 hours. 

The human monocyte/macrophage cell line, U937, obtained from the ATCC were grown 

in RPMI-1640 medium supplemented with 10% FBS, 1% L-glutamine and 1% 

Penicillin/Streptomycin. The seeding density was 2.5 ×104 cells/cm2/mL media. 

 

2.3.1.2 Placental explant culture and harvesting trophoblast debris 

Explants of approximately 400 mg were dissected from placentae and cultured in 15 mm 

diameter Netwell inserts with 440 µm mesh size (Table 2-1) with Advanced DMEM/F12 

medium supplemented with 2% FBS (Table 2-1) at 37°C with 5% CO2 for 17 hours (Figure 

2.1).  

For miRNA transfection, 80 nM miRNA mimic-lipid complex or cy3-labelled siRNA -

lipid complex was added into the placental culture medium (Table 2-1). MicroRNA mimic 

negative control was used as negative control for the transfection (Table 2-1). The 

transfection efficiency was assessed by visualizing the fluorescence labelled siRNA in 

trophoblast debris and the placental explants from which the trophoblast debris was derived 

using a confocal microscope, and by quantification of the expression of transfected 

miRNAs in trophoblast debris by miRNA qRT-PCR. 
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Figure 2.1 The placental explant culture model 

400 mg of placenta tissue was dissected and cultured in a Netwell insert with 400 µm 

mesh bottom covered with culture medium. The trophoblast debris shed from the 

syncytiotrophoblast falls into the lower chamber through the mesh from where it can be 

collected. 

 

The trophoblast debris was isolated by low speed centrifugation (2000 × g for 5 minutes) 

of the supernatant collected from the lower chamber. The contaminating red blood cells 

were removed by incubation in nine volumes of MilliQ water for one minute then addition 

of one volume of 10 × PBS to return the trophoblast debris to isotonic conditions. The 

contaminating CD45+ leukocytes were depleted by using CD45 Dynabeads (Table 2-1) 

according to the manufacturer’s instructions (200 µL of CD45 Dynabeads per 1 mL of cell 

suspension from 1200 mg placental explant tissue). Trophoblast debris collected from 1200 

mg placental explants was stored in 1 mL MCDB 131 medium. 

For the newly synthesised RNA assay, trophoblast debris was incubated in the presence of 

2 µM of 5 EU (Table 2-1) for the indicated lengths of time to incorporate the 5 EU with 

the newly synthesised RNA for isolation. 

2.3.1.3 Cell growth assays 

HMEC-1 growth after exposure to trophoblast debris was assessed by AlamarBlue® Cell 

Viability Assay and CyQUANT® Cell Proliferation Assays (Table 2-1). These two assays 

are based on the cellular metabolic activity and DNA content to indicate the cell viability 

and proliferation, respectively. 



Chapter Two – Materials and methods 

- 46 - 

 

For cell viability assay, at the end of each time point, one tenth the total volume of 

AlamarBlue® cell viability reagent (Table 2-1) was added to the cell culture followed by 

a 2 hour incubation at 37 ºC. The resulting fluorescence was read on a fluorescence 

spectrophotometer (Table 2-7) at the excitation wavelength of 570 nm and emission 

wavelength of 585 nm.  

For the cell proliferation assays, after treating the endothelial cells with various stimuli for 

indicated length of time, the culture medium was removed and the plate was stored at -

80ºC overnight. On the second day, the culture plate was thawed at room temperature, then 

200 µL of the CyQUANT® GR dye/cell-lysis buffer (Table 2-1) was added to each well. 

The plate was gently mixed and incubated for 2–5 minutes at room temperature, protected 

from light. The resulting fluorescence was read on a fluorescence spectrophotometer (Table 

2-7) at the excitation wavelength of 480 nm and emission wavelength of 520 nm.  

The cell viability and proliferation was semi-quantified by comparing to the fluorescent 

readings of the control HMEC-1 cells which were seeded at the same density. The statistical 

differences were examined by comparing the readings using either Wilcoxon matched pairs 

signed rank test or ANOVA test depends on the distribution of the data. 

 

2.3.1.4 Tube formation assays 

To assess the effect of trophoblast debris on promoting endothelial cell angiogenic capacity 

in vitro, a tube formation assay was employed in this work.  

HMEC-1 cells were grown until 80% confluent and then treated with trophoblast debris for 

24 hours. HMEC-1 were then trypsinized and seeded in Ibidi µ-Slide Angiogenesis (Table 

2-1) coated with growth factor reduced matrigel (Table 2-1) at 1×104 cells per well and 

incubated at 37°C, 5% CO2 for 4 hours. The whole area of the wells was imaged using a 

Nikon Elipse Ti-E Inverted Microscope System (Table 2-7). Total branching points and 

total tube length were analysed using WimTube software (Table 2-8). The statistical 

differences were examined by comparing the data using either Wilcoxon matched pairs 

signed rank test or ANOVA test depends on the distribution of the data. 

 

2.3.1.5 Oxidative stress detection using cellROX deep red fluorogenic probe 

Generalized oxidative stress in HMEC-1 cells was measured using cellROX deep red 

fluorogenic probe (Table 2-1). Briefly, HMEC-1 cells were treated with trophoblast debris 
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isolated from preeclamptic or normotensive placentae in the presence of 5µM of cellROX 

deep red reagent. The fluorescent intensity was measured by a BioTek™ Synergy™ 2 

Multi-Mode Microplate Reader (Table 2-7) at the excitation wavelength of 640 nm and 

emission wavelength of 680 nm at various time points during the live culture. The status 

of cellular oxidative stress was reflected by the signal intensities. The statistical differences 

were examined by comparing the intensities using either Wilcoxon matched pairs signed 

rank test or ANOVA test depends on the distribution of the data. 

 

2.3.1.6 Monocyte adhesion assay 

In order to assess the activation of HMEC-1 cells, the adhesion of fluorescently-labelled 

U937 cells to HMEC-1 cells was measured by fluorescent intensity. U937 cells were 

labelled with CellTracker™ Red CMTPX (Table 2-1). At the end of each experiment, the 

cultures were thoroughly washed before adding fluorescently-labelled U937 cells in the 

ratio of 0.4 million of HMEC-1 cells to 104 U937 cells. This mixture of cells was incubated 

for an additional three hours and the fluorescent intensity was measured by a BioTek™ 

Synergy™ 2 Multi-Mode Microplate Reader (Table 2-7) at the excitation wavelength of 

577 nm and emission wavelength of 602 nm. The adhesion of U937 cells was expressed as 

a percentage of the baseline adhesion of U937 cells to control cultures of untreated HMEC-

1 cells. The statistical differences were examined by comparing the data using either 

Wilcoxon matched pairs signed rank test or ANOVA test depends on the distribution of the 

data. 

 

2.3.2 Immunoassay 

2.3.2.1 Western blotting  

2.3.2.1.1 Cell lysis and determination of protein lysate concentration 

At the end of each cell culture experiment requiring protein determination, the supernatant 

was removed from the cell culture and the culture dish was placed on ice. The cells were 

thoroughly washed with ice-cold PBS three times before adding RIPA buffer onto the cells 

(Table 2-3). One millilitre of RIPA buffer was used per 1×107 cells. The dish was incubated 

on ice for 30 minutes with occasional pipetting. Cell lysate was removed from the dish 

using a cold plastic cell scraper and then gently transferred to a pre-cooled microcentrifuge 
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tube for centrifugation at 17,000 × g for 15 minutes for clearing. The cleared soluble lysate 

was transferred to a microcentrifuge tube at stored at -80°C until use. 

The total protein concentration of the lysates was measured using Pierce™ BCA Protein 

Assay Kit (Table 2-4). Briefly, 25 µL of each standard or unknown sample replicate was 

pipetted into a microplate well (working range = 20-2000 µg/mL) and then 200 µL of the 

fresh made BCA working reagent was added to each well. After thorough mixing on a plate 

shaker for 30 seconds the plate was covered and incubated at 37°C for 30 minutes. The 

absorbance was measured at 562 nm on the microplate spectrophotometer (Table 2-7). 

A standard curve was graphed of the average measurement for each BSA standard against 

its concentration in µg/mL. The standard curve was then used to extrapolate the protein 

concentration of each sample. 

2.3.2.1.2 Sodium dodecyl sulphate-Polyacrylamide gel electrophoresis (SDS-PAGE) 

One millimetre thick SDS-PAGE gels were cast using the solutions listed in Table 2-10 

and 2-11 with the Mini-PROTEAN® Tetra Handcast Systems (Table 2-7). Up to 30 µg of 

the total protein lysates were mixed thoroughly with 5× reducing loading buffer to make a 

final concentration of 1 × loading buffer. The lysate samples were heated at 100°C for 10 

minutes before loading into each well alongside a protein ladder. The SDS-PAGE gel was 

run in SDS-PAGE running buffer (Table 2-3) using the Mini-PROTEAN® Tetra Vertical 

Electrophoresis Cell (Table 2-7) at constant 120 mV for 90 minutes until the blue dye front 

reached the bottom edge of the gel. 

Table 2-10 SDS-PAGE gel recipes used for stacking gel (5 mL) 

H2O 2.975 mL 

0.5 M Tris-HCl, pH 6.8 1.25 mL 

10% (w/v) SDS 0.05 mL 

30% Acrylamide 0.67 mL 

10% (w/v) Ammonium persulfate 50 µL 

TEMED 5 µL 

 

Table 2-11 SDS-PAGE gel recipes used for separating gel (10 mL) 

Acrylamide percentage 6% 8% 10% 12% 15% 

H2O 5.2 mL 4.6 mL 3.8 mL 3.2 mL 2.2 mL 
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30% Acrylamide 2 mL 2.6 mL 3.4 mL 4 mL 5 mL 

1.5 M Tris, pH 8.8 2.6 mL 2.6 mL 2.6 mL 2.6 mL 2.6 mL 

10% (w/v) SDS 0.1 mL 0.1 mL 0.1 mL 0.1 mL 0.1 mL 

10% (w/v) Ammonium 

persulfate 

100 μL 100 μL 100 μL 100 μL 100 μL 

TEMED 10 μL 10 μL 10 μL 10 μL 10 μL 

 

2.3.2.1.3 Protein immunoblot 

Proteins separated on the SDS-PAGE gels were transferred onto nitrocellulose membranes 

using Mini Trans-Blot® Cell (Table 2-7) at constant 60 mV for 50 minutes in transfer 

buffer (Table 2-3). The Western blot membranes were cut based on the molecular size of 

the target proteins and then blocked with 5% w/v non-fat milk (Table 2-3) at room 

temperature for an hour on a shaker. The membranes were incubated with diluted primary 

antibody at 4°C overnight on a shaker. On the second day, the membranes were washed 

with PBST three times for 5 minutes each, and then incubated with horseradish peroxidase 

conjugated anti-mouse secondary antibody (Table 2-5) for one hour at room temperature 

with gentle agitation. After three consecutive washes with PBST for 5 minutes each, 1 mL 

of electrochemiluminesence substrate (Table 2-4) was added to each membrane. The blots 

were then visualised using the ChemiDoc Touch Imaging System (Table 2-7). The density 

of each protein band was measured by GS-800™ Calibrated Densitometer (Table 2-7). The 

statistical differences were examined by comparing the densities using either Wilcoxon 

matched pairs signed rank test or ANOVA test depends on the distribution of the data. 

2.3.2.1.4 Human Angiogenesis Antibody Array 

In order to assess the expression of angiogenesis associated proteins after HMEC-1 cells 

were exposed to artificially engineered trophoblast debris, a human angiogenesis antibody 

array was employed. The human angiogenesis antibody membranes (Table 2-4) was 

imprinted with 23 antibodies for the target proteins as well as three reference control 

antibodies. The membranes were blocked with the blocking buffer provided for 30 minutes 

at room temperature before being incubated with the HMEC-1 cell lysates, including 

untreated HMEC-1 cells and HMEC-1 cells exposed to untreated and artificially 

engineered trophoblast debris. After incubation with the cell lysates for 4 hours at room 

temperature, the membranes were thoroughly washed before being incubated with biotin-

conjugated anti-cytokine antibody cocktail for 2 hours at room temperature. After three 
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thorough washes, the membranes were incubated with HRP-Conjugated Streptavidin for 2 

hours at room temperature. After three consecutive washes, 500 μL of detection buffer 

(provided in the kit) was added to each membrane. The blots were then visualised using 

the ChemiDoc Touch Imaging System (Table 2-7). The density of each protein band was 

measured by GS-800™ Calibrated Densitometer (Table 2-7).  

The expression of the targets on each array membrane was normalized to the mean signal 

density of three reference protein controls on untreated HMEC-1 array.  

2.3.2.2 Immunofluorescent staining 

2.3.2.2.1 Preparation of fresh-frozen placental sections 

Placental explants were cultured as described (Section 2.3.1.2) and removed from Netwell 

inserts at the end point of each experiment. Excess media was removed by absorbent tissue 

paper and pieces of the size of 5 mm x 5 mm were dissected from the explant and placed 

into 1 cm diameter aluminium foil caps containing tissue freeze-medium (Table 2-4). The 

samples were snap-frozen in 2-Methylbutane (Table 2-4) floating in a bath of liquid 

nitrogen and stored at -80°C until use. The placental tissue sections of 5 μm thickness were 

sectioned using a cryostat (Table 2-7), mounted onto poly-L-lysine coated glass slides 

(Table 2-4), fixed in 4% PFA (Table 2-3) for 15 minutes and allowed to air dry overnight. 

2.3.2.2.2 Preparation of trophoblast debris smears 

Placental trophoblast debris was harvested as described (Section 2.3.1.2). Isolated 

trophoblast debris was re-suspended in 200 µL of sterile PBS (pH 7.4) and a smear prepared 

using the Aerospray® Hematology Pro Series 2 (Table 2-7) cytosine on poly-lysine coated 

slides (Table 2-4). Debris cytospins were fixed in 4% PFA (Table 2-3) for 15 minutes and 

allowed to air dry overnight. 

2.3.2.2.3 Preparation of adherent cells in chamber slip 

HMEC-1 cells were seeded in Ibidi µ-Slide 8 well (Table 2-1) with or without the treatment 

of the indicated stimuli for various lengths of time. At the end of each experiment, the cells 

were washed with PBS three times before fixing with 4% PFA for 15 minutes and then 

stored with PBS at 4°C. 

2.3.2.2.4 Immunostaining protocol 

To visualize the cytoplasmic proteins, cells were permeabilized using permeabilization 

buffer (Table 2-3) for 30 minutes. Slides were then blocked using 1% BSA in PBST (pH 

7.4) (Table 2-3) and incubated for 30 minutes at room temperature in a humidity chamber. 
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The blocking solution was removed and 100 μL of primary antibody (Table 2-5) or negative 

control serum diluted in PBST was added onto each slide and incubated for 1 hour at room 

temperature. Slides were then washed with PBST for three times and incubated with 100 

μL of biotin conjugated secondary antibody (Table 2-5) for 1 hour at room temperature. 

Slides were washed with PBST (pH 7.4) and incubated with 100 μL of Alexa Fluor® 568 

conjugate of Streptavidin (Table 2.5) for 1 hour at room temperature. Slides were washed 

with PBST (pH 7.4) three times and co-stained with 1μg/mL of Hoechst (Table 2-5) for 15 

minutes to visualise the DNA. After washing three times with PBST, the slides were 

coverslip mounted with anti-fading mounting medium (Table 2-4). 

To localize the cy3-labelled siRNA delivered into HMEC-1 cells through trophoblast 

debris, at the end of the exposure, the cultures were thoroughly washed with sterile PBS 

three times before the addition of 1 µM of CellTracker™ Green CMFDA (Table 2-1) and 

incubated at 37°C with 5% CO2 for additional 2 hours. The slides were fixed with 4% PFA 

as described before and co-stained with Hoechst. 

2.3.2.3 Enzyme-linked immunosorbent assay (ELISA) 

2.3.2.3.1 Preparation of the condition medium 

At the endpoint of each experiment, the conditioned culture medium was collected and 

centrifuged using a microcentrifuge (Table 2-7) at the speed of 8,000 × g for 10 minutes to 

remove cellular debris. The soluble supernatant was stored at -80°C until use. 

2.3.2.3.2 ELISA procedure for cytokine quantification 

A high binding ELISA microplate was coated with 100 µL of capture antibody diluted in 

coating buffer (Table 2-3) at 4°C overnight. On the second day, the plate was washed 

thoroughly with PBST for 3 times before blocking with 200 µL of blocking buffer (Table 

2-3) at room temperature for 1 hour. 100 µL of each sample was pipetted into each well in 

duplicates along with the target protein standards as reference. The plate was sealed and 

incubated at room temperature for 2 hours. After thorough washing of the plate with PBST, 

200 µL of diluted detection antibody mixed with streptavidin-horseradish peroxidase 

conjugate (SAv-HRP) reagent in blocking buffer was added into each well and incubated 

at room temperature for 1 hour. The plate was washed with PBST seven times before 

adding 100 µL of substrate solution and incubated at room temperature for 30 minutes. The 

reaction was stopped with 50 µL of 2N H2SO4 and the absorbance was read at 450 nm, with 

subtraction of the absorbance at 570 nm using X-Mark BioRad Microplate (Table 2-7)  
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The concentration of the target cytokine was determined based on the standard curves 

generated from the protein standards. The statistical differences were examined by 

comparing the results using either Wilcoxon matched pairs signed rank test or ANOVA 

test depends on the distribution of the data. 

2.3.2.3.3 Cell-based ELISA assay  

To determine the activation status of HMEC-1 cells after exposure to necrotic trophoblast 

debris, a cell-based ELISA was used to quantify the levels of ICAM-1 expressed by 

HMEC-1 cells. At the end of the experiment, the cultures were thoroughly washed with 

sterile PBS before being incubated with anti-human ICAM-1 antibody (Table 2-5) for 2 

hours at 37°C. The plates were then washed again with PBS and incubated with Biotin-

conjugated anti-mouse secondary antibody (Table 2-5) for an hour at 37°C. After washing 

three times the plates were incubated with SHRP for a further hour at 37°C. Following 

further washing with PBS, the assays were developed by incubation for 30 min at room 

temperature with 1 mg/ml o-phenylene diamine dihydrochloride (OPD) in citrate buffer 

(Table 2-3). Colour development was stopped with the addition of stopping buffer (Table 

2-3) and the optical density determined using X-Mark BioRad Microplate (Table 2-7) at 

490 nm. The statistical differences were examined by comparing the readings using either 

Wilcoxon matched pairs signed rank test or ANOVA test depends on the distribution of the 

data. 

2.3.2.4 Caspase-1 activity assay 

To assess the activity of cleaved caspase-1 in HMEC-1 cells, a Caspase-1 assay 

fluorometric kit (Table 2-1) was used in this work according to the manufacturer’s 

instructions. The cells were lysed as described in Section 2.3.2.1.1 before adding YVAD-

AFC substrate (final concentration 50 µM). YVAD-AFC substrate is a substrate that would 

be cleaved by the active caspase-1 and emits fluorescence at 505 nm. After incubation at 

37°C for one hour in the dark, the plate was read using BioTek™ Synergy™ 2 Multi-Mode 

Microplate Reader (Table 2-7) at Excitation/Emission = 400/505nm. The statistical 

differences were examined by comparing the readings using either Wilcoxon matched pairs 

signed rank test or ANOVA test depends on the distribution of the data. 
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2.3.3 Molecular biology 

2.3.3.1 RNA labelling, isolation and evaluation 

2.3.3.1.1 Nascent RNA labelling and isolation  

Newly transcribed RNA was isolated by Click-iT® Nascent RNA Capture Kit (Table 2-6). 

Briefly, HMEC-1 cells or trophoblast debris were cultured with the presence of 0.2 mM 5-

ethynyl Uridine (5 EU) at 37°C, 5% CO2 for the modified uracil 5 EU to be incorporated 

into the newly made RNA. RNA was isolated from treated cells. Purified RNA was then 

biotinylated with Click-iT® reaction cocktail which consisted of 1× Click-iT EU buffer, 2 

mM CuSO4, 0.25 mM biotin azide, 10 mM Click-It reaction buffer additive 1 and 12 mM 

Click-iT reaction buffer additive 2 for 30 minutes at room temperature. Biotinylated RNA 

was precipitated with the mixture of 1 µL of Ultrapure Glycogen, 50 µL of 7.5 M 

ammonium acetate and 700 µL of chilled 100% ethanol at -70°C overnight. Precipitated 

biotinylated RNA was centrifuged at 13,000×g for 20 minutes at 4°C to form a pellet and 

washed with 700 µL of 75% ethanol twice. The pellet was dried for 5 to 10 minutes at room 

temperature and re-suspended in 30 µL of RNase free water. 

The biotinylated RNA was bound to Dynabeads® MyOne™ Streptavidin T1 magnetic 

beads by adding RNA binding reaction buffer which consisted of 31 µL of 2× Click-iT 

RNA binding buffer and 2 µL of RNAseOUT recombinant ribonuclease inhibitor to react 

at 68°C for 5 minutes before adding 12 µL of bead suspension. The mixture was incubated 

at room temperature for 30 minutes on a vortex mixer (Table 2-7) to prevent the beads from 

settling. The magnetic bead-bound RNA was immobilized using the Dynabeads® MPC®-

S (Table 2-7) and washed with a series of washing steps; 5 times washed with Click-iT® 

reaction wash buffer 1 and 5 times washing of Click-iT® reaction wash buffer 2. The 

biotinylated RNA, now bound to the beads, was re-suspended in 12 µL of Click-iT® 

reaction wash buffer 2 and used immediately for cDNA synthesis. 

2.3.3.1.2 RNA isolation 

At the end of each experimental time point, the conditioned medium was removed and the 

remaining adherent cells or cell pellets were washed with pre-cooled PBS buffer for three 

times before adding 1 mL TRIzol reagent (Table 2-6) to lyse the cells. Homogenization 

was performed by repeatly pipetting the cells. The homogenized samples were incubated 

at room temperature for 5 minutes to complete dissociation of the nucleoprotein complex 

before adding 0.2 mL chloroform (Table 2-6). The samples were shaken vigorously for 15 

seconds and incubated at room temperature for 3 minutes and then centrifuged at 12,000×g 



Chapter Two – Materials and methods 

- 54 - 

 

at 4°C for 15 minutes using the microcentrifuge listed in Table 2.7. 500 µL of the upper 

aqueous phase was transferred to RNase free tubes (Table 2-6) and mixed with equal 

volume of 70% ethanol which was further purified using a PureLink mini-kit (Table 2-6) 

according to the manufacturer’s instructions. Briefly, samples were vortexed to disperse 

any precipitate before transfer to a spin cartridge and centrifuged at 12, 000 ×g for 15 

seconds; the flow-through was discarded. This was repeated until the entire sample was 

processed and bound to the membrane in the spin cartridge. Samples were then washed 

twice in a series of washing steps including the addition of 700 μL of wash buffer I and 

500 μL of wash buffer II twice, and centrifuged as described above. RNA was finally eluted 

using 30 μL of RNase free water and stored at -80°C until processing. 

Total RNA including small RNAs such as miRNAs was extracted using TRIzol and 

PureLink mini-kit (Table 2-6) as above, but with two modifications. Firstly, the use of 

100% ethanol prior to column binding rather than 70% as above, and secondly the removal 

of the wash buffer I step.  

2.3.3.1.3 Assessment of RNA Quality and Quantity 

Isolated RNA concentration (A260) and purity (A260/A280 ratio) was measured using a 

Nano Drop Lite Spectrophotometer (Table 2-7). Nucleic acids and proteins have 

absorbance maxima at 260 and 280 nm, respectively. The ratio of absorbance at these 

wavelengths has been used as a measure of purity in nucleic acid extractions. A ratio of 

~2.0 is generally accepted as “pure” for RNA. 

RNA quality was assessed by identify the ribosomal peaks corresponding to either 18S or 

28S RNA in electropherogram using the normal or high Sensitivity RNA ScreenTape 

(Table 2-6) on the Agilent 4200 TapeStation System (Table 2-7). Using normal RNA 

ScreenTape, 1 μL of RNA sample was mixed with 5 µL of the RNA sample buffer, while 

using the high Sensitivity RNA ScreenTape, 2 μL of RNA sample was mixed with 1 µL of 

the high sensitivity RNA sample buffer. The mixture was vortexed for 1 minute at 2000rpm 

before heated at 72°C for 3 minutes. The samples were loaded into the Agilent 4200 

TapeStation instrument and separated using electrophoresis and an electropherogram was 

generated based on the detected fluorescence. The ribosomal RNA ratio (28S:18S) was 

calculated from it to provide an RNA Integrity Number (RIN). Based on a numbering 

system from 1 to 10, 1 is considered to be the most degraded profile and 10 being the most 

intact. 
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2.3.3.2 cDNA reverse transcription 

2.3.3.2.1  mRNA cDNA synthesis 

Up to 5 µg of isolated RNA samples were reversed transcribed using the Superscript III® 

First-Strand Synthesis System (Table 2-6) according to the manufacturer’s instructions. 

Prior to reverse transcription, total RNA was treated with 1 unit of DNase I (Table 2-6) to 

eliminate genomic DNA contamination. The mixture was mixed thoroughly and incubated 

at room temperature for 15 minutes and then stopped by adding 1 µL of stop solution and 

heated at 70°C for 10 minutes. 

The reverse transcription system (10 µL) consisted of the following components: up to 5 

µg of DNase I treated RNA; 5 µM oligo (dT) 20 and 1 mM dNTP mix. All components 

were mixed well by gentle vortexing and incubated at 65°C for 5 minutes before chilled on 

ice for at least 1 min.  

10 µL of cDNA Synthesis Mix was added into the RNA/primer mixture and mixed gently 

before incubating at 50°C for 50 minutes and consequent termination of the reaction at 

85°C for 5 minutes. The reaction consisted of: 2 ×RT buffer; 10 mM MgCl2; 0.02 M DTT;4 

U/µL RNaseOUT™ and 20 U/µL SuperScript® III RT enzyme. 

1 µL of RNase H was added at the last step of each reaction and incubated the mixture at 

37°C for 20 minutes. cDNA was stored at -20°C until further use. 

2.3.3.2.2 MicroRNA cDNA Synthesis 

Up to 1 µg total RNA samples were reverse transcribed to cDNA using qScript™ 

microRNA cDNA Synthesis Kit listed in Table 2-6. The reverse transcription consists of 

two reactions: poly (A) tailing reaction followed by a first strand cDNA synthesis reaction 

The poly (A) tailing reaction system (10 µL) consisted of the following components:1 × 

Poly (A) Tailing Buffer; RNA in nuclease free water and 0.1 unit/µL Poly (A) Polymerase.  

All components were mixed well by gentle vortexing and incubated at 37 C for 60 minutes 

followed by 5 minutes at 70 C 

The first-strand cDNA synthesis reaction system (20 µL) consists of the following 

components: 

Poly (A) tailed RNA (from the prior poly (A) tailing reaction) …..10 µL  

MicroRNA cDNA Reaction Mix …………………………………..9 µL  
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qScript Reverse Transcriptase ……………………………………..1 µL  

All components were mixed well before incubated at 42 C for 20 minutes followed by 5 

minutes at 85 C. The cDNA was stored at –20°C until use. 

 

2.3.3.3 Quantitative RT-PCR (qRT-PCR) 

2.3.3.3.1 Primer Design and Sequences for qRT-PCR 

Oligonucleotide primers for mRNA qRT-PCR were designed within the region of the 

targeted genes transcript using the Primer 3 Software Version 0.4.0 and validated using 

NCBI Standard Nucleotide BLAST website (Untergasser A et al., 2012). Designed primers 

were manufactured in desalted form and purified by Life Technologies, NZ. After receiving 

the lyophilised primers, they were reconstituted in nuclease free water (Table 2-6) to a 

stock solution of 100 µM and a working solution of 2 μM, which were stored at -20°C until 

use. The endogenous control genes for qRT-PCR were ACTB, HPRT1, PPIA, RPL0, TBP, 

UBC and 18S. Complete primer sequences are provided in Table 2-12. 

Table 2-12 mRNA qRT-PCR primer sequences 

NALP3 
Forward 5’-TGGAGTGTCGGAGAAGAG-3’ 

Reverse 5’- TGCTGTCATTGTCCTGGTGT-3’ 

ASC 
Forward 5’- TGACGGATGAGCAGTACCAG-3’ 

Reverse 5’-TCCTCCACCAGGTAGGACTG-3’ 

CASP1 
Forward 5’-CCACAATGGGCTCTGTTTTT-3’ 

Reverse 5’-ATCTGGCTGCTCAAATGAA-3’ 

ICAM1 
Forward 5’-TAAGCCAAGAGGAAGGAGCA-3’ 

Reverse 5’-CTCATGGTGGGGCTATGTCT-3’ 

EDN1 
Forward 5’-CCATCTTCACTGGCTTCCAT-3’ 

Reverse 5’-CAGAAACTCCACCCCTGTGT-3’ 

SELE 
Forward 5’-ATCCAAAAGGCTCCAATGTG-3’ 

Reverse 5’-CTCCAATAGGGGAATGAGCA-3’ 

CSF2 
Forward 5’-CTCAGAAATGTTTGACCTCCAG-3’ 

Reverse 5’-TCAAAGGTGATAATCTGGGTTG-3’ 

BIRC3 
Forward 5’-CTGGAAAAGAGGAGACAGTCCT-3’ 

Reverse 5’-ACTGTTTTCTGTACCCGGAAGT-3’ 

IL8 Forward 5’-ACTTTCAGAGACAGCAGAGCAC-3’ 
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Reverse 5’-CCAGCTTGGAAGTCATGTTTAC-3’ 

ITGAV 
Forward 5’-CTTTCTTCCGATTCCAAACT-3’ 

Reverse 5’-CTTGCTGAATGAACTTGGAC-3’ 

IFI27 
Forward 5’-CTCTCTAGGCCACGGAATTAAC-3’ 

Reverse 5’-CACAACTCCTCCAATCACAACT-3’ 

MMP1 
Forward 5’-TTGATGAAGATGAAAGGTGGAC-3’ 

Reverse 5’-CACCACTGAAGGTGTAGCTAGG-3’ 

CSH1 
Forward 5’-TCCCAAAGGACCAGAAGTAT-3’ 

Reverse 5’-GGAGCAGCTCTAGATTGGAT-3’ 

CREB3L2 
Forward 5’-GTGTCCCTTTGGGTTATGGA-3’ 

Reverse 5’-AACTCATCCCAGCTCTCTCG-3’ 

MKL2 
Forward 5’-AGGGACGTCTGGAGACAATG-3’ 

Reverse 5’-TCGTCACCAAGGCCTTTAAC-3’ 

PALM 
Forward 5’-ACGTGTCCGCTTCTGTATCG-3’ 

Reverse 5’-AGAAGCACTTCAGACGCCAG-3’ 

DAPK1 
Forward 5’-AGGGACCACAAGACTCCTCA-3’ 

Reverse 5’-CGGGGTAATTACAGTTTGCTG-3’ 

STK17B 
Forward 5’-TGATCCCATTACCACAGCAA-3’ 

Reverse 5’-GCCAGCTGTGAAACTGATGA-3’ 

PRKCA 
Forward 5’-CCAAAGTGTGTGGCAAAGGAG-3’ 

Reverse 5’-GGTGTTTGTTCTCGCTGGTG-3’ 

JMY 
Forward 5’-AGACCCTCTAACACGGAGCA-3’ 

Reverse 5’-AAAGCCTCCTCTTCGTCCTC-3’ 

MAT2A 
Forward 5’-TCCTGACCAGTTGCAGTCAC-3’ 

Reverse 5’-TTACAGTCCCCCACAAAAGC-3’ 

DIDO1 
Forward 5’-CGCTGTGAAGAATGGTTTCA-3’ 

Reverse 5’-TGATCTGCCGTTTCTGAATG-3’ 

PCF11 
Forward 5’-TGGGATGAAGAAGAGGAGGA-3’ 

Reverse 5’-TTCAAGGGGTTTTCAACTGG-3’ 

KLF3 

(11759749_at) 

Forward 5’-GCACCTGAATGGTGGTTTCT-3’ 

Reverse 5’-CACTGGTGGAGGTCAAGGTT-3’ 

KLF3 

(11729232_s_at) 

Forward 5’-ATGAAGTTGCTCCGAGCTGT-3’ 

Reverse 5’-GTTGTAGCCCTCGTTTAATGC-3’ 
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ANGTP2 
Forward 5’-GAACCAGACGGCTGTGATGA-3’ 

Reverse 5’-TTAATACTTGGGCTTCCACATCAG-3’ 

MMP9 
Forward 5’-CATTCAGGGAGACGCCCATT-3’ 

Reverse 5’-AACCGAGTTGGAACCACGAC-3’ 

UBC 
Forward 5’-GGGCACTGGTTTTCTTTCCA-3’ 

Reverse 5’-AGAATCGCCGACAAGGGACTA-3’ 

RPLP0 
Forward 5’-ATGGGCAAGAACACCATGATG -3’ 

Reverse 5’-CCTCCTTGGTGAACACAAAGC -3’ 

ACTB 
Forward 5’-GCGGACTATGACTTAGTTGCGTTA-3’ 

Reverse 5’-CATCTTGTTTTCTGCGCAAGTT-3’ 

PPIA 
Forward 5’-GGGTTCCTGCTTTCACAGAATT-3’ 

Reverse 5’-GGACCCGTATGCTTTACCATGA-3’ 

18S 
Forward 5’-CTACCACATCCAAGGAAGCA-3’ 

Reverse 5’-TTTTTCGTCACTACCTCCCCG-3’ 

 

MicroRNA primers for qRT-PCR were pre-designed by IDT. The mature sequence for the 

miRNA assay are provided in Table 2-13. 

Table 2-13 miRNA qRT-PCR primer sequences 

hsa-miR-497-5p CAGCAGCACACUGUGGUUUGU 

hsa-miR-145-5p GUCCAGUUUUCCCAGGAAUCCCU 

hsa-miR-1247-5p ACCCGUCCCGUUCGUCCCCGGA 

hsa-miR-615-3p UCCGAGCCUGGGUCUCCCUCUU 

hsa-miR-185-5p UGGAGAGAAAGGCAGUUCCUGA 

hsa-miR-455-5p UAUGUGCCUUUGGACUACAUCG 

hsa-miR-363-3p AAUUGCACGGUAUCCAUCUGUA 

hsa-miR-532-5p CAUGCCUUGAGUGUAGGACCGU 

hsa-miR-92b-3p UAUUGCACUCGUCCCGGCCUCC 

hsa-miR-29c-5p UGACCGAUUUCUCCUGGUGUUC 

hsa-miR-675-5p UGGUGCGGAGAGGGCCCACAGUG 

hsa-miR-526b-5p CUCUUGAGGGAAGCACUUUCUGU 

hsa-miR-1269a CUGGACUGAGCCGUGCUACUGG 

 



Chapter Two – Materials and methods 

- 59 - 

 

2.3.3.3.2  qRT-PCR reaction system and conditions 

mRNA qRT-PCR was performed using SYBR Green qPCR SuperMix (Table 2-6) on the 

platform of QuantStudio™ 12K Flex Real-Time PCR System (Table 2-7). The reaction 

system (10 µL) consisted of 0.2 µM forward primer; 0.2 µM reverse primer; 1× Platinum® 

SYBR® Green qPCR SuperMix-UDG with ROX; cDNA template and DEPC-treated 

water. No-template controls were included in each experiment.  

The reaction conditions were as follows:  

Hold Stage: 50°C for 2 minutes, 95°C for 10 minutes 

PCR Stage: 40 cycles of 95°C for 15 seconds, 60°C for 1 minute. 

Melt Curve Stage: 95°C for 15 seconds, 60°C for 15 seconds and 95°C for 15 seconds.  

The microRNA expression was also quantified by qRT-PCR. The difference between 

profiling mRNA and microRNA using qRT- PCR was that one miRNA specific primer and 

a universal reverse primer were used in microRNA qRT- PCR system instead of a pair of 

mRNA specific primers.  

For each miRNA qRT-PCR reaction (25µL), it consisted of the following components: 

PerfeCTa SYBR Green FastMix (2X)…………………………………..... 12.5 µL  

PerfeCTa microRNA Assay Primer (10 µM) ……………………………….0.5 µL  

PerfeCTa Universal PCR Primer (10 µM) …………………………….........0.5 µL  

MicroRNA cDNA in nuclease free water………………………….....up to 11.5 µL  

The reaction conditions were using the 3-step cycling protocol as follows: 

Pre-incubation/activation: 95C for 2 minutes;  

PCR (40 cycles)  

Denature: 95C for 5 seconds  

Anneal:     60C for 15 seconds  

Extend:     70C for 15 seconds (collect fluorescence data)  

 

2.3.3.3.3  qRT-PCR data analysis 

The specificity of the qRT-PCR product was examined by melt curve in the QuantStudio 

12K Flex Software. Only single and specific PCR product would present as a single sharp 

peak on melt curve. 
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PCR efficiency was calculated using the LinRegPCR programme (Ramakers, Ruijter, 

Deprez, & Moorman, 2003). Average PCR efficiency and Ct values were used to calculate 

the ‘raw’ quantity and standard deviation of each transcript in triplicate samples.  

The gene stability of the 5 internal reference genes for mRNA qRT-PCR (ACTB, PPIA, 

RPL0, UBC and 18S) was calculated using the SLqPCR package on R. The three most 

stable genes in each experiment were chosen to calculate a geometric mean, which was 

used as the normalisation factor (Guenin et al., 2009; Vandesompele et al., 2002). The 

relative abundance of each transcript was then calculated by dividing the raw quantity of 

each transcript by the normalisation factor.  

For miRNA qRT-PCR, consistently expressed miRNAs (hsa-miR-532-5p; hsa-miR-92b-

3p and hsa-miR-29c-5p) were used as reference controls. 

The statistical significance of the results was assessed using a two-tailed unpaired non-

parametric t-test on GraphPad Prism 6, and p≤0.05 was considered significant. 

 

2.3.4 Transcriptomic analysis  

2.3.4.1 Microarray analysis of the transcriptomes of endothelial cells after exposure to 

trophoblast debris 

2.3.4.1.1 Microarray labelling, hybridization and scanning 

For the microarrays, 300 ng of total RNA sample isolated from endothelial cells treated 

with trophoblast debris was labelled using the GeneChip® 3’ IVT Express Kit according 

to manufacturer’s instructions (Affymetrix). Briefly, in the first-strand cDNA synthesis 

reaction, 2 μL of the diluted poly-A RNA control was ‘spiked-in’ to each sample, and RNA 

was reverse-transcribed using 4 μL of first-strand buffer mix and 1 μL of first-strand 

enzyme mix. Samples were incubated at 42°C for 2 hours. The second strand cDNA 

synthesis reaction was mediated by adding 20 μL of second-strand master mix containing 

13 μL of nuclease-free water, 5μL of second-strand buffer mix and 2 μL of second-strand 

enzyme mix, and incubating at 16°C for 1 hour followed by 10 minutes at 65°C in a thermal 

cycler. Double-stranded cDNA templates were used to generate multiple copies of biotin-

modified complementary RNA (aRNA) in the subsequent in vitro transcription (IVT) 

reaction which was performed using the IVT labelling kit (Affymetrix). The IVT reaction 

was conducted in the presence of IVT labelling buffer, IVT enzyme mix and biotinylated 

ribonucleotide analog for amplification and biotin labelling of aRNA and incubated for 4 
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hours at 40°C. After synthesis, the aRNA was purified to remove enzymes, salts, and 

unincorporated nucleotides by binding the aRNA to the RNA binding beads and 

consequently washing the captured aRNA with 100 μL of aRNA wash solution twice. 

Finally, the purified aRNA was eluted from the RNA Binding Beads by adding 50 μL of 

the preheated aRNA Elution Solution. The labelled aRNA was fragmented by incubation 

with array fragmentation buffer at 94°C for 35 minutes. Following fragmentation, 10 µg of 

aRNA were hybridized for 16 hours at 45°C on GeneChip PrimeView Array. GeneChips 

were washed and stained in the Affymetrix Fluidics Station 450 before they were scanned 

using the Affymetrix GeneChip Scanner 7G. 

The labelling, hybridisation and scanning of the microarrays were conducted by Liam C. 

Williams at the Centre of Genomics and Proteomics, The University of Auckland, New 

Zealand. 

2.3.4.1.2 Statistical analysis for microarray data 

Quality control, normalisation and statistical analysis of the microarray data was conducted 

using the statistical programme R. The programme R was initially developed at The 

University of Auckland (Ihaka & Gentleman, 1996), and is freely available (Table 2-8). 

Packages and manuals for use on R were downloaded from the open-source Bioconductor 

web software repository (Table 2-8) for the purpose of statistical analysis and visualisation 

of biological experiments (Reimers & Carey, 2006). The data was pre-processed and 

normalised using RMA (Bolstad, Irizarry, Astrand, & Speed, 2003; Irizarry, Hobbs et al., 

2003; Irizarry, Bolstad et al., 2003) from the R Bioconductor package “affy” (Bolstad et 

al., 2003)  

A number of plots were used to visualise the normalised data in order to analyse the 

adequacy of the data transformation.  

A density plot and box and whisker plot were used to visualise the normalised data. The 

plots suggest that the normalised distributions of all of the arrays are quite similar. The 

longer right hand tail is expected, as most genes only show some comparatively nominal 

expression, and only a few would show high values of expression.  

To calculate the potentially differentially expressed transcripts, the statistical program R 

was used with the R package “limma” (Smyth, 2005). An empirical Bayes method was 

used to moderate the standard deviation of the estimated log-fold changes for each gene. 
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To correct for multiple testing, the Benjamini-Hochberg method was used to correct the P-

values (Benjamini & Hochberg, 1995).  

The microarray data in Chapter Four and Five have been deposited to the GEO repository 

with the series record number: GSE69996 and GSE86032 respectively. 

2.3.4.1.3 Functional clustering pathway analysis using GATHER and DAVID 

Relationships between differentially expressed genes were analysed utilising two pathway 

analysis tools: Gene Annotation Tool to Help Explain Relationships (GATHER, Table 2-

9) (Chang & Nevins, 2006) and The Database for Annotation, Visualization and Integrated 

Discovery (DAVID, Table 2-9) (Huang da, Sherman, & Lempicki, 2009). Both tools are 

web based applications that allow biologists to visualise and explore gene sets and networks 

relevant to gene expression data sets. GATHER is a web-based algorithm that assesses the 

statistical significance of the enrichment of several types of gene set within a submitted list 

of genes. DAVID bioinformatics resource consists of an integrated biological 

knowledgebase and analytic tools aimed at systematically extracting biological meaning 

from large gene/protein lists. 

 

2.3.4.2  Small RNA sequencing of the trophoblast debris derived from preeclamptic 

placentae and normotensive placentae 

Small RNA sequencing systems provide sequencing-based analysis of all known and novel 

small RNA transcripts in a strand-specific, hypothesis-free fashion. The workflow 

including sample preparation, libraries construction and data analysis is illustrated 

underneath Figure 2.2. 

 

Figure 2.2 The workflow of small RNA sequencing 

The complete small RNA sequencing includes transcriptome isolation, libraries 

construction, sequencing run and data analysis.  
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http://en.wikipedia.org/wiki/Yoav_Benjamini
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2.3.4.2.1 Small RNA library preparation 

Small RNA libraries were prepared from samples containing 100 ng of total RNA by Mr. 

Liam Williams in the Faculty of Science, The University of Auckland, using the NEXTflex 

small RNA sequencing kit V2 that is designed to prepare small RNA libraries for 

sequencing using Illumina sequencers. The sample preparation process consists of 3' 

Adapter ligation; Adapter depletion; 5’ Adapter ligation; Reverse transcription and adapter 

depletion and finally PCR amplification and gel electrophoresis and nucleic acid elution 

and purification.  

2.3.4.2.2 Small RNA sequencing  

Illumina Hiseq was chosen to be the platform of the small RNA sequencing for the purpose 

of high depth of coverage. Small RNA sequencing was executed as a service by Otago 

Genomics (NZGL) on illumina HiSeq 2500 System Rapid with 1×100 base SE. This 

generated 119.7 million reads from 8 samples. The mean percentage of bases ≥ Q30 is 

94.8% and the mean average quality score per base is 38.2. This depth of the coverage was 

enough to identify novel small RNA sequences and provide more confidence in the number 

of reads per transcript. 

2.3.4.2.3 Data analysis 

The analysis process of the generated small RNA sequencing data follows a common 

workflow which includes 3’-adapter trimming, sequence alignment, read counting, 

normalization, expression profiling and other downstream analyses to address relevant 

biological questions (L. Cheng, Quek, Sun, Bellingham, & Hill, 2013; Severino et al., 

2013). 

The data was analysed using two web based pipelines:Genboree and iSRAP (Table 2-8) as 

well as initial bioinformatic analyses provided as a service by NZGL. The differences 

between three methods in quality control, genome alignment and differential expression 

analysis are listed in Table 2-14 with p-value < 0.05 considered to be significant. The data 

has submitted to GEO repository. 

2.4 Statistical analysis  

Statistical significance of the results was assessed using GraphPad Prism 6 software. Either 

Mann Whitney test or Wilcoxon matched pairs signed rank test was used as normal 

distribution cannot be assumed or justified by normality test. Data are presented as median 

with interquartile range for non-normally distributed data. For normally distributed data, 
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ANOVA was used to examine the statistical significance and data are presented as mean 

with standard deviation (SD). Statistical significance was considered when P-value < 0.05. 
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Table 2-14 The differences of three small RNA sequencing analysis methods employed  

Analysis methods Genboree iSRAP NZGL 

QC of the 

sequencing data 
FastQC v0.11.2 FastQC and RNA-SeQC FastQC 

Data trimming 
Adapter and primers removal 

using FASTX-Toolkit 

3′-adapter removal and quality-

trimming using “Trimmomatic” 

adapter removal using “cutadapt”;removing sequences 

shorter than 16 base pairs in length: using 

"SolexaQA++" method, “lengthsort" 

Alignment 

Endogenous and exogenous 

alignment using “Bowtie v1.1.2; 

Bowtie2 v2.2.6; and STAR 

v2.4.2a” 

sequence alignment using “Bowtie2” “Bowtie1” 

Differential 

analysis 

(Normalization) 

Reads per million (RPM) and 

student t-test  

Raw read-count table using 

“BEDTools”; normalized read-count 

and differential expression testing 

using “DESeq2, edgeR and/or voom” 

differential expression testing using “DESeq2, edgeR 

and/or voom” 

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/
http://bowtie-bio.sourceforge.net/index.shtml
http://bowtie-bio.sourceforge.net/bowtie2/index.shtml
https://github.com/alexdobin/STAR/releases
https://github.com/alexdobin/STAR/releases
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3 Involvement of the endothelial NALP3 inflammasome in distinguishing 

necrotic from apoptotic trophoblast debris 

3.1 Introduction and Rationale 

It has been shown that vascular endothelial cells can function as non-professional 

phagocytes to remove trophoblast debris in vitro (Q. Chen et al., 2006; Sorensen et al., 

2012). Trophoblast debris from normal pregnancies shows characteristics of programmed 

cell death/apoptosis and that exposing this apoptotic trophoblast debris to a freeze-thaw 

cycle renders it necrotic (Q. Chen et al., 2006). When endothelial cells were exposed to 

trophoblast debris from normal pregnancies, there was a “tolerogenic response” rendering 

endothelial cells resistant to activation (Q. Chen et al., 2012). However, when endothelial 

cells were exposed to artificially freeze-thaw generated necrotic trophoblast debris, the 

endothelial cells were activated (Q. Chen et al., 2006). Similarly, trophoblast debris from 

preeclamptic placentae also activated endothelial cells due to its necrotic nature (Shen et 

al., 2014; Laresgoiti-Servitje, 2013). 

In preeclampsia, poor placentation results in an increase in necrotic cell death in the 

syncytiotrophoblast, changing the nature of the trophoblast debris released (C. W. Redman 

& Sargent, 2007; C. W. Redman & Sargent, 2008). The necrotic trophoblast debris can 

mimic the effect of preeclamptic trophoblast debris on the induction of endothelial cell 

activation. However, the mechanism of how endothelial cell distinguishes necrotic 

trophoblast debris from apoptotic trophoblast debris is not yet known. 

A number of studies have shown that during sterile inflammation, professional phagocytes 

such as macrophages can sense damage-associated molecular patterns (DAMPs) including 

ATP, uric acid crystals (MSU) and bacterial messenger RNA through the NALP3 

inflammasome and cause pro-inflammatory response by releasing IL-1β and IL-18 (Ayna 

et al., 2012; Duewell et al., 2010; Martinon, Petrilli, Mayor, Tardivel, & Tschopp, 2006; 

Petrovski et al., 2011; Savage, Lopez-Castejon, Denes, & Brough, 2012). Inflammasomes 

are multi-protein complexes that mediate proinflammatory cytokine production by 

regulating the enzymatic activity of caspases (Muruve et al., 2008). The NLR family pyrin 

domain containing 3 (NALP3) inflammasome is a well-characterized receptor among 

inflammasomes. The NALP3 inflammasome consists of 1. a sensor molecule – NACHT, 

LRR and PYD domains-containing protein 3 (NALP3), 2. a connecting protein - apoptosis-

associated speck-like protein containing a caspase recruitment domains(CARD) (ASC), 

and 3. an inflammatory enzyme - caspase-1 (Muruve et al., 2008). Once cytosolic NALP3 
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senses DAMPs, the three components of the NALP3 inflammasome assemble through ASC 

to form a multi-protein platform which results in the caspase-1-dependent secretion of the 

inflammatory cytokines IL-1β and IL-18 (Franchi, Munoz-Planillo, & Nunez, 2012) 

(Figure 3.1).  

Based on the function of the NALP3 inflammasome in macrophages, it was hypothesized 

that the NALP3 inflammasome could be a potential mechanism by which endothelial cells 

recognise, and respond to, necrotic trophoblast debris. Before this work commenced, only 

one publication had reported that the NALP3 inflammasome is present in endothelial cells 

and they examined synovial endothelial cells (Kolly et al., 2010). In this Chapter, the 

localization of the components of the NALP3 inflammasome in human micro vascular 

endothelial cells was examined using immunohistochemistry, the mRNA expression of the 

components of NALP3 inflammasome was quantified by qRT-PCR and the secretion of 

the final product of the activated NALP3 inflammasome activation – IL-1β was determined 

by ELISA. 

 

 

Figure 3.1 The structure model of the NOD-like receptor containing a pyrin 

domain (NALP3) inflammasome 

Upon stimulation, NALP3 recruits pro-caspase-1 through the adaptor protein ASC to 

form inflammasome. Pro-caspase-1 undergoes autocatalytic cleavage within the 

inflammasome and results in active caspase-1, which in turn cleaves the precursors of 

pro-IL 1β and pro-IL 18 into their mature forms. Figure adapted from Am J Physiol 

Lung Cell Mol Physiol. 2012 Oct 15;303(8): L627-33  
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3.2 The components of the NALP3 inflammasome were expressed in 

HMEC-1 cells  

The expression and localization of the components of the NALP3 inflammasome (NALP3, 

ASC and caspase-1) in the resting human micro vascular endothelial cell line (HMEC-1) 

was examined by immunocytochemistry (positive staining was indicated by arrows, Figure 

3.2 A, B and C). NALP3 was located in the cytoplasm of HMEC-1 cells while ASC and 

caspase-1 were present in both the cytoplasm and the nucleus of HMEC-1 cells. Thus, all 

three components required for the NALP3 inflammasome were present in HMEC-1 cells. 

 

Figure 3.2 Representative confocal photomicrographs showing 

immunocytochemical staining of the components of NALP3 inflammasome in 

HMEC-1 cells 

NALP3 (panel A), ASC (panel B) and caspase-1 (panel C) expression in HMEC-1 cells (red 

staining, indicated by arrows). Negative controls contained no primary antibody (panel D). 

Nuclei were counterstained with Hoechst 33342 (blue). Scale bar =20µm.  

NALP3 ASC 

Caspase-1 Negative control 

A B 

C D 
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3.3 Secretion of IL-1β and transcription of the NALP3 inflammasome 

components in HMEC-1 cells upon stimulation with monosodium urate 

crystals (MSU) 

To investigate whether the HMEC-1 cells would respond to classic DAMPs through 

NALP3 inflammasome activation, HMEC-1 cells were primed with phorbol myristate 

acetate (PMA) for 3 hours in order to activate the HMEC-1 cells, and then stimulated with 

the classic DAMP, monosodium urate crystals (MSU), for another 6 hours in order to 

activate the NALP3 inflammasome (Martinon et al., 2006). IL-1β secretion and expression 

of the mRNA for the NALP3 inflammasome components were then quantified by ELISA 

and qRT-PCR, respectively.  

Monosodium uric crystals significantly induced PMA-primed HMEC-1 cells to secrete 

more IL-1β (60.2 pg/mL) than control PMA-primed HMEC-1 cells (3.7 pg/mL, P- value 

<0.001, n=3) (Figure 3.3). Since the ELISA demonstrated that there was no significant 

difference in IL-1β secretion between untreated HMEC-1 cells and PMA-primed HMEC-

1 cells, only untreated HMEC-1 cells were used as negative control in qRT-PCR. 

Quantitative RT-PCR demonstrated that MSU induced a significant increase in the mRNA 

expression of NALP3 (23.2-fold change P-value <0.05, n=3) and ASC (2.2-fold change, P-

value <0.01, n=3) in HMEC-1 cells compared to control HMEC-1 cells but the expression 

of CASP1 mRNA did not change in MSU-treated HMEC-1 cells compared to control 

HMEC-1 cells (Figure 3.4).  

Since the inflammasome might be required to respond more rapidly than allowed by 

transcriptional regulation, caspase-1 activity was quantified by a fluorometric assay to 

compare the caspase-1 cleavage between PMA-primed HMEC-1 cells stimulated with 

MSU and control HMEC-1 cells. Pro-caspase-1 underwent cleavage to generate 

significantly more active caspase-1 in PMA-primed HMEC-1 cells treated with MSU (2.60 

unit/mL) compared to control HMEC-1 cells (0.65 unit/mL, P-value <0.05, n=4) (Figure 

3.5). 
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Figure 3.3 IL-1β levels in the conditioned media of HMEC-1 cells 

treated with MSU following priming with PMA compared to control 

HMEC-1 or PMA-primed HMEC-1 cells. 

Levels of IL-1β in conditioned media from HMEC-1 cells when primed 

with 0.5 µM PMA for 3 hours (light blue), or primed with 0.5 µM PMA 

for 3 hours followed with addition of 100 µg/mL MSU for 6 hours (dark 

blue). Data are presented as median with interquartile range from three 

independent experiments. ** indicates P-value from two tailed paired t-

test <0.01. 
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Figure 3.4 mRNA expression of the components of NALP3 inflammasome in 

HMEC-1 cells stimulated with MSU following priming with PMA compared 

to control HMEC-1 cells. 

The mRNA expression of the three components of the NALP3 inflammasome, 

NALP3, ASC and CASP1, in HMEC-1 cells primed with 0.5 µM PMA for 3 hours 

followed by stimulation with 100 µg/mL MSU for 6 hours compared to control 

HMEC-1 cells. The mRNA expression was normalized to the geometric means of 

three housekeeping genes: RPLP0, ACTB and PPIA. Data are presented as median 

with range from three independent experiments. * indicates P-value from unpaired 

t-test <0.05, ** indicates Pt-test < 0.001. 
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Figure 3.5 Caspase-1 activity in HMEC-1 cells stimulated with 

MSU following priming with PMA compared to control HMEC-1 

cells 

The activity of cleaved caspase-1 in HMEC-1 cells primed with 0.5 

µM PMA for 3 hours followed with stimulation with 100 µg/mL MSU 

for 6 hours compared to control HMEC-1 cells. A dilution series of 

recombinant human caspase-1 protein was used to generate a standard 

curve. Data are presented as median with interquartile range from four 

independent experiments, ** indicates P-value from Mann Whitney 

test < 0.01. 
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3.4 IL-1β in conditioned medium of HMEC-1 cells after exposure to 

necrotic trophoblast debris 

To investigate whether HMEC-1 respond to necrotic trophoblast debris in a similar way 

that in which they respond to MSU, the production of IL-1β in HMEC-1 conditioned media 

was quantified by ELISA after exposure of the HMEC-1 to either paired apoptotic or 

necrotic trophoblast debris for 2 or 21 hours. Trophoblast debris collected directly from the 

explant culture is known to be apoptotic (Abumaree et al., 2006b) and subjecting this 

trophoblast debris to a freeze/thaw cycle renders it necrotic. For the following experiments, 

apoptotic and necrotic trophoblast debris isolated from the same placentae were compared.  

Exposure to necrotic trophoblast debris significantly induced the secretion of IL-1β in 

HMEC-1 cells after both 2 hours (19.35 pg/mL, n=13) and 21 hours (19.10pg/mL, n=13) 

compared to HMEC-1 cells that were exposed to apoptotic trophoblast debris for 2 hours 

(3.1pg/mL, P-value <0.01, n=13) and 21 hours (9.7, P-value <0.05, n=13) (Figure 3.6). 
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Figure 3.6 IL-1β in conditioned media from the HMEC-1 cells after 

exposure to either apoptotic trophoblast debris (ATD) or necrotic 

trophoblast debris (NTD) for 2 or 21 hours. 

IL-1β levels in conditioned medium from HMEC-1 cells after exposure to 

paired ATD and NTD collected from 13 individual placentae for 2 or 21 

hours were quantified by ELISA. Data are presented as median with 

interquartile range. * indicates P-value from Wilcoxon matched pairs 

signed rank test < 0.05; ** indicates PWilcoxon< 0.01.  
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3.5 The expression of the NALP3 inflammasome in HMEC-1 cells was not 

altered by apoptotic or necrotic trophoblast debris 

HMEC-1 cells can distinguish necrotic trophoblast debris from apoptotic trophoblast 

debris, resulting in a differential inflammatory response via the secretion of IL-1β 

according to Figure 3.6. Therefore, the transcriptional changes of the NALP3 

inflammasome in HMEC-1 cells following exposure to paired apoptotic or necrotic 

trophoblast debris for 21 hours were quantified with qRT-PCR.  

Analysis of the mRNA levels of NALP3, ASC and CASP1 by qRT-PCR demonstrated that 

the transcription of the three components of the NALP3 inflammasome had no significant 

changes between control HMEC-1 cells, HMEC-1 cells exposed to either apoptotic or 

necrotic trophoblast debris (paired from three individual placentae) for 21 hours (Figure 

3.7). 

As the innate immune response might require a more instant action, cleavage of pro-

caspase-1 can take place prior to, or even without associated transcriptional regulation. 

Hence the caspase-1 activity in HMEC-1 cells after exposure to either apoptotic or necrotic 

trophoblast debris was quantified by a fluorometric assay using untreated HMEC-1 as 

control. 

The activity of cleaved caspase-1 was found no significant different between control 

HMEC-1 cells and HMEC-1 cells after exposure to either apoptotic or necrotic trophoblast 

debris paired from three individual placentae for 21 hours (Figure 3.8). The pro-caspase-1 

protein expression in control HMEC-1 cells and HMEC-1 cells after exposure to apoptotic 

or necrotic trophoblast debris paired from nine individual placentae for 21 hours was also 

examined by western blotting. There was no change in pro-caspase-1 expression at protein 

level between HMEC-1 cells after exposure to either apoptotic or necrotic trophoblast 

debris and control HMEC-1 cells (Figure 3.9). 
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Figure 3.7 Qualification of expression levels of the mRNA for NALP3 inflammasome 

components in HMEC-1 cells after exposure to either apoptotic trophoblast debris 

(ATD) or necrotic trophoblast debris (NTD) compared to control HMEC-1 cells 

The expression of three components of NALP3 inflammasome, NALP3, ASC and 

caspase-1, in HMEC-1 cells after exposure to paired ATD or NTD (from n=3 individual 

placentae) for 21 hours and untreated HMEC-1 cells was determined by qRT-PCR. The 

mRNA expression was normalized to the geometric means of three housekeeping genes: 

RPLP0, ACTB and PPIA. Data are presented as mean with 95% CI and unpaired t-test is 

applied for statistical significance test. 
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Figure 3.8 Caspase-1 activity in HMEC-1 cells after exposure to 

apoptotic trophoblast debris (ATD) or necrotic trophoblast debris (NTD) 

compared to control HMEC-1 cells 

Bar graph demonstrating the activity of cleaved caspase-1 in untreated 

HMEC-1 cells or HMEC-1 cells after exposure to ATD or NTD paired from 

the same individual 3 placentae for 21 hours. Data are presented as median ± 

interquartile range. Mann Whitney test is applied for statistical significance. 
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Figure 3.9 Expression of pro-caspase-1 in HMEC-1 cells after exposure to 

apoptotic trophoblast debris (ATD) or necrotic trophoblast debris (NTD) 

Representative western blot showing pro-caspase-1 expression in control 

HMEC-1 cells and HMEC-1 cells after exposure to paired apoptotic or necrotic 

trophoblast debris for 21 hours (n=9). Vimentin was used as loading control. Bar 

graphs represent the median ± interquartile range of the quantitative expression 

of the pro-caspase-1 in control HMEC-1 cells and HMEC-1 cells exposed to 

paired apoptotic or necrotic trophoblast debris for 21 hours. Mann Whitney test 

was applied for statistical significance.  

Caspase-1 

Vimentin 

45 kDa 

54 kDa 
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3.6  Necrotic trophoblast debris contained increased level of IL-1β 

The result in Section 3.4 demonstrated that exposure to necrotic trophoblast debris 

significantly induced the secretion of IL-1β in HMEC-1 cells compared to HMEC-1 cells 

exposed to apoptotic trophoblast debris for both 2 and 21 hours (Figure 3.6). However, 

both qRT-PCR and pro-caspase-1 cleavage result showed that the NALP3 inflammasome 

in HMEC-1 cells was not activated when the HMEC-1 cells were exposed to either necrotic 

or apoptotic trophoblast debris. Hence, the elevated level of IL-1β in conditioned media 

from HMEC-1 cells followed exposure to necrotic trophoblast debris was possibly not 

generated by the HMEC-1 cells themselves. To track the source of this elevated IL-1β, the 

production of IL-1β in the conditioned media and lysates of both apoptotic and necrotic 

trophoblast debris was quantified by ELISA. The collected trophoblast debris was 

centrifuged at 8,000×g to separate the debris and the conditioned medium. The debris pellet 

was then lysed in RIPA buffer. 

The necrotic trophoblast debris lysate contained significantly higher levels of IL-1β (33.17 

pg/mL, n=14, P-value <0.05) than the apoptotic trophoblast debris lysate (undetectable, 

n=14). The conditioned medium of the necrotic trophoblast debris also contained 

significantly higher levels of IL-1β (51.37 pg/mL, n=14, P-value <0.01) compared to the 

conditioned medium of apoptotic trophoblast debris (23.77 pg/mL, n=14) (Figure 3.10).  
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Figure 3.10 IL-1β levels in conditioned medium and lysates from apoptotic or 

necrotic trophoblast debris 

IL-1β levels in conditioned medium and lysates of either apoptotic trophoblast debris 

(ATD) or necrotic trophoblast debris (NTD) paired from 14 individual placentae. Data 

are presented as median with interquartile range, * indicates P-value from Wilcoxon 

matched pairs signed rank test < 0.05; ** indicates PWilcoxon < 0.01 
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3.7 IL-1β was a major contributor to HMEC-1 cells activation 

To verify whether IL-1β contained in necrotic trophoblast debris was a major contributor 

to the HMEC-1 cell activation, the endothelial cell activation marker - cell surface ICAM-

1 expression and monocyte adhesion to endothelial cells were measured after HMEC-1 

cells were exposed to either apoptotic or necrotic trophoblast debris with or without the 

presence of interleukin-1 receptor agonist (IL-1RA).  

Cell surface expression of ICAM-1 was measured by a cell-based ELISA. Necrotic 

trophoblast debris but not apoptotic trophoblast debris induced significantly higher 

expression of HMEC-1 cell surface ICAM-1 compared to control HMEC-1 cells (1.23-fold 

change, n=4, P-value<0.05). HMEC-1 cells exposed to necrotic trophoblast debris in the 

presence of IL-1RA expressed significantly lower levels of cell surface ICAM-1 compared 

to the HMEC-1 cells exposed to necrotic trophoblast debris alone (0.98-fold change, n=4, 

P-value <0.01) (Figure 3.11). 

Monocyte adhesion was measured by detecting the level of fluorescence of CMTPX- 

labelled U937 monocytes remaining adherent to the HMEC-1 culture at the endpoint of the 

experiment. Necrotic trophoblast debris induced significantly more monocyte adhesion to 

HMEC-1 cells compared to apoptotic trophoblast debris (1.72 vs. 1.35-fold change relative 

to control HMEC-1 cells, n=4, P-value <0.05). However, HMEC-1 cells exposed to 

necrotic trophoblast debris in the presence of IL-1RA caused significantly less monocyte 

adhesion (1.45 vs. 1.72-fold change compared to untreated HMEC-1 cells, n=3, P-value 

<0.01) compared the HMEC-1 cells exposed to necrotic trophoblast debris alone (Figure 

3.12). 
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Figure 3.11 Cell surface ICAM-1 expression by HMEC-1 after exposure to 

apoptotic trophoblast debris (ATD) or necrotic trophoblast debris (NTD) in 

the presence or absence of IL-1RA 

Bar graph showing the fold change of cell-surface ICAM-1 expression by HMEC-

1 after exposure to paired ATD or NTD (paired from n=4 individual placentae) with 

or without the presence of 60 µmol/L IL-1RA for 21 hours compared to untreated 

HMEC-1. HMEC-1 treated with IL-1RA alone served as control. Data are presented 

as median with interquartile range from four independent experiments, * indicates 

P-value from Wilcoxon matched pairs signed rank test < 0.05, ** indicates PWilcoxon 

< 0.01 
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Figure 3.12 Monocyte adhesion to HMEC-1 that had been exposed to apoptotic 

or necrotic trophoblast debris in the presence or absence of IL-1RA 

Bar graph showing the fold change of the adhesion of fluorescently-labelled U937 

cells to HMEC-1 cell surface following exposure to apoptotic trophoblast debris 

(ATD) or necrotic trophoblast debris (NTD) paired from 3 individual placentae with 

or without the presence of 60 µmol/L IL-1RA for 21 hours compared to control 

HMEC-1 cells. HMEC-1 cells treated with IL-1RA alone served as control. Data are 

presented asmedian with interquartile range from three independent experiments. * 

indicated P-value from Wilcoxon matched pairs signed rank test < 0.05, ** indicates 

PWilcoxon < 0.01  
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3.8 Summary of key experimental findings 

The aim of this Chapter was to investigate whether the NALP3 inflammasome was 

involved in the mechanism that vascular endothelial cells use to distinguish necrotic from 

apoptotic trophoblast debris. 

The key findings were: 

• Resting vascular endothelial cells constitutively express all three components of the 

NALP3 inflammasome. 

• The NALP3 inflammasome in vascular endothelial cells can respond to danger signals 

such as monosodium urate crystals (MSU) by inducing the transcription of NALP3 and 

ASC, as well as increasing the cleavage of caspase-1 and secretion of IL-1β. 

• The expression of NALP3 inflammasome components mRNA in vascular endothelial 

cells was not altered by exposure to necrotic trophoblast debris. 

• Necrotic trophoblast debris contained significantly higher level of IL-1β and released 

this elevated IL-1β into the culture medium whilst apoptotic trophoblast debris did not. 

• IL-1β derived from necrotic trophoblast debris contributes to endothelial cell activation. 
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3.9 Discussion 

3.9.1 Overview 

The NALP3 inflammasome is a pattern recognition receptor that allows macrophages to 

respond to DAMPs in necrotic cells via the production of IL-1β and/or IL-18 (Latz, Xiao, 

& Stutz, 2013). Based on the knowledge that human vascular endothelial cells can 

distinguish necrotic trophoblast debris from apoptotic debris, the NALP3 inflammasome 

was a potential candidate to explain the mechanism of this phenomenon. This study was 

undertaken to investigate the expression and function of the NALP3 inflammasome in 

vascular endothelial cells. The expression and localization of the NALP3 inflammasome 

components was investigated in resting vascular endothelial cells by immunocytochemistry 

and it was established that all the components that required to form the NALP3 

inflammasome are expressed in endothelial cells. The ability of endothelial cells to respond 

to a classic DAMP, uric acid, through the activation of the NALP3 inflammasome was 

confirmed by investigating the NALP3 inflammasome transcription level and the end 

product – IL-1β secretion using qRT-PCR and ELISA. Similarly, the NALP3 

inflammasome transcription level and the end product – IL-1β secretion by endothelial cells 

after the exposure to necrotic trophoblast debris was also examined by qRT-PCR and 

ELISA.  

3.9.2 The components of the NALP3 inflammasome were expressed in vascular 

endothelial cells 

The expression and localization of the NALP3 inflammasome components is well studied 

in macrophages. NALP3 protein was found consistently expressed in cytoplasm of 

different cell types (Bryan et al., 2010; Man et al., 2014). In contrast, both ASC and 

caspase-1 were predominantly expressed in the nucleus of resting macrophages and 

translocate to the cytoplasm only when the inflammasome is activated (Bryan, Dorfleutner, 

Rojanasakul, & Stehlik, 2009; Bryan et al., 2010; Man et al., 2014; Masumoto et al., 1999; 

Richards et al., 2001). Once in the cytoplasm, three components of the NALP3 

inflammasome form a speck like structure and caspase-1 is cleaved into its active form and 

lead to inflammatory response (Fink, Bergsbaken, & Cookson, 2008; Walsh et al., 2014). 

In a similar manner, in this work, it was shown that in resting vascular endothelial cells, 

NALP3 is expressed in cytoplasm while ASC and caspase-1 were also expressed in the 

nucleus but did not form cytoplasmic specks.  
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The expression of the NALP3 inflammasome protein complex in endothelial cells was 

poorly characterised when this work commenced. One study reported that the NALP3 

inflammasome was expressed in human synovial endothelial cells where it contributed to 

the pathogenic production of IL-1β in rheumatoid joints (Kolly et al., 2010). The NALP3 

inflammasome has also been found to be expressed at mRNA level in an inducible fashion 

in vascular tissue (Yin et al., 2009). However, none of these works had investigated the 

subcellular localization of the NALP3 inflammasome in endothelial cells. A more recent 

study showed that the NALP3 inflammasome in human umbilical vein endothelial cells 

(HUVECs) was activated in response to uraemia stimulation through TLR4 activation 

(Martin-Rodriguez et al., 2015). 

In this work, resting endothelial cells constitutively expressed all three components of the 

NALP3 inflammasome in a similar pattern to that presented for resting macrophages which 

suggested the NALP3 inflammasome in endothelial cells could be responsive to certain 

stimulation by DAMPs.  

3.9.3 The NALP3 inflammasome is involved in distinguishing danger associated 

molecular patterns (DAMPs) but not necrotic trophoblast debris by endothelial 

cell 

Danger signals or danger associated molecular patterns (DAMPs) can be recognized by 

endothelial cells through toll-like receptor 4 or 9 (TLR4 or TLR9) and cause endothelial 

cell dysfunction (Bauer et al., 2013; Martin-Rodriguez et al., 2015; C. G. McCarthy et al., 

2015). DAMPs include intracellular proteins such as, heat shock proteins or high-mobility 

group box 1 (HMGB-1) and non-protein cellular components such as ATP, uric acid and 

extracellular DNA.  

In normal pregnancies, large quantities of trophoblast debris are produced by the placental 

syncytiotrophoblast. This trophoblast debris exhibits the characteristics of programmed cell 

death and does not stimulate an immune response (Abumaree et al., 2006a; Abumaree et 

al., 2012; Attwood & Park, 1961; Chamley, Chen, Ding, Stone, & Abumaree, 2011). 

Apoptotic trophoblast debris induces tolerogenic phenotypes in both immune cells and 

vascular endothelial cells that are likely to contribute to the successful adaptation of the 

maternal immune and vascular systems in normal pregnancy (Rapacz-Leonard, 

Dabrowska, & Janowski, 2014).  

It has been shown that preeclamptic trophoblast debris is more necrotic and activates 

endothelial cells (C. W. Redman et al., 2012). It is clear that endothelial cells have the 
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ability to distinguish between, and respond quite differently to, apoptotic or necrotic 

trophoblast debris but, the mechanism for that differential response has remained elusive 

(Q. Chen et al., 2006). Recent studies have shown that, in preeclamptic pregnancies 

DAMPs (such as HSPs, TNF, fetal DNA and uric acid) are generated by the placenta due 

to the oxidatively stressed placental environment (Geisler et al., 2004; Peracoli et al., 2013; 

Pijnenborg et al., 1998; Zhong et al., 2006). Since the trophoblast debris extruded during 

preeclamptic pregnancies is likely to carry DAMPs, it seemed possible that activation of 

endothelial cells in response to preeclamptic trophoblast debris might be due to signalling 

of the NALP3 inflammasome recognising DAMPs in the debris. However, this study 

suggested that the NALP3 inflammasome in endothelial cells is unlikely to be involved in 

this process. 

Failure of the NALP3 inflammasome to activate caspase 1 and produce IL-1β in response 

to necrotic trophoblast debris might have been due to a general lack of function of the 

NALP3 inflammasome in vascular endothelial cells. To ensure that the NALP3 

inflammasome did respond to danger signals, the effect of a classic DAMP – monosodium 

uric acid crystals (MSU) on both mRNA expression of the NALP3 inflammasome 

components and production of IL-1β were examined. Since mRNA for NALP3 and ASC 

was increased and substantial amounts of IL-1β was synthesised in endothelial cells treated 

with MSU, general lack of function of the NALP3 inflammasome in endothelial cells could 

not explain the absence of activation of the NALP3 inflammasome in endothelial cells in 

response to necrotic trophoblast debris. Hence, these results indicated that NALP3 

inflammasome was not involved in endothelial cell recognition of necrotic from apoptotic 

trophoblast debris. 

3.9.4 Induced production of IL-1β in trophoblast debris during necrosis 

In this Chapter, it was shown that medium from endothelial cells exposed to necrotic, but 

not apoptotic trophoblast debris contained elevated levels of IL-1β. IL-1β is known to be a 

potential mediator of endothelial cell activation/dysfunction (Palenski, Sorenson, & 

Sheibani, 2013) and there are reports showing that serum IL-1β levels are increased in 

women with preeclamptic pregnancies (Kalinderis et al., 2011; Palenski et al., 2013). The 

origin of the IL-1β in the co-cultures was not clear but it was assumed initially the 

endothelial cells produced this elevated IL-1β in response to the necrotic trophoblast debris 

through the activation of the NALP3 inflammasome. The consequence of NALP3 

inflammasome activation is the cleavage of pro-caspase-1 to generate the activate form of 

caspase-1 which then cleaves IL-1β and/ or IL-18 (Latz et al., 2013). However, both 
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caspase-1 activity and semi-quantitative western blots showed that there was no cleavage 

of caspase-1 in response to necrotic trophoblast debris suggesting that endothelial cell 

NALP3 inflammasome was not the source of the increased levels of IL-1β in the co-

cultures. 

It was unexpected to find that lysates of necrotic, but not apoptotic, trophoblast debris 

contained IL-1β. This was a surprising result since the necrotic trophoblast debris examined 

here was identical to the paired apoptotic trophoblast debris except that it had been induced 

to undergo secondary necrosis via a freeze-thaw cycle. It is unclear how necrotic but not 

apoptotic trophoblast debris was able to “produce” IL-1β since necrosis is characterised by 

energy-independent cell rupture and catastrophic (rather than controlled) loss of cellular 

functions.  

One possibility is the release of intracellular stores of IL-1β caused by the physical 

disruption of the necrotic cell corpses but that would not explain why lysates of apoptotic 

debris did not contain IL-1β. Alternatively, it is possible that the IL-1β was synthesised 

during the process of secondary necrosis. Trophoblast debris has always been suggested to 

be the end-product of the life cycle of trophoblasts and is apoptotic/ “dead” or undergoing 

cell death (Mayhew et al., 1999). However, two recent studies have shown that third 

trimester trophoblast debris retains transcriptional activity after extrusion from the placenta 

into the maternal blood (Buurma et al., 2013; Rajakumar et al., 2012). It could be possible 

that, due to the special structure (multiple nuclei) of the trophoblast debris, that some of 

the nuclei remain transcriptionally and translationally active and that freezing triggered IL-

1β synthesis. It also has been documented that first trimester trophoblasts contain the 

NALP3 inflammasome which can be activated by uric acid to produce IL-1β (Mulla et al., 

2011; Mulla et al., 2013; Pontillo et al., 2013). 

Despite the lack of certainty of how the IL-1β was produced in this system, the importance 

of IL-1β in the necrotic trophoblast debris-induced activation of endothelial cells was 

confirmed by inhibiting this activation with IL-1RA (Figure 3.11-3.12).  

3.9.5 Summary 

In this Chapter, it was shown that the NALP3 inflammasome in endothelial cells can induce 

an inflammatory response upon the stimulation with the classic DAMP, uric acid. However, 

the NALP3 inflammasome does not appear to be involved in the mechanism that 

endothelial cells use to distinguish necrotic from apoptotic trophoblast debris. Secondary 

necrosis of the trophoblast debris induced the generation of IL-1β which is a major 
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contributor of endothelial cell activation. These results do mirror one recent finding that 

trophoblast debris extruded from preeclamptic placentae contains IL-1β whereas, 

trophoblast debris from normotensive placentae does not (Shen et al., 2014). Thus, the 

necrotic trophoblast debris used in this study mimics the pathological trophoblast debris 

found in preeclamptic pregnancies. These data suggest that protein cargo carried by 

trophoblast debris may directly cause endothelial cells activation. 



 

- 91 - 

 

 

 

 

 

Chapter Four: 

The transcriptomic profile of 

endothelial cells after exposure to 

first trimester trophoblast debris 



Chapter Four – The transcriptomes of HMEC-1 cells after exposure to 1st trimester trophoblast debris 

- 92 - 

 

4  The transcriptomic profile of endothelial cells after exposure to first 

trimester apoptotic or necrotic trophoblast debris 

4.1 Introduction and Rationale 

It has been observed that endothelial cells respond differently following exposure to either 

apoptotic or necrotic trophoblast debris. Necrotic trophoblast debris causes activation of 

endothelial cells while apoptotic trophoblast debris causes endothelial cells to become 

resistant to activation by a wide range of potent stimuli (Q. Chen et al., 2006). In Chapter 

Three, the data indicates that the protein cargo carried in necrotic trophoblast debris might 

contribute to this activation. However, the full extent of changes occurring in endothelial 

cells in response to apoptotic or necrotic trophoblast debris is not known. To characterize 

more fully how endothelial cell respond to necrotic or apoptotic trophoblast debris in an 

unbiased fashion, the transcriptomes of endothelial cells that had been exposed to either 

apoptotic or necrotic trophoblast debris were compared to the transcriptomes of untreated 

endothelial cells and each other using gene expression arrays.  

It was estimated approximately 1×106 pieces of trophoblast debris are deported from the 

syncytiotrophoblast daily into the uterine veins and then, via the inferior vena cava, through 

the heart and into the pulmonary arteries (Abumaree et al., 2006b). Due to its large size, 

trophoblast debris become lodged in the pulmonary capillaries to be cleared in 3-4 days by 

maternal cells (Attwood & Park, 1961). It is not confirmed yet which maternal cells are 

responsible for the clearance, but macrophages do not appear to be the major contributors 

since most studies have shown that no inflammatory response occurred in the areas where 

trophoblast debris was lodged in maternal lungs (Attwood & Park, 1961). Therefore, it was 

hypothesized that, the maternal vascular endothelial cells, against which trophoblast debris 

is lodged, could be responsible for the clearance (Q. Chen et al., 2006). It is of great 

importance to understand this phenomenon, as preeclampsia is commonly accepted as 

being a disorder characterized by systemic endothelial cell dysfunction (Amaral et al., 

2015; Szpera-Gozdziewicz & Breborowicz, 2014). Trophoblast debris, deported from the 

pathological placenta, is suggested to be one link between the two (Sargent, Germain, 

Sacks, Kumar, & Redman, 2003).  

For the work in this Chapter, apoptotic trophoblast debris was collected directly from 

normal placental explants and half of it from each placenta was rendered necrotic by a 

freeze-thaw cycle (Basu, Binder, Suto, Anderson, & Srivastava, 2000). Necrotic 

trophoblast debris was used to model preeclamptic trophoblast debris since; 1) endothelial 
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cells can be activated by both preeclamptic and necrotic trophoblast debris produced in this 

fashion (Q. Chen et al., 2006; Shen et al., 2014) and 2) both necrotic and preeclamptic 

trophoblast debris were shown to contain elevated levels of IL-1β, which contributed to 

endothelial cell dysfunction (Shen et al., 2014; Wei, Chen, James, Stone, & Chamley, 

2015). 

The aims of this Chapter were; 1) to profile the transcriptomic changes in endothelial cells 

after exposure to either apoptotic or necrotic trophoblast debris, 2) to identify the molecular 

mechanisms by which endothelial cells use to distinguish necrotic from apoptotic 

trophoblast debris and 3) to compare transcriptomic changes in endothelial cells at both 

early and late time points following exposure to apoptotic or necrotic trophoblast debris. 

4.2  The experimental design 

To achieve the aims of this Chapter, trophoblast debris was isolated from three individual 

placentae and half of the debris from each placenta was rendered necrotic by a freeze-thaw 

cycle. The paired apoptotic and necrotic trophoblast debris were then exposed to HMEC-1 

cells for 2 or 21 hours. The transcriptomic changes in HMEC-1 cells after exposure to 

apoptotic or necrotic trophoblast debris were compared to control HMEC-1 cells using 

Prime View Arrays (Figure 4.1). 
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Figure 4.1 The experimental layout 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trophoblast debris was collected from (n=3) individual placentae and half of the 

debris collected from each placenta was rendered necrotic. Equal amounts of paired 

apoptotic or necrotic trophoblast debris were added into HMEC-1 cells for 2 or 21 

hours. 
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4.3 Determining which time points, after exposing endothelial cells to 

apoptotic or necrotic trophoblast debris, should be investigated by 

microarray 

In order to choose the most appropriate time points for the subsequent microarray 

experiments, HMEC-1 cells were exposed to necrotic trophoblast debris for 2, 4 and 21 

hours. At the end of each time point, the levels of transcripts for the endothelial cell 

activation markers: ICAM1; SELE (E-selectin) and EDN1 (Endothelin-1) were examined 

by qRT-PCR (Figure 4.2). 

HMEC-1 cells expressed significantly elevated expression of ICAM1 mRNA after 

exposure to necrotic trophoblast debris for 2 hours compared to untreated HMEC-1 cells 

(2.76-fold change, n=3, P-value  0.05) and this level continued to increase to 21 hours by 

which time it was 5.38-fold (n=3, P-value  0.05) greater than untreated HMEC-1 cells.  

In contrast, the expression of EDN1 and SELE mRNA in HMEC-1 cells was significantly 

increased after a 2 hour exposure to necrotic trophoblast debris (4.04-fold change and 2.54-

fold change, respectively, n=3, P-value  0.05), but dropped after this point and was not 

significantly different from control untreated HMEC-1 cells by 21 hours. 

Based on these results, 2 and 21 hours were chosen to represent early and late endothelial 

cell responses, respectively. 
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Figure 4.2 Expression of endothelial cell activation markers (ICAM1, END1 and 

SELE) mRNA by HMEC-1 cells 

Quantitative RT-PCR was used to quantify the expression of endothelial cell activation 

markers (ICAM1, END1 and SELE) by HMEC-1 cells after exposure to necrotic 

trophoblast debris (NTD, isolated from n=3 individual placentae) for 2, 4 and 21 hours. 

The expression was normalized to the geometric means of three housekeeping genes: 

RPLP0; ACTB and PPIA. Data are presented as mean ± 95% CI. ** indicates P-value from 

Wilcoxon matched pairs signed rank test < 0.01.  
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As there were two different treatments (apoptotic and necrotic trophoblast debris) at two 

both 2 and 21 hours, six comparison groups were generated (Table 4-1). 

Table 4-1 Microarray comparison groups 

 Comparisons 

Apoptotic trophoblast 

debris (ATD) 2 hours 

effect 

HMEC-1 cells exposed to ATD for 2 hours vs. untreated 

HMEC-1 cells cultured for 2 hours 

Necrotic trophoblast 

debris (NTD) 2 hours 

effect 

HMEC-1 cells exposed to NTD for 2 hours vs. untreated 

HMEC-1 cells cultured for 2 hours 

ATD 21 hours effect HMEC-1 cells exposed to ATD for 21 hours vs. 

untreated HMEC-1 cells cultured for 21 hours 

NTD 21 hours effect HMEC-1 cells exposed to NTD for 21 hours vs. 

untreated HMEC-1 cells cultured for 21 hours 

NTD vs. ATD 2 hours HMEC-1 cells exposed to NTD for 2 hours vs. HMEC-1 

exposed to ATD for 2 hours 

NTD vs. ATD 21 hours  HMEC-1 cells exposed to NTD for 21 hours vs. HMEC-

1 exposed to ATD for 21 hours 
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4.4 Microarray analysis of HMEC-1 cells after exposure to apoptotic or 

necrotic trophoblast debris 

The analysis of microarray experiments consisted of RNA sample quality control (QC); 

microarray data QC; differential analysis; gene ontology enrichment analysis. The 

microarray data was further validated by qRT-PCR and ELISA. Based on the various 

biological pathways generated from the data, further experiments were carried out to 

validate the hypothesis.  

4.4.1 The RNA samples for microarray  

At the end of each time point, the HMEC-1 cultures were washed extensively before the 

extraction of total RNA to make sure there was not excessive trophoblast debris left in the 

culture. All RNA samples passed QC with RNA integrity number (RIN) greater than 9.8.  

To quantify the percentage of trophoblast debris left in the HMEC-1 cultures after washing, 

trophoblast debris was labelled with a fluorescent green dye and the fluorescence intensity 

was measured before and after the final washing step. After exposure to HMEC-1 cells for 

2 hours, 16.5% of the signal remained associated with the HMEC-1 cells, while 25.6% of 

the signal remained associated with the HMEC-1 cells after 21 hours (Figure 4.3).  

In order to determine that whether the RNA contained in the remaining trophoblast debris 

would affect the RNA isolated from the trophoblast debris-HMEC-1 cells co-culture, the 

RNA isolated from the trophoblast debris was assessed by gel electrophoresis on Agilent 

4200 TapeStation System. This analysis demonstrated that trophoblast debris contained a 

very low concentration of RNA (1µg total RNA contained in trophoblast debris isolated 

from 5 grams of placental tissue) and the RNA was mostly fragmented (Figure 4.4). This 

data suggested that the RNA remained in HMEC-1 cultures would not affect the analysis 

of the HMEC-1 transcriptomes post treatment. 
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Figure 4.3 Percentage of fluorescent signal from labelled trophoblast 

debris remaining in HMEC-1 cultures after washing 

Trophoblast debris was labelled with the fluorescent green stain CMFDA 

before addition to the HMEC-1 cell monolayer for 2 or 21 hours. The 

fluorescence intensity was measured before and after the washing step. Data are 

presented as median with interquartile range. 
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A A B B 

Figure 4.4 RNA electrophoresis of the RNA samples isolated from first 

trimester trophoblast debris (TD) 

Total RNA, isolated from first trimester trophoblast debris, was assessed by gel 

electrophoresis on an Agilent 4200 TapeStation System. (A) A representative 

image of RNA gel; (B) a graph comparing the RNA peaks of RNA ladder and RNA 

sample isolated from first trimester trophoblast debris. 
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4.4.2 Quality control of the microarray data 

The RNA samples were given to NZGL, Centre for Genomics and Proteomics, School of 

Biological Sciences, University of Auckland, who performed the microarray and initial 

bioinformatics analysis. 

In order to check the integrity of the microarray data, boxplots were generated from the 

raw microarray data to examine the distribution between arrays (Burgoon et al., 2005). It 

displayed an uneven distribution and inter-quartile range between 18 arrays (Figure 4.5). 

The raw data was then normalized using Robust Multi-array Average (RMA). In order to 

analyse the adequacy of the normalization, a box and whisker plot was plotted from the 

normalized data and  the underlying intensity distribution of all the post-normalized arrays 

had a similar distribution and interquartile range (Figure 4.6). 
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Figure 4.5 Box and whisker plots of the log2-transformed unnormalized 

microarray data 

Box and whisker plots were generated to examine the distribution of the 

feature intensities of the raw microarray data. Individual microarrays are 

presented on -axis, while the y-axis represents feature intensity values. 
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Figure 4.6 Box and whisker plots of the log2-transformed RMA normalized 

microarray data. 

Box and whisker plots were generated to examine the distribution of the feature 

intensities of RMA normalized log2 transformed microarray data. Individual 

microarrays are presented on x-axis, while the y-axis represents feature 

intensity values. 
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4.4.3 Determination of the cut off values for differential analysis 

The potentially differentially expressed transcripts were identified using the statistical 

program R and package ‘Limma’ (Smyth, 2005). The log-fold changes were estimated 

using a linear model and the P-value was adjusted for multiple testing using the Benjamini-

Hochberg method (Benjamini & Hochberg, 1995).  

The numbers of differentially expressed transcripts in most comparison groups with the 

adjusted P-value < 0.05 were 0 (Table 4-2), except HMEC-1 cells exposed to apoptotic 

trophoblast debris for 21 hours showed 1 altered transcript (PDK4) compared to control 

HMEC-1 cells. Hence, in this Chapter, unadjusted P-value <0.05 was employed to define 

regulated transcripts. Based on P-value < 0.05, two different cut off values were looked at 

to define the up-regulated genes and down-regulated genes: 1) log2 fold change ≥ ± 0.5; 2) 

log2 fold change ≥ ± 1. The numbers of differentially expressed genes using each cut off 

value with unadjusted P-value below 0.05 are listed in Table 4-3.  

Based on the cut off value of log2 fold change ≥ ± 1, there were from 1 to 27 differentially 

expressed transcripts between all comparison groups. The majority of the log2 fold changes 

were small, within ± 0.5 to ± 1 (Table 4-3). Hence the smaller fold change cut off was 

chosen to investigate broader potential functional clustering in this Chapter. 

The full list of regulated genes based on P-value < 0.05 and log2 fold change ≥ ± 0.5 are 

attached in Appendix 1.1-1.6.  

  

http://en.wikipedia.org/wiki/Yoav_Benjamini
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Table 4-2 Numbers of differentially expressed transcripts with adjusted P-value below 

0.05 in the six comparison groups 

Comparison groups Adjusted P-value < 0.05 

ATD vs. control 2 hr  0 

NTD vs. control 2 hr 0 

ATD vs. control 21 hr  1 

NTD vs. control 21 hr 0 

ATD vs. NTD 2 hr  0 

ATD vs. NTD 21 hr 0 

 

Table 4-3 The number of regulated genes in the six comparison groups using two 

different cut off values 

log 2 fold change ≥ 0.5 or ≤ −0.5 Up Down 

ATD vs. control 2 hr  123 378 

NTD vs. control 2 hr 62 95 

ATD vs. NTD 2 hr  37 146 

ATD vs. control 21 hr  79 190 

NTD vs. control 21 hr 133 259 

ATD vs. NTD 21 hr 54 51 

log 2 fold change ≥ 1 or ≤ −1 Up Down 

ATD vs. control 2 hr  12 15 

NTD vs. control 2 hr 4 1 

ATD vs. NTD 2 hr  4 1 

ATD vs. control 21 hr  8 1 

NTD vs. control 21 hr 9 1 

ATD vs. NTD 21 hr 1 0 
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4.4.4  Differentially expressed transcripts in HMEC-1 cells after exposure to apoptotic 

or necrotic trophoblast debris 

In order to compare the effect of the same treatment on HMEC-1 cells at two time points, 

the regulated transcripts that showed similar directional changes by either apoptotic or 

necrotic trophoblast debris at two time points were plotted on a Venn diagram. The overlap 

between the same treatments at two different time points was very limited, as indicated 

from Figure 4.7. The Venn diagram suggested that the effect of either apoptotic or necrotic 

trophoblast debris on HMEC-1 was dynamic and changing over time.  

Hence, in the following results section, the differential expression and pathway analyses 

were carried out based on two individual time points. 
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ATD 2hr up ATD 21hr up ATD 2hr down        ATD 21hr down 

NTD 2hr up        NTD 21hr up                      NTD 2hr down      NTD 21hr down 

93        2             257  59        3             130  

119            4           75  368             10         180  

A B 

C 
 

D 

Figure 4.7 Venn diagram of the overlapped transcripts in HMEC-1 cells after 

exposure to either apoptotic or necrotic trophoblast at two time points 

The up-regulated transcripts in HMEC-1 cells induced by exposure to apoptotic (A) or 

necrotic trophoblast debris (C) for 2 or 21 hours was plotted on a Venn diagram. The 

down-regulated transcripts in HMEC-1 cells induced by exposure to apoptotic (B) or 

necrotic trophoblast debris (D) for 2 or 21 hours were plotted on a Venn diagram. 

Numbers of the regulated transcripts are labelled on the indicated area. 
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4.4.4.1 Differentially expressed genes in HMEC-1 cells after exposure to either apoptotic 

or necrotic trophoblast debris for 2 hours and the biological pathways in which 

they are involved 

There were, 1) 123 up-regulated and 378 down-regulated transcripts in HMEC-1 after 

exposure to apoptotic trophoblast debris compared to untreated HMEC-1 cells at 2 hours;  

2) 62 up-regulated and 95 down-regulated transcripts in HMEC-1 after exposure to necrotic 

trophoblast debris compared to untreated HMEC-1 cells at 2 hours;  

3) 37 up-regulated and 146 down-regulated transcripts in HMEC-1 cells after exposure to 

apoptotic trophoblast debris compared to HMEC-1 cells exposed to necrotic debris for 2 

hours.  

The top 10 up- and down-regulated transcripts in each comparison are shown in Table 4-4.  

Table 4-4 Top 10 up- and down-regulated transcripts in each comparison group at the 2 

hour time point. 

 Up-regulation Down-regulation 

ATD vs. untreated 2 hours 

CCL4///CCL4L1///CCL4L2; 

SELE;CCL3;BIRC3;CXCL3; 

PTGS2;MAP3K8;TIFA; 

TNFAIP3;BCL6B 

SSTR1;CDK11A///CDK11B;DST; 

C10orf118;BIRC6;DIO2;ZFR; 

WNK1;BAT2L2;PUS7L 

NTD vs. untreated 2 hours 

CSH1///CSH2;BCL6B;SELE; 

MEF2C;HBG1;PTHLH; 

LRRCC1;MPZL2;BIRC3;EGR3 

VWA5A;DIO2;ADAM12;PKIB; 

BMPER;FMN1;WNT5A;TXNIP; 

TNFRSF19;SSTR1 

ATD vs. NTD 

2 hours 

CCL4///CCL4L1///CCL4L2; 

CCL3;CXCL3;GJA1;MGAT2; 

EFR3A;CCL3L1///CCL3L3; 

CXCL2;MCCC1;CNN2 

EEA1;SECISBP2L;TOP1;NOL8; 

SPEN;DST;ZFR;BAT2L2;WNK1;

BIRC6 

To examine which biological pathways/ gene clusters were involved in each comparison at 

2 hours, enrichment analysis of regulated gene sets was performed using Gene Ontology 

(Ashburner et al. 2000). 

The differentially expressed genes in HMEC-1 cells induced by apoptotic trophoblast 

debris after a 2 hour exposure were involved in biological pathways including leukocyte 

migration; angiogenesis; epithelial cell proliferation and anti-apoptosis (Table 4-5). The 

differentially expressed genes in HMEC-1 after exposure to necrotic trophoblast debris 
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compared to untreated HMEC-1 at 2 hours were involved in cell proliferation; transcription 

and cardiovascular system development (Table 4-6). 

However, no significant biological pathway was generated from the differentially regulated 

genes in HMEC-1 cells after exposure to apoptotic trophoblast debris for 2 hours compared 

to HMEC-1 exposed to necrotic trophoblast debris for 2 hours. 

Table 4-5 Gene ontology enrichment analysis of the regulated genes in HMEC-1 cells 

induced by apoptotic trophoblast debris following exposure for 2 hours 

Gene Ontology 

Term 
genes 

P-value 

Interleukin-6-

mediated signalling 

pathway 

GO:0070102 

FER, ZCCHC11; IL6R; IL6ST; IL6 1.36E-02 

Leukocyte 

migration 

GO:0002685 

CXCL3; CXCL1; WNT5A; CALR; ITGA4; ICAM1; 

CCL3; IL6R; CXCL2; CCL2; SELE; PTGER4; IL-8; 

IL6 

4.25E-02 

Angiogenesis 

GO:0045766 

WNT5A; KLF4; NF1; TIE1; GREM1; PTGS2; IL1A; 

EPHA2; ACVRL1; CCL2; CYP1B1; MMRN2; 

EFNA1; TNFAIP3; AGGF1; THBS2; FGF1; IL-8; 

LIF; IL6; 

1.58E-05 

Anti-apoptosis 

GO:0043066 

PTTG1IP; WNT5A; CSF2; KLF4; HMGA2; PDK4; 

HSPH1; GREM1; TNFSF10; ICAM1; CD44; CBL; 

IL1A; IL6ST; DLX1; ITGAV; G2E3; SON; CPEB4; 

DUSP1; PRKCI; NR4A3; NDUFA13; NAA15; 

BAG4; ITGB1; CCL2; LRP6; TBX3; IER3; 

HSP90B1; PIM3; FOXO1; TNFAIP3; PLK3; BIRC3; 

PLK2; GPAM; MED1; PRKDC; PHIP; NFKBIA; 

BIRC6; PSME4; IL6; FOXP1; MYOCD; MEF2C; 

NES 

1.62E-06 

Epithelial tube 

morphogenesis 

GO:0060562 

WNT5A; FOXD1; GREM1; TMTC3; CD44; PAK1; 

EFNB2; PTHLH; EPHA2; DICER1; ACVRL1; 

GJA1; STK4; LRP6; TBX3; FGF1; MED1; SKI; 

SETD2; MEF2C; GNA13; KDM5B 

9.03E-03 

Epithelial cell 

proliferation 

GO:0050673 

WNT5A; NF1; NRP2; NR4A3; ACVRL1; BMPR2; 

CCL2; CCND1; TNFAIP3; AGGF1; FGF1; MED1; 

NR4A1; IL6; FOXP1; OSR2; KDM5B 

6.01E-04 
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Table 4-6 Gene ontology enrichment analysis of the regulated genes in HMEC-1 cells 

induced by necrotic trophoblast debris following a 2 hour exposure 

Gene Ontology Term Genes P-value 

Cell proliferation 

GO:0042127 

CXCL1; SOX7; WNT5A; SSTR1; 

RARRES1; IRF1; PTHLH; CGREF1; 

DNER; MXI1; CXADR; ADCYAP1; CD9; 

CYP1B1; KLF10; TNFAIP3; LIF; MEF2C 

2.86E-03 

Cardiovascular system 

development 

GO:0072358 

WNT5A; EGR3; BMPER; TRPS1; XIRP2; 

ERG; WNT5B; CCL2; PTPRB; TBX3; 

HEYL; CXADR; CYP1B1; BICC1; EFNA1; 

OSR1; FGF1; VCAN; NR4A1; LIF; 

MEF2C 

2.19E-02 

negative regulation of 

transcription, DNA-

templated 

GO:0045892 

SOX7; WNT5A; HMGA2; BCL6B; TRPS1; 

BACH2; IRF1; PTHLH; LRRFIP1; MXI1; 

TBX3; HEYL; IRAK2; RUNX2; CYP1B1; 

KLF10; NSD1; EFNA1; TNFAIP3; OSR1; 

HOXC8; NFKBIA; AHRR; TXNIP; 

NFATC2; MEF2C; OSR2 

1.95E-03 

 

  

http://amigo.geneontology.org/amigo/term/GO:0045892
http://amigo.geneontology.org/amigo/term/GO:0045892
http://amigo.geneontology.org/amigo/term/GO:0045892


Chapter Four – The transcriptomes of HMEC-1 cells after exposure to 1st trimester trophoblast debris 

- 111 - 

 

4.4.4.2 Differentially expressed genes in HMEC-1 cells after exposure to apoptotic or 

necrotic trophoblast debris for 21 hours and the biological pathways in which 

they are involved 

There were, 1) 79 up-regulated and 190 down-regulated transcripts in HMEC-1 cells after 

exposure to apoptotic trophoblast debris compared to untreated HMEC-1 cells at 21 hours;  

2) 133 up-regulated and 259 down-regulated transcripts in HMEC-1 cells after exposure to 

necrotic trophoblast debris compared to untreated HMEC-1 cells at 21 hours;  

3) 54 up-regulated and 51 down-regulated transcripts in HMEC-1 cells after exposure to 

apoptotic trophoblast debris compared to HMEC-1 cells exposed to necrotic trophoblast 

debris for 21 hours.  

The top 10 up and down regulated transcripts in each comparison are shown in Table 4-7.  

Table 4-7 Top 10 up- and down-regulated transcripts in each comparison group at the 21 

hour time point. 

 Up-regulation Down-regulation 

ATD vs. 

untreated 

21 hours 

CSH1;CSH1//CSH2;CGA;ANGPTL4;

SPP1;PDK4;IGF2 /// 

INS-IGF2;PLIN2;MT1G;TFPI2 

NANOS1;CD14;SORBS2; 

NBPF1///NBPF10;KLHDC5; 

SPATS2L;UACA;FAM65B; 

FAM38B;DIDO1 

NTD vs. 

untreated 

21 hours 

CSH1///CSH2;CSH1;ANGPTL4;CGA

;MKL2;MMP1;SCG5;PLIN2;PDK4;

SERPINE1 

CREB1;SFPQ;KLHDC5;ITGB8 

REEP3;DIDO1;PHLDB2;USP45;

ENTPD7;MAP3K8 

ATD vs. 

NTD 

21 hours 

SPP1;MX2;ITGAV;RPS2;GPR17; 

IFI44;USP45;BST2;SNORA30; 

DCAF16 

DGCR8;SLC2A14///SLC2A3; 

PLAG1;HLA-L; NOS1; ZNF880; 

VGLL4;MICAL2;NOG;SORBS2 
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Gene ontology enrichment analysis was carried out to investigate the potential biological 

pathways involved in each comparison at 21 hours.  

The differentially expressed genes in HMEC-1 cells induced by apoptotic trophoblast 

debris following a 21 hour exposure were involved in biological pathways including cell 

migration; embryonic organ development; transcription and epithelium development 

(Table 4-8). In contrast, the differentially expressed genes in HMEC-1 cells induced by 

necrotic trophoblast debris after exposure for 21 hours were involved in cellular response 

to hypoxia and cellular protein metabolic process (Table 4-9). 

No significant biological pathways were generated from the differentially regulated genes 

list comparing HMEC-1 cells exposed to apoptotic trophoblast debris for 21 hours to 

HMEC-1 cells exposed to necrotic trophoblast debris for 21 hours. 
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Table 4-8 Gene ontology enrichment analysis of the regulated genes in HMEC-1 cells 

induced by apoptotic trophoblast debris following exposure for 21 hours 

Gene Ontology 

Term 

genes P-value 

Embryonic organ 

development 

GO:0048568 

KIT; KRT8; NR2F2; RUNX1; MKL2; HOXA7; 

JUNB; BPTF; PBX1; SOX17; GLI2; CITED2; 

LMO2; TFAP2A; GBX2; TCF7L2; IL-8; HIPK2; 

ID2 

0.021 

Cell migration 

GO:0030334 

KIT; NR2F2; NEXN; IL1B; SERPINE1; PTPRG; 

HOXA7; THBS1; GCNT2; PTPRK; VCL; 

PLXNA4; ITGAV; FAM83H; PRKCA; CGA; 

CITED2; PARD6B; HDAC4; FLRT2; SULF1;  

IL-8; FOXP1; PIK3R1; SP100 

0.002 

Circulatory system 

development 

GO:0072359 

ZFAND5; MECP2; NR2F2; NEXN; MKL2; 

SERPINE1; HOXA7; THBS1; TRPS1; EP300; 

JUNB; SORBS2; FAT4; ITGB8; ITGAV; 

GATAD2A; PRKCA; TFPI2; SOX17; GLI2; 

CITED2; HEXIM1; RPS6KA2; ANGPTL4; GBX2; 

FLRT2; TCF7L2; SULF1; IL-8; ID2; FOXP1; 

LOXL1 

0.0005 

Transcription from 

RNA polymerase II 

promoter 

GO:0000122 

RUNX1; MKL2; IL1B; SERPINE1; NFIX; HOXA7; 

PLSCR1; TRPS1; EP300; JUNB; TNKS; SQSTM1; 

PBX1; TET2; SOX17; MAF; GLI2; CGA; CITED2; 

LMO2; HDAC4; TFAP2A; NFIA; GBX2; TCF7L2; 

HIPK2; ID2; CREBBP; FOXP1; PIK3R1; GAL; 

TLR4 

5.16E-06 

Epithelium 

development 

GO:0060429 

KIT; LAMC2; NR2F2; DKK1; RUNX1; 

ARHGEF26; ZBTB1; EP300; VCL; FAT4; PBX1; 

FAM20C; TGM2; GATAD2A; SOX17; MAF; 

GLI2; CITED2; TFAP2A; PPL; FMN1; GBX2; 

TCF7L2; SHROOM3; SULF1; FZD7; IL-8; 

AKR1C3; HIPK2; ID2; FOXP1; ENAH 

0.011 
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Table 4-9 Gene ontology enrichment analysis of the regulated genes in HMEC-1 cells 

induced by necrotic trophoblast debris following a 21 hour exposure 

Gene Ontology Term Genes P-value 

Response to hypoxia 

GO:0001666 

IL1B; CA9; CREB1; THBS1;LEP; FMN2; 

CPEB2; CITED2; ANGPTL4; VCAM1; 

APAF1; RBPJ; HIPK2; STC1; CREBBP; 

CDKN1B; NDRG1; CXCR4 

0.007 

Negative regulation of 

cellular protein 

metabolic process 

GO:0032269 

CNST; DKK1; IL1B; SERPINE1; NANOS1; 

SYNCRIP; LATS1; THBS1; NOG; TNFSF10; 

ILF3; HNRNPD; CD44; ZNF451; PMEPA1; 

ENC1; F2RL1; LRRK1; KIAA1432; 

SERPINB9; IREB2; APP; DLG1;CDKN2C; 

RGS2; RARA; TFPI2; SOCS5; CPEB2; 

HEXIM1; FLRT2; CDKN2B; YWHAB; SMC5; 

PLAUR; TOB1; SERPINB8; SH3RF2; 

CDKN1B 

0.042 

  

http://amigo.geneontology.org/amigo/term/GO:0001666
http://amigo.geneontology.org/amigo/term/GO:0032269
http://amigo.geneontology.org/amigo/term/GO:0032269
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4.5 Validation of the microarray data  

4.5.1 qRT-PCR validation  

In order to validate the changes in gene expression shown by microarray analysis, the 

expression of; colony stimulating factor 2 (CSF2), integrin subunit alpha V (ITGAV), 

baculoviral IAP repeat containing 3 (BIRC3), interleukin 8 (IL8) interferon alpha inducible 

protein 27 (IFI27) and matrix metallopeptienase 1 (MMP1) in HMEC-1 after exposure to 

either apoptotic or necrotic trophoblast debris for 2 or 21 hours were quantified by qRT-

PCR. These six genes were chosen based on the time point they were regulated: CSF2 was 

significantly up-regulated by apoptotic trophoblast debris at 2 hours; ITGAV, BIRC3 and 

IL-8 were significantly up-regulated by apoptotic trophoblast debris at both 2 and 21 hours 

and IFI27 and MMP1 were significantly up-regulated by apoptotic trophoblast debris at 21 

hours. In contrast, BIRC3 and MMP1 were significantly up-regulated by necrotic 

trophoblast debris at 2 hours and 21 hours respectively. 

Quantitative RT-PCR analysis has shown that at 2 hours, HMEC-1 cells exposed to 

apoptotic trophoblast debris expressed significantly increased CSF2 (2.91 ± 1.13-fold 

change, n=3), BIRC3 (3.24 ± 1.36-fold change, n=3) and IL8 (2.52 ± 0.95-fold change, 

n=3) compared to untreated HMEC-1 cells. HMEC-1 cells exposed to apoptotic trophoblast 

debris for 21 hours significantly up-regulated the expression of ITGAV (1.52 ± 0.15-fold 

change, n=3) and IFI27 (3.28 ± 2.03-fold change, n=3) compared to untreated HMEC-1 

cells. HMEC-1 cells exposed to necrotic trophoblast debris for 2 hours significantly up-

regulated the expression of BIRC3 (2.09 ± 0.23-fold change, n=3) compared to untreated 

HMEC-1 cells. Quantitative RT-PCR analysis matched the directional changes of the 

microarray data except ITGAV, the expression of which was significantly up-regulated by 

apoptotic trophoblast debris at 2 and 21 hours according to microarray analysis, but was 

not increased at 2 hours according to qRT-PCR (Figure 4.8).  
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Expression of CSF2, ITGAV, BIRC3, IL-8, IFI27 and MMP1 in HMEC-1 cells after 

exposure to paired apoptotic or necrotic trophoblast debris (ATD/NTD) from n=3 

individual placentae for 2 or 21 hours was quantified by qRT-PCR. Untreated 

HMEC-1 cells was used as control. Microarray data is illustrated as bars with stripes. 

Gene expression was normalized to the geometric mean of three housekeeping genes 

(RPLP0; ACTB and PPIA). Data are presented as mean ± SD. * indicates P-value 

from ANOVA test < 0.05; ** indicates PANOVA < 0.01.  
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Figure 4.8 Validation of gene regulation in HMEC-1 cells in response to 

apoptotic or necrotic trophoblast debris by qRT-PCR 
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4.5.2 Validation of changes in IL-8 expression by HMEC-1 cells in response to apoptotic 

or necrotic trophoblast debris 

In order to validate the microarray data showing changes in the level of mRNA for IL8 at 

the protein level, the concentration of IL-8 in the conditioned medium of HMEC-1 cells 

after exposure to paired apoptotic or necrotic trophoblast debris for 2 or 21 hours was 

quantified by ELISA.  

Conditioned medium from HMEC-1 cells after exposure to apoptotic trophoblast debris 

(ATD) for 21 hours contained significantly more IL-8 (31.75 ± 2.22 ng/mL) than untreated 

HMEC-1 cells at the same time point (21.56 ± 2.21 ng/mL, n=3, p < 0.01).  

No significant difference in the concentration of IL-8 between conditioned media from 

HMEC-1 cells after exposure to necrotic trophoblast debris (NTD) for 21 hours and 

untreated HMEC-1 cells was observed (18.71 ± 2.77 pg/mL vs. 21.56 ± 2.21 pg/mL, n=3, 

p>0.05). At 2 hours, there was no significant difference was observed in the concentration 

of IL-8 between conditioned media from ATD or NTD treated HMEC-1 and untreated 

HMEC-1 (18.68 ± 2.13 pg/mL vs. 17.04 ± 2.44 pg/mL vs. 19.07 ± 2.93 pg/mL, n=3) (Figure 

4.9).  
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Figure 4.9 Concentration of IL-8 in the conditioned media of HMEC-1 cells 

after exposure to paired apoptotic or necrotic trophoblast debris for 2 or 21 

hours 

Concentration of IL-8 in the conditioned media from HMEC-1 cells after 

exposure to paired ATD or NTD (from n=3 individual placentae) for 2 or 21 

hours was determined by ELISA. Untreated HMEC-1 at each time point served 

as control. Data are presented as mean ± SD. ** indicates P-value from ANOVA 

test < 0.01. 
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4.6 Investigation of the functional effects of apoptotic trophoblast debris on 

HMEC-1 cells 

4.6.1 The effect of apoptotic trophoblast debris on the proliferation and angiogenic 

capacity of HMEC 1 cells 

The gene ontology analysis presented in 4.4.4 indicated that exposing HMEC-1 cells to 

apoptotic trophoblast debris induced positive regulation on angiogenesis. In order to 

validate this functional hypothesis, the effect of apoptotic trophoblast debris on HMEC-1 

cells angiogenic capacity was investigated by assessing HMEC-1 proliferation and 

endothelial tube formation assays.  

HMEC-1 proliferation was quantified by AlamarBlue and CyQUANT® Cell Proliferation 

assays. The AlamarBlue assay indicated exposing HMEC-1 cells to apoptotic trophoblast 

debris significantly increased the proliferation of HMEC-1 cells by 31% (p <0.001, n=9) 

compared to untreated HMEC-1 cells. The CyQUANT cell proliferation assay indicated 

that exposing HMEC-1 cells to apoptotic trophoblast debris significantly increased the 

proliferation of HMEC-1 cells by 21.1% (p <0.03, n=6) compared to untreated HMEC-1 

cells (Figure 4.10). The angiogenic tube formation capacity of HMEC-1 cells after 

treatment with apoptotic trophoblast debris was investigated by Matrigel-based tube 

formation assay (Searle et al., 2011). Exposure to apoptotic trophoblast debris significantly 

increased the numbers of tubule branch points compared to control HMEC-1 cells (191.8 

±11.8 vs. 161 ± 8, p <0.02, n=8). HMEC-1 cells exposed to apoptotic trophoblast debris 

formed significantly longer tubes than untreated HMEC-1 cells (20,669± 1,287 vs. 17,838 

±1,328 pixels, p <0.02, n=8, Figure 4.11). 
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Figure 4.10 Changes in the proliferation of HMEC-1 cells induced by 

apoptotic trophoblast debris (ATD). 

Proliferation of HMEC-1 cells following exposure to apoptotic trophoblast 

debris collected from 9 individual placentae for 48 hours was quantified by 

AlamarBlue (A) and cyquant proliferation assays (B). The cell proliferation 

was semi-quantified by comparing to the fluorescent readings of the control 

HMEC-1 cells which were seeded at the same density. Data are presented as 

median ± interquartile range of the fold changes. The proliferation of 

untreated HMEC-1 cells was presented as 1. ** indicates P-value from Mann 

whitney test < 0.0001.  

B 

A 
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Tube forming ability of HMEC-1 cells after exposure to apoptotic trophoblast debris 

(n=3) for 48 hours was investigated by Matrigel tube formation assay. Representative 

images are presented (scale bar represents 500 µm).  

Representative phase contrast photograph of untreated HMEC-1 cells (A) and HMEC-

1 cells after exposure to apoptotic trophoblast debris (B); Representative automated 

images of untreated HMEC-1 cells (C) and HMEC-1 cells exposed to apoptotic 

trophoblast debris (D) using WimTube software; Graphs showing quantification of 

total branching points (E) and total tube length (F) generated from untreated HMEC-

1 cells and HMEC-1 cells exposed to apoptotic trophoblast debris. Data are presented 

as mean ±SD. * indicates P-value from paired t-test < 0.005.

D 
A B 

C 

Figure 4.11 Tube forming ability of HMEC-1 cells following exposure to 

apoptotic trophoblast debris in vitro 

E F 

D 
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Exposure of HMEC-1 cells to apoptotic trophoblast debris induces de novo expression 

of placenta-specific genes 

Surprisingly, several transcripts considered to be “placenta-specific”, such as, Chorionic 

Somatomammotropin Hormone 1 &2 (CSH1, CSH2) as well as, the glycoprotein 

hormones, alpha polypeptide (CGA) were among the top 10 genes expression of which 

were up-regulated in HMEC-1 cells after exposure to apoptotic trophoblast debris (Table 

4-7). In order to eliminate the possibility that these transcripts were present in the 

contaminating trophoblast debris remaining in the HMEC-1 culture after washing, the 

induced expression of CSH1 in HMEC-1 cells after exposure to apoptotic trophoblast 

debris was examined further by qRT-PCR.  

Quantitative RT-PCR analysis revealed that untreated HMEC-1 cells did not express 

CSH1. However, HMEC-1 cells exposed to same amount of apoptotic trophoblast debris 

(ATD) continuously for 2, 24 or 48 hours, had increased expression of CSH1 mRNA. The 

expression of CSH1 mRNA in HMEC-1 cells after exposure to apoptotic trophoblast debris 

for 24 hours was significantly higher than the HMEC-1 exposed to the same amount of 

ATD for 2 hours (2.56-fold change, n=3) (Figure 4.12). This significant and substantial 

increase indicated that CSH1 mRNA was actively transcribed in HMEC-1 cells after 

exposure to apoptotic trophoblast debris.  

In contrast, when apoptotic trophoblast debris was incubated in the absence of HMEC-1 

cells for up to 48 hours, the level of mRNA for CSH1 declined to undetectable levels by 

48 hours (Figure 4.13). These two analyses indicated that apoptotic trophoblast debris alone 

was unable to continue transcription of CSH1 mRNA. 
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Figure 4.12 Levels of CSH1 mRNA in HMEC-1 cells after exposure to 

apoptotic trophoblast debris 

Expression of CSH1 mRNA in HMEC-1 cells after exposure to the same 

amount of apoptotic trophoblast debris (ATD) for 2, 24 or 48 hours was 

quantified by qRT-PCR. Gene expression was normalized to the geometric 

mean of three housekeeping genes: RPLP0; ACTB and PPIA Data are 

presented as median ± interquartile range from 3 independent experiments, *-

P<0.05. Untreated HMEC-1 do not express CSH1 so were used as a negative 

control. 
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Figure 4.13 Expression of CSH1 and housekeeping gene PPIA mRNA in 

apoptotic trophoblast debris 

Ct values of CSH1 and the housekeeping gene Cyclophilin A (PPIA) in same amount 

of apoptotic trophoblast debris incubated for either 0, 21 or 48 hours in the absence of 

HMEC-1 cells were quantified by qRT-PCR. Data are presented as median with range 

from n=3 independent experiments (a higher Ct value = low RNA abundance). 
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In order to further investigate where the transcription of the CSH1 mRNA occurred, 

HMEC-1 cells were exposed to ATD for 2 hours before the ATD was rigorously washed 

off. The HMEC-1 cell culture was incubated for a further 24 hours before CSH1 mRNA 

expression was quantified by qRT-PCR. These briefly treated and then washed HMEC-1 

cells continued to have significantly elevated expression of CSH1 (2.1-fold change, n=3) 

after a 24 hour culture in comparison to the HMEC-1 exposed to same amount of ATD for 

2 hours despite removing the trophoblast debris (Figure 4.14), again suggesting that the 

transcription of CSH1 occurs in the HMEC-1 cells themselves. 

Finally, to confirm whether the CSH1 was transcribed in HMEC-1 cells or delivered from 

the apoptotic trophoblast debris, newly synthesised RNA was isolated from HMEC-1 cells 

that been exposed to ATD for 2 or 24 hours using Click-iT® Nascent RNA Capture Kit. 

Newly transcribed RNA was also isolated from the matched ATD incubated in the absence 

of HMEC-1 cells at the same time points. Quantitative RT-PCR showed that HMEC-1 cells 

exposed to apoptotic trophoblast debris for either 2 or 24 hours synthesised nascent CSH1 

mRNA. In contrast, apoptotic trophoblast debris itself did not transcribe new CSH1 mRNA 

after either a 2 or 24 hour incubation (Figure 4.15). 
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Figure 4.14 Expression of CSH1 mRNA in HMEC-1 cells after 

exposure to apoptotic trophoblast debris 

Expression of CSH1 mRNA in HMEC-1 cells after exposure to apoptotic 

trophoblast debris (ATD) isolated from 3 individual placentae for 2 hours 

before extensively washing off the ATD, and continuing the HMEC-1 cell 

culture for 24 hours. Gene expression was normalized to the geometric 

mean of three housekeeping genes: RPLP0; ACTB and PPIA. Data are 

presented as median ± interquartile range from 3 independent experiments, 

* indicates P-value from Wilcoxon matched pairs signed rank test < 0.05. 

Untreated HMEC-1 cells, which do not express CSH1, were used as a 

negative control.  
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Figure 4.15 Newly synthesised RNA extracted from HMEC-1 cells after 

exposure to apoptotic trophoblast debris 

Newly synthesised RNA was extracted from apoptotic trophoblast debris 

(ATD, isolated from 3 individual placentae) cultured in the presence or absence 

of HMEC-1 cells for 2 or 24 hours and the levels of CSH1 were quantified by 

qRT-PCR. Untreated HMEC-1 cells were used as a negative control. Data are 

presented as median ± interquartile range.   
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4.7 Summary of the key experimental findings 

• The transcriptomic changes in HMEC-1 cells induced by either apoptotic or necrotic 

trophoblast debris were moderate and dynamic;  

• The differentially expressed genes in HMEC-1 cells after exposure to apoptotic 

trophoblast debris compared to untreated HMEC-1 cells at 2 hours were involved in the 

biological pathways including leukocyte migration; angiogenesis; vasculature 

development and anti-apoptosis; 

• The differentially expressed genes in HMEC-1 cells after exposure to apoptotic 

trophoblast debris for 21 hours compared to untreated HMEC-1 cells were involved in 

biological pathways including cell migration; embryonic organ development; 

transcription and epithelium development; 

• No significant biological pathways were identified from the genes differentially 

regulated between HMEC-1 cells exposed to apoptotic and necrotic trophoblast debris 

for either 2 or 21 hours; 

• Apoptotic but not necrotic trophoblast debris induced significantly increased secretion 

of IL-8 by HMEC-1 cells; 

• Apoptotic trophoblast debris significantly induced endothelial cell proliferation and 

tube formation capacity in vitro 

•  Apoptotic trophoblast debris induced de novo transcription of “placenta-specific” 

genes in HMEC-1 cells. 
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4.8 Discussion 

4.8.1 Overview 

Trophoblast debris is rapidly cleared from the maternal vasculature by an as yet poorly 

described mechanism that most likely involves maternal immune and endothelial cells 

(Askelund & Chamley, 2011; Pantham et al., 2011). The nature of this deported trophoblast 

debris is believed to influence the success of the pregnancy (Mincheva-Nilsson & Baranov, 

2014; D. Tannetta, Dragovic, Alyahyaei, & Southcombe, 2014). Previous studies have 

shown changes in individual proteins in endothelial cells and immune cells in response to 

trophoblast debris (Abumaree et al., 2012; Q. Chen et al., 2012). However, it is essential to 

more comprehensively understand the nature of the response of maternal endothelial cells 

to both apoptotic and necrotic placental trophoblast debris. Human gene expression arrays 

were employed to profile the transcriptomic changes taking place in cells of the 

microvascular endothelial cell line (HMEC-1 cells) after exposure to either apoptotic or 

necrotic trophoblast debris.  

4.8.2 First trimester trophoblast debris induced transcriptomic changes in HMEC-1 

cells 

Endothelial cells presented a moderate response to both apoptotic and necrotic trophoblast 

debris, as majority of the fold changes were within the range of log2 ±0.5 to log2 ±1. 

However, the response was dynamic with the expression of over 700 and 500 significantly 

regulated genes across both time points, but only less than 20 genes with overlapping 

changes at both 2 and 21 hours. That some genes were regulated at 2 hours but not at the 

later time point is consistent with the known dynamic response of endothelial cells to 

various activators (O'Carroll et al., 2015). Although expression of many genes was mildly 

regulated in the microarray experiments, this regulation was consistent as confirmed by 

qRT-PCR and also at the protein level as shown by the changes in IL-8 protein.  

Six genes were chosen to validate, by qRT-PCR, the results seen in the microarray analysis. 

One of these genes (CSF2) was only significantly regulated by apoptotic trophoblast debris 

at two hours, three genes (BIRC3, IL8 and ITGAV) were regulated at both time points and 

two genes (IFI27 and MMP1) were only regulated 21 hours after exposure of the cells to 

trophoblast debris. Quantitative RT-PCR analysis confirmed the directional changes shown 

in the microarray data (with the exception of IFI27 which was significantly increased only 

following a 21 hour but not 2 hour exposure to apoptotic trophoblast debris as indicated in 
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microarray analysis). Significantly increased secretion of IL-8 protein in the conditioned 

medium of endothelial cells after exposure to apoptotic but not necrotic trophoblast debris 

was also confirmed by ELISA. This protein translation further confirmed the 

transcriptomic changes by microarray data are reflected as functional changes in the 

endothelial cells. While the level of IL-8 transcripts was significantly increased at both 2 

and 21 hours after exposing the endothelial cells to trophoblast debris, the protein levels 

were only significantly increased 21 hours after exposure which is likely to represent the 

time delay required for the endothelial cells to synthesize and secrete adequate amounts of 

IL-8 for detection in the ELISA. 

4.8.3 Apoptotic trophoblast debris induced inflammatory response in endothelial cells 

Gene ontology analysis has indicated that apoptotic but not necrotic trophoblast debris 

induce inflammatory response in endothelial cells. It has also been demonstrated that 

apoptotic but not necrotic trophoblast debris induces the production of inflammatory 

cytokines and chemokines by endothelial cells at both the transcriptional and protein level. 

During pregnancy it is reported that there are increased levels of pro-inflammatory markers 

compared to the non-pregnant state and that there is a further increase in the inflammatory 

markers in preeclampsia (Challis et al., 2009; Mor, 2008; Sacks et al., 1998). Generally, it 

is considered that these markers are produced by the maternal immune cells, but the data 

presented in this Chapter has shown that maternal endothelium may also contribute to this 

inflammatory response during pregnancy. This supports the previous reports by others 

showing that that microparticles from lymphocytes or platelets can induce production of 

inflammatory and pro-coagulant mediators by endothelial cells (Mesri & Altieri, 1999).  

4.8.4 Apoptotic trophoblast debris induced endothelial cell angiogenic capacity in vitro 

It has been shown that apoptotic trophoblast debris has the ability to alter the behaviour of 

vascular endothelial cells by promoting both their proliferation and branching of tubules in 

vitro. While these are only in vitro assays, the results suggest that trophoblast debris could 

contribute to vasculature development and regeneration of the endothelium in response to 

the rapid increases in blood volume and vasodilation, with associated shear stress-related 

endothelial injury, that are characteristic of the normal maternal adaptation to pregnancy 

(Roberts et al., 1989). Others have previously suggested that microparticles derived from 

syncytiotrophoblast inhibit endothelial cell proliferation and induce apoptosis (Cockell et 

al., 1997; Hoegh et al., 2006; N. C. Smith et al., 1974). However, the microvesicles were 

obtained by mechanical disruption of term placentae, a technique which has been shown to 
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produce microparticles with non-physiological actions (Gupta et al., 2005). Furthermore, 

since the cardiovascular adaptations to pregnancy occur in the first trimester, the use of 

term placentae-derived TD or microparticles would be inappropriate to address the issue of 

maternal cardiovascular adaptation (Gupta et al., 2005). In support of this findings, a recent 

study demonstrated that placental exosomes, a smaller 100 nm sized vesicle population; 

from first trimester healthy placentae  promoted endothelial cell migration (Salomon et al., 

2014). 

The exact mechanism by which trophoblast debris induced endothelial proliferation and 

tubule branching in this study was not identified, but interestingly, several of the hormones 

whose genes were up-regulated in endothelial cells following exposure to trophoblast 

debris (CSH1, LEP, CGA, CSH2, INS-IGF2, IGF2, GAL) are involved in angiogenesis, 

raising the possibility that these up regulated hormones might be involved in the 

phenotypes seen (Clapp, Thebault, Jeziorski, & Martinez De La Escalera, 2009; 

Kontogeorgos & Kontogeorgou, 2003; H. Y. Park et al., 2001). Furthermore, the prominent 

up-regulation of the negative regulators of apoptosis including, BIRC3 and TNFAIP3 

(Table 4-4) as part of the endothelial cell response to trophoblast debris is also likely to 

promote endothelial cell survival and further supports the concept that trophoblast debris 

is likely to be one of the mechanisms the fetus uses to induce adaptation of the maternal 

cardiovascular system to pregnancy.  

4.8.5 Trophoblast debris induces de novo transcription of “placenta-specific” hormone 

in endothelial cells 

The observation that exposing endothelial cells to trophoblast debris resulted in the 

endothelial cells apparently expressing placenta-specific genes (e.g. CSH1/CSH2, CGA, 

PSG3, and PSG9) was intriguing. It suggests that trophoblast debris might be a mechanism 

that the fetus uses to expand the effective production capacity for placental 

hormones/products without the need to expend energy on expanding the size of the placenta 

itself. The up-regulation of these genes at the protein level was confirmed using an unbiased 

proteomics approach (Wei et al., 2016) but the possibility remained that this apparent 

expression of placenta-specific genes by the endothelial cells was due to contamination, at 

both the RNA and protein levels, by tightly adherent trophoblast debris that was not 

removed during the washing steps. However, that possibility seems very unlikely for 

several reasons: 1) the RNA in trophoblast debris is mostly fragmented and is of low 

quantity; 2) after two hours of exposure to trophoblast debris and subsequent removal of 
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the debris, the expression of CSH1 mRNA by endothelial cells continued to increase for a 

further 24 hours; 3) endothelial cells exposed to trophoblast debris steadily expressed CSH1 

mRNA for up to 48 hours while debris cultured alone for 48 hours in the absence of 

endothelial cells failed to express CSH1 mRNA. It was further confirmed that the 

trophoblast debris-exposed endothelial cells expressed nascent CSH1 by isolating the 

fraction of newly synthesised RNA from the endothelial cells after exposure to trophoblast 

debris. In contrast, trophoblast debris cultured without endothelial cells did not transcribe 

new CSH1 mRNA. In combination, these results suggest that regulatory factors, either 

RNAs or proteins, were transferred to the endothelial cells from the trophoblast debris and 

induced the transcription of placental genes in the endothelial cells. Of biological relevance 

to this study, it has been shown that CSH1 can induce endothelium dependent vasodilation 

through nitric oxide production (Gonzalez et al., 2015). Since nitric oxide is a key 

physiological vasodilator, the potential that trophoblast debris can induce maternal 

endothelial cells to produce human placental lactogen (CSH1), which subsequently may 

contribute to vasodilation, may therefore be important for the normal adaptation of the 

maternal cardiovascular system to pregnancy. 

Others have recently shown that trophoblast exosomes can transfer viral resistance via 

microRNAs from the placenta to other cell types (including endothelial cells and 

fibroblasts) (Delorme-Axford et al., 2013) and this could be one mechanism whereby 

trophoblast debris induced transcriptional and phenotypic changes in endothelial cells in 

this work. Although the mechanism by which trophoblast debris induced de novo placental 

gene expression in endothelial cells was not elucidated, this finding indicates that 

trophoblast debris is a mechanism used by the feto-placental unit to take control of maternal 

systems and adapt them to healthy pregnancy by regulating the vascular tone via 

endothelial cells in normal pregnancies.  

4.8.6 Summary 

In this Chapter, the effects of trophoblast macro-debris on endothelial cells were examined 

at the level of gene transcription as well as, at the levels of altered phenotypes and 

functional changes in the endothelial cells. It was shown that the transcriptomic changes in 

endothelial cells induced by trophoblast debris were moderate and dynamic. However, this 

study provided evidence that; 1) apoptotic trophoblast debris contributed to endothelial cell 

angiogenic capacity by inducing endothelial cell proliferation and tube formation capacity 
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and 2) apoptotic trophoblast debris induced endothelial cells to produce the placental 

hormone (CSH1), which may potentially contribute to vasodilation in pregnancy. 

Furthermore, transcriptomic changes indicated that apoptotic trophoblast debris can 

contribute to the systemic proinflammatory status in pregnancy by inducing the production 

of inflammatory molecules by endothelial cells.  

4.8.7 Conclusion 

In recent years most researchers working in the placental extracellular vesicles field have 

focused their attention on the role of trophoblast micro- and nano-vesicles/particles which 

are part of the spectrum of placental extracellular vesicles (Faas et al., 2010; S. J. Germain 

et al., 2007; Gupta, Rusterholz, Holzgreve, & Hahn, 2005; Hoegh et al., 2006; Salomon et 

al., 2014; Shomer et al., 2013). That the findings on the effects of macro-trophoblast debris 

on endothelial cells parallel published effects of trophoblast micro- and nano-

vesicles/particles suggests that regardless of the size of the debris, and therefore potentially 

the mechanism by which it is produced, trophoblast vesicles/debris from normal placentae 

have positive effects on the maternal endothelium (Salomon et al., 2014). These positive 

effects may help maternal vascular endothelial cells to react quickly to the stress caused by 

maternal blood volume expansion and increased shear stress during the maternal vascular 

adaptation to pregnancy. 

In conclusion, while for many years it was thought that trophoblast debris was simply part 

of a waste disposal system and that the debris was of little value (W. W. Park, 1975), it 

seems highly likely that trophoblast debris is a substantial contributor to the feto-maternal 

communication that is essential to the normal maternal cardiovascular adaptation to 

pregnancy. 
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5 Transcriptomic profile of endothelial cells after exposure to 

preeclamptic or normotensive trophoblast debris 

5.1 Introduction and Rationale 

It is acknowledged that factors derived from preeclamptic placentae are the trigger for the 

systemic maternal endothelial cell dysfunction seen in preeclampsia, since this disease is 

found only in pregnancy or trophoblast tumours and in the majority of cases, symptoms 

disappear after delivery of the fetus and its placenta (Dekker, 2014; Shah & Khalil, 2015). 

However, the nature of the placental trigger and the mechanism by which this pathological 

placental material causes endothelial cell dysfunction is still unknown.  

The presence of trophoblast debris in the maternal circulation and lungs is hypothesized to 

be a mechanism of feto-maternal signalling (Buurma et al., 2013; Salomon et al., 2014). In 

Chapter Four, the data suggested that trophoblast debris derived from normal first trimester 

placentae may contribute to maternal cardiac and vascular adaptation to normal 

pregnancies. However, during preeclampsia the normal physiologic adaptations of the 

maternal cardiovascular system do not occur (Szpera-Gozdziewicz & Breborowicz, 2014). 

To date, several studies have shown that preeclamptic extracellular vesicles of all sizes, 

including trophoblast debris, can inhibit endothelial cell proliferation, and induce the 

activation and apoptosis of endothelial cells (Y. Chen, Huang, Jiang, & Teng, 2012; Lok 

et al., 2012; Shen et al., 2014; Smarason et al., 1993; D. S. Tannetta et al., 2013). However, 

the molecular response of endothelial cells to preeclamptic placental extracellular 

vesicles/trophoblast debris has not been fully identified.  

Therefore, the aims of this work were 1) to profile the transcriptomic changes in HMEC-1 

cells after exposure to either preeclamptic or control trophoblast debris compared to 

untreated HMEC-1 cells; 2) to identify the differentially expressed genes in HMEC-1 cells 

after exposure to preeclamptic or normotensive trophoblast debris and the pathways in 

which these regulated genes participate.   
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5.2 Study cohort characteristics 

A total of seven placentae were collected for this work, including four preeclamptic 

placentae and three normotensive placentae. The characteristics of the study population, 

including maternal age, parity, gestational age at birth, blood pressure (systolic pressure 

and diastolic pressure), proteinuria (> 0.3 g/day), are shown in Table 5-1. There were no 

significant differences in maternal age, gestational age at birth between two groups. Blood 

pressure (systolic pressure and diastolic pressure) as well as, urine protein levels were 

significantly higher in the preeclampsia group compared to the control group (p< 0.01). 

Table 5-1 Characteristic of the study cohort 

 Preeclampsia (n=4) Control (n=3) 

Maternal age (years) 29± 2.65 28.7 ± 3.1 

Gestational age at birth (weeks) 37.05 ± 2.53 38.5 ± 0.42 

Systolic blood pressure (mm Hg) 147 ± 10.5 102.5 ± 7.89 ** 

Diastolic blood pressure (mm Hg) 91± 11.82 75 ± 2.71 ** 

Proteinuria ( > 0.3 g/day) 4/4 (100%) 0/4 (0%) ** 

Onset gestational week 35.7± 2.91 N/A  

**- P value <0.01 
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5.3 The experimental design 

To achieve the aims of this Chapter, trophoblast debris was collected from four 

preeclamptic placentae and three gestation matched healthy control placentae, HMEC-1 

cells were exposed to either preeclamptic or control trophoblast debris for 21 hours. The 

transcriptomes of HMEC-1 cells after exposure to preeclamptic or normotensive 

trophoblast debris were first compared to untreated HMEC-1 cells using Affymetrix 

PrimeView arrays, and then compared to each other. Therefore, three comparison groups 

were considered in the analysis (Figure 5.1). 

 

Figure 5.1 Comparisons between all conditions 

The transcriptomes of all conditions were compared to each other, hence there were 

three comparison groups. The direction of the comparisons is indicated by the 

arrows. PE: preeclamptic, TD: trophoblast debris 
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5.4 Microarray analysis of HMEC-1 cells after exposure to preeclamptic or 

control trophoblast debris  

5.4.1 Quality control for the RNA and microarrays  

All RNA samples passed QC using an Agilent bioanalyzer 2100 system with RNA integrity 

number (RIN) greater than 9.9, then sent to NZGL, Centre for Genomics and Proteomics, 

School of Biological Sciences, University of Auckland, where the microarray and initial 

bioinformatics analysis was performed. 

In order to check the integrity of the microarray data, boxplots of the raw data were 

generated to examine the distribution between arrays (Burgoon et al., 2005). These plots 

demonstrated an uneven distribution and inter-quartile range of raw perfect match probes 

(PM) log-intensities between the 10 arrays (Figure 5.2A), which suggested a pre-

normalization before differential expression analysis was required. Consequently, the raw 

data was then pre-processed and normalized using Robust Multi-array Average (RMA) 

from the R Bioconductor package “affy” (Gautier, Cope, Bolstad, & Irizarry, 2004). In 

order to assess the adequacy of this normalization, further box and whisker plots were 

generated from the normalized data, and this showed that all the post-normalized arrays 

had a similar distribution and interquartile range of the underlying intensity distribution 

(Figure 5.2B), which suggested that the normalised data from the arrays could be 

compared. 

In order to visualize the comparative capacity between each array after normalization, an 

array correlation plot was generated based on the correlation co-efficiency (Figure 5.3). 

The correlation co-efficiency is a computed quantitative measure for statistical 

relationships between each pair of arrays in the dataset. This showed that all normalized 

arrays were relatively well correlated, with the lowest co-efficiency being 0.82. However, 

array 6 (HMEC-1 cells exposed to preeclamptic trophoblast debris) had much poorer 

correlation with all other arrays (0.82 vs. 0.96), indicating that array 6 was less comparable 

than the other six arrays. Therefore, array 6 was removed for the differential expression 

analysis. 
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Figure 5.2 Box and whisker plots of the log2-transformed 

microarray data 

Box and whisker plots were generated to examine the 

distribution of the feature intensities of the microarray data 

before (A) and after (B) normalization. Individual 

microarrays are displayed on the x-axis, while the y-axis 

represents feature intensity values.  
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The correlation coefficient is a computed quantitative measure for statistical relationships 

between each pair of arrays in the dataset. The correlation plot is presented on a coloured 

matrix, with the range of co-efficiency presenting next to the main plot (The red indicates the 

lowest correlation). The X and Y axis represent all the arrays in the dataset. 

  

Figure 5.3 Correlation plot of the RMA normalized microarrays 
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5.4.2 Differential expression analysis of the transcriptomes in all comparison groups 

Potential differentially expressed probes were identified using the statistical program R and 

package Limma (Smyth, 2005). The log-fold changes were estimated using a linear model 

and the P-value was adjusted for multiple testing using the Benjamini-Hochberg method 

(Benjamini & Hochberg, 1995).  

In order to determine the most appropriate level of significance to generate lists of 

significantly regulated probes in each comparison group, the analysis was initially 

preformed based on an adjusted p value of < 0.05 or of < 0.01 (Table 5-2). With the cut off 

set at an adjusted P-value < 0.05, the expression of 3592 probes was significantly regulated 

in comparison A (Figure 5.1, preeclamptic trophoblast debris exposed HMEC-1 vs. 

untreated HMEC-1 cells). With the cut off set at an adjusted P-value < 0.01, the expression 

of 752 probes was significantly regulated in the same comparison group. Therefore, in 

order to study a more significant and smaller gene cohort, an adjusted P-value of < 0.01 

was chosen as the cut off value.  

Table 5-2 Numbers of significantly regulated probes in all comparison groups with 

different adjusted P-values 

Comparison 

groups 

Numbers of significantly 

regulated transcripts 

(adjusted P value ≤ 0.05) 

Numbers of significantly 

regulated transcripts 

(adjusted P value ≤ 0.01) 

Comparison A 3592 752 

Comparison B 2286 413 

Comparison C 0 0 

  

http://en.wikipedia.org/wiki/Yoav_Benjamini
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The fold change value applied in this study was ± 2. Applying cut off points of both an 

adjusted P-value of < 0.01 and a fold change ≥ ± 2, resulted in:  

1) 79 up-regulated and 169 down-regulated probes in comparison A (Figure 5.1, 

preeclamptic trophoblast debris exposed HMEC-1 cells vs. untreated HMEC-1 cells);  

2) 65 up-regulated and 98 down-regulated probes in comparison B (Figure 5.1, 

preeclamptic trophoblast debris exposed HMEC-1 cells vs. control trophoblast debris 

exposed HMEC-1 cells);  

3) No probes were significantly altered in comparison C (Figure 5.1, control trophoblast 

debris exposed HMEC-1 cells vs. untreated HMEC-1 cells, note that there were also no 

differentially expressed probes at a cut off value of an adjusted P-value < 0.05) 

The full lists of differentially regulated probes in 1) HMEC-1 cells exposed to preeclamptic 

trophoblast debris compared to untreated HMEC-1 cells; and 2) HMEC-1 cells exposed to 

preeclamptic trophoblast debris compared to HMEC-1 cells exposed to control trophoblast 

debris are included in Appendix 2.1 and 2.2. 

In order to compare the differentially regulated probes in comparisons A and B, the probes 

that showed same directional changes in comparisons A and B were plotted on a Venn 

diagram (Figure 5.4). The majority of the regulated probes in comparison B overlapped 

with the regulated probes in comparison A, further supporting the evidence from 

comparison C that control trophoblast debris didn’t induce any significant changes in the 

HMEC-1 transcriptome.  
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Figure 5.4 Overlap of probes differentially regulated in comparison A and B 

Venn diagram showing the overlap of the differentially expressed probes in the comparison A and B. The probes were divided by the directional 

changes: up-regulation (A) or down-regulation (B). Numbers of the regulated probes are labelled in the corresponding area. 
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Since endothelial cells exposed to control trophoblast debris is a better biological control 

for the response of endothelial cells to preeclamptic trophoblast debris, the comparison B 

was the main focus for the remainder of this work (preeclamptic trophoblast debris exposed 

HMEC-1 vs. control trophoblast debris exposed HMEC-1, Figure 5.1). A heat map was 

plotted based on the top 100 most abundant hierarchically-clustered logarithmically-

transformed median gene expression ratios in comparison B (Figure 5.5). The clustering 

visually confirmed that HMEC-1 cells exposed to preeclamptic trophoblast debris 

presented different transcriptomes compared to HMEC-1 cells exposed to control 

trophoblast debris. The top 10 up- and down-regulated probes are listed in Table 5-3. It is 

important to note that 2 probes: 11759749_at and 11729232_s_at, both targeted at Kruppel-

Like Factor 3 (KLF3), were shown to be up- and down- regulated in comparison B 

respectively. The validation for these probes will be presented in section 5.5. 

To further classify the differentially regulated genes in the comparison B, the regulated 

genes were grouped into 6 clusters based on their functionality, including cytoskeleton, 

zinc finger, transcription regulation, ATP - binding, sodium ion transport and 

transmembrane (Table 5-4). Inflammatory-related genes were not significantly regulated 

according to this microarray. 

Subsequently, gene ontology enrichment analysis was performed based on the 

differentially regulated genes comparing HMEC-1 cells exposed to preeclamptic 

trophoblast debris or to control trophoblast debris, using Gene Ontology (Ashburner et al. 

2000). This analysis indicated that these differentially regulated genes were mainly 

involved in histone modification, negatively regulation of DNA metabolic process and 

cellular macromolecular metabolic process (Table5-5). All of which were related to 

negatively regulation of transcription, as a consequence of cellular DNA damage.  
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Figure 5.5 Heat map diagram showing the expression levels of the top 100 

differentially expressed genes in the comparison B 

The rows of the map represent differentially expressed genes. The individual arrays are 

shown as columns. The colour represents the expression level of the gene where red 

represents high expression and blue represents low expression.   

+PE                      +control  
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Table 5-3: Top 10 up-and down-regulated probes in comparison B 

 Up-regulated Down-regulated 

Comparison B 

SEC24A,MKL2,PALM, 

KLF3(11759749_at),CREB3L2, 

ATF7IP,HBG1,TET2,RSRP1, 

HBP1 

VAPA,FILIP1L,EIF5,LCMT2, 

PSPC1,KLF3(11729232_s_at), 

PCF11,MIR22 /// 

MIR22HG,MAT2A,DIDO1 

 

Table 5-4 Gene functional clustering of differentially expressed genes in comparison B 

Gene cluster Genes 
Enrichme

nt score 

Cytoskeleton DISC1,FILIP1L,SMEK2,CEP192 3.42 

Zinc-finger 

ZNF37A,DIDO1,ZNF652,ZNF827,NANOS1,ZCCHC6, 

KLF3,PHF23,MKRN1,MKRN3,ZNF544,ZNF594,KLF7, 

ZC3H4,PHF12,ZC3HAV1,ZNF480,RYBP,ZNF789 

2.68 

Transcription 

regulation-DNA 

dependent 

PHF12,BPTF,RYBP,KLF7,ATF7IP,RBPJ,FOXP1 2.57 

ATP-binding 
TRIO,MTPAP,RIOK2,LATS1,STK17B,DAPK1,PANK3, 

MAP3K8,EEF2K,ABL2,MCM9 
1.84 

Sodium ion 

transport 
SLC38A9,SLC38A6,SLC22A4,SLC12A6 0.69 

Transmembrane 

region 
CNST,TM2D2,AVL9,SFT2D3 0 

 

  

http://www.uniprot.org/keywords/KW-0863
http://www.uniprot.org/keywords/?query=transcription%20regulation
http://www.uniprot.org/keywords/?query=transcription%20regulation
http://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0006814
http://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0006814
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Table 5-5 Gene ontology enrichment analysis of differentially regulated transcripts 

Gene ontology term Genes * P-value 

Histone modification 

GO:0016570 

JADE2,RYBP,ARID5B,ATM,JADE1,PRKCA,TET2, 

EYA3,HDAC4,KMT2A,SUV420H1,PRMT6,ATXN3 
9.82E-03 

DNA metabolic 

process 

GO:000625 

SPRTN,TBRG1,GEN1,ATM,TRDMT1,TET2,BRIP1, 

JMY,EYA3,KMT2A,EXO5,MCM9,RBPJ,ERCC4, 

ATF7IP,PRMT6,DSCC1,FANCA,FOXP1,ATXN3 

4.45E-03 

Negative regulation of 

cellular 

macromolecule 

biosynthetic process 

GO:2000113 

AJUBA,DKK1,WWP2,ZBTB21,RYBP,NANOS1, 

ARID5B,FLCN,HNRNPD,BPTF,MPHOSPH8, 

GCFC2,PSPC1,MDM2,HDAC4,DAPK1,CAPRIN1, 

HNRNPA1,RBPJ,ATF7IP,PRMT6,NEDD4L,PHF12,BTR

C,TNRC6A,FOXP1 

2.26E-02 

Negative regulation of 

nucleobase-containing 

compound metabolic 

process 

GO:0045934 

AJUBA,DKK1,WWP2,ZBTB21,RYBP,PALM, 

ARID5B,FLCN,BPTF,ATM,TNKS,MPHOSPH8, 

GCFC2,PSPC1,PRKCA,MDM2,HDAC4,HNRNPA1,RBPJ

,ERCC4,SCAI,ATF7IP,PRMT6,NEDD4L, 

PHF12,BTRC,FOXP1 

1.54E-02 

*: Genes labelled with red are the genes being up-regulated in the comparison B 

(preeclamptic trophoblast debris exposed HMEC-1 cells vs. control trophoblast debris 

exposed HMEC-1 cells.) 

  

http://amigo.geneontology.org/amigo/term/GO:0006259
http://amigo.geneontology.org/amigo/term/GO:0006259
http://amigo.geneontology.org/amigo/term/GO:2000113
http://amigo.geneontology.org/amigo/term/GO:2000113
http://amigo.geneontology.org/amigo/term/GO:2000113
http://amigo.geneontology.org/amigo/term/GO:2000113
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5.5 Validation of the microarray data by qRT-PCR 

In order to validate the changes in gene expression shown by microarray analysis, HMEC-

1 cells were exposed to either preeclamptic or control trophoblast debris for 21 hours and 

changes in 10 genes that were differentially expressed in the microarray analysis were 

quantified by qRT-PCR. The ten genes included in the qRT-PCR validation were; CAMP 

Responsive Element Binding Protein 3-Like 2 (CREB3L2), Myocardin Like 2 (MKL2), 

Paralemmin (PALM), Death Associated Protein Kinase 1 (DAPK1), Serine/Threonine 

Kinase 17B (STK17B), Protein Kinase C Alpha (PRKCA), Junction Mediating and 

Regulatory Protein, P53 Cofactor (JMY), Methionine Adenosyl transferase 2A (MAT2A), 

Death Inducer-Obliterator 1 (DIDO1) and PCF11 Cleavage and Polyadenylation Factor 

Subunit (PCF11). These 10 genes were chosen based on the magnitude and directional 

changes of their expression in the microarray analysis: According to microarray analysis, 

the expression of CREB3L2, MKL2, PALM, DAPK1, STK17B, PRKCA and JMY were 

significantly up-regulated, and the expression of MAT2A, DIDO1 and PCF11 were 

significantly down-regulated in HMEC-1 cells after exposure to preeclamptic trophoblast 

debris compared to HMEC-1 cells exposed to control trophoblast debris. 

Quantitative RT-PCR analysis confirmed that preeclamptic trophoblast debris significantly 

up-regulated the expression of CREB3L2 (3.66 fold change, p < 0.05, n=3), MKL2 (3.02 

fold change, p < 0.05, n=3), PALM (15.63 fold change, p < 0.001, n=3), DAPK1 (2.56 fold 

change, p < 0.02, n=3), while it also significantly down-regulated the expression of MAT2A 

(−4.62 fold change, p < 0.03, n=3), DIDO1 (−10.82 fold change, p < 0.03, n=3) in HMEC-

1 cells compared to HMEC-1 cells exposed to control trophoblast debris (Figure 5.6). 

While these four out of seven, and two out three genes were validated to be significantly 

up- and down-regulated, respectively, the other four genes that were regulated in the array 

experiments did not show statistically significant changes in the qRT-PCR analysis (Figure 

5.6). 

Furthermore, in order to address the issue that two probes, both targeted at KLF3, which 

showed opposite directional changes in the microarray experiment comparing the effects 

of preeclamptic to normal debris on endothelial cell transcription, two separate PCR primer 

sets were designed according to the sequence of each probe, and validated the expression 

of these two probes in HMEC-1 cells after exposure to preeclamptic trophoblast debris 

compared to HMEC-1 cells exposed to control trophoblast debris (Figure 5.6). Quantitative 

RT-PCR confirmed that preeclamptic trophoblast debris significantly up-regulated the 
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expression of probe 11759749_at (2.90 fold change, p < 0.05, n=3), and significantly down-

regulated the expression of probe 11729232_s_at (-7.54 fold change, p < 0.01, n=3) in 

HMEC-1 cells compared to control trophoblast debris exposed HMEC-1 cells, indicating 

that the transcript variants of the transcription factor, KLF3, might be regulated in different 

directions by preeclamptic trophoblast debris.  
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Figure 5.6 Validation of gene regulation in HMEC-1 cells after exposure to 

preeclamptic trophoblast debris compared to HMEC-1 cells after exposure to 

control trophoblast debris by qRT-PCR 

Expression of 11 mRNAs in HMEC-1 cells after exposure to either preeclamptic or 

control trophoblast debris was quantified by qRT-PCR. The expression of each gene was 

normalized to the geometric mean of three reference genes (RPLP0; ACTB and PPIA). 

The bar graph represents the fold change for the expression of mRNA in HMEC-1 cells 

exposed to preeclamptic trophoblast debris compared to HMEC-1 cells exposed to 

control trophoblast debris analysed by either qRT-PCR or microarray. Data are presented 

as median ± interquartile range. * indicates P-value from Mann Whitney test < 0.05; ** 

indicates PMann < 0.01.  
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5.6 Preeclamptic trophoblast debris induces oxidative stress in HMEC-1 

cells 

Gene ontology enrichment analysis suggested that there was a cellular DNA damage-

response taking place in HMEC-1 cells after exposure to preeclamptic trophoblast debris 

(Table 5-5). However, what induced the DNA damage in HMEC-1 cells was not identified. 

Oxidative stress is one known factor that can induce cellular DNA damage (Cooke, Evans, 

Dizdaroglu, & Lunec, 2003), therefore it was hypothesized that preeclamptic trophoblast 

debris induced the generation of reactive oxygen species (ROS) in HMEC-1 cells and 

consequently induced the cellular DNA damage-response and its representative gene 

regulations observed by microarray (Figure 5.7). 

 

Figure 5.7 Hypothesized development of cellular DNA damage in HMEC-1 

cells after exposure to preeclamptic trophoblast debris. 

It was hypothesized that oxidative stress induced by preeclamptic trophoblast 

debris in HMEC-1 cells contributed to the DNA damage and the consequence 

gene regulations observed by microarray. TD= trophoblast debris  

  

Oxidative stress 
in HMEC-1 cells 
after exposure to 
preeclamptic TD

DNA damage 
response in 

HMEC-1 cells

Regulation of 
transcription-
related genes 
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Cellular levels of reactive oxygen species (ROS) in endothelial cells were dynamically 

assessed after exposure to preeclamptic trophoblast debris during a 21 hour time course. In 

order to do so, HMEC-1 cells were exposed to preeclamptic or control trophoblast debris 

over a 21-hour time course in the presence of a fluorescent oxidative stress probe, cellROX 

deep red. The fluorescence intensity was measured in the live culture.  

Compared to control trophoblast debris, preeclamptic trophoblast debris induced 

significantly higher levels of ROS in HMEC-1 cells after 1 hour exposure (370.5 vs. 257.5 

fluorescent intensity, n=4, Pt-test < 0.02), this difference increased over time until 21 hours 

(5934.5 vs. 991 fluorescent intensity, n=4, Pt-test < 0.0001) (Figure 5.8).  
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Figure 5.8 The level of cellular reactive oxygen species (ROS) induced in HMEC-1 

cells by exposure to preeclamptic or control trophoblast debris 

HMEC-1 cells were exposed to preeclamptic or control trophoblast debris (n=4) in the 

presence of CellROX deep red fluorescent probe in the cell culture over a 21-hour time 

course. The fluorescence intensity was measured in the live cultures at 1, 3, 7 and 21 hours. 

Untreated HMEC-1 was used as a control at each time point. Data are presented as median 

± interquartile range. Unpaired t-test was applied to examined the statistically significant 

difference between three groups. PE: Preeclamptic; TD= Trophoblast debris  
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5.7 Summary of the key experimental findings 

• Trophoblast debris from third trimester normal placentae did not induce any 

significant changes in the transcriptome of HMEC-1 cells; 

• There were 65 up-regulated and 98 down-regulated probes in preeclamptic 

trophoblast debris exposed HMEC-1 cells compared to control trophoblast debris 

exposed HMEC-1 cells; 

• The differentially regulated genes in HMEC-1 cells after exposure to preeclamptic 

trophoblast debris compared to HMEC-1 cells exposed to control trophoblast debris 

were classified into 6 clusters: cytoskeleton, zinc finger, transcription regulation, ATP 

- binding, sodium ion transport and transmembrane and are involved in negatively 

regulation of cellular DNA metabolic process; 

• Preeclamptic trophoblast debris did not induce the expression of inflammatory related 

genes in HMEC-1 cells in vitro compared to control trophoblast debris; 

• The expression of 8 out of 11 differentially regulated genes was confirmed by qRT-

PCR, including two probes both targeted at KLF3 showing different directional 

changes; 

• Trophoblast debris from preeclamptic placentae induced significant reactive oxygen 

production in HMEC-1 cells compared to control trophoblast debris. 
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5.8 Discussion 

5.8.1 Overview 

It is generally accepted that placental material, including trophoblast debris, from 

preeclamptic pregnancies causes maternal endothelial cell dysfunction, including 

activation and apoptosis as part of the pathogenic process leading to preeclampsia (Q. Chen 

et al., 2013; Cockell et al., 1997; Q. Gao et al., 2016; Shomer et al., 2013). However, the 

underlying mechanism is not fully understood. This work aimed to identify how endothelial 

cells respond differently to trophoblast debris from preeclamptic or healthy third trimester 

placentae, in order to further elucidate the mechanism by which preeclamptic trophoblast 

debris may contribute to maternal endothelial cell dysfunction resulting in preeclampsia. 

5.8.2 Trophoblast debris from normotensive third trimester pregnancies did not alter 

endothelial cell gene expression 

This microarray analysis showed that trophoblast debris isolated from healthy third 

trimester placentae did not alter gene expression in endothelial cells in vitro (relative to 

untreated endothelial cells). This finding was rather unexpected, as in Chapter Four it was 

demonstrated that trophoblast debris isolated from healthy first trimester placentae had the 

capacity to substantially alter the transcriptome of endothelial cells and induced changes in 

genes relating to inflammatory responses, proliferation and angiogenesis as well as, 

upregulating placenta-specific gene expression in the endothelial cells. Those results were 

interpreted as effects of first trimester trophoblast debris on the maternal endothelium that 

might help to promote the maternal adaptation to pregnancy. Therefore, it was 

hypothesized that trophoblast debris from healthy third trimester placentae would have 

somewhat similar effects on endothelial cells.  

There are several possible explanations as to why trophoblast debris from normal term 

placentae did not induce significant changes in the transcriptome of endothelial cells in this 

study. Firstly, it is possible that the arrays/experiments failed technically. However, this 

seems unlikely as this microarray has been robustly validated by qRT-PCR. The PCR 

primers specific to each probe applied in the microarrays were designed and the expression 

of each of the individual probes was confirmed. Secondly, it is also possible that the RNA 

isolated from the endothelial cells exposed to normal trophoblast debris was of inadequate 

quality, but that is unlikely give the RIN scores were all greater than 9.9. Thirdly, it could 

also be that by chance the three normal placentae used in this study were not representative 
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of the wider population and that increasing the sample size would have meant 

transcriptomic changes could be detected, as a heat map generated based on the gene 

expression abundance of endothelial cells after exposure to control trophoblast debris 

showed variations within the group (data not presented).  

Alternatively, it is possible that normal term trophoblast debris, unlike first trimester debris, 

does not induce changes in the transcriptome of endothelial cells. There is controversy 

regarding the effects of healthy third trimester placental extracellular vesicles on 

endothelial cell behaviour in the literature. Some studies reported placental microvesicles 

isolated from healthy third trimester placentae can inhibit endothelial cell proliferation 

(Gupta et al., 2005; Gupta et al., 2008). While others have reported that total population of 

plasma extracellular vesicles isolated from normotensive third trimester pregnant women, 

including placental microvesicles and exosomes, increased endothelial cell migration and 

angiogenetic capacity, while also decreasing apoptosis (Salomon et al., 2014; Shomer et 

al., 2013). However, placental vesicles make up only a small proportion of extracellular 

vesicles in plasma and these effects may not be directly related to placental vesicles. The 

discrepancies between those reports and this work may be because none of those studies 

(above) investigated the effects of trophoblast debris (macro vesicles) on endothelial cells. 

Currently there is no consensus of how maternal endothelial cells interact with placental 

extracellular vesicles produced by different gestational aged placentae. However, 

increasing evidence suggests that trophoblast extracellular vesicles, including trophoblast 

debris, are beneficial for the maternal adaptation to pregnancy (Chamley et al., 2011; Wei 

et al., 2016).  

There is abundant research looking at the differential gene expression profiles between 

placentae from healthy pregnancies compared to complicated pregnancies, however, 

differences in gene expression during normal placental development are still not fully 

elucidated. The placenta undergoes profound molecular changes from the first to third 

trimesters to suit the changing demands of the fetus (Mikheev et al., 2008), and in response 

to increasing oxygenation when the trophoblast plugs that block the spiral arteries disperse 

at the end of the first trimester. As a consequence, genes related to trophoblast cell 

proliferation and angiogenesis were reported to be less active in third trimester placentae 

compared to first trimester placentae (Gharesi-Fard, Zolghadri, & Kamali-Sarvestani, 

2015; Sitras, Fenton, Paulssen, Vartun, & Acharya, 2012). Major changes in the maternal 

cardiovascular system occur during the first trimester, but by the middle of the third 
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trimester, total blood volume and cardiac output reach their plateau. A longitudinal study 

of the effect of plasma-derived extracellular vesicles from pregnant women, on endothelial 

cell migration, has also supported this, showing that circulating exosomes isolated from 

third trimester pregnant women lost their capacity to induce endothelial cell migration 

compared to exosomes isolated from first trimester women (Salomon et al., 

2014).Therefore, it seems understandable that trophoblast debris derived from third 

trimester placentae would have much less effect on maternal endothelial cell gene 

expression and behaviour than debris from the first trimester. However, this hypothesis 

needs further validation. 

5.8.3 The genes regulated in endothelial cells after exposure to preeclamptic 

trophoblast debris were involved in a cellular DNA damage-response 

The gene ontology enrichment analysis of the differentially regulated genes in HMEC-1 

cells after exposure to preeclamptic trophoblast debris compared to HMEC-1 cells exposed 

to control trophoblast debris indicated that, many of these genes were involved in histone 

modification, inhibition of transcription, such as negative regulation of DNA metabolic 

process and macromolecular synthesis.  

Histone modifications regulate transcription through modifying the accessibility of DNA, 

but not alter the underlying base sequence of the gene. The modifications are mediated 

through methylation, acetylation, phosphorylation, ubiquitination and deoxyadenosine-5-

diphosphate (dADP) ribosylation (D'Amours, Desnoyers, D'Silva, & Poirier, 1999; Fuks, 

Hurd, Deplus, & Kouzarides, 2003; Klose & Bird, 2006). The common consequence of 

histone modification is the inhibition of transcription (Hunt et al., 2013; Misri, Pandita, 

Kumar, & Pandita, 2008). It is well-documented that the histone modification and its 

consequent inhibition of transcription are one of the major features of DNA damage 

response (Heine, Horwitz, & Parvin, 2008; Utley, Lacoste, Jobin-Robitaille, Allard, & 

Cote, 2005) .  

Furthermore, the cellular responses following such inhibition of transcription are referred 

to as the transcription stress response (TSR), and this response may include accumulation 

of nuclear export proteins in nucleus, DNA repair, induction of apoptosis and nuclear 

accumulation of the p53 tumour suppressor protein (P53) (Ljungman, 2007). P53 has been 

demonstrated to mediate cell cycle arrest (Kastan, Onyekwere, Sidransky, Vogelstein, & 

Craig, 1991) and induce cell apoptosis in response to DNA damage (Clarke, Purdie, 
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Harrison, & Morris, 1993; Kastan et al., 1991). A previous study reported that the 

proliferation of human umbilical cord vein endothelial cells (HUVECs) was significantly 

inhibited by plasma from preeclamptic pregnancies (Smárason et al., 1996), and this growth 

inhibition was mediated by up-regulation of P53, which induced G1 arrest and initiated 

apoptosis (Q. Gao et al., 2016). These reports combined with the data above showing that 

endothelial cells undergo transcriptional changes that likely reflect a DNA-damage 

response suggest that preeclamptic placentae might produce factors that can induce DNA 

damage and transcriptional dysregulation in maternal endothelial cells, with adverse 

consequences for those endothelial cells. It appears that these factors are contained both in 

maternal plasma, which is likely to include placental vesicles, and trophoblast debris. 

5.8.4 Preeclamptic trophoblast debris does not induce inflammatory-related 

transcriptomic changes in endothelial cells 

It is commonly accepted that preeclampsia is associated with an excessive systemic 

inflammatory response, characterised by elevated levels of inflammatory cytokines, such 

as TNF-α and IL-6, in the maternal circulation(Lau et al., 2013). This exaggerated 

inflammatory response is thought to contribute to the pathophysiology of preeclampsia (C. 

W. Redman et al., 1999; Sacks et al., 1998). Therefore, this study aimed to investigate 

whether endothelial cells can contribute to this elevated inflammatory response to 

preeclamptic trophoblast debris or not. The microarray and gene ontology enrichment 

analysis did not reveal any significant changes in the regulation of inflammatory genes in 

endothelial cells following exposure to preeclamptic trophoblast debris. At first glance this 

result was surprising, but in Chapter Three it was demonstrated that the increased IL-1 in 

the conditioned medium from endothelial cells after exposure to necrotic trophoblast debris 

was released directly from the necrotic trophoblast debris rather than from the endothelial 

cells (Wei et al., 2015). It is possible that like necrotic trophoblast debris, preeclamptic 

trophoblast debris is the main source for pro-inflammatory cytokines. Alternatively, it may 

be that exposing preeclamptic trophoblast debris to endothelial cells causes the release of 

stored inflammatory mediators from the endothelial cells without the need for transcription. 

A technical limitation of this work was that endothelial cells responses to preeclamptic 

trophoblast debris were examined only at a single time point. It is well known, and 

reinforced in the data from Chapter Four, that endothelial cell responses to activating 

stimuli, including trophoblast debris, are dynamic. It may be that there were changes in the 
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transcription/production of inflammatory mediators by the endothelial cells at either earlier 

or later time points than the 21 hours that I examined.  

While endothelial cell activation is hypothesized to contribute to the maternal 

inflammatory response (C. W. Redman et al., 1999), there are abundant reports showing 

systemic activation of maternal immune cells, such as granulocytes and monocytes, during 

preeclampsia. Additionally, a previous report demonstrated that activation of endothelial 

cells by sera from preeclamptic patients required the presence of monocytes (Barden et al., 

1997; Berge, Østensen, & Revhaug, 1988; Faas et al., 2010; I. Greer, Haddad, Dawes, 

Johnstone, & Calder, 1989).Those reports suggest that maternal immune cells are a major 

contributor to the excessive inflammatory response in preeclampsia, and it seems likely 

from those reports and the data presented in this chapter that endothelial cells play a lesser 

role in the systemic inflammatory response than maternal immune cells. This contention is 

supported by two studies that showed that, neither microparticles isolated from 

preeclamptic plasma, nor preeclamptic plasma (which contains micro and nanovesicles), 

could alter the expression of inflammatory genes in endothelial cells (Donker et al., 2005; 

Lok et al., 2006).   

5.8.5 Preeclamptic trophoblast debris induces reactive oxygen production by 

endothelial cells 

Oxidative stress is one factor known to induce DNA damage (Cooke et al., 2003; Sinha & 

Häder, 2002). Since the gene otology enrichment analysis strongly suggested that 

endothelial cells underwent a DNA damage response after exposure to preeclamptic 

trophoblast debris, whether preeclamptic trophoblast debris induced excessive reactive 

oxygen species that would result in oxidative stress in the endothelial cells and consequent 

DNA damage was examined. It was confirmed that preeclamptic trophoblast debris can 

induce significantly higher levels of reactive oxygen species (ROS) in endothelial cells, 

which could potentially cause DNA damage in endothelial cells and consequently lead to 

the transcriptional regulation observed by microarray.  

During normal pregnancies, the generation of ROS in placental tissue and in the maternal 

circulation was demonstrated to increase over gestation (Egberts, 1999; C. Redman & 

Sargent, 2000). This well-controlled oxidative stress is necessary for physiological 

adaptation to pregnancy as it up-regulates the production of anti-oxidants involved in 

placental development (Jauniaux, Hempstock, Greenwold, & Burton, 2003; Jauniaux, 
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Poston, & Burton, 2006; X. Yang, Guo, Li, Chen, & Tong, 2012). However, during 

preeclampsia, excessive ROS is produced in placenta due to insufficient placentation and 

ischemia-reperfusion injury (Hung & Burton, 2006; Roberts & Hubel, 1999). Therefore, I 

hypothesized that trophoblast debris isolated from preeclamptic placentae would contain 

substantially more ROS. However, that was not the case since the ROS levels in endothelial 

cells after exposure to preeclamptic or control trophoblast debris were similar at the early 

time points in the cell ROX assays. Unexpectedly, ROS production in response to 

preeclamptic but not control debris increased dramatically with time, suggesting that the 

ROS was generated by the endothelial cells in response to factors in the preeclamptic 

trophoblast debris. This result agrees with previous published data, showing that 

intracellular ROS production in endothelial cells was increased following exposure to sera 

isolated from preeclamptic patients (Matsubara, Matsubara, Hyodo, Katayama, & Ito, 

2010; Qian, Li, Wang, He, & Fang, 2013).  

The mechanism of this generation of ROS in endothelial cells is not yet known. However, 

there were some studies using animal model showed that miRNAs could play an important 

role in development of ROS-driven cardiomyopathy and vasculogenesis of preeclampsia 

(Kyrychenko et al.,2015; Yan et al., 2014). 

Excessive intracellular ROS can inhibit the expression and function of endothelial NO 

synthase (eNOS) (Farrow et al., 2008), therefore reduce the bioavailability of nitric oxide 

(NO) and lead to endothelial cell dysfunction and vasoconstriction as observed in 

preeclampsia (Baker, Davidge, & Roberts, 1995). In addition, excessive ROS can trigger 

oxidative DNA damage (Borodkina, Shatrova, Abushik, Nikolsky, & Burova, 2014; Ding, 

Hudson, & Liu, 2005; Luo, Yang, Schulte, Wargovich, & Wang, 2013; Ruiz-Ramos, 

Lopez-Carrillo, Rios-Perez, De Vizcaya-Ruiz, & Cebrian, 2009; V. Sharma, Anderson, & 

Dhawan, 2012; Weitzman, Turk, Milkowski, & Kozlowski, 1994), which may lead to 

cellular dysfunction similar to that which was identified in the gene ontogeny enrichment 

analysis above.  

The importance of oxidative stress in the development of endothelial cell dysfunction and 

hypertension is now increasingly acknowledged, which made ROS a potential therapeutic 

target for hypertension. However, overall outcomes of randomized clinical trials examining 

the effects of antioxidants in reducing endothelial cell dysfunction and hypertension have 

been disappointing, including the antioxidant trial on preventing preeclampsia (Spinnato 

JA et al., 2007). Therefore, new approaches need to be employed. One such approaches 
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might be the use of human mesenchymal stem cells and both miRNAs and exosomes 

derived from human mesenchymal stem cells have been shown to have a potential effect 

on reducing cellular oxidative stress via inhibition of the ROS production (Wei et al.,2015; 

Arslan, de Kleijn. et al,.2013; Zhou, Y, Qian, H et al., 2013) 

In summary, the findings in this chapter suggested that, by a yet unknown mechanism, 

preeclamptic trophoblast debris could induce the inappropriate production and 

accumulation of ROS in endothelial cells, which may impair endothelial cell function via 

DNA damage as well as, inhibition of NO production in endothelial cells. 
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5.8.6 Summary 

In this Chapter, it was shown that trophoblast debris isolated from healthy third trimester 

placentae does not significantly alter the gene expression in endothelial cells (by 

comparison to untreated HMEC-1 cells). This is strikingly different to the substantial 

effects of first trimester trophoblast debris on endothelial cells that was demonstrated in 

Chapter Four.  

In contrast, preeclamptic trophoblast debris induced significant changes in the expression 

of more than 150 genes in endothelial cells compared to endothelial cells exposed to control 

debris. These genes were involved in, histone modification (a major step in DNA damage 

response), as well as, inhibition of cellular transcription. Preeclamptic trophoblast debris 

also significantly increased ROS production by endothelial cells, and it is possible that this 

increased ROS was, at least in part, responsible for the transcriptional changes in the 

endothelial cells.  
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6 Comparison of the small RNAs in preeclamptic and normotensive 

trophoblast debris and their impact on endothelial cell function 

6.1 Introduction and Rationale 

In both Chapters Four and Five, it was suggested that trophoblast debris can regulate the 

transcriptome of HMEC-1 in vitro. It was also demonstrated that this transcriptional 

regulation was not a result of direct delivery of mRNA from trophoblast debris to the 

recipient cells. However, the mechanism by which trophoblast debris alters the endothelial 

cell transcriptome is not yet known.  

Increasing evidence has shown that placental extracellular vesicles and their cargo, such as 

small RNA, protein and lipid could be involved in the endothelial cell dysfunction during 

preeclampsia (Cockell et al., 1997; Escudero et al., 2016). Hence in this Chapter, it was 

hypothesized that the small RNAs packaged in preeclamptic trophoblast debris could 

contribute to the transcriptional modifications taking place in endothelial cells and 

contribute to endothelial cell dysfunction. 

The majority of small non-coding RNA (ncRNAs) are about 18-30 nucleotides in length, 

including microRNA (miRNAs), small nucleolar RNA (snoRNA), small nuclear RNA 

(snRNA), piwi-interacting RNA (piRNA) and transfer RNA (tRNA). They are not 

translated into proteins but can regulate genes and genomes at different levels, including 

chromatin structure, transcription, RNA stability and translation (Bühler & Moazed, 2007; 

Carthew & Sontheimer, 2009; van Wolfswinkel & Ketting, 2010).  

A major and well-studied class of these small non-coding RNAs is miRNAs, they are 

single-stranded RNAs of 20-24 nucleotides that usually suppress gene expression by post-

transcriptional regulation (Filipowicz et al., 2008). There are approximately 100 miRNAs 

predominantly expressed in the human placenta (Liang et al., 2007), which largely derived 

from the chromosome 14 miRNA cluster (C14MC) and the chromosome 19 miRNA cluster 

(C19MC) (D. M. Morales-Prieto et al., 2012) as introduced in Section 1.6.2. 

A number of studies have aimed to identify miRNAs that are differentially expressed 

between preeclamptic and healthy pregnancies in either placental tissue or maternal plasma 

(Betoni et al., 2013; H. Li, Ge, Guo, & Lu, 2013; Ospina-Prieto et al., 2016; Xu et al., 

2014), but none of these studies have examined the small RNAs that are differentially 
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contained within preeclamptic and control placental extracellular vesicles, including 

trophoblast debris, nor the effect of these small RNAs on endothelial cell function. 

In this Chapter, deep sequencing of small RNAs was performed to investigate the small 

RNA contents of trophoblast debris from preeclamptic and healthy control placentae. The 

aims of this study were; 1) to identify which small RNAs were differentially contained 

within preeclamptic trophoblast debris compared to control trophoblast debris from 

normotensive placentae, 2) to investigate the effect of the identified differentially contained 

miRNA on endothelial cells gene expression and function. 

6.2  Patient characteristics 

A total of eight placentae were collected for sequencing, including four preeclamptic 

placentae and four control placentae. All control placentae were delivered from 

normotensive healthy singleton pregnancies. The characteristics of the study population, 

including maternal age, parity, gestational age at birth, blood pressure (systolic pressure 

and diastolic pressure), proteinuria (> 0.3 g/day), are shown in Table 6-1. There were no 

significant differences in maternal age, gestational age at birth between the two groups. 

Blood pressure (systolic pressure and diastolic pressure) as well as, urine protein levels 

were significantly higher in the preeclampsia groups compared to the control group (p< 

0.01). 

Table 6-1 Characteristics of the study cohort 

 Preeclampsia (n=4) Control (n=4) 

Maternal age (years) 28.0 ± 5.78 32 ± 4.99 

Nulliparous 4/4 (100%) 2/4 (50%) 

Gestational age at birth (weeks) 32.65 ± 2.94 36.65 ± 1.60 

Systolic blood pressure (mm Hg) 174 ± 11.12 108 ± 14.07 ** 

Diastolic blood pressure (mm Hg) 107.5 ± 5.72 75.5 ± 4.92 ** 

Proteinuria ( > 0.3 g/day) 4/4 (100%) 0/4 (0%) ** 

PE onset (gestational week) 31.4 ± 1.59 N/A 

**- P value <0.01  
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6.3 Total RNA samples isolated from trophoblast debris and the placental 

explants from which the debris were derived 

As mentioned in Chapter Four, the quality of the messenger RNA from first trimester 

placental trophoblast debris was poor. RNA electrophoresis using an Agilent 4200 Tape 

Station system showed that the length of the majority of the RNA contained in third 

trimester trophoblast debris was below 200 nucleotides, and distinct ribosomal RNA peaks 

were not readily identifiable, resulting in low RIN (RNA Integrity Number) values for these 

samples (1.88 ± 0.59, n=4). In contrast, RNA isolated from the placental explants from 

which the debris was derived, had clear ribosomal RNA peaks, and correspondingly higher 

RIN values (4.62 ± 1.58, n=4) (Figure 6.1), suggesting that ribosomal RNAs were 

selectively not packaged in or excluded from trophoblast debris. It has previously been 

reported that small RNAs such as microRNA are packaged within extracellular vesicles 

(X. Chen, Liang, Zhang, Zen, & Zhang, 2012; Montecalvo et al., 2012; Valadi et al., 2007) 

, they are very stable compared to mRNA due to their structure and the protection by 

argonaute proteins (Arroyo et al., 2011; J. Li et al., 2007; P. S. Mitchell et al., 2008; Nelson 

et al., 2006; Xi et al., 2007). Based on this evidence, it was hypothesized that small RNA 

may be enriched in trophoblast debris despite the low RIN values (an indicator for the RNA 

integrity based on intact ribosomal RNA), and therefore the samples would be suitable for 

small RNA sequencing. Samples containing 100 ng of total RNA were sent for sequencing. 

Approximately 20 million total reads per sample were generated from the sequencing, 

which was enough to cover the depth for differential expression analysis. 
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Figure 6.1 RNA electrophoresis of RNA samples isolated from trophoblast 

debris and the placental explants from which the debris was derived 

Total RNA isolated from trophoblast debris (TD) from four preeclamptic placentae 

and their matched placental tissue lysate (P) was analysed using Agilent RNA 

ScreenTape assay. Gel image (A) showing RNA samples from 4 preclamptic TD 

and the placental explants from which the debris was derived. Representative 

electropherogram of RNA from preeclamptic TD (B) and the placental explants (C) 

from which the debris was derived with 18/28S peaks annotated.   
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6.4 Quality control (QC) of the small RNA sequencing data 

The process for analysing the small RNA sequencing data using two online pipelines 

followed the workflow depicted in Figure 6.2, which included; quality control, read 

annotation, normalization and differential expression analysis. 

As a first step of the analysis, reads generated from sequencing were subjected to a rigorous 

QC step to examine the fidelity of the data, remove low quality reads and evaluate their 

content. A useful transformation of read counts is their relative log expression (RLE), 

which is defined as the log-ratio of a read count to the median count across samples for 

each gene. It is assumed that most read counts are not changed across the samples, so it is 

expected that these ratios are around 0 on a log scale and have a similar distribution between 

samples. The RLE boxplots generated from the unnormalized reads using iSRAP pipeline 

showed that the RLE across all samples were around 0 but that the distribution of these 

reads varied between samples (Figure 6.3A), indicating that the data required 

normalization. After normalization using DESeq package, the RLE across all samples was 

0 and the distribution of normalized reads across all samples was similar (Figure 6.3B). 

The read-length distribution plot showed that the majority of the reads were 20-24 

nucleotides (Figure 6.4). 
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Figure 6.2 The work flow employed in the small RNA sequencing data analysis 

The small RNA sequencing data was aligned with genomic and small RNA database 

(miRNA, tRNA. piRNA, longRNA, circRNA, snoRNA and rRNA). The mapped reads 

were normalized and analysed for differential expression. The unmapped reads were 

aligned with endogenous and exogenous genome databases to eliminate 

contaminations. 
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Figure 6.3 Boxplots of relative log expression (RLE) for unnormalized 

and normalized counts 

The boxplots were generated based on the log-ratio of a read count to the 

median count across samples for each gene before normalization (A) and 

after (B). The bottom and top of the box indicate the first and third quartiles 

respectively. The inside line indicates the median and the whiskers indicates 

the inter-quartile range above and below the box. PE TD= preeclamptic 

trophoblast debris, Term TD= term trophoblast debris. 
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Figure 6.4 The sequencing read length distribution of trophoblast debris 

derived from preeclamptic and control placentae 

The graph indicates the read-length distribution generated from the small RNA 

sequencing of the RNA samples isolated from the trophoblast debris isolated from 

preeclamptic and control placentae. The x-axis indicates the length of small RNA 

reads, while the y-axis indicates the percentage of the small RNA reads with 

specific length accounts for the total reads. PE TD= preeclamptic trophoblast debris, 

Term TD= term trophoblast debris. 
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6.5 Small RNA composition in trophoblast debris  

After the sequencing data passed the initial quality control, the read data were annotated 

using several reference databases to identify miRNA and other small RNAs including 

fragments from tRNA. piRNA, longRNA, circRNA, snoRNA and rRNA. The small RNA 

reads composition showed that the majority of these sequences were aligned to miRNA 

(78%), with tRNA as the second largest small RNA population in trophoblast debris 

(8.4%). When comparing the small RNA composition between preeclamptic and control 

trophoblast debris, miRNA was significantly more abundant in the normal trophoblast 

debris compared to preeclamptic debris (80.74 ± 2.18 % vs. 67.45 ± 8.22 %, P-value = 0.02, 

n=4). On the contrary, piRNA was significantly more abundant in preeclamptic trophoblast 

debris compared to control (0.07 ± 0.01 % vs. 0.02 ± 0.01 %, P-value = 0.0002, n=4) 

(Figure 6.5). These data showed that miRNAs make up the greatest proportion of the small 

RNA libraries prepared from the trophoblast debris, there were diverse classes of lower 

abundance small RNAs contained in trophoblast debris. 
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Figure 6.5 Bar graph showing the proportion of different types of endogenous 

small RNA within RNA samples isolated from preeclamptic and control 

trophoblast debris 

Sequencing data was annotated to several small RNA databases (miRNA, tRNA. 

piRNA, and circRNA) using Genboree pipeline. The bar graphs are presented as mean 

plus SD are showing the percentage of different types of small RNAs accounts for the 

total endogenous RNA reads. The composition of small RNA population was 

compared between preeclamptic and control trophoblast debris. * indicates P-value 

from unpaired t-test < 0.05; ** indicates Pt-test < 0.01.   
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6.6 Analysis for differential expression of tRNA, piRNA, rRNA and snRNA 

After standard quality control and read annotation, the datasets for differentially expressed 

individual tRNA, piRNA, rRNA and snoRNA between the preeclamptic and control 

trophoblast debris were analysed. 

To date, there is no established protocol for small RNA differential expression analysis. 

Several open source tools established for small RNA differential expression analysis, such 

as mirTools (Wu et al., 2013; E. Zhu et al., 2010), miRNAkey (Ronen et al., 2010), 

miRDeep (An, Lai, Lehman, & Nelson, 2013; Friedlander et al., 2008), DSAP (Huang et 

al., 2010) are available, however, most of them are heavily miRNA focused. In this 

Chapter, the small RNA sequencing data was analysed using three methods, including two 

online small RNA analysis pipelines (Genboree and iSRAP) as well as, an in house 

bioinformatic analysis service provided by NZGL, Auckland. Both of the pipelines 

annotate the sequencing data to a wide spectrum of small RNAs databases, including 

miRNA, tRNA, piRNA, snoRNA, snRNA and rRNA. Due to the length (22-24 nt), the 

reads are fragments of these small RNAs. The differences between three different analysis 

methods are listed in Table 6-2. 

Among all known small non-coding RNA, micro-RNA is a sub-type whose functions are 

very well functionally studied, therefore this differential expression analysis was separated 

into non-miRNA small RNAs and miRNAs. The miRNAs were then taken forward for 

further validation and functional study because prediction of their cellular function was 

possible. In this section, the differential expression analysis of the less studied tRNA, 

piRNA, rRNA and snoRNA using three methods is presented. Due to the limitations of 

each individual pipeline, the Genboree pipeline could not annotate the reads to snoRNA, 

snRNA and rRNA, while iSRAP could not annotate the reads to piRNA of human genome 

version 38. The initial bioinformatic analysis service provided by NZGL mapped the reads 

to human genome Version 19 and using the annotation reads for tRNA differential analysis.  
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Table 6-2 The difference between three analysis methods 

Analysis Database 
Data base human 

genome version 
Annotation 

Normalizati

on 

Genboree 

tRNA (gtRNAdb); 

piRNA (RNAdb); 

long RNA (gencode); 

circRNA (circbase) 

Human genome 38 

Bowtie v1.1.2; 

Bowtie2 v2.2.6; 

STAR v2.4.2a 

RPM (reads 

per million) 

iSRAP 

snoRNA (Ensembl), 

snRNA (Ensembl); 

rRNA (Ensembl); 

tRNA (gtRNAdb) 

Human genome 38 Bowtie2 

DESeq2, 

EdgeR and 

Voom 

NZGL tRNA (gtRNAdb); Human genome 19 Bowtie1 

DESeq2, 

EdgeR and 

Voom 

 

  

http://bowtie-bio.sourceforge.net/index.shtml
http://bowtie-bio.sourceforge.net/bowtie2/index.shtml
https://github.com/alexdobin/STAR/releases
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6.6.1 Differential expression analysis for tRNA and piRNA using the Genboree pipeline 

The small RNA sequencing data was annotated to tRNA, piRNA, long RNA and circRNA 

databases of the human genome, version 38, using the small RNA pipeline in Genboree. 

The annotated read counts were normalized to total reads per million (RPM) for each 

sample. None of the reads were annotated to long RNA or circRNA. Fragments from 48 

tRNAs were identified across all samples and the expression of fragments from 6 tRNAs 

was significantly different between preeclamptic and control term trophoblast debris (p < 

0.05, Table 6-3). 

Fragments from 111 piRNAs were identified across all samples (RPM > 0.5 in either 

sample group), and the levels of fragments from 9 piRNA were identified significantly 

different between preeclamptic and control term trophoblast debris (p < 0.05, Table 6-4). 

Table 6-3 The differential expression of tRNAs between preeclamptic and control term 

trophoblast debris analysed using Genboree pipeline 

tRNA PE average Term average p value 

tRNA-Gln-TTG 316.213 94.742 0.017 

tRNA-Ser-AGA 317.014 82.667 0.011 

tRNA-Trp-CCA 142.539 30.296 0.010 

tRNA-Ser-TGA 156.611 42.035 0.019 

tRNA-Ile-AAT 68.606 25.340 0.050 

tRNA-Leu-TAA 61.962 19.023 0.026 

 

  



Chapter Six – Small RNA sequencing of trophoblast debris 

- 176 - 

 

Table 6-4 The differential expression of piRNAs between preeclamptic and control term 

trophoblast debris analysed using Genboree pipeline 

piRNA PE average Term average P-value 

Homo_sapiens_piRNA_piR-

37750,_complete_sequence_M_+ 
4.929 1.843 0.025 

Homo_sapiens_piRNA_piR-

36729,_complete_sequence_M_- 
2.532 0.407 0.001 

Homo_sapiens_piRNA_piR-

49029,_complete_sequence_U_+ 
1.330 0.306 0.043 

Homo_sapiens_piRNA_piR-

55635,_complete_sequence_U_- 
1.204 0.243 0.034 

Homo_sapiens_piRNA_piR-

44883,_complete_sequence_M_- 
0.890 0.129 0.045 

Homo_sapiens_piRNA_piR-

61656,_complete_sequence_U_+ 
0.653 0.131 0.005 

Homo_sapiens_piRNA_piR-

36525,_complete_sequence_U_+ 
0.563 0.161 0.021 

Homo_sapiens_piRNA_piR-

56010,_complete_sequence_U_- 
0.563 0.161 0.021 

Homo_sapiens_piRNA_piR-

31652,_complete_sequence_U_- 
0.570 0.000 0.045 
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6.6.2 Differential expression of tRNA, snRNA and rRNA using iSRAP 

The small RNA sequencing data was annotated to the tRNA database and Ensembl 

(snoRNA, snRNA,and rRNA) of the human genome, version 38, using the iSRAP small 

RNA pipeline. No fragments from snoRNA were identified. The annotated read counts 

were then normalized with DESeq2, EdgeR or Voom. 2646 small RNAs fragments (except 

miRNAs) were identified across all samples. These annotated read counts were analysed 

for differential expression for each type of small RNA using three different normalization 

methods: DESeq2, EdgeR and Voom. 

Using DESeq2 normalization, there were 165 small RNAs fragments differentially 

contained within preeclamptic and control term trophoblast debris (adjusted P-value < 

0.05), 102 of which were rRNA fragments, 17 of which were tRNA fragments, 46 of which 

were snRNA fragments. Using EdgeR normalization, there were 133 small RNAs 

fragments differentially contained within preeclamptic and control term trophoblast debris 

(false discovery rate < 0.05), 100 of which were rRNA fragments, nine of which were 

tRNA fragments, 24 of which were snRNA fragments. With Voom normalization, 112 

small RNAs fragments were differentially contained within preeclamptic and control term 

trophoblast debris (adjusted P-value < 0.05), 89 of which were rRNA fragments, 7 of which 

were tRNA fragments and 16 of which were snRNA fragments. 

In order to identify the most robust differentially contained small RNA fragments (rRNAs, 

tRNAs and snRNAs) between preeclamptic and normotensive trophoblast debris, a Venn 

diagram was plotted based on the differentially expressed small RNA fragments list 

analysed by the three different normalization methods (Figure 6.6). This showed that 103 

small RNAs fragments were differentially contained within preeclamptic and control term 

trophoblast debris using all three normalization methods; 85 of which were rRNA 

fragments (Appendix 3), 5 of which were tRNA fragments from 3 different tRNAs and 13 

of which were snRNA fragments (Table 6-5). 
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Figure 6.6 Venn diagram showing the overlap of differentially expressed small RNA 

(tRNA, rRNA and snoRNA) analysed by three normalization methods using the iSRAP 

pipeline 

The Venn diagram was plotted based on three lists of differentially expressed small RNAs 

(p<0.05) analysed by three different normalization. The number of the small RNAs is labelled 

on the corresponding area of the circle. 
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Table 6-5 Differential expression of tRNA fragments and snRNA fragments between 

preeclamptic and normotensive trophoblast debris analysed using all three 

normalization methods of the iSRAP pipeline 

  

Chro

moso

me 

Genomic 

position 

(Start) 

Genomic 

position 

(End) 

ID DESeq2 edgeR Voom 

        

Log2 

fold 

change 

adj.P-

value 

Log2 

fold 

change 

adj.P-

value 

Log2 

fold 

chan

ge 

adj.P-

value 

chr6 28607155 28607227 

tRNA

-Ala-

AGC 

-1.95 0.003 -2.30 0.007 -1.99 0.042 

chr6 28710588 28710660 

tRNA

-Ala-

AGC 

-2.02 0.002 -2.35 0.004 -2.07 0.03 

chr6 28719703 28719775 

tRNA

-Ala-

AGC 

-2.05 0.002 -2.41 0.005 -2.17 0.028 

chr13 41455924 41455996 

tRNA

-Glu-

CTC 

2.59 0 2.88 0.002 2.38 0.037 

chr6 28478622 28478704 

tRNA

-Leu-

AAG  

-1.73 0.006 -1.96 0.011 -1.87 0.03 

chr8 1.36E+08 1.36E+08 U1 2.58 0.027 3.85 0.008 2.77 0.007 

chr1 1.45E+08 1.45E+08 U1 2.12 0.016 2.44 0.025 2.65 0.03 

chr12 62850738 62850898 U1 2.12 0.001 2.29 0.008 2.02 0.046 

chr11 65147588 65147774 U2 2.16 0.016 2.45 0.025 2.62 0.028 

chr1 92700867 92700934 U4 3.35 0.002 6.07 0.001 3.55 0.001 

chr2 50064641 50064700 U5 3.41 0.002 6.09 0.001 3.21 0.002 

chr11 12787924 12787962 U5 3.4 0.001 4.89 0.003 3.31 0.003 

chr1 11909806 11909926 U5 2.45 0.022 3.19 0.018 2.90 0.011 

chr4 55028861 55028914 U5 2.55 0.043 5.21 0.012 2.57 0.016 

chr8 1.31E+08 1.31E+08 U5 2.36 0.031 3.08 0.037 2.57 0.039 

chr5 1.09E+08 1.09E+08 U6 2.63 0.011 3.43 0.011 3.04 0.007 

chr11 1.23E+08 1.23E+08 U8 3.78 0 4.36 0 4.32 0.001 

chr1 2.35E+08 2.35E+08 U8 2.25 0.002 2.43 0.006 2.23 0.046 
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6.6.3 Differential expression of other small RNA by NZGL 

The small RNA sequencing data was annotated to the human genome, version 19, by 

NZGL. The annotated tRNA read counts were then normalized with DESeq2, EdgeR or 

Voom. There were 357 tRNA fragments derived from 52 tRNAs identified across all 

samples. 

Using DESeq2 normalization, there were 11 tRNAs fragments differentially expressed 

between preeclamptic and normotensive trophoblast debris (adjusted P-value < 0.05). 

Using EdgeR normalization, there were 7 tRNAs fragments differentially contained within 

preeclamptic and control term trophoblast debris (false discovery rate < 0.05). With Voom 

normalization, 11 tRNA fragments were differentially contained within preeclamptic and 

control term trophoblast debris (adjusted P-value < 0.05). 

In order to identify the most robust differentially contained tRNA fragments between 

preeclamptic and normotensive trophoblast debris, a Venn diagram was plotted based on 

the differentially expressed small RNAs list analysed by the three different normalization 

methods (Figure 6.7). This showed that 4 tRNA fragments from 3 different tRNAs were 

differentially contained within preeclamptic and control term trophoblast debris using all 

three normalization methods. 
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Figure 6.7 Venn diagram showing the overlap of differentially expressed tRNA 

fragments analysed by NZGL using three normalization methods 

The Venn diagram was plotted based on three lists of differentially expressed tRNA 

fragments (p<0.05) analysed by three different normalization. The numbers of the tRNA 

fragments are labelled on the corresponding area of the circle.  
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6.6.4 Identification of tRNA fragments whose levels were consistently identified as 

different between preeclamptic and normotensive trophoblast debris by the three 

major analysis tools. 

So far, each of the three methods identifying small RNAs with different levels between 

preeclamptic and normotensive trophoblast debris produced slightly different results due 

to the tool applied and different databases used for annotation. Transfer RNAs are the only 

type of small RNA except miRNA that all three methods annotated. Therefore, the results 

from all three methods were compared by again plotting a Venn diagram in order to identify 

the most significant differentially expressed tRNA fragments. However, there was no 

overlap of the differentially expressed tRNA fragments from all three analysis methods. 

The results were exclusive to each individual method. 
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6.7 Analysis of differential levels of miRNA between preeclamptic and 

normal term trophoblast debris. 

In this section, the identification of differentially expressed miRNAs between 

preeclamptic and control trophoblast debris was performed using the three analysis 

methods as described in Section 6.6. 

6.7.1 Differential levels of miRNA using the Genboree pipeline 

The small RNA sequencing data was annotated to miRBase of the human genome, version 

38, using the small RNA pipeline in Genboree. The annotated read counts were normalized 

to the total reads per a million (RPM) reads for each sample. 1,703 miRNAs were identified 

across all trophoblast debris samples. Based on the cut off criteria of a P-value of < 0.05, 

and a log2 fold change > ± 0.5, the levels of 86 miRNAs were different between 

preeclamptic and control term trophoblast debris. Of these 86 miRNAs, the levels of 53 

miRNAs were significantly higher in preeclamptic trophoblast debris while the levels of 

33 miRNAs were significantly higher in the control term placental trophoblast debris 

(Table 6-6). The levels of 10 miRNAs from the chromosome 14 microRNA cluster 

(C14MC) and 17 miRNAs from C19MC were up-regulated in preeclamptic trophoblast 

debris (the miRNAs from C14MC or C19MC are labelled with yellow and blue 

respectively in Table 6-6). 
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Table 6-6 miRNAs with different levels between preeclamptic and control trophoblast 

debris analysed using the Genboree small RNA pipeline. 

miRNA 

Preeclamptic 

trophoblast debris 

average 

expression (RPM) 

Term trophoblast 

debris average 

expression (RPM) 

Log2 fold change 

(Preeclamptic 

relative to term) 

P-value 

hsa-miR-3653-3p 1.273 0.151 3.076 0.045 

hsa-miR-1248 1.321 0.162 3.032 0.020 

hsa-miR-1247-5p 639.621 100.669 2.668 0.050 

hsa-miR-195-3p 4.622 0.841 2.459 0.033 

hsa-miR-1197 0.713 0.135 2.405 0.024 

hsa-miR-127-5p 15.774 3.447 2.194 0.045 

hsa-miR-668-3p 7.466 1.635 2.191 0.027 

hsa-miR-455-3p 32.085 7.166 2.163 0.042 

hsa-miR-145-5p 151.599 36.547 2.052 0.034 

hsa-miR-152-3p 358.142 87.716 2.030 0.044 

hsa-miR-23b-5p 2.226 0.574 1.955 0.049 

hsa-miR-143-5p 8.214 2.123 1.952 0.030 

hsa-miR-455-5p 13.349 3.483 1.938 0.048 

hsa-miR-376a-5p 4.048 1.096 1.886 0.021 

hsa-miR-496 3.188 0.872 1.869 0.018 

hsa-miR-27a-5p 22.982 6.291 1.869 0.018 

hsa-miR-214-5p 4.328 1.188 1.865 0.039 

hsa-miR-126-3p 4226.628 1169.802 1.853 0.037 

hsa-miR-483-3p 888.704 248.154 1.840 0.038 

hsa-miR-139-5p 20.763 5.834 1.831 0.041 

hsa-miR-30a-3p 631.168 182.121 1.793 0.048 

hsa-miR-139-3p 5.858 1.696 1.788 0.023 

hsa-miR-526b-5p 828.261 244.185 1.762 0.027 

hsa-miR-145-3p 20.956 6.197 1.758 0.048 

hsa-miR-30c-2-3p 14.165 4.435 1.675 0.028 

hsa-miR-193b-5p 112.641 36.301 1.634 0.002 

hsa-miR-193b-3p 85.297 28.045 1.605 0.013 

hsa-miR-431-5p 188.675 64.798 1.542 0.046 

hsa-miR-30a-5p 2685.996 1145.294 1.230 0.022 

hsa-miR-299-5p 13.847 5.999 1.207 0.023 

hsa-miR-574-3p 223.177 98.583 1.179 0.036 

hsa-miR-542-5p 19.061 8.421 1.179 0.036 

hsa-miR-154-5p 39.285 18.173 1.112 0.042 

hsa-miR-512-5p 39.538 18.485 1.097 0.027 

hsa-miR-195-5p 102.274 47.971 1.092 0.048 

hsa-miR-520a-3p 565.310 271.114 1.060 0.002 

hsa-miR-520a-5p 94.118 45.519 1.048 0.027 
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hsa-miR-518c-5p 80.111 39.573 1.017 0.032 

hsa-miR-518a-5p|hsa-

miR-527 
15.939 7.995 0.996 0.027 

hsa-miR-515-3p 383.690 198.045 0.954 0.008 

hsa-miR-487b-5p 2.436 1.271 0.938 0.047 

hsa-miR-512-3p 4415.437 2418.716 0.869 0.018 

hsa-miR-520d-3p 1045.101 574.293 0.864 0.035 

hsa-miR-520h 317.759 175.666 0.855 0.048 

hsa-miR-520f-3p 67.230 37.247 0.852 0.038 

hsa-miR-517a-3p|hsa-

miR-517b-3p 
10012.432 5715.050 0.809 0.001 

hsa-miR-519a-3p 254.384 146.318 0.798 0.016 

hsa-miR-519b-3p 230.330 134.821 0.772 0.017 

hsa-miR-520d-5p 20.505 12.097 0.761 0.028 

hsa-miR-181a-5p 7283.126 4332.981 0.749 0.050 

hsa-miR-524-3p 66.065 41.248 0.680 0.031 

hsa-miR-517c-3p 756.141 479.531 0.657 0.022 

hsa-miR-330-5p 8.627 5.480 0.654 0.046 

hsa-miR-484 796.851 1179.609 -0.565 0.041 

hsa-miR-296-5p 30.381 46.559 -0.615 0.035 

hsa-miR-4742-3p 11.101 17.040 -0.619 0.047 

hsa-miR-3682-3p 1.072 1.771 -0.725 0.020 

hsa-miR-1292-5p 4.039 6.762 -0.744 0.037 

hsa-miR-130b-5p 36.516 61.266 -0.747 0.045 

hsa-miR-1254 3.077 5.256 -0.773 0.029 

hsa-miR-98-5p 817.752 1422.385 -0.798 0.046 

hsa-miR-3912-3p 1.249 2.185 -0.808 0.035 

hsa-miR-548am-5p|hsa-

miR-548au-5p|hsa-miR-

548c-5p|hsa-miR-548o-

5p 

9.020 15.832 -0.811 0.033 

hsa-miR-15b-3p 205.079 362.167 -0.821 0.048 

hsa-miR-25-5p 6.588 11.755 -0.837 0.015 

hsa-miR-548aj-5p|hsa-

miR-548ar-5p|hsa-miR-

548g-5p|hsa-miR-548x-

5p 

0.582 1.043 -0.842 0.040 

hsa-miR-4466 0.967 1.755 -0.860 0.032 

hsa-miR-454-3p 766.708 1419.497 -0.889 0.022 

hsa-miR-1908-5p 27.819 53.316 -0.938 0.008 

hsa-miR-548e-3p 1.966 3.802 -0.952 0.029 

hsa-miR-185-3p 24.122 47.772 -0.986 0.015 

hsa-miR-4660 0.932 1.901 -1.029 0.020 

hsa-miR-3187-3p 2.463 5.053 -1.035 0.017 

hsa-miR-548at-5p 3.761 7.738 -1.041 0.031 

hsa-miR-6805-5p 1.480 3.113 -1.074 0.007 



Chapter Six – Small RNA sequencing of trophoblast debris 

- 186 - 

 

hsa-miR-363-3p 60.732 129.259 -1.089 0.046 

hsa-miR-185-5p 1150.240 2460.913 -1.099 0.025 

hsa-miR-636 5.278 11.918 -1.175 0.050 

hsa-miR-939-5p 1.597 3.669 -1.201 0.017 

hsa-miR-4306 2.407 5.897 -1.293 0.029 

hsa-miR-3928-3p 0.612 1.523 -1.315 0.020 

hsa-miR-6780a-5p 0.629 1.588 -1.336 0.023 

hsa-miR-5001-3p 2.946 7.469 -1.344 0.040 

hsa-miR-6859-5p 0.919 2.915 -1.667 0.003 

hsa-miR-610 0.367 1.163 -1.667 0.044 

hsa-miR-6747-3p 0.889 2.846 -1.680 0.017 

 

Note: MicroRNAs encoded from the C14MC are labelled yellow, and miRNAs belonging to 

C19MC are labelled blue in column one. RPM= reads per million.  
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6.7.2 Identification of miRNAs with different levels between preeclamptic and normal 

term trophoblast debris using iSRAP small RNA analysis pipeline 

The small RNA sequencing data was annotated to miRBase of the human genome, version 

38, using the pipeline of iSRAP. 1278 miRNAs were identified in both preeclamptic and 

control trophoblast debris. These annotated read counts were analysed for differential 

levels using three different normalization methods: DESeq2, EdgeR and Voom.  

Using DESeq2 normalization, there were 40 miRNAs differentially contained within 

preeclamptic and control trophoblast debris (adjusted P-value < 0.05), 39 of these miRNAs 

were up-regulated, and 1 miRNA (hsa-miR-4443) was down-regulated in preeclamptic 

trophoblast debris compared to control term trophoblast debris. 

Using EdgeR normalization, the expression of 30 miRNAs was differentially regulated 

between preeclamptic and control term trophoblast debris (false discovery rate < 0.05), 29 

miRNAs were up-regulated, and 1 miRNA (hsa-miR-4443) was down-regulated in 

preeclamptic trophoblast debris compared to control term trophoblast debris. 

With Voom normalization, 22 miRNAs were differentially contained within preeclamptic 

and control term trophoblast debris (adjusted P-value < 0.05). Of these, 21 miRNAs were 

up-regulated, and 1 miRNA (hsa-miR-4443) was down-regulated in preeclamptic 

trophoblast debris compared to control term trophoblast debris. 

With adjusted P-value cut off applied, the log2 fold changes of identified miRNAs were all 

greater than ±1, so there was no log2 fold change applied. 

In order to identify the most rigid differentially expressed miRNA between preeclamptic 

and control term trophoblast debris, a Venn diagram was plotted based on the differentially 

expressed miRNAs list analysed by three different normalization methods (Figure 6.8). 

This showed that 16 miRNAs were consistently identified as having different levels 

between preeclamptic and control term trophoblast debris regardless of the normalization 

method used. Of these, 15 miRNAs were significantly up-regulated and 1 miRNA (hsa-

miR-4443) was significantly down-regulated in preeclamptic trophoblast debris. Of note, 

the expression of miR-1247-5p from C14MC and miR-526b-5p from C19MC were up-

regulated in preeclamptic trophoblast debris (Table 6-7).  

http://www.mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0005899
http://www.mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0002835
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Figure 6.8 Venn diagram showing the overlap of the differentially expressed 

miRNAs analysed by three normalization methods: Voom, EdgeR and DESEq2 

using iSRAP 

The Venn diagram was plotted based on three lists of differentially expressed miRNAs 

analysed by three different normalization methods. The number of differentially 

expressed miRNAs is labelled on the corresponding area of the circle. The overlapped 16 

miRNAs are included in Table 6-7. 
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http://www.mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0002869
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Table 6-7 miRNAs with significantly different expression between preeclamptic and 

control term trophoblast debris analysed by three different normalization methods 

  DESeq2 EdgeR Voom 

miRNA 
Log2 fold 

change 

Adjusted 

P-value 

Log2 fold 

change 
FDR 

Log2 fold 

change 

Adjusted 

P-value 

hsa-miR-615-3p 2.301 0.013 3.782 0.011 3.107 0.026 

hsa-miR-455-5p 2.024 0.015 2.703 0.013 2.986 0.031 

hsa-miR-3178 2.042 0.047 5.715 0.014 2.917 0.031 

hsa-miR-27a-5p 1.826 0.048 2.481 0.046 2.855 0.032 

hsa-miR-199b-5p 2.316 <0.001 2.664 0.002 2.433 0.022 

hsa-miR-1247-5p 2.193 <0.001 2.513 0.002 2.309 0.024 

hsa-miR-145-5p 2.066 <0.001 2.293 0.002 2.122 0.022 

hsa-miR-143-3p 1.731 0.005 2.021 0.006 2.075 0.024 

hsa-miR-199a-5p 1.918 <0.001 2.151 0.004 2.041 0.026 

hsa-miR-199a-3p 1.639 0.005 1.879 0.006 1.883 0.024 

hsa-miR-199a-5p 1.842 0.001 2.082 0.006 1.872 0.041 

hsa-miR-193b-5p 1.521 0.008 1.723 0.013 1.851 0.041 

hsa-miR-526b-5p 1.557 0.003 1.76 0.002 1.825 0.022 

hsa-miR-199b-3p 1.538 0.008 1.76 0.007 1.789 0.026 

hsa-miR-199a-3p 1.515 0.012 1.744 0.011 1.775 0.031 

hsa-miR-126-3p 1.637 <0.001 1.795 0.002 1.682 0.024 

hsa-miR-30a-3p 1.391 0.008 1.542 0.01 1.551 0.041 

hsa-miR-4443 -1.771 0.001 -1.915 0.004 -1.705 0.032 

 

Note: MicroRNAs encoded from the C14MC are labelled yellow, and miRNAs belonging to 

C19MC are labelled blue in column one. FDR= false discovery rate.  
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6.7.3 Identification of miRNAs with different levels between preeclamptic and normal 

term trophoblast debris as determined using conventional method by NZGL 

To compare the differential expression analysis results using different versions of human 

genome, NZGL was requested to use miRBase of the human genome, version 19, for their 

annotation. One thousand four hundred and thirty-nine miRNAs were identified in either 

preeclamptic or control trophoblast debris. These annotated read counts were, as for the 

Genboree and iSRAP analyses, analysed for differential expression using three different 

normalization methods: DESeq2, EdgeR and Voom.  

Using DESeq2 normalization, there were 45 miRNAs differentially contained within 

preeclamptic and control term trophoblast debris (adjusted P-value < 0.05). Of these, 42 

miRNAs were up-regulated, and 3 miRNAs were down-regulated in preeclamptic 

trophoblast debris compared to control trophoblast debris. 

Using EdgeR normalization, the expression of 31 miRNAs was differentially regulated 

between preeclamptic and control trophoblast debris (false discovery rate < 0.05). Of these, 

30 miRNAs were up-regulated and 1 miRNA (hsa-miR-4443) was down-regulated in 

preeclamptic trophoblast debris compared to control trophoblast debris. 

With Voom normalization, 20 miRNAs were differentially contained within preeclamptic 

and control trophoblast debris (adjusted P-value < 0.05). Of these, 17 miRNAs were up-

regulated and 3 miRNAs were down-regulated in preeclamptic trophoblast debris 

compared to control term trophoblast debris. 

In order to identify the most rigid differentially packaged miRNAs between preeclamptic 

and control term trophoblast debris, a Venn diagram was plotted based on the differentially 

expressed miRNA lists analysed by three different normalization (Figure 6.9). This showed 

that 16 miRNAs consistently showed differential expression between preeclamptic and 

control trophoblast debris regardless of the normalization method applied. Of these, 15 

miRNAs were significantly up-regulated and 1 miRNA (hsa-miR-4443) was significantly 

down-regulated in preeclamptic trophoblast debris. Of note, as seen previously from the 

analysis using the iSRAP pipeline, miR-1247-5p from C14MC and miR-526b-5p from 

C19MC were up-regulated in preeclamptic trophoblast debris (Table 6-8).  

http://www.mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0005899
http://www.mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0002835
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hsa-miR-376a-5p 

hsa-miR-3178 

hsa-miR-6724-5p 

hsa-miR-6780a-5p 

hsa-miR-301a-5p 

Figure 6.9 Venn diagram of the overlap of the differentially expressed miRNAs 

analysed by three normalization methods: Voom, EdgeR and DESEq2 after 

analysis by NZGL 

The Venn diagram was plotted based on three lists of differentially expressed miRNAs 

analysed by three different normalization methods. The number of the miRNAs was 

labelled on the corresponding area of the circle. 
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Table 6-8 miRNAs that were differentially packaged within preeclamptic and control 

trophoblast debris analysed by three different normalization methods after annotation by 

NZGL 

  DESeq2 EdgeR Voom 

miRNA 
Log2 fold 

change 

Adjusted 

P-value 

Log2 fold 

change 
FDR 

Log2 fold 

change 

Adjusted 

P-value 

hsa-miR-675-5p 3.097 0.000 4.196 0.000 4.280 0.002 

hsa-miR-1269b 2.537 0.003 3.605 0.009 3.200 0.039 

hsa-miR-412-5p 2.077 0.006 2.570 0.028 3.080 0.015 

hsa-miR-431-3p 2.461 0.007 3.893 0.010 2.970 0.039 

hsa-miR-1269a 2.171 0.002 2.615 0.011 2.550 0.027 

hsa-miR-1247-5p 2.242 0.000 2.539 0.001 2.350 0.009 

hsa-miR-193b-3p 1.636 0.014 1.933 0.031 2.250 0.027 

hsa-miR-199a-5p 1.861 0.000 2.053 0.002 1.950 0.019 

hsa-miR-143-3p 1.645 0.005 1.858 0.019 1.930 0.015 

hsa-miR-483-3p 1.501 0.003 1.646 0.014 1.790 0.026 

hsa-miR-199b-3p 1.477 0.013 1.666 0.036 1.750 0.027 

hsa-miR-145-5p 1.634 0.000 1.775 0.004 1.730 0.026 

hsa-miR-199a-3p 1.448 0.014 1.636 0.039 1.680 0.027 

hsa-miR-526b-5p 1.378 0.007 1.514 0.030 1.600 0.027 

hsa-miR-126-3p 1.528 0.001 1.655 0.008 1.580 0.019 

hsa-miR-4443 -1.524 0.006 -1.660 0.030 -1.580 0.049  

 

Note: MicroRNAs encoded from the C14MC are labelled yellow, and miRNAs belonging to 

C19MC are labelled blue in column one. FDR= false discovery rate.  
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6.7.4 Identification of miRNAs whose levels were consistently identified as different 

between preeclamptic and normal term trophoblast debris by the three analysis 

tools. 

To summarize section 6.7 so far, each of the three methods to identify small RNAs with 

different levels between preeclamptic and normal term trophoblast debris produced slightly 

different results. These results from all three methods were compared again by plotting a 

Venn diagram of the most significant differentially expressed miRNAs (Figure 6.10). This 

showed that four miRNAs (hsa-miR-1247-5p; hsa-miR-145-5p; hsa-miR-126-3p and hsa-

miR-526b-5p) were consistently different between preeclamptic and control trophoblast 

debris regardless of the analysis method applied. Of these, miR-1247-5p from C14MC and 

miR-526b-5p from C19MC were up-regulated in preeclamptic trophoblast debris 

compared to control trophoblast debris. Although the different levels of these four miRNAs 

were consistent between analysis pipelines, a further 84 miRNAs were identified uniquely 

by a single method.  

The different results from three analysis pipelines suggested that many factors can affect 

the differential level analysis, including the version of human genome used for alignment, 

the aligner, the database used for annotation and the normalization applied. This highlights 

how significantly the analysis tools used for small RNA analyses can impact the result 

obtained.  

http://www.mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0005899
http://www.mirbase.org/cgi-bin/mature.pl?mature_acc=MIMAT0002835
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Figure 6.10 Venn diagram showing the overlap of the significantly differential 

contained miRNAs between preeclamptic and control term trophoblast debris 

analysed by three methods 

The numbers of the miRNAs were labelled on the corresponding area of the circle. The 

miRNAs belonging to C14MC or C19MC were labelled yellow or blue, respectively.  
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6.8 Validation of the miRNAs with different levels between preeclamptic 

and normal term trophoblast debris by qRT-PCR 

In order to validate the differential analysis from all three small RNA analysis pipelines, 

the expression of 10 miRNAs was quantified by qRT-PCR in both preeclamptic and control 

trophoblast debris. These miRNAs were either exclusive to one pipeline analysis result, or 

overlapped between two or three analysis pipelines. According to the sequencing data, 

eight out of these 10 miRNAs were up-regulated in preeclamptic trophoblast debris while 

the expression of miR-185-5p and miR-363-3p was down-regulated in preeclamptic 

trophoblast debris when compared to control trophoblast debris (Table 6-9). 

Table 6-9 The miRNA candidates for qRT-PCR validation 

Candidate Genboree iSRAP NZGL 

miR-497-5p  ↑  

miR-615-3p  ↑  

miR-675-5p   ↑ 

miR-1269a   ↑ 

miR-455-5p ↑ ↑  

miR-526b-5p ↑ ↑ ↑ 

miR-145-5p ↑ ↑ ↑ 

miR-1247-5p ↑ ↑ ↑ 

miR-185-5p ↓   

miR-363-3p ↓   

Note: arrows indicate the significant directional changes of the miRNA in preeclamptic 

trophoblast debris compared to control trophoblast debris.  
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Due to the unique structure of trophoblast debris (not a complete cell structure, selective 

sorting might exist during budding), the most commonly used reference miRNAs were not 

used in qRT-PCR, instead the three most stably expressed miRNAs (miR-532-5p; miR-

92b-3p; miR-29c-5p) across all trophoblast debris samples, analysed by sequencing, were 

used as reference miRNAs.  

Quantitative RT-PCR validated that preeclamptic trophoblast debris contained 

significantly higher levels of six out of eight tested candidates; miR-615-3p (3.95±1.62 

fold change, n=7, p < 0.015), miR-1269a (5.58±1.07 fold change, n=7, p<0.001), miR-455-

5p (1.93±0.51 fold change, n=7, p<0.025), miR-526b-5p (3.31±1.65 fold change, n=7, 

p<0.035), miR-145-5p (2.71±1.21 fold change, n=7, p < 0.025) and miR-1247-5p 

(4.25±2.20 fold change, n=7, p<0.03) compared to control trophoblast debris (n=4). The 

expression of miR-185-5p (−3.52 ± 2.46 fold change, n=7, p < 0.05) and miR-363-3p 

(−4.00±2.10 fold change, n=7, p < 0.005) was also validated as significantly lower in 

preeclamptic trophoblast debris when compared to control trophoblast debris (n=4). In 

total, eight out of 10 miRNAs were validated to be significantly regulated in preeclamptic 

trophoblast debris. MicroRNA-497-5p and miR-675-5p were not identified to be 

significantly different, however, the directional changes were consistent with the 

directional changes indicated in the sequencing data (Figure 6.11). It can be noted that 

miRNAs that were significantly differently identified between preeclamptic and control 

trophoblast debris by more than one pipeline were the most likely to also be significantly 

different by qRT-PCR validation (4 out of 4 validated), whereas not all miRNAs identified 

by only one pipeline had their expression validated by qRT-PCR (4 out of 6 validated). 

The expression of these miRNA candidates was also quantitated in the placental explants 

from which the preeclamptic and control trophoblast debris was derived. However, none 

of the miRNAs were significantly regulated in preeclamptic placenta (n=5) when compared 

to control placental tissue (n=4) (Figure 6.12).  

In order to look at the expression pattern of miRNAs in placental tissue and the trophoblast 

debris derived from it, the expression of these validated miRNAs was then compared 

between trophoblast debris and the placental explants from which the trophoblast debris 

was derived in either preeclamptic or normal pregnancies. Quantitative RT-PCR analysis 

showed that expression of miR-497-5p, miR-455-5p and miR-145-5p was significantly 

down-regulated in preeclamptic trophoblast debris when compared to the explants from 

which it was derived, while the levels of miR-615-3p, miR-675-3p, miR-1247-5p, miR-
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185-5p and miR-363-3p were significantly more abundant in preeclamptic trophoblast 

debris compared to the placental explant tissue from which it was derived (Figure 6.13A 

and Table 6-10). For normal third trimester pregnancies, the expression of miR-497-5p, 

miR-455-5p, miR-526b-5p and miR-145-5p was significantly down-regulated in 

trophoblast debris when compared to the placental explants from which the debris was 

derived, while the expression of miR-675-3p, miR-185-5p and miR-363-3p was 

significantly enriched in trophoblast debris than the placental explants from which it was 

derived (Figure 6.13B and Table 6-10).  
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Table 6-10 The expression of miRNAs in trophoblast debris and the placental explants 

from which the debris was derived in preeclamptic and normal pregnancies 

 Preeclamptic pregnancies   

miRNA 
Trophoblast 

debris 

Matched donor 

placental explants 
P-value Numbers 

miR-497-5p  2.16 ± 1.54 10.10 ± 5.07 <0.05 5 

miR-455-5p  1.91 ± 0.59 17.08 ± 10.72 <0.05 5 

miR-145-5p  2.73 ± 1.06 7.92 ± 3.49 <0.05 5 

miR-615-3p 3.93 ± 2.02 0.91 ± 0.76 <0.05 5 

miR-675-3p 1.23 ± 0.32 0.16 ± 0.05 <0.001 5 

miR-185-5p 0.67 ± 0.42 0.03 ± 0.01 <0.01 5 

miR-363-3p  0.32 ± 0.20 0.08 ± 0.04 <0.05 5 

Normal pregnancies 

miRNA 
Trophoblast 

debris 

Matched donor 

placental explants 
P-value Numbers 

miR-497-5p  0.81 ± 0.13 16.83 ± 6.24 <0.05 4 

miR-455-5p  1.04 ± 0.41 16.05 ± 10.95 <0.05 4 

miR-526b-5p 1.11± 0.52 4.19 ± 2.18 <0.05 4 

miR-145-5p  1.15 ± 0.75 12.17 ± 5.67 <0.01 4 

miR-675-3p 1.20 ± 0.63 0.15 ± 0.05 <0.05 4 

miR-185-5p  1.28 ± 0.87 0.04 ± 0.02 <0.05 4 

miR-363-3p  1.09 ± 0.53 0.12 ± 0.05 <0.05 4 
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Figure 6.11 Validation of the fold changes for the expression of the miRNA in 

preeclamptic trophoblast debris compared to control trophoblast debris by qRT-PCR 

Expression of 10 miRNAs in preeclamptic (n=7) or control trophoblast debris (n=4) was 

quantified by qRT-PCR. The expression of miRNA was normalized to the geometric mean 

of three reference miRNAs (miR-532-5p; miR-92b-3p; miR-29c-5p). The bar graph 

represents the fold change for the expression of miRNA in preeclamptic (PE) trophoblast 

debris (TD) compared to control TD by either qRT-PCR or sequencing analysis. Data is 

presented as mean ± SD. * indicates P-value from unpaired t-test < 0.05; ** indicates Pt-test 

< 0.01. 
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Figure 6.12 Quantification of the expression of 10 miRNAs in preeclamptic placental 

tissue compared to control placental tissue by qRT-PCR 

Expression of 10 miRNAs in preeclamptic (n=5) or control term placental tissue (n=4) was 

quantified by qRT-PCR. The expression of miRNA was normalized to the geometric mean 

of three reference miRNAs (miR-532-5p; miR-92b-3p; miR-29c-5p). Data is presented as 

mean ± SD. Unpaired t-test was applied to examined the statistically significant difference 

between control and preeclamptic placental tissue. 
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Figure 6.13 Expression of miRNA in trophoblast debris and the placental 

explants from which the debris was derived 

Expression of 10 miRNA candidates in trophoblast debris and the matched donor 

placental explants dissected from preeclamptic placentae (A, n=5) or normal third 

trimester placentae (B, n=4) as determined by qRT-PCR. The expression of miRNA 

was normalized to the geometric mean of three reference miRNAs (miR-532-5p; 

miR-92b-3p; miR-29c-5p). Data is presented as mean ± SD. * indicates P-value 

from paired t-test < 0.05; ** indicates Pt-test < 0.01 
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6.9 The effect of miRNAs on endothelial cell gene expression and molecular 

phenotype 

Based on the qRT-PCR analysis and their potential functions in preeclampsia, four 

miRNAs that were present at significantly higher levels in preeclamptic trophoblast debris 

miR-1247-5p, miR-145-5p, miR-526b-5p and miR-1269a were chosen to investigate their 

potential effects on endothelial cell function using synthetic mimics (Table 6-11). In order 

to deliver these miRNA mimics to endothelial cells, explants collected from normotensive 

third trimester pregnancies were transfected with the mimics and the trophoblast debris 

extruded from the explants was exposed to HMEC-1 cells in culture. That the mimics were 

transfected into the placental explants and contained in the trophoblast debris and HMEC-

1 cells after exposure to the debris was quantified by qRT-PCR. The expression of 

Angiopoietin 2(ANGPT2), Matrix Metallopeptidase 9 (MMP9) and Baculoviral IAP Repeat 

Containing 3 (BIRC3) in the debris-exposed HMEC-1 cells as predicted downstream 

targets of miR-145-5p was determined by qRT-PCR. The experimental design is illustrated 

in Figure 6.14.  

Table 6-11 Characterization of miRNAs selected for transfection 

miRNA Function Literature Target mRNA 

hsa-miR-

1247-5p 
Oncogenic 

Down-regulated in PE placental 

tissue (Vashukova et al., 2016) 

SOX9;ERP29;MAPK

AP1;ALPK3; 

CREB3L3 

hsa-miR-

145-5p 

Tumour 

suppressive; anti-

proliferative; 

increase 

apoptosis; 

• Down-regulated in PE placental 

tissue ;  

• Up-regulation related to 

pulmonary hypertension(Caruso 

et al., 2012; Hromadnikova, 

Kotlabova, Hympanova, & 

Krofta, 2015); 

ANGPT2;EFGR; 

MMP1;MMP9; 

BIRC3; SOX2;  

hsa-miR-

526b-5p 
Oncogenic  

Decreased in fetal growth 

restriction placental tissue 

(Higashijima et al., 2013) 

VAPA;VEGFA; 

ICAM1 

hsa-miR-

1269a 

Pro-cell 

proliferation; 

metastasis 

N/A PSG3; PSG9  
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Figure 6.14 the workflow of miRNA function assay 

80 nM of miRNA mimics were added into the placental explant culture medium for 21 

hours. The trophoblast debris was isolated from these miRNAs transfected placental 

explants, and added to HMEC-1 cell culture. The levels of delivered miRNAs were 

quantified in the trophoblast debris and HMEC-1 cells that were exposed to miRNA 

transfected trophoblast debris.  
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6.9.1 Delivery of the miRNA mimics into the trophoblast debris  

Prior to attempting to deliver the mimics to placental explants, that small RNA would be 

incorporated into the syncytiotrophoblast was confirmed by adding a cy3-labelled 

scrambled RNA (siRNA) into term placental explant culture medium. After harvesting the 

trophoblast debris, the cy3-siRNA was visualized in placental tissue and trophoblast debris 

using confocal microscopy. 

Confocal microscopy imaging showed that cy3-siRNA delivered to placental tissue was 

mostly localized to the syncytiotrophoblast, and was not detected in the mesenchymal core 

(Figure 6.15). Cy3-siRNA was also present in the trophoblast debris extruded from these 

cy3-siRNA transfected placental explants, with most of the cy3-siRNA being localized to 

the cytoplasm of the trophoblast debris (Figure 6.16). 

Unlabelled miRNA mimics were added into placental explant culture, harvested trophoblast 

debris was later used in HMEC-1 cells transfection assays. The expression of delivered 

miRNA mimics in trophoblast debris and HMEC-1 cells exposed to this trophoblast debris 

was quantified by qRT-PCR. 

Quantitative RT-PCR confirmed that mimic transfected trophoblast debris contained 

significantly increased levels of miR-145-5p (2.44 vs. 0.41, n=3, P-value < 0.01), miR-

526b-5p (2.23 vs. 0.50, n=3, P-value < 0.01), miR-1247-5p (7.06 vs. 0.76, n=3, P-value < 

0.01) and miR-1269a (4.19 vs. 1.0, n=3, P-value < 0.01) than untreated trophoblast debris. 

These increasing levels are similar to the fold changes seen in the sequencing data (Figure 

6.11). There were basal levels of these miRNAs (presumably naturally occurring) in the 

untreated trophoblast debris and negative control mimic delivered trophoblast debris but 

there was no significant difference in the expression of the four miRNAs between these 

controls (Figure 6.17).  
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Figure 6.15 Confocal micrographs of cy3-siRNA being delivered to term placental tissue 

5 µm of sections term placental tissue following 21 hours of culture with (A-C) or without (D-F) the presence of cy3-labelled siRNA (red). 

Sections were also co-stained with DAPI nuclear marker (blue). Scale bars represent 50 μm. 
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Figure 6.16 Confocal micrographs of cy3-labelled siRNA being delivered to term 

placental trophoblast debris 

Smears of the trophoblast debris collected from placental explants labelled with (A) or 

without (B) cy3-siRNA (red). The trophoblast debris was co-stained with DAPI (blue). 

Scale bars represent 50 μm. 
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Figure 6.17 Expression of the delivered miRNAs mimics in trophoblast debris 

Expression of these four miRNAs in untreated trophoblast debris (TD), TD exposed to 

negative control for miRNA mimic and individual miRNA mimic delivered TD was 

quantified by qRT-PCR. The expression of miRNA was normalized to the geometric 

mean of three reference miRNAs (miR-532-5p, miR-92b-3p and miR-29c-5p). Data are 

presented as median with interquartile range. * indicates P-value from Wilcoxon 

matched pairs signed rank test < 0.05. 
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6.9.2 Delivery of the miRNA mimics into the endothelial cells through trophoblast 

debris  

In order to show that engineered trophoblast debris can deliver small RNAs into recipient 

cells, cy3-siRNA was used to visually track the delivery of small RNA contents of 

trophoblast debris into HMEC-1 cells. The expression of miRNAs delivered into HMEC-1 

cells was also quantified by qRT-PCR. 

Confocal imaging showed that cy3-siRNA could be delivered to HMEC-1 cells via 

trophoblast debris in the absence of any transfection reagent (Figure 6.18), and interestingly 

the siRNA appeared to cluster in a peri-nuclear pattern. 

HMEC-1 cells treated with miRNA transfected trophoblast debris expressed significantly 

higher levels of miR-145-5p (6.43 vs. 0.87, n=3, P-value <0.001), miR-526b-5p (4.32 vs. 

1.01, n=3, P-value <0.001), miR-1247-5p (2.42 vs. 1.02, n=3, P-value <0.001) and miR-

1269a (10.24 vs. 1.0, n=3, P-value <0.001) compared to HMEC-1 cells treated with 

untreated trophoblast debris (Figure 6.19). It is worth noting that miR-1247-5p and miR-

526b-5p belong to C14MC and C19MC respectively, which are not expressed in HMEC-1 

cells and normotensive trophoblast debris was able to deliver placental specific miRNAs 

into HMEC-1 cells (as shown in Figure 6.19). 
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Figure 6.18 Confocal imaging showing cy3-siRNA being delivered to HMEC-1 

cells via trophoblast debris 

HMEC-1 cells were co-cultured with trophoblast debris from cy3-siRNA transfected 

placental explants (TD, red) (A) or control TD (B) for 21 hours. They were also co-

stained with cell tracker (CMFDA, green) and DAPI (blue). 
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Figure 6.19 Levels of delivered miRNAs in HMEC-1 cells via trophoblast 

debris 

The levels of delivered miRNA mimics in HMEC-1 cells following exposure to 

miRNA mimics containing trophoblast debris (TD, isolated from 3 individual 

placentae) for 21 hours was quantified by qRT-PCR. Untreated HMEC-1 and 

HMEC-1 exposed to untreated TD were used as control. The expression of miRNA 

was normalized to the geometric mean of three reference miRNAs (miR-532-5p, 

miR-92b-3p and miR-29c-5p). Data is presented as median with interquartile range. 

* Indicates P-value from Wilcoxon matched pairs signed rank test < 0.05. 
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6.9.3 The effect of delivering high levels of miRNA mimics on predicted gene targets 

As a well-studied cardiovascular related miRNA, miR-145-5p (which was shown and 

validated to be up-regulated in preeclamptic trophoblast debris compared to normotensive 

trophoblast debris) was chosen to investigate its effect on HMEC-1 cell functions. The 

expression of three of miR-145-5p predicted targets genes: ANGPT2, BIRC3 and MMP9 in 

HMEC-1 cells after exposure to miR-145 containing trophoblast debris was quantified by 

qRT-PCR. 

HMEC-1 cells exposed to miR-145 containing trophoblast debris expressed significantly 

lower levels of ANGPT2 (1.36 vs. 2.06, n=3, P-value <0.001) and BIRC3 (0.76 vs. 2.43, 

n=3, P-value <0.005) mRNA compared to HMEC-1 cells exposed to untreated trophoblast 

debris. Conversely, the expression of MMP9 was significantly higher in HMEC-1 cells 

treated with miR-145 mimic containing trophoblast debris compared to HMEC-1 cells 

treated with untreated trophoblast debris (1.49 vs. 0.58, n=3, P-value <0.005, Figure 

6.20A). 

In order to determine whether preeclamptic trophoblast debris induced similar changes in 

HMEC-1 gene expression to that of miR-145 mimic-containing trophoblast debris, the 

expression of ANGPT2, BIRC3 and MMP9 in HMEC-1 cells after exposure to preeclamptic 

or control trophoblast debris for 21 hours was quantified by qRT-PCR. HMEC-1 cells 

treated with preeclamptic trophoblast debris expressed significantly lower levels of 

ANGPT2 (0.51 vs. 3.17, n=3, P-value < 0.01) and BIRC3 (0.97 vs.4.33, n=3, P-value < 

0.005) compared to HMEC-1 cells exposed to normotensive trophoblast debris, while the 

expression of MMP9 was significantly higher in HMEC-1 cells after exposure to 

preeclamptic trophoblast debris compared to control HMEC-1 cells (4.86 vs. 1.11, n=3, P-

value < 0.05, Figure 6.20B), in a similar manner as to that of miR-145 mimic-containing 

trophoblast debris.  

To further test whether the transcriptomic responses shown above led to changes at the 

protein level, the expression of 23 angiogenesis factors, in pooled conditioned media from 

HMEC-1 cells after exposure to either miR-145 mimic containing trophoblast debris or 

untreated trophoblast debris was assessed using a human angiogenesis antibody array 

(Table 2-4). The antibody array data on HMEC-1 after exposure to either untreated or miR-

145 mimic-containing trophoblast debris was normalized to the mean signal density of 

reference proteins on untreated HMEC-1 array. This preliminary analysis showed that the 

normal trophoblast debris can induce the 19 out of 23 angiogenesis factors, ANGPT1, 
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ANGPT2, PLG, Endostatin, GM-CSF, I-309, IL-10, IL-1 alpha, IL-1 beta, IL-4, I-TAC, 

MCP-3, MCP-4, MMP9, TIE-2, TNF alpha, uPAR, VEGF R2 and VEGF R3. However, 

miR-145 mimic-containing trophoblast debris induced HMEC-1 cells to secrete lower 

levels of 18 out of 19 of these angiogenesis factors compared to HMEC-1 cells after 

exposure to control trophoblast debris (Figure 6.21), except Endostatin. Since this is a 

preliminary result from the pooled conditioned media to show the trend of protein 

expression, there is no statistical significance comparison in between. 
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Figure 6.20 Comparison of the expression of target mRNAs in HMEC-1 cells 

after exposure with miR-145 mimic-containing trophoblast debris or 

preeclamptic trophoblast debris 

After exposure to miR-145 mimic containing trophoblast debris (A) or preeclamptic 

trophoblast debris (B), for 21 hours, the expression of predicted miR-145 targets 

ANGPT2, BIRC3 and MMP9 in HMEC-1 cells was quantified by qRT-PCR. The 

expression of the mRNAs was normalized to the geometric mean of two reference 

mRNAs (ACTB and 18S). Data is presented as median with interquartile range. * 

indicates P-value from Mann Whitney test < 0.05; ** indicates PMann < 0.01 
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Figure 6.21 Angiogenesis related proteins in the conditioned media from HMEC-1 cells after exposure to miR-145 transfected 

or control trophoblast debris 

The levels of 23 angiogenesis related proteins was assessed in pooled conditioned media collected from HMEC-1 cells after exposure to 

miR-145 transfected or untreated trophoblast debris (TD, n=4) by human angiogenesis antibody array, untreated HMEC-1 condition 

medium was used as reference. The array data was normalized to the mean signal density of reference protein spots on untreated HMEC-

1 array and presented as a single value.  
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6.10 Summary of key experimental findings 

• Trophoblast debris from both normal and preeclamptic placentae contains abundant 

small RNAs; 

• miRNAs and tRNA fragments make up the majority of the small RNA population 

packaged within trophoblast debris; 

• There is possibly selective packaging of small RNA contents in trophoblast debris 

(compared to the placental tissue from which it was derived); 

• The identification of which small RNAs were contained at different levels between 

trophoblast debris from preeclamptic or normal placentae varied substantially 

depending upon which annotation tools and normalization methods were used; 

• Comparing preeclamptic and control term trophoblast debris, Genboree pipeline 

identified 6 tRNAs fragments and 9 piRNA fragments were significantly different, 

while iSRAP identified differential expression of 85 rRNA fragments, 3 tRNA 

fragments and 13 snRNA fragments. In house analyse service has identified the 4 tRNA 

fragments from 3 different tRNAs. There is no overlap of the results from three 

different methods; 

• Four miRNAs (hsa-miR-1247-5p; hsa-miR-145-5p; hsa-miR-126-3p and hsa-miR-

526b-5p) were consistently different between preeclamptic and control trophoblast 

debris regardless of the analysis method applied; 

• Small RNAs, including miRNA mimics, can be delivered into endothelial cells via 

trophoblast debris; 

• Small RNA delivered by trophoblast debris had a peri-nuclear localization in 

endothelial cells; 

• MicroRNA mimics delivered to HMEC-1 cells via trophoblast debris regulated 

predicted target mRNA expression in recipient cells.  
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6.11 Discussion 

6.11.1 Overview 

The importance of small non-coding RNAs in transcriptomic regulation and pathology of 

disease is becoming more and more apparent. In the past ten years, a number of studies 

have investigated differential expression of microRNAs in preeclampsia (Betoni et al., 

2013; H. Li et al., 2013; Ospina-Prieto et al., 2016; Vashukova et al., 2016). Most of these 

studies were focused on using small RNA as biomarkers for preeclampsia in either 

placental tissue or maternal plasma, rather than considering their role in feto-maternal 

signalling. This study focused on 1) determining whether there were differences in the 

amounts of small RNAs in the trophoblast debris produced by normal or preeclamptic 

placentae and 2) whether miRNAs contained in trophoblast debris could alter maternal 

endothelial cell biology. 

6.11.2 Trophoblast debris as a mediator of feto-maternal signalling  

It is generally accepted that placenta plays an important role in pathogenesis of 

preeclampsia. Until present, 10 studies have investigated the miRNA profile in 

preeclamptic placenta tissue, aiming to identify the differentially expressed miRNAs and 

their role in the pathology of the disease (Betoni et al., 2013; W. Cheng et al., 2011; Hu et 

al., 2009; Ishibashi et al., 2012; Mayor-Lynn et al., 2011; Noack et al., 2011; Pineles et al., 

2007; W. Wang et al., 2012; Y. Zhang et al., 2010a; X. M. Zhu et al., 2009). However, the 

differential analysis results from these studies were not consistent, possibly due to 

variations in the study populations (patients’ ethnicities; variation of disease severity, time 

for delivery) and different experimental and analysis methods applied. Most of these 

studies were carried out using microarray and qRT-PCR rather than a high through-put 

analysis. Placenta-based investigations of the role of miRNAs in the pathology of 

preeclampsia are important to better understand the localized pathophysiology of the 

disease. However, preeclampsia, is a disorder characterized by systemic endothelial cell 

dysfunction and the link between placental pathology and endothelial cell dysfunction is 

lost by solely looking at the whole placental tissue alone.  

There were also a number of studies investigated the miRNA profile in serum or plasma 

from preeclamptic patients (Miura et al., 2015b; Sandrim, Luizon, Palei, Tanus-Santos, & 

Cavalli, 2016; S. Yang, Li, Ge, Guo, & Chen, 2015). Investigating the miRNA profile in 

the circulation of preeclamptic patients is also confronted by the fact that the source of cell 
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free miRNAs is not clear as it could originate from either fetal/placental or maternal cells. 

To overcome these limitations, here an in vitro model of trophoblast debris was used to 

examine the miRNA profile of the preeclamptic trophoblast debris, which is becoming 

accepted to be a primary mediator of feto-maternal signalling with significant potential to 

contribute to maternal endothelial cell dysfunction (Cockell et al., 1997; Kertesz et al., 

2000; Salomon et al., 2014). 

6.11.3 Small RNA sorting in trophoblast debris  

It has previously been shown that trophoblast debris and SNAs contain very little intact 

mRNA (Holland et al unpublished). Here it is confirmed the lack of substantial amounts of 

intact mRNA with the major RNA species in trophoblast debris being 250-300 nucleotides 

in length (Figure 6.1A). This is consistent with the mRNA being fragmented. The absence 

of intact ribosomal RNA in trophoblast debris strongly indicated that there is selective 

small RNA packaging in trophoblast debris compared to the syncytiotrophoblast from 

which it was derived (which has intact ribosomal RNA like any other cell type). 

Despite the degradation of the mRNA (and ribosomal RNA) in trophoblast debris, it was 

still possible to generate good quality libraries of small RNAs. The size of different types 

of RNAs ranges from 20-5,000 nucleotides. While the majority of the reads was distributed 

at 22-24 nucleotides (Figure 6.4), and most of these reads were annotated to be mature 

miRNAs (Figure 6.5), indicating that the majority of the small RNAs contained within 

trophoblast debris are intact mature miRNAs, with a variety of fragments of other types of 

small RNAs of low abundance. 

Others have demonstrated selective packaging of small RNAs, compared to the cells from 

which they are derived, into extracellular vesicles, such as microvesicles and exosomes 

(Koppers-Lalic et al., 2014; C. C. Li et al., 2013; van Balkom, Eisele, Pegtel, Bervoets, & 

Verhaar, 2015). The mechanisms of small RNA sorting into extracellular vesicles are not 

fully understood, however, one recent study suggested that post transcriptional 

modifications, notably 3’ end adenylation and uridylation, exert opposing effects that may 

contribute to direct non-coding RNA sorting into exosomes (Koppers-Lalic et al., 2014). 

However, the biogenesis of exosomes is likely to be different to the biogenesis of 

trophoblast debris, as exosomes are derived from intracellular endosomes. The exact 

biogenesis of trophoblast debris is not known, but is likely to be related to cell-death related 

processes (Askelund & Chamley, 2011), which is not related to the processes that result in 

exosome formation. Therefore, it was originally hypothesized that the small RNAs 
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contained in trophoblast debris would directly reflect the content of small RNAs in 

syncytiotrophoblast.  

Quantitative RT-PCR analysis of individual miRNAs in the trophoblast debris and the 

placental explants from which the debris was derived demonstrated that the miRNA 

contents of debris was different to the content of miRNAs in the explants. Some miRNAs 

(miR-675, miR-185 and miR-363) were selectively enriched in the trophoblast debris 

compared to the placental tissue, while other miRNAs were of low abundance in the debris 

(miR-497, miR-455 and miR-145) compared to the explant. That not all miRNAs were 

enriched in the trophoblast debris suggests that there was selective packaging rather than 

protection of the miRNAs in the debris. Due to the technical challenge, it was impossible 

to directly show the selective packaging of each type of individual small RNA in 

trophoblast debris, however the absence of intact ribosomal RNA in trophoblast debris 

along with the accumulating evidence of selective small RNA packaging in extracellular 

vesicles strongly suggested that it is highly possible selective small RNA packaging might 

exist in trophoblast debris. 

To date, the exact mechanism of sorting of the miRNA into placental extracellular vesicles 

is not fully elucidated. However, a few RNA binding proteins have been confirmed to 

contribute to sorting of the miRNAs into the exosomes, including SYNCRIP 

(synaptotagmin-binding cytoplasmic RNA-interacting protein) and YBX1 (Y-box protein 

1) (Santangelo, L., M Tripodi. et al.,2016; Shurtleff, M. J., Temoche-Diaz, M. M., Karfilis, 

K. V., Ri, S., & Schekman, R., 2016). However, the exosomes are produced involving 

intracellular production of MVB (Tong & Chamley, 2015). In contrast, trophoblast debris 

is produced by an entirely different mechanism involving plasma membrane budding. In 

order to further validate and manipulate the sorting machinery of miRNAs into trophoblast 

debris, the expression of these proteins could be examined and engineered in trophoblast 

debris and further compare the changes of expression pattern of miRNAs. 

The physiological function of this selective packing is not yet known. However, there were 

clear differences in the miRNA contents of preeclamptic debris compared to normotensive 

trophoblast debris. Given that in Chapter Three it was demonstrated that trophoblast debris 

from normal placentae can regulate the transcriptome of endothelial cells that phagocytose 

the debris (Wei et al., 2016), it is possible that the miRNAs presented in the normal debris 

contribute to that regulation of maternal endothelial cell/cardiovascular adaptations to 

pregnancy. That the miRNA contents of preeclamptic trophoblast debris was substantially 
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different from the miRNA contents of normotensive trophoblast debris suggests that these 

differences in the miRNA contents of preeclamptic trophoblast debris could potentially 

contribute to failure of the normal cardiovascular adaptation to pregnancy in preeclampsia. 

Extracellular miRNAs released from the syncytiotrophoblast can be carried by placental 

extracellular vesicles, including exosomes, microvesicles and trophoblast debris. Here for 

the first time, this work has shown that there are a substantial number of mature miRNAs 

in trophoblast debris from both normal and preeclamptic placentae and it is likely that these 

miRNAs regulate maternal cellular function during pregnancy. These data suggest that 

future investigations on the role of miRNAs in preeclampsia and normal pregnancy should 

put more emphasis on miRNAs contained in the full range of extracellular vesicles derived 

from the placenta. 

The sequencing data in this Chapter has shown that miRNAs and tRNA fragments make 

up the majority of the small RNA populations within trophoblast debris. Furthermore, when 

comparing the small RNA compositions between preeclamptic and control trophoblast 

debris, it was shown that the proportion of miRNA in the small RNA population was 

significantly lower in preeclamptic trophoblast debris compared to control trophoblast 

debris. On the other hand, piRNA was enriched in preeclamptic debris. The mechanism of 

this differential regulation in small RNA composition between preeclamptic and healthy 

control trophoblast debris is not fully understood, but is in agreement with previous work 

that suggested difference in the percentage of miRNA maternal plasma between normal 

and preeclamptic pregnancies (H. Li et al., 2013). Taken together, these results suggest that 

dysregulated small RNA sorting during placental extracellular vesicle deportation may 

contribute to the pathology of preeclampsia, although it is important to demonstrate this 

conclusively. 

6.11.4 Differentially contained small RNA (except miRNA) in preeclamptic trophoblast 

debris  

As a small RNA sequencing project, the aim of this work was to identify differentially 

contained small RNAs in preeclamptic trophoblast debris compared to normotensive 

trophoblast debris, including but not exclusive to miRNAs. Here, by using different analyse 

methods, fragments from tRNA, piRNA, snRNA and rRNAs were also differentially 

expressed between preeclamptic and normotensive trophoblast debris. Due to the different 

annotation and normalization applied, the most consistent tRNA fragments could not be 

identified as there was no overlapped results. Piwi RNAs (piRNAs) were first identified 10 
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years ago, and are reported to be mainly involved in germ line maintenance and protection 

of the integrity of the genome (Siomi, Sato, Pezic, & Aravin, 2011; Vagin et al., 2006). 

While rRNA, tRNA are involved in assisting protein synthesis, snRNAs are demonstrated 

to play an important role in mRNA splicing(Padgett, 2005). Therefore, these small RNAs 

are all related to transcriptional regulation, and possibly placental/fetal development. 

While the functions of these small RNAs still await elucidation, the fragments from these 

small RNAs were always thought to be a waste product of RNA degradation. However, 

accumulating evidence indicates that tRNA fragments are not random by-products of tRNA 

degradation or biogenesis, they have their unique expression pattern and biological roles(Y. 

S. Lee, Shibata, Malhotra, & Dutta, 2009). The biological scope of these tRNA fragments 

ranges from translation control, RNA silencing, cell proliferation, apoptosis regulation to 

fertilization (Emara et al., 2010; Gebetsberger & Polacek, 2013; Green, Fraser, & Dalmay, 

2016; U. Sharma et al., 2016)  

The biological role of these small RNA fragments in feto-maternal communication is not 

at all clear, nor has their contribution to the pathogenesis of preeclampsia been investigated. 

Here for the first time, the differentially packaged small RNA fragments in preeclamptic 

trophoblast debris were shown, the role of which in preeclampsia requires further 

investigation.  

6.11.5 Differentially contained miRNAs in preeclamptic trophoblast debris  

Next generation sequencing technologies have been widely applied to identify the function 

of miRNAs in physiological and pathological conditions. Currently, there is no consensus 

on best practice to analyse miRNA sequencing data. Therefore, in this study three methods 

were used to perform differential miRNA expression analysis, with the aim of comparing 

the differential expression result by the three methods to determine the degree of 

agreement, and identification of the miRNAs that were differentially contained in the debris 

by the most robust method available. These three methods differ in various data processing 

steps, such as adapter trimming, reads annotation and data normalization (Table 6-2). Using 

the three different packages to align the sequencing reads to the miRNA database, the total 

number of mapped miRNAs ranged from 1,278-1,703 depending upon which method was 

used. After differential normalization, the three analysis methods provided three lists of 

differentially expressed small RNAs that had limited overlap (Figure 6.10). In order to 

validate the differential expression data generated by the three methods, a selection of 

miRNAs that were either exclusively significant in one analysis method or significant in 
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more than one analysis methods were chosen and levels in trophoblast debris from 

preeclamptic or normal debris analysed. This qRT-PCR analysis showed that the more 

consistent between multiple analysis methods, the more likely the differential expression 

data would be validated by qRT-PCR. However, the differential expression result that was 

exclusive to one analysis method could still be valid as shown in the qRT-PCR validation 

of miR-615-3p, miR-1269a, miR-185-5p and miR-363-3p (Figure 6.11). These results 

indicate that the outcome of differential expression analysis on small RNA is fully reliant 

on the database annotation and normalization methods applied. While this is also true of 

other “omics” analysis systems, for proteomic and transcriptomics the technologies for 

differential analysis are more mature. In order for others to identify as many differentially 

expressed small RNAs as possible, it will be important to apply multiple analysis methods, 

along with rigid validation, until the analysis technology is mature. 

Among the differentially contained miRNAs identified in preeclamptic trophoblast debris, 

there were numerous miRNAs in agreement with previous studies on miRNA profile of 

preeclamptic placenta, such as the up-regulation of miR-195, miR-181a, miR-335, miR-

152, miR-512-3p, miR-524-3p(Hu et al., 2009; W. Wang et al., 2012; X. M. Zhu et al., 

2009), miR-193b, miR-185, miR-526b, miR-515, miR-520a-3p, miR-10b, miR-517c, miR-

518c, miR-519 and miR-126 (Ishibashi et al., 2012) as well as down-regulation of miR-

363 in preeclamptic trophoblast debris as seen in preeclamptic placenta (X. M. Zhu et al., 

2009). Among which, miR-517c was shown to contribute to the trophoblast dysfunction 

during preeclampsia (Anton, Olarerin-George, Hogenesch, & Elovitz, 2015). On the other 

hand, several miRNAs identified as up-regulated in preeclamptic trophoblast debris were 

contradictory to previous publications, showing the down-regulation of the same miRNAs 

in preeclamptic placental tissue, such as miR-542-3p, miR-10b, miR-126, miR-154, miR-

195, miR-675 (Bai et al., 2012; W. L. Gao et al., 2012; X. M. Zhu et al., 2009). These 

differences could be due to various reasons, including patients’ ethnicities, experimental 

difference (microarray vs. small RNA sequencing) and analysis differences. However, 

another very important possibility is that miRNAs in trophoblast debris were examined 

while these other studies examined placental tissue and as discussed above, it may be that 

the miRNAs packaged into trophoblast debris are not representative of the miRNAs in the 

syncytiotrophoblast from which the debris is derived. 
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6.11.6 Uptake of small RNAs into the syncytiotrophoblast and trophoblast debris 

Using cy3-labelled siRNA, It showed that third trimester placental explants could be 

transfected with small RNA in vitro, so could the trophoblast debris shed from these 

transfected placental explants. This result is consistent with a previous publication on first 

trimester placental explants transfected with siRNA, showing that siRNA was located to 

the syncytial layer of the placenta but not the underlying cytotrophoblast nor stromal cells 

(Forbes, Desforges, Garside, Aplin, & Westwood, 2009). Having delivered the small RNA 

to the placental explants I was then able to detect the small RNA in trophoblast debris 

derived from the explants using both the cy3-labelled siRNA and by RT-PCR of the 

miRNA mimics. There was a difference in the localisation patterns of transfected siRNA 

in placental explants and trophoblast debris, with the siRNA in trophoblast debris 

demonstrating punctate cytoplasmic staining whereas, in the syncytiotrophoblast, the cy3-

labelled RNA was diffusely distributed throughout the cytoplasm. However, when primary 

trophoblast cells were transfected with small RNA, a similar punctate pattern of staining 

was reported (Forbes et al., 2009). Although without quantification, staining of cy3-

labelled RNA in the trophoblast debris appeared to be stronger than the staining in the 

syncytiotrophoblast. Whether that stronger staining was simply a result of concentrating 

the RNA into the punctate pattern in trophoblast debris or due to some other mechanism 

was not determined. Meanwhile, whether the small RNA was packaged from 

syncytiotrophoblast into the trophoblast debris that was shed from it or was directly 

transfected into the trophoblast debris, or a combination of both was not clear. Previous 

work using this explant model to generate trophoblast debris demonstrated that 

approximately 50% of the debris collected after 20 hours of explant culture was able to 

metabolise the green fluorescent stain CMFDA suggesting that at least some trophoblast 

debris retains metabolic activity and as such may have the capacity to be transfected 

(Holland et al., 2016). Alternatively, the RNA could be both packed into the debris during 

the process of it being extruded from the syncytiotrophoblast and then also directly 

transfected into the debris, which might explain the increased staining intensity in the 

trophoblast debris. Regardless of the method by which the small RNA entered the debris, 

the debris contained the small RNA and was able to deliver that RNA cargo to endothelial 

cells.  
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6.11.7 Uptake of the miRNAs contained in trophoblast debris by endothelial cells 

Having delivered the small RNA to trophoblast debris, the debris was demonstrated to be 

able to deliver its cargo of both cy3-labeled siRNA and the miRNA mimics to endothelial 

cells. Interestingly the cy3-labelled siRNA, once in the endothelial cells, had a similar peri-

nuclear punctate staining pattern to that seen in the trophoblast debris. This finding is 

consistent with one previous study showing that nanoparticles can deliver small RNAs 

efficiently and the delivered siRNA had a peri-nuclear localisation (Du et al., 2012). The 

mechanism of this intercellular uptake of small RNA via trophoblast debris could be that 

the small RNA clusters contained in trophoblast debris were taken up into the endothelial 

cells following phagocytosis of the trophoblast debris, or alternatively, via 

nanovesicles/microvesicles released from trophoblast debris. Supporting the latter concept, 

it has recently been published that many SNAs produce blebs on the surface that may well 

become microparticles (Chamley et al., 2014; Holland et al., 2016). It is well documented 

that extracellular vesicles, including trophoblast derived nano- and micro vesicles, can be 

taken up by recipient cells (Berchem et al., 2015; da Silveira, Veeramachaneni, Winger, 

Carnevale, & Bouma, 2012), resulting in the delivery of microRNAs from the  extracellular 

vesicles to recipient cells (Ohno et al., 2013; Valadi et al., 2007; Y. Wang et al., 2015).  

This all suggests that extracellular vesicles, including trophoblast macro debris, is a 

potential biological mechanism that the fetus may use to communicate with its mother.  

6.11.8 Dysregulated miRNAs contained in preeclamptic trophoblast debris could 

contribute to endothelial cell dysfunction  

It was interesting to find that numerous angiogenesis-associated miRNAs were contained 

at higher levels in preeclamptic trophoblast debris than the control debris, such as miR-

23b, miR-30c, miR-126 and miR-143/145 cluster (Deng et al., 2015; Garcia, Ontoria-

Oviedo, Gonzalez-King, Diez-Juan, & Sepulveda, 2015; Zernecke et al., 2009). The miR-

143/145 cluster is well studied as an important regulator in vascular homeostasis 

(Bockmeyer et al., 2012; Elia et al., 2009; Norata et al., 2012), and it has been reported that 

overexpression of miR-143 or miR-145 can inhibit endothelial cell angiogenic capacity in 

vitro (Climent et al., 2015). Up-regulation of miR-143/145 in pulmonary artery smooth 

muscle cells was demonstrated to contribute to the pathology of pulmonary arterial 

hypertension via altered endothelial angiogenesis (Caruso et al., 2012; Deng et al., 2015). 

This may be relevant to preeclampsia as angiogenesis factors sFlt-1 and PlGF are 

dysregulated in the blood of many women with preeclampsia (Gilbert et al., 2007; Makris 
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et al., 2007; Szpera-Gozdziewicz & Breborowicz, 2014), and they are associated with 

peripheral endothelial cell dysfunction.  

In the previous Chapters, the trophoblast debris was demonstrated to be able to modify the 

transcriptome of endothelial cells in vitro (Wei et al., 2016). Whether miRNAs delivered 

to endothelial cell via preeclamptic trophoblast debris could contribute to the 

transcriptomic changes and to maternal endothelial cell dysfunction in vivo is not known. 

But this seems highly likely given that artificially engineered miR-145 mimic containing 

normotensive trophoblast debris was able to induce transcriptomic and protein changes in 

the endothelial cells similar to those induced by preeclamptic trophoblast debris (Figure 

6.20). While the expression of miR-145 predicted targets ANGPT2 and BIRC3 was 

inhibited by the delivery of miR-145 mimic, the up-regulation of MMP9 induced by the 

miR-145 mimic was not seen when endothelial cells were treated with preeclamptic debris. 

Considering that one miRNA can negatively regulate the expression of hundreds of genes 

(Hashimoto, Akiyama, & Yuasa, 2013), there might be some positive effect of over 

expressing this single miRNA (miRNA-145) that was countered by the complex mixture 

of miRNAs in preeclamptic debris. Normal term trophoblast debris can modify the 

expression of a number of angiogenesis factors in endothelial cells, including up-regulating 

ANGPT2 secretion (Figure 6.21). This upregulation of ANGPT2 may be one of the normal 

adaptations of the maternal cardiovascular system to pregnancy since, ANGPT2 is a 

glycoprotein that plays an important role in vascular development (Khairoun et al., 2015), 

endothelial cell survival, proliferation and angiogenesis (Daly et al., 2006; Lobov, Brooks, 

& Lang, 2002; Maisonpierre et al., 1997), and it was also found to be involved in 

endothelial cell survival during spiral artery remodelling (Zhou, Bellingard, Feng, 

McMaster, & Fisher, 2003).  The presence of excess miRNA-145 in preeclamptic debris 

may counter the effects of normal trophoblast debris on the regulation of proteins such as 

ANGPT2 thereby contributing to the pathogenesis of preeclampsia. 

6.11.9 Gestational matching of samples 

One limitation of this study was that the normotensive control cohort was not exactly 

gestation-matched for the preeclamptic cohort, but there were no statistically differences 

between the two groups. While this small gestational age differences might have biological 

significance. this seems unlikely given all the samples were near term.  
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6.11.10 Summary 

In this Chapter, it showed that trophoblast debris carries abundant small RNAs and that 

there are substantial differences in the small RNA cargos of normotensive and preeclamptic 

trophoblast debris. During pregnancy, this trophoblast debris is released into the maternal 

circulation and will come into contact with maternal cells, including vascular endothelial 

cells. The demonstration that the small RNA contents can be directly transferred from the 

trophoblast debris to endothelial cells and subsequently modify the transcriptome and 

proteome of endothelial cells suggests that the changed miRNA cargo of preeclamptic 

trophoblast debris might contribute to the maternal endothelial cell dysfunction that is a 

hallmark of preeclampsia. 
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7 Concluding discussion 

“The most beautiful thing we can experience is the mysterious. It is the source of all true 

art and all science.” 

 -Albert Einstein 

The human placenta is one of the most important human organs, as it contributes to the 

regulation of maternal responses and replaces many of the functions of the fetal renal, 

respiratory, hepatic, gastrointestinal, endocrine and immune systems (Gude et al., 2004). 

Throughout gestation, the trophoblasts in the human placenta undergo constant 

proliferation and differentiation to provide sufficient nutrient and oxygen/blood supply to 

the growing fetus (Genbacev & Miller, 2000). Disorders stemming from abnormal 

placental development, such as preeclampsia, will not only significantly influence the fate 

and lifelong health of the offspring, but also place these women in elevated risk of 

developing cardiovascular disease later in life (Amaral et al., 2015). Despite its importance, 

the placenta is the least understood human organ (Guttmacher, Maddox, & Spong, 2014). 

The lack of information is primarily due to the limited access to the placenta, as the current 

techniques essentially rely on the examination of the post-delivery placenta. Therefore, we 

miss a lot of molecular and functional information during early stages of placental 

development. On the other hand, there are substantial differences between human and 

animal models in terms of implantation, structure of the placenta and hormone secretion 

(Carter, 2007; James, Carter, & Chamley, 2012). Our lack of knowledge of placental 

biology in both normal and complicated pregnancies has led to the slow advance of modern 

obstetric medicine. For more than 100 years, the management for preeclampsia has 

remained alleviating the clinical symptoms rather than to treat the underlying disorder, such 

as anti-hypertensive therapy, administration of magnesium sulfate for neuroprotection 

during eclampsia (Johnson et al., 2014) and/or administration of steroids to promote fetal 

lung maturation prior to preterm delivery (Sibai, 2003). Therefore, gaining a better 

understanding the underlying mechanisms of maternal adaptation to normal and 

preeclamptic pregnancies is of great importance for improving early diagnosis and 

developing novel interventions. 
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7.1 Overview of the results 

The main focus of this work was to investigate the interaction of endothelial cells with 

trophoblast debris from normotensive or preeclamptic pregnancies, including recognition 

mechanisms, changes in molecular phenotypes and cellular function of endothelial cells, 

with the aim of gaining a better understanding of how the maternal vascular system adapts 

during normal and pathological pregnancies.  

In this work, it was confirmed that endothelial cells can respond differently to necrotic and 

apoptotic trophoblast debris via paracrine signalling mediated by IL-1β contained in 

necrotic trophoblast debris, indicating that the protein cargo contained within necrotic/ 

preeclamptic trophoblast debris can potentially directly activate endothelial cells. 

Trophoblast debris derived from healthy first trimester placental was shown to contribute 

to inflammatory, angiogenic, endocrine and anti-apoptotic responses in endothelial cells. 

These effects may contribute to the maternal physiological adaptation in normal pregnancy. 

More importantly, this work showed that trophoblast debris can mediate feto-maternal 

signalling through modulation of the gene expression in maternal cells rather than simply 

delivery of messenger RNA. It was proposed soluble placental hormones are responsible 

for maternal adaptations, however, in this thesis it was suggested that trophoblast debris 

deported in the maternal circulation might also contribute to these maternal adaptations to 

pregnancy via effects on endothelial cells and possibly other cell types. 

There were different small RNA contents between preeclamptic and normotensive 

trophoblast debris identified. This difference is possibly due to the different expression 

patterns of small RNAs between preeclamptic and normotensive placentae. An alternative 

possibility is that selective packaging of small RNA contents into trophoblast debris is 

dysregulated during the pregnancies. Regardless of the sorting mechanism, trophoblast 

debris, derived from preeclamptic placentae, carries dysregulated small RNA signals that 

could contribute to maternal endothelial cell dysfunction. This was confirmed by showing 

that artificially engineered normotensive trophoblast debris containing miR-145-mimics 

was able to partially mimic the effect of preeclamptic trophoblast debris on endothelial cell 

gene expression (Figure 6.20). Finally, microarray analysis on endothelial cells after 

exposure to preeclamptic trophoblast debris has suggested that these endothelial cells might 

undergo a DNA-damage response, which could be due to the excessive ROS generation in 

endothelial cells induced by preeclamptic trophoblast debris (Figure 5.8).  
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In conclusion, it was suggested that trophoblast debris can also conduct feto-maternal 

signalling through delivery of fetal genetic information and therefore regulate maternal 

endothelial cell gene expression and function. The cargo delivered by trophoblast debris 

during preeclamptic pregnancies might cause maternal endothelial cell damage and 

eventually dysfunction. 

7.2 What is the role of smaller placental extracellular vesicle in feto-

maternal endothelial cell signalling?  

While this work was focused on the effect of macro trophoblast debris on endothelial cell 

function, whether the effects shown in this work can be applied to other smaller placental 

extracellular vesicles remains to be determined.  

The field of extracellular vesicles is rapidly advancing and it has been revealed that the 

spectrum of extracellular vesicles ranges from nanometres to a few hundred micrometres 

in size (Colombo, Raposo, & Thery, 2014; Mulcahy, Pink, & Carter, 2014; Shifrin, Demory 

Beckler, Coffey, & Tyska, 2013). Almost all cell types release extracellular vesicles to 

facilitate intercellular communication. This concept, which emerged in the past decade, has 

completely changed the perspective of intercellular communication, as distant cell 

signalling can occur through the extracellular vesicles released by various cell types. 

Therefore, the overview of human placenta has changed from being simply an isolated fetal 

organ that is restricted to signaling via soluble hormones to an interactive organ which can 

communicate with maternal cells at a large distance via deportation of placental 

extracellular vesicles.  

It is well accepted that the biogenesis, packaged cargo/contents, distribution and potentially 

clearance of the various sized placental extracellular vesicles is different, although concrete 

evidence for this has only been provided experimentally very recently by Tong et al (Tong 

et al., 2016). It is likely that each population of placental extracellular vesicles have unique 

functions during pregnancy.  

Firstly, the cells interacting with these various sized placental extracellular vesicles are 

possibly of different populations. While the macro trophoblast debris is retained in the 

pulmonary capillaries and cleared by microvascular endothelial cells, the smaller placental 

extracellular vesicles are able to travel through maternal arterial system (Attwood & Park, 

1961; B. S. Holder, 2012).  
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Secondly, the cargoes carried by smaller placental extracellular vesicles are likely to be 

different from those carried by macro trophoblast debris (Tong & Chamley, 2015). A recent 

proteomic study investigating all three sizes of placental extracellular vesicles has revealed 

that although all sizes of placental extracellular vesicles share most of their protein cargos, 

each individual size group of placental extracellular vesicle carries up to 223 proteins that 

are exclusive to each population. To date, the full characterization of nucleic acid and lipid 

contents in different sized placental vesicles has not been performed. Whether these 

different molecular cargos are involved in the unique functions of different populations of 

placental extracellular vesicles is a question that requires investigation in the field of 

placental extracellular vesicle biology. 

Thirdly, the mechanism of the uptake of the smaller placental extracellular vesicles is 

unlikely to be the same as macro trophoblast debris, due to the different cargos/markers 

they carry. It was shown that maternal immune cells and endothelial cells have the ability 

to internalize placental extracellular vesicles in vitro regardless of their size (Atay, Gercel-

Taylor, & Taylor, 2011; Atay, Gercel-Taylor, Suttles, Mor, & Taylor, 2011; Q. Chen et al., 

2006; Shomer et al., 2013; Southcombe, Tannetta, Redman, & Sargent, 2011). The 

internalization of macro trophoblast debris was primarily mediated through phagocytosis 

(Abumaree et al., 2006a; Q. Chen et al., 2006). However, the internalization of smaller 

placental extracellular vesicles could be mediated by various receptors and fusion of 

vesicles with the plasma membrane or possibly with internal endosomal membranes 

(Thery, Ostrowski, & Segura, 2009). The mechanism of internalization of placental 

extracellular vesicles is not fully identified, however, one study showed that proteins 

carried by placental exosomes are important for the cellular uptake (Vargas et al., 2014). 

The more we understand about extracellular vesicles, the more we appreciate that the 

generation of these extracellular vesicles are not random, but is a well-controlled process 

(Abels & Breakefield, 2016; Dreyer & Baur, 2016). It is likely that each population of 

placental extracellular vesicles has a unique role in feto-maternal communication. Here I 

have shown the tip of the iceberg by presenting the effect of macro trophoblast debris on 

endothelial cell function and there is still a whole field of the interaction of placental 

extracellular vesicles with maternal cells, including maternal endothelial cells that need 

further investigation. 
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7.3  What is the role of trophoblast debris in feto-maternal communication 

with other maternal cell types? 

Here I have presented a preliminary picture of the interaction of trophoblast debris and 

endothelial cells. However, these placenta-derived extracellular vesicles encounter many 

other types of maternal cells in vivo, such as immune cells, platelets and hepatocytes. One 

question derived from my research is whether the effects of trophoblast debris on 

endothelial cells are recipient-cell specific or can they apply to other maternal cell types.  

Currently the research investigating the interaction of placental extracellular vesicles with 

maternal cells (non-endothelial cells) is focused on immune cells, as these cells are 

involved in the maternal inflammatory response, immune tolerance and eventually vesicle 

clearance (Abumaree et al., 2012; Southcombe et al., 2011; Stenqvist, Nagaeva, Baranov, 

& Mincheva-Nilsson, 2013). The common consensus of the effect of placental extracellular 

vesicles on maternal immune cells is, that physiological placental extracellular vesicles, 

regardless of their size, can activate immune cells by inducing the secretion of various 

cytokines and other responses but that this activation contributes to  maternal immune 

tolerance of the placenta and its fetus (Abumaree et al., 2012; B. S. Holder et al., 2012; 

Joerger-Messerli et al., 2014; S. M. Lee et al., 2012; Messerli et al., 2010). On the other 

hand, this physiological activation was dysregulated when immune cells were exposed to 

preeclamptic trophoblast debris (Faas et al., 2008; S. J. Germain et al., 2007; B. S. Holder, 

2012). The underlying mechanism of gene expression regulation in immune cells by 

placental extracellular vesicles is not fully understood. However, Kambe et al. showed that 

placental-specific miRNAs can be transferred into immune cells by trophoblast exosomes, 

and consequently regulate gene expression in the immune cells (Kambe et al., 2014).  

Based on these data and reports in the literature, it was hypothesized that maternal 

endothelial cells and immune cells share some common pathways after exposure to 

placental extracellular vesicles, such as an inflammatory response. This effect would be 

partially caused by the regulatory effect of the delivered miRNAs. However, the unique 

responses of immune cells and endothelial cells to placental extracellular vesicles 

contribute to their separate roles in maternal adaptations to pregnancy. What determines 

the cell-specific response to placental extracellular vesicles remains a vital question to be 

answered in placental-maternal communications.  
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7.4  Is preeclampsia a two-way conversation between placenta and 

maternal endothelial cells?  

The current understanding of the state of maternal endothelium during preeclampsia is still 

limited. Based on their circulating markers, it is well accepted that maternal endothelial 

cells are highly activated and damaged during preeclampsia (Petrozella et al., 2012; 

Saposnik et al., 2012; Tuzcu et al., 2015) . However, the comprehensive molecular 

phenotype and cellular response of maternal peripheral endothelial cells in vivo is not 

known. It was proposed that the ischemic placenta lies in the centre of the pathogenic 

process leading to preeclampsia, but ischemic placentae are not exclusive to preeclampsia, 

and are also seen in other non-hypertensive pregnancy complications such as IUGR, 

preterm labour and spontaneous abortion (Kwiatkowski et al., 2016). The nature of the 

response of maternal endothelial cells to pathological trophoblast debris or other placental 

toxins may determine the clinical manifestations observed in preeclampsia.  

The first question I propose based on this work is: what is the consequence of endothelial 

cell dysfunction/apoptosis after being exposed to preeclamptic trophoblast debris?  

It is well-known that endothelial cells release extracellular vesicles as a consequence of 

cell-apoptosis or cellular activation (Berezin, Zulli, Kerrigan, Petrovic, & Kruzliak, 2015; 

Boulanger, Leroyer, Amabile, & Tedgui, 2008) , and the levels and nature of circulating 

endothelial cell microvesicles reflect the status of endothelium during injury and 

vasomotion disorders (Berezin et al., 2015; Mause & Weber, 2010). It is also clear that, the 

levels of endothelial cell-derived microvesicles are elevated in the circulation of 

preeclamptic women (Alijotas-Reig et al., 2012; Gonzalez-Quintero et al., 2003; Gonzalez-

Quintero et al., 2004). These microvesicles, derived from dysfunctional endothelial cells, 

are proposed to play a role in promoting oxidative stress, inflammatory responses, 

coagulation and apoptosis (Berezin et al., 2015; E. M. McCarthy, Wilkinson, Parker, & 

Alexander, 2016) and  therefore, they  aggravate endothelial cell damage via autocrine and 

paracrine signalling (Nie et al., 2016; Tian, Lv, An, Ling, & Xu, 2016). Another interesting 

phenomenon is that the molecular phenotype of endothelial cell-derived microvesicles 

varies, depending on different cardiovascular conditions such as hypertension and diabetes 

mellitus, which might be the consequence of different types of cellular injury. It would be 

of great relevance to fully characterize the endothelial cell microvesicles in preeclamptic 

women’s circulation in comparison of circulation endothelial cells microvesicles during 

normotensive pregnancy. 
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Therefore, the second question I propose is: what is the consequence of these circulating 

microvesicles derived from dysfunctional endothelial cells in preeclampsia?  

Firstly, it is known that the microvesicles derived from dysfunctional endothelial cells can 

impair the function of other healthy endothelial cells (Boulanger et al., 2001; Brodsky, 

Zhang, Nasjletti, & Goligorsky, 2004; Fu et al., 2015; Jansen et al., 2013). This effect is 

partially caused by elevated oxidative stress induced by microvesicles derived from 

dysfunctional endothelial cells (Brodsky et al., 2004; Jansen et al., 2013). Hence it is highly 

possible that the endothelial cells damaged by preeclamptic trophoblast debris can release 

their own extracellular vesicles to in turn further impair other endothelial cells. This is 

partially confirmed by Chen et al showing that conditioned medium of endothelial cells 

after exposure to necrotic but not apoptotic trophoblast debris can inhibit proliferation of 

additional endothelial cells (Q. Chen et al., 2010). Even though this impact has not been 

shown to be mediated by endothelial-released microvesicles or other soluble substances, 

that report indicated that the interaction of endothelial cells and preeclamptic trophoblast 

debris can amplify the endothelium injury, as one important feature of preeclampsia. One 

interesting question is: how long can this damage endure? Al-Mayah et al. showed that 

DNA damage mediated by exosomes released from irradiated cells to un-irradiated cells 

was remarkably persistent as the progeny of bystander cells after more than 20 doublings 

post-irradiation can still induce cellular DNA damage in other fresh cells (Al-Mayah et al., 

2015). Investigating the endurance of this paracrine cellular damage may provide some 

insight into the longevity of the systemic endothelial cell injury seen in postpartum 

preeclampsia. 

This work focused on signalling from the fetus to the mother, the possibility of the reverse 

communication, maternal-placental/feto signalling, is less well-explored. Recently, Holder 

et al. published a study showing that the human placenta can internalize exosomes released 

by human macrophages, resulting in placental production of pro-inflammatory cytokines 

(B. Holder et al., 2016). Considering that the whole surface of human placenta is in direct 

contact with maternal blood, it is highly possible that this feto-maternal conversation is 

mutual. Therefore, it is possible that, endothelial cell-derived vesicles could feedback and 

lead to placental damage. Indeed, trophoblast debris from normotensive placental explants 

treated with preeclamptic serum contained elevated levels of IL-1β and active caspase-1, 

similar to that of trophoblast debris produced by preeclampsia placentae (F Shen, J Wei, S 

Snowise, J DeSousa, P Stone, C Viall, Q Chen,L Chamley, 2014). Preeclamptic serum 

contains micro- and nano-vesicles derived from various maternal and placental cells, 
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including maternal endothelial cells, which could potentially contribute to the release of 

this preeclamptic-like trophoblast debris from normotensive placentae. This fascinating 

idea of a mutual conversation between dysregulated microvesicles released by maternal 

cells and vesicles released from dysregulated placental trophoblast contribute significantly 

to the pathogenesis of preeclampsia requires further investigation (Figure 7.1). This type 

of communication could lead to the establishment of a feed-forward/amplification loop in 

which only slightly toxic vesicles from the placenta might cause the release of slightly 

placenta-damaging vesicles from maternal cells that interact with the placenta causing the 

release of a greater number of placental vesicles or vesicles that are slightly more toxic and 

induce more endothelial cell damage. Such a slowly developing spiral might explain, in 

part, the delayed course of late onset preeclampsia. 

 

Figure 7.1 A potential feed-forward loop of the mutual conversation between fetus 

and its mother 

Extracellular vesicles deported from placental enter into maternal circulation and regulate 

maternal endothelial cell function during normal and complicated pregnancies. The 

extracellular vesicles generated by the endothelial cells in response to placental signals 

can in turn promote or further damage healthy endothelial cells and increase placental 

damage resulting in release of more toxic placental vesicles.  
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7.5  Limitations 

One major limitation of this work is the conditions under which the endothelial cells were 

exposed to trophoblast debris. Ideally, the endothelial cells should be exposed to constant 

perfusion with trophoblast debris, which would expose them to physiological fluid shear 

stress as well as, providing continuous exposure to trophoblast debris over the culture time 

frame. This would provide conditions that more closely resemble the interactions of 

endothelial cells and trophoblast debris under physiological conditions. However, as an in 

vitro model, this work has provided us some preliminary insight into the interaction of 

endothelial cells with trophoblast debris. 

Due to the limited accessibility to the preeclamptic placental samples, the small sample 

size used in microarray and small RNA sequencing study is another limitation of this work. 

Another limitation of this work is that in both of the microarray studies the effects of 

trophoblast debris were examined at limited time points rather than a continuous 

observation of the endothelial cell responses. It was shown that the endothelial cells had 

different transcriptomes in response to trophoblast debris at two time points (Chapter Four). 

As the endothelial cell responses to stimuli are dynamic, a continuous record of the cellular 

and molecular responses of endothelial cells to deported trophoblast debris would be ideal. 

However, due to limitations of the current technology, it is not possible to capture the live 

transcriptomic profile of endothelial cells in response to trophoblast debris.  

A fourth possible limitation of this study is the amount of trophoblast debris that exposed 

to endothelial cells. Due to our ignorance of the bio-distribution of trophoblast debris and 

the amount of the trophoblast debris in the peripheral blood vessels at any given point 

during pregnancy, it is difficult to decide the appropriate amount of trophoblast debris to 

experimentally interact with endothelial cells. In this work, 1.2 million endothelial cells 

were exposed to approximately 6600 pieces of trophoblast debris (Abumaree et al., 2006a; 

Q. Chen et al., 2006). This ratio is based on previous publications showing that this amount 

of trophoblast debris are able to induce physiologically relevant changes in endothelial cells 

(Q. Chen et al., 2006; Q. Chen et al., 2012). In the future if resources allow, it would be 

rigorous to examine the dose-response effect of trophoblast debris on endothelial cells.  
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7.6 Future directions 

Characterisation of the comprehensive response of endothelial cells to trophoblast debris 

was the main focus of this thesis. The work in my thesis has raised many questions and 

some of those that would be of value to address in future work are: 

• How does the trophoblast debris trigger the de novo transcription of placental 

hormones in endothelial cells? Is it mediated by the delivery of regulatory RNAs or 

perhaps via transfection of the maternal cells by fetal DNA? 

• What is the difference in the protein and nucleic acid profiles/cargos of placental 

trophoblast debris throughout gestation? 

• How does preeclamptic trophoblast debris induce the production of reactive oxygen 

species in endothelial cells and what is the role of this excess ROS in endothelial 

cell dysfunction in preeclampsia? 

• Do endothelial cells release extracellular vesicles following exposure to 

preeclamptic trophoblast debris? Can endothelial cell derived extracellular vesicles 

in turn impair trophoblast function? 

• What is the small RNA content of other placental extracellular vesicles such as 

microvesicles and nanovesicles including exosomes and can circulating small RNAs 

carried by placental extracellular vesicles be clinical markers to represent placental 

status? 

• What is the mechanism of differential small RNA sorting/packing into preeclamptic 

trophoblast debris?  

Among these questions, the hypothesis that endothelial cells could release extracellular 

vesicles after exposure to preeclamptic trophoblast debris and these endothelial 

extracellular vesicles could potentially affect endothelial cell and trophoblast functions is 

of vital importance. In order to examine this hypothesis, firstly the extracellular vesicles 

derived from endothelial cells need to be isolated from the conditioned medium of 

endothelial cells co-cultured with trophoblast debris. Secondly, the transcriptomic and 

proteomic profile of these endothelial extracellular vesicles will be characterized and 

compared to vesicles from untreated endothelial cells. Thirdly, the effects of these 

endothelial extracellular vesicles will be further tested on fresh endothelial cells and 

trophoblast, including the transcriptional and proteomic changes, as well as cellular 

functions especially, endothelial cell activation. 
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Appendices 

Appendix 1 

Appendix 1.1 - Regulated genes of endothelial cells after exposure to apoptotic 

trophoblast debris for 2 hours compare to untreated controls 

Probe ID Gene Title Gene Symbol 

Log2 

fold 

change 

P value 

11718982_s_at 

chemokine (C-C motif) ligand 4 /// 

chemokine (C-C motif) ligand 4-

like 1 /// chemokine (C-C motif) 

ligand 4-like 2 

CCL4 /// CCL4L1 

/// CCL4L2 
2.82 0.0000 

11726316_at selectin E SELE 1.71 0.0037 

11718983_x_at 

chemokine (C-C motif) ligand 4 /// 

chemokine (C-C motif) ligand 4-

like 1 /// chemokine (C-C motif) 

ligand 4-like 2 

CCL4 /// CCL4L1 

/// CCL4L2 
1.37 0.0007 

11720994_x_at chemokine (C-C motif) ligand 3 CCL3 1.29 0.0001 

11722851_at 
baculoviral IAP repeat-containing 

3 
BIRC3 1.22 0.0006 

11728476_a_at chemokine (C-X-C motif) ligand 3 CXCL3 1.21 0.0004 

11724037_at 

prostaglandin-endoperoxide 

synthase 2 (prostaglandin G/H 

synthase and cyclooxygenase) 

PTGS2 1.2 0.0037 

11722852_s_at 
baculoviral IAP repeat-containing 

3 
BIRC3 1.16 0.0013 

11722850_a_at 
baculoviral IAP repeat-containing 

3 
BIRC3 1.14 0.0019 

11736217_at 
mitogen-activated protein kinase 

kinase kinase 8 
MAP3K8 1.09 0.0113 

11720681_at 
TRAF-interacting protein with 

forkhead-associated domain 
TIFA 1.07 0.0007 

11718939_s_at 
tumor necrosis factor, alpha-

induced protein 3 
TNFAIP3 1.06 0.0016 

11729456_a_at 
B-cell CLL/lymphoma 6, member 

B 
BCL6B 1.05 0.0014 

11720682_at 
TRAF-interacting protein with 

forkhead-associated domain 
TIFA 1.02 0.0007 

11758619_s_at 
leukemia inhibitory factor 

(cholinergic differentiation factor) 
LIF 0.99 0.0000 

11744128_x_at chemokine (C-X-C motif) ligand 2 CXCL2 0.98 0.0035 

11716341_s_at ephrin-A1 EFNA1 0.97 0.0006 
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11744127_at chemokine (C-X-C motif) ligand 2 CXCL2 0.97 0.0030 

11719366_s_at 

chemokine (C-X-C motif) ligand 1 

(melanoma growth stimulating 

activity, alpha) 

CXCL1 0.96 0.0010 

11754114_a_at 

chemokine (C-X-C motif) ligand 1 

(melanoma growth stimulating 

activity, alpha) 

CXCL1 0.95 0.0009 

11716071_s_at pim-3 oncogene PIM3 0.94 0.0002 

11717994_a_at 
nuclear receptor subfamily 4, 

group A, member 1 
NR4A1 0.92 0.0022 

11728876_at 
colony stimulating factor 2 

(granulocyte-macrophage) 
CSF2 0.92 0.0048 

11763250_x_at 

chemokine (C-X-C motif) ligand 1 

(melanoma growth stimulating 

activity, alpha) /// chemokine (C-

X-C motif) ligand 2 

CXCL1 /// 

CXCL2 
0.92 0.0014 

11745878_x_at 

nuclear factor of kappa light 

polypeptide gene enhancer in B-

cells inhibitor, alpha 

NFKBIA 0.9 0.0001 

11719833_at myelin protein zero-like 2 MPZL2 0.9 0.0087 

11746954_s_at 

chemokine (C-C motif) ligand 4 /// 

chemokine (C-C motif) ligand 4-

like 1 /// chemokine (C-C motif) 

ligand 4-like 2 

CCL4 /// CCL4L1 

/// CCL4L2 
0.88 0.0067 

11718940_a_at 
tumor necrosis factor, alpha-

induced protein 3 
TNFAIP3 0.88 0.0031 

11716384_at chemokine (C-C motif) ligand 2 CCL2 0.87 0.0002 

11754106_a_at ephrin-A1 EFNA1 0.86 0.0020 

11743136_x_at 
CCAAT/enhancer binding protein 

(C/EBP), delta 
CEBPD 0.85 0.0032 

11756746_s_at 

chromosome 11 open reading 

frame 17 /// NUAK family, SNF1-

like kinase, 2 

C11orf17 /// 

NUAK2 
0.81 0.0000 

11754035_a_at interferon regulatory factor 1 IRF1 0.81 0.0007 

11744000_a_at 

nuclear factor of kappa light 

polypeptide gene enhancer in B-

cells inhibitor, alpha 

NFKBIA 0.81 0.0012 

11728477_at chemokine (C-X-C motif) ligand 3 CXCL3 0.79 0.0117 

11750174_a_at supervillin pseudogene LOC645954 0.79 0.0072 

11755564_x_at 

chemokine (C-C motif) ligand 3-

like 1 /// chemokine (C-C motif) 

ligand 3-like 3 

CCL3L1 /// 

CCL3L3 
0.78 0.0010 
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11715119_s_at 
C2 calcium-dependent domain 

containing 4B 
C2CD4B 0.78 0.0069 

11752869_s_at 
CCAAT/enhancer binding protein 

(C/EBP), delta 
CEBPD 0.78 0.0082 

11743135_s_at 
CCAAT/enhancer binding protein 

(C/EBP), delta 
CEBPD 0.76 0.0125 

11716733_at interferon regulatory factor 1 IRF1 0.76 0.0004 

11744529_a_at pellino homolog 1 (Drosophila) PELI1 0.76 0.0010 

11757894_x_at 

nuclear factor of kappa light 

polypeptide gene enhancer in B-

cells inhibitor, alpha 

NFKBIA 0.72 0.0031 

11722141_at 
v-rel reticuloendotheliosis viral 

oncogene homolog B 
RELB 0.72 0.0013 

11727503_at 
SRY (sex determining region Y)-

box 7 
SOX7 0.69 0.0005 

11726498_at 
leukemia inhibitory factor 

(cholinergic differentiation factor) 
LIF 0.69 0.0011 

11754026_a_at interleukin 8 IL8 0.69 0.0287 

11718841_s_at interleukin 8 IL8 0.69 0.0025 

11763115_a_at 

immunoglobulin heavy constant 

gamma 1 (G1m marker) /// 

immunoglobulin heavy constant 

mu /// ig heavy chain V-I region 

V35-like 

IGHG1 /// IGHM 

/// 

LOC100133862 

0.68 0.0333 

11743007_at 

nuclear factor of kappa light 

polypeptide gene enhancer in B-

cells inhibitor, epsilon 

NFKBIE 0.68 0.0004 

11716299_a_at 

integrin, alpha V (vitronectin 

receptor, alpha polypeptide, 

antigen CD51) 

ITGAV 0.68 0.0216 

11723213_a_at myocyte enhancer factor 2C MEF2C 0.67 0.0171 

11747833_a_at Kruppel-like factor 11 KLF11 0.67 0.0044 

11755981_a_at 
heparin-binding EGF-like growth 

factor 
HBEGF 0.67 0.0102 

11733240_at 
interleukin-1 receptor-associated 

kinase 2 
IRAK2 0.67 0.0066 

11739046_s_at multimerin 2 MMRN2 0.67 0.0122 

11763226_x_at interleukin 8 IL8 0.67 0.0316 

11722768_s_at 
Rap guanine nucleotide exchange 

factor (GEF) 5 
RAPGEF5 0.66 0.0025 

11755799_a_at 

tyrosine kinase with 

immunoglobulin-like and EGF-

like domains 1 

TIE1 0.66 0.0197 
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11736551_x_at 
v-rel reticuloendotheliosis viral 

oncogene homolog (avian) 
REL 0.66 0.0071 

11725198_at interleukin 1, alpha IL1A 0.66 0.0137 

11747602_a_at 
mitogen-activated protein kinase 

kinase kinase 8 
MAP3K8 0.66 0.0232 

11738209_a_at G protein-coupled receptor 17 GPR17 0.66 0.0053 

11720062_s_at immediate early response 3 IER3 0.65 0.0002 

11727504_at 
SRY (sex determining region Y)-

box 7 
SOX7 0.65 0.0053 

11729058_s_at 
nuclear receptor subfamily 4, 

group A, member 3 
NR4A3 0.65 0.0076 

11717682_a_at 
guanine nucleotide binding protein 

(G protein), alpha 13 
GNA13 0.64 0.0477 

11723556_x_at 
DDB1 and CUL4 associated factor 

16 
DCAF16 0.63 0.0294 

11726492_a_at 
ATP-binding cassette, sub-family 

G (WHITE), member 1 
ABCG1 0.63 0.0046 

11717823_s_at 
tumor necrosis factor, alpha-

induced protein 2 
TNFAIP2 0.63 0.0005 

11746244_a_at interleukin 17 receptor C IL17RC 0.63 0.0471 

11748100_a_at dihydropyrimidinase-like 2 DPYSL2 0.62 0.0364 

11719673_a_at thrombomodulin THBD 0.62 0.0081 

11724540_a_at von Willebrand factor VWF 0.62 0.0078 

11745516_a_at syntaxin 16 STX16 0.61 0.0272 

11743000_at CD83 molecule CD83 0.6 0.0042 

11756604_a_at protocadherin beta 2 PCDHB2 0.6 0.0042 

11732999_a_at intercellular adhesion molecule 1 ICAM1 0.6 0.0050 

11742103_a_at 
transducin-like enhancer of split 2 

(E(sp1) homolog, Drosophila) 
TLE2 0.6 0.0071 

11746433_a_at claudin 1 CLDN1 0.6 0.0059 

11747499_a_at intercellular adhesion molecule 1 ICAM1 0.6 0.0043 

11740245_a_at parathyroid hormone-like hormone PTHLH 0.6 0.0165 

11758013_s_at 
chromosome 8 open reading frame 

4 
C8orf4 0.6 0.0264 
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11761476_at 
v-ets erythroblastosis virus E26 

oncogene homolog (avian) 
ERG 0.6 0.0072 

11724306_at ELL associated factor 1 EAF1 0.59 0.0006 

11726611_x_at 

v-maf musculoaponeurotic 

fibrosarcoma oncogene homolog F 

(avian) 

MAFF 0.59 0.0010 

11717854_a_at 
zinc finger and SCAN domain 

containing 18 
ZSCAN18 0.59 0.0032 

11724346_a_at 
interferon induced with helicase C 

domain 1 
IFIH1 0.58 0.0309 

11733000_at intercellular adhesion molecule 1 ICAM1 0.58 0.0067 

11733007_at angiomotin like 2 AMOTL2 0.58 0.0001 

11749726_x_at 
nuclear receptor subfamily 4, 

group A, member 1 
NR4A1 0.58 0.0027 

11724665_at apelin APLN 0.58 0.0033 

11743730_at 
tumour necrosis factor (ligand) 

superfamily, member 10 
TNFSF10 0.58 0.0067 

11742063_a_at 
butyrophilin, subfamily 3, member 

A1 
BTN3A1 0.57 0.0009 

11715164_s_at 
immunoglobulin lambda-like 

polypeptide 3, pseudogene 
IGLL3P 0.57 0.0059 

11716396_a_at 
chromosome 10 open reading 

frame 26 
C10orf26 0.57 0.0008 

11724475_a_at 
microtubule associated tumour 

suppressor 1 
MTUS1 0.57 0.0085 

11716974_a_at 
pyruvate dehydrogenase kinase, 

isozyme 4 
PDK4 0.57 0.0007 

11753790_x_at 
ST3 beta-galactoside alpha-2,3-

sialyltransferase 3 
ST3GAL3 0.57 0.0083 

11734026_at zinc finger protein 440 ZNF440 0.57 0.0357 

11715267_s_at epiplakin 1 EPPK1 0.57 0.0110 

11760894_s_at 
serine/arginine-rich splicing factor 

5 
SRSF5 0.57 0.0168 

11717065_a_at gremlin 1 GREM1 0.57 0.0352 

11759618_a_at 
solute carrier family 25, member 

37 
SLC25A37 0.56 0.0005 

11727927_a_at forkhead box O1 FOXO1 0.56 0.0041 

11748771_a_at YTH domain family, member 3 YTHDF3 0.56 0.0019 
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11723943_x_at 
pituitary tumor-transforming 1 

interacting protein 
PTTG1IP 0.56 0.0401 

11733006_at angiomotin like 2 AMOTL2 0.56 0.0008 

11730320_a_at 
neural precursor cell expressed, 

developmentally down-regulated 9 
NEDD9 0.56 0.0023 

11725057_s_at 
neural precursor cell expressed, 

developmentally down-regulated 9 
NEDD9 0.56 0.0229 

11716771_s_at salt-inducible kinase 1 SIK1 0.56 0.0014 

11723370_s_at 
SH3 and multiple ankyrin repeat 

domains 3 
SHANK3 0.56 0.0006 

11723942_s_at 
pituitary tumor-transforming 1 

interacting protein 
PTTG1IP 0.56 0.0239 

11750334_a_at 
v-rel reticuloendotheliosis viral 

oncogene homolog (avian) 
REL 0.55 0.0019 

11722162_a_at polo-like kinase 2 PLK2 0.55 0.0103 

11744292_at 
NGFI-A binding protein 2 (EGR1 

binding protein 2) 
NAB2 0.55 0.0129 

11746463_a_at interleukin 6 (interferon, beta 2) IL6 0.54 0.0193 

11757513_at 

nuclear factor of kappa light 

polypeptide gene enhancer in B-

cells inhibitor, zeta 

NFKBIZ 0.54 0.0077 

11725983_at 
basic helix-loop-helix family, 

member e40 
BHLHE40 0.54 0.0050 

11734741_x_at LIM domain kinase 2 LIMK2 0.54 0.0032 

11735114_at 
CCR4-NOT transcription complex, 

subunit 4 
CNOT4 0.54 0.0005 

11722052_at plasmolipin PLLP 0.54 0.0073 

11725793_s_at 
prostaglandin E receptor 4 (subtype 

EP4) 
PTGER4 0.54 0.0077 

11752993_a_at dual specificity phosphatase 1 DUSP1 0.53 0.0067 

11750671_s_at multimerin 2 MMRN2 0.53 0.0247 

11759730_a_at ovostatin 2 OVOS2 0.53 0.0093 

11723215_s_at myocyte enhancer factor 2C MEF2C 0.53 0.0311 

11722752_a_at 
chromosome 14 open reading 

frame 43 
C14orf43 0.53 0.0006 
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11751016_s_at 
SRY (sex determining region Y)-

box 7 
SOX7 0.52 0.0020 

11756358_a_at polo-like kinase 3 PLK3 0.52 0.0089 

11715412_a_at endothelial PAS domain protein 1 EPAS1 0.52 0.0350 

11716327_x_at 
gap junction protein, alpha 1, 

43kDa 
GJA1 0.52 0.0306 

11717619_at EPH receptor A2 EPHA2 0.52 0.0019 

11747952_x_at 
tumor necrosis factor (ligand) 

superfamily, member 10 
TNFSF10 0.52 0.0205 

11753359_x_at 
phosphatidylinositol glycan anchor 

biosynthesis, class A 
PIGA 0.52 0.0207 

11724038_a_at 

prostaglandin-endoperoxide 

synthase 2 (prostaglandin G/H 

synthase and cyclooxygenase) 

PTGS2 0.52 0.0478 

11744660_s_at 

chemokine (C-C motif) ligand 4-

like 1 /// chemokine (C-C motif) 

ligand 4-like 2 

CCL4L1 /// 

CCL4L2 
0.52 0.0291 

11749348_a_at 

solute carrier family 25 

(mitochondrial carrier, Aralar), 

member 12 

SLC25A12 0.52 0.0190 

11718319_at CD93 molecule CD93 0.52 0.0262 

11747516_a_at exosome component 10 EXOSC10 0.52 0.0105 

11733417_x_at 
P antigen family, member 5 

(prostate associated) 
PAGE5 0.52 0.0074 

11745039_a_at aarF domain containing kinase 2 ADCK2 0.52 0.0174 

11722163_x_at polo-like kinase 2 PLK2 0.51 0.0168 

11721034_at 
protein phosphatase 1, regulatory 

(inhibitor) subunit 3B 
PPP1R3B 0.51 0.0008 

11721573_a_at activin A receptor type II-like 1 ACVRL1 0.51 0.0070 

11724948_at 

Cbp/p300-interacting 

transactivator, with Glu/Asp-rich 

carboxy-terminal domain, 4 

CITED4 0.51 0.0012 

11725515_a_at 
ATP-binding cassette, sub-family 

G (WHITE), member 1 
ABCG1 0.51 0.0085 

11723555_at 
DDB1 and CUL4 associated factor 

16 
DCAF16 0.51 0.0497 
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11720341_at 

NADH dehydrogenase 

(ubiquinone) 1 alpha subcomplex, 

13 

NDUFA13 0.51 0.0022 

11733420_x_at zinc finger protein 563 ZNF563 0.51 0.0067 

11731894_a_at 

potassium intermediate/small 

conductance calcium-activated 

channel, subfamily N, member 3 

KCNN3 0.51 0.0140 

11750037_a_at CHMP family, member 7 CHMP7 0.51 0.0371 

11764030_x_at 
CCAAT/enhancer binding protein 

(C/EBP), delta 
CEBPD 0.5 0.0389 

11719634_a_at Kruppel-like factor 4 (gut) KLF4 0.5 0.0406 

11763227_at 

chromosome 6 open reading frame 

48 /// small nucleolar RNA, C/D 

box 48 

C6orf48 /// 

SNORD48 
0.5 0.0220 

11739317_at 
mitogen-activated protein kinase 

kinase kinase 2 
MAP3K2 -0.5 0.0094 

11729751_a_at lysophosphatidic acid receptor 1 LPAR1 -0.5 0.0077 

11716783_a_at 
transducin (beta)-like 1 X-linked 

receptor 1 
TBL1XR1 -0.5 0.0048 

11715374_a_at calreticulin CALR -0.5 0.0055 

11746689_a_at 
family with sequence similarity 46, 

member A 
FAM46A -0.5 0.0021 

11726342_s_at 

DnaJ (Hsp40) homolog, subfamily 

B, member 14 /// DnaJ (Hsp40) 

homolog, subfamily B, member 14 

pseudogene 

DNAJB14 /// 

LOC646358 
-0.5 0.0230 

11728086_a_at 
family with sequence similarity 

179, member B 
FAM179B -0.5 0.0049 

11741642_s_at 
zinc finger protein, X-linked /// 

zinc finger protein, Y-linked 
ZFX /// ZFY -0.5 0.0251 

11745561_s_at 
zinc finger protein, X-linked /// 

zinc finger protein, Y-linked 
ZFX /// ZFY -0.5 0.0251 

11754677_a_at 
family with sequence similarity 

169, member A 
FAM169A -0.5 0.0225 

11738121_a_at sorting nexin 18 SNX18 -0.5 0.0341 
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11743450_a_at 

ELOVL family member 6, 

elongation of long chain fatty acids 

(FEN1/Elo2, SUR4/Elo3-like, 

yeast) 

ELOVL6 -0.5 0.0108 

11751922_a_at 
low density lipoprotein receptor-

related protein 6 
LRP6 -0.5 0.0228 

11736131_a_at 
discoidin, CUB and LCCL domain 

containing 2 
DCBLD2 -0.5 0.0306 

11743544_a_at centrosomal protein 57kDa CEP57 -0.5 0.0232 

11747105_a_at 
heat shock 105kDa/110kDa protein 

1 
HSPH1 -0.51 0.0050 

11741122_a_at LY6/PLAUR domain containing 1 LYPD1 -0.51 0.0106 

11717835_a_at golgi glycoprotein 1 GLG1 -0.51 0.0083 

11752362_a_at 
strawberry notch homolog 1 

(Drosophila) 
SBNO1 -0.51 0.0240 

11716902_a_at trans-golgi network protein 2 TGOLN2 -0.51 0.0131 

11760385_at myelin expression factor 2 MYEF2 -0.51 0.0017 

11729396_a_at 
NIMA (never in mitosis gene a)-

related kinase 1 
NEK1 -0.51 0.0346 

11736422_s_at periostin, osteoblast specific factor POSTN -0.51 0.0284 

11760405_x_at coiled-coil domain containing 76 CCDC76 -0.51 0.0068 

11743464_a_at 
chromodomain helicase DNA 

binding protein 4 
CHD4 -0.51 0.0153 

11727881_at Bardet-Biedl syndrome 12 BBS12 -0.51 0.0016 

11746923_a_at 
heat shock protein, alpha-

crystallin-related, B6 
HSPB6 -0.51 0.0001 

11756290_a_at proline-rich coiled-coil 1 PRRC1 -0.51 0.0122 

11755442_a_at 
Wolf-Hirschhorn syndrome 

candidate 1-like 1 
WHSC1L1 -0.51 0.0026 

11719027_a_at 
pleckstrin and Sec7 domain 

containing 3 
PSD3 -0.51 0.0037 

11727679_at splicing factor 1 SF1 -0.51 0.0401 

11731602_at transmembrane protein 154 TMEM154 -0.51 0.0167 

11724161_a_at glucoside xylosyltransferase 1 GXYLT1 -0.51 0.0112 
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11751773_a_at secernin 1 SCRN1 -0.52 0.0011 

11743511_a_at cell division cycle associated 2 CDCA2 -0.52 0.0005 

11759646_at 
zinc finger CCCH-type containing 

7A 
ZC3H7A -0.52 0.0008 

11747900_a_at 
cyclin D binding myb-like 

transcription factor 1 
DMTF1 -0.52 0.0071 

11740190_s_at dicer 1, ribonuclease type III DICER1 -0.52 0.0333 

11722304_a_at 
leucine rich repeat (in FLII) 

interacting protein 1 
LRRFIP1 -0.52 0.0230 

11731627_at 
chromosome 10 open reading 

frame 118 
C10orf118 -0.52 0.0011 

11726855_at 
ADAM metallopeptidase with 

thrombospondin type 1 motif, 5 
ADAMTS5 -0.52 0.0157 

11739347_a_at 
phosphatidylinositol-5-phosphate 

4-kinase, type II, alpha 
PIP4K2A -0.52 0.0130 

11721537_a_at 

collagen, type IV, alpha 3 

(Goodpasture antigen) binding 

protein 

COL4A3BP -0.52 0.0243 

11745940_a_at 
pleckstrin and Sec7 domain 

containing 3 
PSD3 -0.52 0.0401 

11743382_a_at 
PRP40 pre-mRNA processing 

factor 40 homolog A (S. cerevisiae) 
PRPF40A -0.52 0.0081 

11715915_a_at 
CD44 molecule (Indian blood 

group) 
CD44 -0.52 0.0215 

11747143_x_at 
acyl-CoA synthetase long-chain 

family member 6 
ACSL6 -0.52 0.0011 

11731123_a_at transmembrane protein 200A TMEM200A -0.52 0.0269 

11727814_at 
ubiquitin associated and SH3 

domain containing B 
UBASH3B -0.52 0.0049 

11719020_at 
WD repeat and FYVE domain 

containing 1 
WDFY1 -0.52 0.0111 

11733042_at 

solute carrier family 7 (cationic 

amino acid transporter, y+ system), 

member 2 

SLC7A2 -0.52 0.0137 

11747964_a_at 

solute carrier family 4, sodium 

bicarbonate cotransporter, member 

7 

SLC4A7 -0.52 0.0156 

11746311_a_at zinc finger protein 326 ZNF326 -0.52 0.0182 
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11740649_a_at 
interleukin-1 receptor-associated 

kinase 4 
IRAK4 -0.52 0.0268 

11760270_at 
cell division cycle 16 homolog (S. 

cerevisiae) 
CDC16 -0.52 0.0083 

11721008_a_at mediator complex subunit 1 MED1 -0.52 0.0072 

11722087_a_at 
nuclear receptor subfamily 1, 

group D, member 2 
NR1D2 -0.53 0.0388 

11758604_x_at 
glucosamine-phosphate N-

acetyltransferase 1 
GNPNAT1 -0.53 0.0180 

11742981_a_at 

fatty acid binding protein 3, muscle 

and heart (mammary-derived 

growth inhibitor) 

FABP3 -0.53 0.0005 

11722409_at 

UDP-N-acetyl-alpha-D-

galactosamine:polypeptide N-

acetylgalactosaminyltransferase 7 

(GalNAc-T7) 

GALNT7 -0.53 0.0198 

11736998_at NIPA-like domain containing 1 NIPAL1 -0.53 0.0155 

11724918_a_at 

transmembrane and 

tetratricopeptide repeat containing 

3 

TMTC3 -0.53 0.0026 

11748916_x_at 
phosphodiesterase 4D interacting 

protein 
PDE4DIP -0.53 0.0244 

11743865_s_at 
ATPase, Ca++ transporting, 

plasma membrane 1 
ATP2B1 -0.53 0.0174 

11723576_s_at odd-skipped related 2 (Drosophila) OSR2 -0.53 0.0081 

11748716_a_at 
chromosome 9 open reading frame 

102 
C9orf102 -0.53 0.0463 

11745181_a_at 
N(alpha)-acetyltransferase 15, 

NatA auxiliary subunit 
NAA15 -0.53 0.0183 

11747104_s_at 
cytochrome P450, family 1, 

subfamily B, polypeptide 1 
CYP1B1 -0.53 0.0323 

11731699_s_at 
chromosome 12 open reading 

frame 66 
C12orf66 -0.53 0.0029 

11748072_a_at 
heat shock 105kDa/110kDa protein 

1 
HSPH1 -0.53 0.0063 

11728451_a_at 
procollagen C-endopeptidase 

enhancer 2 
PCOLCE2 -0.53 0.0406 
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11720103_a_at 
p21 protein (Cdc42/Rac)-activated 

kinase 1 
PAK1 -0.53 0.0072 

11746947_a_at 
protein tyrosine phosphatase, 

receptor type, A 
PTPRA -0.53 0.0026 

11721204_a_at 
ankyrin 3, node of Ranvier 

(ankyrin G) 
ANK3 -0.53 0.0387 

11743463_a_at 
chromodomain helicase DNA 

binding protein 4 
CHD4 -0.53 0.0125 

11718745_s_at Rho GTPase activating protein 21 ARHGAP21 -0.53 0.0272 

11716676_a_at 
zinc finger protein 106 homolog 

(mouse) 
ZFP106 -0.53 0.0211 

11726880_a_at 
xin actin-binding repeat containing 

2 
XIRP2 -0.53 0.0134 

11755703_a_at zinc finger protein 287 ZNF287 -0.53 0.0076 

11762293_a_at 
chromosome 9 open reading frame 

3 
C9orf3 -0.54 0.0187 

11724317_a_at fibroblast growth factor 1 (acidic) FGF1 -0.54 0.0045 

11730382_a_at sorting nexin 18 SNX18 -0.54 0.0156 

11728735_a_at 
zinc finger and BTB domain 

containing 38 
ZBTB38 -0.54 0.0076 

11758939_at 
MOB1, Mps One Binder kinase 

activator-like 1B (yeast) 
MOBKL1B -0.54 0.0001 

11725183_at Kruppel-like factor 12 KLF12 -0.54 0.0143 

11736765_at 
chromosome 14 open reading 

frame 28 
C14orf28 -0.54 0.0006 

11739410_x_at 
myeloid/lymphoid or mixed-

lineage leukemia 3 
MLL3 -0.54 0.0064 

11746767_a_at 
integrin, alpha 4 (antigen CD49D, 

alpha 4 subunit of VLA-4 receptor) 
ITGA4 -0.54 0.0314 

11731833_a_at adenylate kinase 4 AK4 -0.54 0.0329 

11756591_a_at muscleblind-like (Drosophila) MBNL1 -0.54 0.0419 

11742842_a_at 
chromosome 20 open reading 

frame 177 
C20orf177 -0.54 0.0011 

11754251_a_at ubiquitin specific peptidase 36 USP36 -0.54 0.0058 

11745210_s_at protocadherin 9 PCDH9 -0.54 0.0111 

11720709_x_at kinesin family member 1B KIF1B -0.54 0.0276 

11752363_x_at 
strawberry notch homolog 1 

(Drosophila) 
SBNO1 -0.54 0.0081 
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11734023_a_at 

coiled-coil domain containing 

144A /// coiled-coil domain 

containing 144B 

CCDC144A /// 

CCDC144B 
-0.54 0.0064 

11734005_s_at transmembrane protein 192 TMEM192 -0.54 0.0033 

11743179_a_at remodeling and spacing factor 1 RSF1 -0.54 0.0101 

11719696_x_at 
La ribonucleoprotein domain 

family, member 7 
LARP7 -0.54 0.0125 

11718896_x_at sperm associated antigen 9 SPAG9 -0.54 0.0235 

11719351_s_at 
GRIP and coiled-coil domain 

containing 2 
GCC2 -0.54 0.0168 

11723535_at 
platelet-derived growth factor 

receptor-like 
PDGFRL -0.54 0.0074 

11756431_s_at thioredoxin interacting protein TXNIP -0.54 0.0021 

11757893_s_at 

tankyrase, TRF1-interacting 

ankyrin-related ADP-ribose 

polymerase 2 

TNKS2 -0.55 0.0452 

11721706_at 
glycerol-3-phosphate 

acyltransferase, mitochondrial 
GPAM -0.55 0.0161 

11747047_a_at 
chromosome 21 open reading 

frame 7 
C21orf7 -0.55 0.0364 

11743795_at lactation elevated 1 LACE1 -0.55 0.0006 

11745398_a_at neurofibromin 1 NF1 -0.55 0.0054 

11724211_a_at lectin, mannose-binding, 1 LMAN1 -0.55 0.0044 

11722888_s_at embigin /// embigin pseudogene 1 EMB /// EMBP1 -0.55 0.0310 

11725803_a_at 
chromosome 21 open reading 

frame 91 
C21orf91 -0.55 0.0132 

11720363_at 
pleckstrin homology domain 

interacting protein 
PHIP -0.55 0.0180 

11748245_a_at 

adaptor protein, phosphotyrosine 

interaction, PH domain and leucine 

zipper containing 2 

APPL2 -0.55 0.0019 

11745668_a_at 

B double prime 1, subunit of RNA 

polymerase III transcription 

initiation factor IIIB 

BDP1 -0.55 0.0218 

11735268_s_at solute carrier family 41, member 2 SLC41A2 -0.55 0.0402 
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11731603_at transmembrane protein 154 TMEM154 -0.55 0.0110 

11721256_a_at cyclin D1 CCND1 -0.55 0.0120 

11752099_s_at forkhead box P1 FOXP1 -0.55 0.0261 

11718286_a_at ubiquitin-like 3 UBL3 -0.55 0.0090 

11752575_a_at 
syncoilin, intermediate filament 

protein 
SYNC -0.55 0.0076 

11758483_s_at arrestin domain containing 4 ARRDC4 -0.55 0.0020 

11758774_at 

protein tyrosine phosphatase-like 

(proline instead of catalytic 

arginine), member b 

PTPLB -0.55 0.0296 

11719997_a_at 
transducin-like enhancer of split 4 

(E(sp1) homolog, Drosophila) 
TLE4 -0.55 0.0013 

11723470_a_at 
lysophosphatidylglycerol 

acyltransferase 1 
LPGAT1 -0.55 0.0106 

11755009_s_at versican VCAN -0.55 0.0268 

11733561_a_at Rho GTPase activating protein 28 ARHGAP28 -0.55 0.0024 

11721142_a_at 
antigen identified by monoclonal 

antibody Ki-67 
MKI67 -0.55 0.0216 

11716786_s_at 
trafficking protein, kinesin binding 

2 
TRAK2 -0.56 0.0139 

11761684_a_at fragile histidine triad gene FHIT -0.56 0.0064 

11735606_x_at 
RAB12, member RAS oncogene 

family 
RAB12 -0.56 0.0282 

11716004_at 
Fas associated factor family 

member 2 
FAF2 -0.56 0.0025 

11750933_a_at zinc finger protein 480 ZNF480 -0.56 0.0203 

11735487_at homeobox C8 HOXC8 -0.56 0.0314 

11744050_s_at microtubule-associated protein 1B MAP1B -0.56 0.0059 

11727018_s_at 
pregnancy-associated plasma 

protein A, pappalysin 1 
PAPPA -0.56 0.0177 

11720113_at 

syntrophin, beta 2 (dystrophin-

associated protein A1, 59kDa, 

basic component 2) 

SNTB2 -0.56 0.0100 

11746276_s_at regulator of G-protein signaling 12 RGS12 -0.56 0.0117 

11728883_a_at protease, serine, 35 PRSS35 -0.56 0.0212 

11743176_s_at remodeling and spacing factor 1 RSF1 -0.56 0.0161 

11739600_s_at 
aminoadipate-semialdehyde 

synthase 
AASS -0.56 0.0058 
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11753367_a_at 
nuclear casein kinase and cyclin-

dependent kinase substrate 1 
NUCKS1 -0.56 0.0217 

11739063_at 
guanine nucleotide binding protein 

(G protein), gamma 12 
GNG12 -0.57 0.0037 

11739682_a_at PHD finger protein 2 PHF2 -0.57 0.0043 

11744054_a_at 
zinc finger, NFX1-type containing 

1 
ZNFX1 -0.57 0.0183 

11751071_a_at 
poly(A) binding protein, 

cytoplasmic 5 
PABPC5 -0.57 0.0002 

11735291_s_at 

hypothetical LOC653513 /// 

phosphodiesterase 4D interacting 

protein 

LOC653513 /// 

PDE4DIP 
-0.57 0.0178 

11725680_at 
structural maintenance of 

chromosomes 3 
SMC3 -0.57 0.0076 

11720397_a_at nibrin NBN -0.57 0.0007 

11739427_a_at 
glycerol-3-phosphate 

dehydrogenase 2 (mitochondrial) 
GPD2 -0.57 0.0030 

11740295_a_at zinc finger protein 30 ZNF30 -0.57 0.0003 

11723538_x_at 
chromosome 16 open reading 

frame 88 
C16orf88 -0.57 0.0034 

11747181_a_at lectin, mannose-binding, 1 LMAN1 -0.57 0.0070 

11757914_a_at 
chromosome 16 open reading 

frame 88 
C16orf88 -0.57 0.0039 

11719695_a_at 
La ribonucleoprotein domain 

family, member 7 
LARP7 -0.57 0.0137 

11753411_a_at 
Fas associated factor family 

member 2 
FAF2 -0.57 0.0024 

11755700_a_at 
TCDD-inducible poly(ADP-

ribose) polymerase 
TIPARP -0.57 0.0236 

11724579_a_at L1 cell adhesion molecule L1CAM -0.57 0.0048 

11740039_a_at EH domain binding protein 1 EHBP1 -0.57 0.0042 

11723926_x_at paraneoplastic antigen MA2 PNMA2 -0.57 0.0008 

11719441_a_at 
wingless-type MMTV integration 

site family, member 5B 
WNT5B -0.57 0.0344 

11725156_x_at coiled-coil domain containing 91 CCDC91 -0.58 0.0062 

11739407_a_at 
myeloid/lymphoid or mixed-

lineage leukemia 3 
MLL3 -0.58 0.0241 

11751308_a_at RNA binding motif protein 24 RBM24 -0.58 0.0257 



Appendices 

- 252 - 

 

11735348_a_at zinc finger protein 642 ZNF642 -0.58 0.0078 

11746553_a_at 
synovial sarcoma, X breakpoint 2 

interacting protein 
SSX2IP -0.58 0.0015 

11730363_a_at histamine receptor H1 HRH1 -0.58 0.0221 

11722709_a_at 
family with sequence similarity 

190, member B 
FAM190B -0.58 0.0132 

11757970_s_at dicer 1, ribonuclease type III DICER1 -0.58 0.0114 

11751512_a_at HEG homolog 1 (zebrafish) HEG1 -0.58 0.0065 

11763406_s_at bicaudal C homolog 1 (Drosophila) BICC1 -0.58 0.0341 

11739409_s_at 
myeloid/lymphoid or mixed-

lineage leukemia 3 
MLL3 -0.58 0.0305 

11728201_at lysyl oxidase LOX -0.58 0.0314 

11748543_a_at thioredoxin interacting protein TXNIP -0.59 0.0058 

11761642_a_at tropomyosin 1 (alpha) TPM1 -0.59 0.0087 

11733171_a_at F-box protein 45 FBXO45 -0.59 0.0101 

11719103_at copine III CPNE3 -0.59 0.0268 

11720351_a_at ets variant 5 ETV5 -0.59 0.0015 

11759402_s_at versican VCAN -0.59 0.0231 

11746969_a_at mbt domain containing 1 MBTD1 -0.59 0.0078 

11744049_at microtubule-associated protein 1B MAP1B -0.59 0.0076 

11754606_a_at 
heat shock protein 90kDa beta 

(Grp94), member 1 
HSP90B1 -0.59 0.0125 

11732519_at cholesterol 25-hydroxylase CH25H -0.59 0.0090 

11747092_x_at thymopoietin TMPO -0.59 0.0103 

11720102_a_at spindlin 1 SPIN1 -0.59 0.0301 

11727627_a_at 
alkB, alkylation repair homolog 8 

(E. coli) 
ALKBH8 -0.59 0.0004 

11751488_a_at WW and C2 domain containing 2 WWC2 -0.59 0.0083 

11725679_at 
structural maintenance of 

chromosomes 3 
SMC3 -0.59 0.0018 

11763810_a_at 
A kinase (PRKA) anchor protein 

11 
AKAP11 -0.59 0.0132 

11718683_s_at alpha-fetoprotein AFP -0.59 0.0314 

11753320_s_at 
G2/M-phase specific E3 ubiquitin 

protein ligase 
G2E3 -0.59 0.0057 
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11729051_a_at 
PTPRF interacting protein, binding 

protein 1 (liprin beta 1) 
PPFIBP1 -0.59 0.0029 

11718254_a_at 
protein phosphatase 1, regulatory 

(inhibitor) subunit 10 
PPP1R10 -0.59 0.0426 

11715778_a_at 
leucine zipper protein 6 /// 

myotrophin 
LUZP6 /// MTPN -0.59 0.0267 

11739265_at 
tRNA-yW synthesizing protein 3 

homolog (S. cerevisiae) 
TYW3 -0.59 0.0066 

11724569_a_at ubiquitin specific peptidase 48 USP48 -0.6 0.0334 

11718689_at nestin NES -0.6 0.0003 

11731486_a_at 
nuclear factor I/C (CCAAT-

binding transcription factor) 
NFIC -0.6 0.0016 

11745635_a_at 
TRAF2 and NCK interacting 

kinase 
TNIK -0.6 0.0079 

11743653_x_at DEK oncogene DEK -0.6 0.0021 

11715970_a_at glutamyl-prolyl-tRNA synthetase EPRS -0.6 0.0170 

11731126_at glucoside xylosyltransferase 2 GXYLT2 -0.6 0.0406 

11759600_at 
Splicing factor, arginine/serine-

rich 18 
SFRS18 -0.6 0.0060 

11733376_s_at distal-less homeobox 1 DLX1 -0.6 0.0073 

11759403_x_at versican VCAN -0.6 0.0029 

11720289_a_at 
CDC42 binding protein kinase 

alpha (DMPK-like) 
CDC42BPA -0.6 0.0308 

11736509_x_at interleukin 6 receptor IL6R -0.6 0.0117 

11748016_a_at 
actin, gamma 2, smooth muscle, 

enteric 
ACTG2 -0.6 0.0101 

11736798_a_at 
runt-related transcription factor 1; 

translocated to, 1 (cyclin D-related) 
RUNX1T1 -0.6 0.0027 

11755437_a_at transcription elongation regulator 1 TCERG1 -0.6 0.0195 

11748109_a_at 
family with sequence similarity 69, 

member A 
FAM69A -0.61 0.0033 

11716539_a_at 
chromosome 1 open reading frame 

144 
C1orf144 -0.61 0.0021 

11727474_a_at 
chromosome 14 open reading 

frame 101 
C14orf101 -0.61 0.0051 

11728443_a_at TAO kinase 1 TAOK1 -0.61 0.0101 

11732550_at 
prostaglandin E receptor 2 (subtype 

EP2), 53kDa 
PTGER2 -0.61 0.0315 
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11715641_a_at tetratricopeptide repeat domain 3 TTC3 -0.61 0.0031 

11743401_x_at 
cell division cycle 27 homolog (S. 

cerevisiae) 
CDC27 -0.61 0.0058 

11747134_a_at trichorhinophalangeal syndrome I TRPS1 -0.61 0.0007 

11761560_x_at coiled-coil domain containing 76 CCDC76 -0.61 0.0095 

11747928_x_at periostin, osteoblast specific factor POSTN -0.61 0.0115 

11719313_a_at 
family with sequence similarity 

111, member A 
FAM111A -0.61 0.0195 

11717879_a_at 

protein tyrosine phosphatase, 

receptor type, f polypeptide 

(PTPRF), interacting protein 

(liprin), alpha 1 

PPFIA1 -0.62 0.0004 

11724144_a_at 
RAB11 family interacting protein 2 

(class I) 
RAB11FIP2 -0.62 0.0001 

11751538_a_at 
angiogenic factor with G patch and 

FHA domains 1 
AGGF1 -0.62 0.0024 

11723588_at 
ring finger and CCCH-type 

domains 1 
RC3H1 -0.62 0.0296 

11728563_at forkhead box D1 FOXD1 -0.62 0.0488 

11743652_a_at DEK oncogene DEK -0.62 0.0019 

11732004_a_at adenosine deaminase-like ADAL -0.62 0.0185 

11721343_a_at nuclear receptor coactivator 1 NCOA1 -0.62 0.0479 

11763326_s_at fer (fps/fes related) tyrosine kinase FER -0.62 0.0169 

11729857_at 

hexose-6-phosphate 

dehydrogenase (glucose 1-

dehydrogenase) 

H6PD -0.62 0.0217 

11743367_a_at phospholipase C, beta 4 PLCB4 -0.62 0.0188 

11763376_s_at poly(rC) binding protein 2 PCBP2 -0.62 0.0169 

11728734_at 
zinc finger and BTB domain 

containing 38 
ZBTB38 -0.62 0.0113 

11757144_at 
small nucleolar RNA, H/ACA box 

13 
SNORA13 -0.63 0.0001 

11748061_a_at PHD finger protein 21A PHF21A -0.63 0.0021 

11744794_a_at muscleblind-like (Drosophila) MBNL1 -0.63 0.0054 



Appendices 

- 255 - 

 

11732254_a_at 

mediator of RNA polymerase II 

transcription subunit 18-like /// 

mediator complex subunit 18 

LOC100292920 

/// MED18 
-0.63 0.0174 

11717864_a_at 
proteasome (prosome, macropain) 

activator subunit 4 
PSME4 -0.63 0.0020 

11721955_at regulatory factor X, 7 RFX7 -0.63 0.0343 

11723666_a_at 

sema domain, immunoglobulin 

domain (Ig), short basic domain, 

secreted, (semaphorin) 3C 

SEMA3C -0.63 0.0213 

11743749_a_at 
family with sequence similarity 

169, member A 
FAM169A -0.64 0.0015 

11716970_a_at neuropilin 2 NRP2 -0.64 0.0022 

11715572_a_at calsyntenin 1 CLSTN1 -0.64 0.0029 

11743117_a_at 5'-3' exoribonuclease 2 XRN2 -0.64 0.0060 

11718851_a_at SRSF protein kinase 1 SRPK1 -0.64 0.0033 

11720411_s_at 
cytochrome P450, family 1, 

subfamily B, polypeptide 1 
CYP1B1 -0.64 0.0087 

11745424_a_at 
structural maintenance of 

chromosomes 2 
SMC2 -0.64 0.0022 

11722699_a_at KIAA1109 KIAA1109 -0.64 0.0160 

11742712_a_at thrombospondin 2 THBS2 -0.64 0.0086 

11755480_a_at myocardin MYOCD -0.64 0.0058 

11746015_a_at 
misato homolog 1 (Drosophila) /// 

misato homolog 2 pseudogene 

MSTO1 /// 

MSTO2P 
-0.64 0.0025 

11748475_a_at transcription elongation regulator 1 TCERG1 -0.64 0.0009 

11749139_a_at 

sema domain, immunoglobulin 

domain (Ig), short basic domain, 

secreted, (semaphorin) 3C 

SEMA3C -0.64 0.0022 

11721970_a_at 

B double prime 1, subunit of RNA 

polymerase III transcription 

initiation factor IIIB 

BDP1 -0.64 0.0003 

11725414_a_at ubiquitin specific peptidase 16 USP16 -0.64 0.0063 

11728444_a_at TAO kinase 1 TAOK1 -0.64 0.0332 

11748544_s_at thioredoxin interacting protein TXNIP -0.65 0.0023 

11744575_a_at 

elongation of very long chain fatty 

acids (FEN1/Elo2, SUR4/Elo3, 

yeast)-like 2 

ELOVL2 -0.65 0.0386 

11733884_a_at DEP domain containing 1 DEPDC1 -0.65 0.0101 
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11727553_a_at 
protein kinase (cAMP-dependent, 

catalytic) inhibitor beta 
PKIB -0.65 0.0350 

11728692_a_at 
phosphodiesterase 4D interacting 

protein 
PDE4DIP -0.65 0.0014 

11752632_a_at 
structural maintenance of 

chromosomes 1A 
SMC1A -0.65 0.0002 

11722596_a_at 
A kinase (PRKA) anchor protein 

13 
AKAP13 -0.65 0.0009 

11732685_a_at 
pogo transposable element with 

ZNF domain 
POGZ -0.65 0.0081 

11749815_a_at spindlin 1 SPIN1 -0.65 0.0112 

11736405_a_at 
DNA (cytosine-5-)-

methyltransferase 1 
DNMT1 -0.65 0.0074 

11720403_at ephrin-B2 EFNB2 -0.65 0.0128 

11746124_x_at 
chromosome 21 open reading 

frame 7 
C21orf7 -0.65 0.0086 

11716495_a_at microtubule-associated protein 4 MAP4 -0.65 0.0077 

11746976_a_at 
GTPase activating protein and 

VPS9 domains 1 
GAPVD1 -0.66 0.0067 

11742989_a_at ezrin EZR -0.66 0.0028 

11740170_s_at Rho GTPase activating protein 42 ARHGAP42 -0.66 0.0250 

11722733_x_at 

adaptor protein, phosphotyrosine 

interaction, PH domain and leucine 

zipper containing 1 

APPL1 -0.66 0.0012 

11756270_x_at plakophilin 4 PKP4 -0.66 0.0200 

11740256_s_at 
gap junction protein, gamma 1, 

45kDa 
GJC1 -0.66 0.0072 

11750551_a_at serine/threonine kinase 4 STK4 -0.66 0.0231 

11748597_s_at 
BCL2-associated transcription 

factor 1 
BCLAF1 -0.66 0.0030 

11725180_a_at runt-related transcription factor 2 RUNX2 -0.66 0.0198 

11715639_a_at tetratricopeptide repeat domain 3 TTC3 -0.66 0.0150 

11763174_at phosphoglucomutase 3 PGM3 -0.66 0.0081 

11723430_a_at 

zinc finger protein 91 homolog 

(mouse) /// ZFP91-CNTF 

readthrough transcript 

ZFP91 /// ZFP91-

CNTF 
-0.67 0.0026 

11720100_a_at spindlin 1 SPIN1 -0.67 0.0032 

11736355_at MDN1, midasin homolog (yeast) MDN1 -0.67 0.0013 
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11719928_a_at lysine (K)-specific demethylase 5B KDM5B -0.67 0.0007 

11723984_a_at programmed cell death 11 PDCD11 -0.67 0.0006 

11753579_a_at 
interleukin 6 signal transducer 

(gp130, oncostatin M receptor) 
IL6ST -0.67 0.0202 

11757783_s_at versican VCAN -0.67 0.0044 

11755517_s_at 
alpha thalassemia/mental 

retardation syndrome X-linked 
ATRX -0.67 0.0412 

11748927_a_at 
protein tyrosine phosphatase, 

receptor type, G 
PTPRG -0.67 0.0061 

11719612_a_at 
La ribonucleoprotein domain 

family, member 4 
LARP4 -0.67 0.0031 

11716512_a_at serine/arginine repetitive matrix 2 SRRM2 -0.67 0.0094 

11726772_a_at protein kinase C, iota PRKCI -0.68 0.0050 

11757835_s_at 
cytoplasmic polyadenylation 

element binding protein 4 
CPEB4 -0.68 0.0070 

11721216_s_at transmembrane protein 106B TMEM106B -0.68 0.0430 

11758623_s_at 

myeloid/lymphoid or mixed-

lineage leukemia (trithorax 

homolog, Drosophila) 

MLL -0.68 0.0057 

11720906_a_at glutamine and serine rich 1 QSER1 -0.68 0.0070 

11716003_a_at 
Fas associated factor family 

member 2 
FAF2 -0.68 0.0018 

11727064_a_at ankyrin repeat domain 11 ANKRD11 -0.68 0.0152 

11741225_a_at cancer susceptibility candidate 5 CASC5 -0.69 0.0050 

11742864_at rearranged L-myc fusion RLF -0.69 0.0011 

11717701_a_at 
DDB1 and CUL4 associated factor 

8 
DCAF8 -0.69 0.0047 

11732259_at SH2 domain containing 4A SH2D4A -0.69 0.0036 

11718969_a_at 
DEAD (Asp-Glu-Ala-Asp) box 

polypeptide 6 
DDX6 -0.69 0.0004 

11746946_a_at 
angiogenic factor with G patch and 

FHA domains 1 
AGGF1 -0.69 0.0005 

11741200_a_at 
A kinase (PRKA) anchor protein 2 

/// PALM2-AKAP2 readthrough 

AKAP2 /// 

PALM2-AKAP2 
-0.69 0.0051 

11736547_a_at 
Fanconi anemia, complementation 

group D2 
FANCD2 -0.69 0.0046 
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11719028_a_at 
pleckstrin and Sec7 domain 

containing 3 
PSD3 -0.69 0.0120 

11746032_a_at 
Ral GEF with PH domain and SH3 

binding motif 2 
RALGPS2 -0.69 0.0007 

11747163_a_at 
chromosome 6 open reading frame 

204 
C6orf204 -0.7 0.0083 

11723241_at cyclin-dependent kinase 6 CDK6 -0.7 0.0012 

11719037_a_at 
UV radiation resistance associated 

gene 
UVRAG -0.7 0.0072 

11746838_a_at GRB10 interacting GYF protein 2 GIGYF2 -0.7 0.0044 

11755470_x_at 
G2/M-phase specific E3 ubiquitin 

protein ligase 
G2E3 -0.7 0.0075 

11742741_at 
gem (nuclear organelle) associated 

protein 5 
GEMIN5 -0.7 0.0020 

11755122_a_at 
palladin, cytoskeletal associated 

protein 
PALLD -0.7 0.0047 

11728693_s_at 
phosphodiesterase 4D interacting 

protein 
PDE4DIP -0.7 0.0026 

11744091_s_at ataxin 7-like 3B ATXN7L3B -0.7 0.0007 

11740656_a_at high mobility group AT-hook 2 HMGA2 -0.7 0.0144 

11751145_a_at KIAA0776 KIAA0776 -0.7 0.0035 

11745453_x_at coiled-coil domain containing 76 CCDC76 -0.7 0.0020 

11716244_s_at WAS protein family, member 2 WASF2 -0.7 0.0117 

11715728_a_at 

integrin, beta 1 (fibronectin 

receptor, beta polypeptide, antigen 

CD29 includes MDF2, MSK12) 

ITGB1 -0.71 0.0029 

11717875_a_at 

protein tyrosine phosphatase, 

receptor type, f polypeptide 

(PTPRF), interacting protein 

(liprin), alpha 1 

PPFIA1 -0.71 0.0142 

11739879_a_at 
TRAF2 and NCK interacting 

kinase 
TNIK -0.71 0.0002 

11739910_a_at 

ELOVL family member 6, 

elongation of long chain fatty acids 

(FEN1/Elo2, SUR4/Elo3-like, 

yeast) 

ELOVL6 -0.71 0.0016 

11722628_at KIAA1033 KIAA1033 -0.71 0.0369 

11720508_at fibrillin 1 FBN1 -0.71 0.0065 

11728141_at shisa homolog 2 (Xenopus laevis) SHISA2 -0.71 0.0022 

11749153_a_at kelch-like 18 (Drosophila) KLHL18 -0.72 0.0038 

11723796_a_at Scm-like with four mbt domains 1 SFMBT1 -0.72 0.0010 
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11739170_a_at 
G2/M-phase specific E3 ubiquitin 

protein ligase 
G2E3 -0.72 0.0042 

11720410_s_at 
cytochrome P450, family 1, 

subfamily B, polypeptide 1 
CYP1B1 -0.72 0.0066 

11746051_a_at 
heterochromatin protein 1, binding 

protein 3 
HP1BP3 -0.72 0.0066 

11759987_x_at 
La ribonucleoprotein domain 

family, member 1B 
LARP1B -0.72 0.0011 

11734996_at 
v-ski sarcoma viral oncogene 

homolog (avian) 
SKI -0.72 0.0256 

11719051_a_at centrosomal protein 350kDa CEP350 -0.72 0.0102 

11758455_s_at THAP domain containing 6 THAP6 -0.72 0.0014 

11721089_a_at YLP motif containing 1 YLPM1 -0.73 0.0008 

11739411_a_at 
myeloid/lymphoid or mixed-

lineage leukemia 3 
MLL3 -0.73 0.0033 

11755795_a_at 
PR domain containing 2, with ZNF 

domain 
PRDM2 -0.73 0.0023 

11747927_a_at periostin, osteoblast specific factor POSTN -0.73 0.0062 

AFFX-HUMRGE/M10098_M_at -0.74 0.0411 

11719428_a_at BTB (POZ) domain containing 7 BTBD7 -0.74 0.0002 

11740097_a_at T-box 3 TBX3 -0.74 0.0100 

11743914_a_at plakophilin 4 PKP4 -0.74 0.0106 

11756905_a_at 
discoidin, CUB and LCCL domain 

containing 1 
DCBLD1 -0.74 0.0004 

11727484_a_at 
translocated promoter region (to 

activated MET oncogene) 
TPR -0.74 0.0378 

11720409_s_at 
cytochrome P450, family 1, 

subfamily B, polypeptide 1 
CYP1B1 -0.74 0.0058 

11720665_s_at 

synaptotagmin binding, 

cytoplasmic RNA interacting 

protein 

SYNCRIP -0.75 0.0004 

11718876_at 
delta/notch-like EGF repeat 

containing 
DNER -0.75 0.0275 

11726291_a_at leucine rich repeat containing 17 LRRC17 -0.75 0.0054 
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11757932_x_at 

neuroblastoma breakpoint family 

member 20-like /// neuroblastoma 

breakpoint family, member 1 /// 

neuroblastoma breakpoint family, 

member 10 /// neuroblastoma 

breakpoint family, member 11 /// 

neuroblastoma breakpoint family, 

member 14 /// neuroblastoma 

breakpoint family, member 15 /// 

neuroblastoma breakpoint family, 

member 16 /// neuroblastoma 

breakpoint family, member 8 /// 

neuroblastoma breakpoint family, 

member 9 

LOC100506032 

/// NBPF1 /// 

NBPF10 /// 

NBPF11 /// 

NBPF14 /// 

NBPF15 /// 

NBPF16 /// 

NBPF8 /// NBPF9 

-0.75 0.0026 

11736423_a_at periostin, osteoblast specific factor POSTN -0.75 0.0160 

11755605_s_at 

metastasis associated lung 

adenocarcinoma transcript 1 (non-

protein coding) 

MALAT1 -0.75 0.0078 

11724907_a_at 
mitogen-activated protein kinase 

kinase kinase kinase 5 
MAP4K5 -0.76 0.0075 

11726566_a_at 
eukaryotic translation initiation 

factor 4 gamma, 1 
EIF4G1 -0.76 0.0038 

11744184_a_at 
signal-induced proliferation-

associated 1 like 2 
SIPA1L2 -0.76 0.0200 

11726249_a_at poly (ADP-ribose) polymerase 1 PARP1 -0.76 0.0066 

11723402_a_at serine/threonine kinase 4 STK4 -0.77 0.0075 

11731416_at 

NADH dehydrogenase 

(ubiquinone) Fe-S protein 1, 

75kDa (NADH-coenzyme Q 

reductase) 

NDUFS1 -0.77 0.0099 

11759358_at pygopus homolog 1 (Drosophila) PYGO1 -0.77 0.0003 

11717466_a_at 
nuclear factor of activated T-cells 

5, tonicity-responsive 
NFAT5 -0.77 0.0328 

11763843_a_at 
uveal autoantigen with coiled-coil 

domains and ankyrin repeats 
UACA -0.77 0.0052 

11718551_at OTU domain containing 4 OTUD4 -0.78 0.0021 

11736044_a_at 
myosin, heavy chain 10, non-

muscle 
MYH10 -0.78 0.0047 

11722199_at 
ADAM metallopeptidase domain 

12 
ADAM12 -0.78 0.0329 

11747091_a_at thymopoietin TMPO -0.78 0.0001 
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11734024_x_at 

coiled-coil domain containing 

144A /// coiled-coil domain 

containing 144B /// coiled-coil 

domain containing 144C 

CCDC144A /// 

CCDC144B /// 

CCDC144C 

-0.78 0.0030 

11715521_a_at malectin MLEC -0.78 0.0071 

11728216_x_at 
BCL2-associated transcription 

factor 1 
BCLAF1 -0.78 0.0073 

11722486_a_at 

asparagine-linked glycosylation 

11, alpha-1,2-mannosyltransferase 

homolog (yeast) /// UTP14, U3 

small nucleolar ribonucleoprotein, 

homolog C (yeast) 

ALG11 /// 

UTP14C 
-0.79 0.0027 

11732253_x_at mediator complex subunit 18 MED18 -0.79 0.0089 

11719391_a_at 
protein kinase, DNA-activated, 

catalytic polypeptide 
PRKDC -0.79 0.0104 

11724302_a_at early endosome antigen 1 EEA1 -0.79 0.0154 

11749408_a_at zinc finger RNA binding protein ZFR -0.79 0.0010 

11717190_s_at thioredoxin interacting protein TXNIP -0.79 0.0001 

11720726_at 
ubiquitin protein ligase E3 

component n-recognin 1 
UBR1 -0.79 0.0011 

11729260_a_at zinc finger protein 644 ZNF644 -0.79 0.0349 

11737418_a_at 
chromosome 9 open reading frame 

102 
C9orf102 -0.79 0.0022 

11742207_a_at versican VCAN -0.8 0.0030 

11721546_s_at 
zinc finger E-box binding 

homeobox 1 
ZEB1 -0.8 0.0048 

11755895_a_at 
family with sequence similarity 

129, member A 
FAM129A -0.8 0.0130 

11743422_a_at BCL2-associated athanogene 4 BAG4 -0.8 0.0001 

11730757_a_at 
interleukin 6 signal transducer 

(gp130, oncostatin M receptor) 
IL6ST -0.8 0.0228 

11721736_s_at 
tumor necrosis factor receptor 

superfamily, member 19 
TNFRSF19 -0.8 0.0062 

11750669_x_at 
zinc finger, CCHC domain 

containing 11 
ZCCHC11 -0.8 0.0296 

11739233_a_at scaffold attachment factor B2 SAFB2 -0.8 0.0025 

11715910_a_at myosin VI MYO6 -0.81 0.0085 
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11721718_a_at 
alpha thalassemia/mental 

retardation syndrome X-linked 
ATRX -0.81 0.0001 

11749527_a_at periostin, osteoblast specific factor POSTN -0.81 0.0112 

11752765_s_at thioredoxin interacting protein TXNIP -0.81 0.0001 

11730898_a_at 
wings apart-like homolog 

(Drosophila) 
WAPAL -0.82 0.0075 

11728219_a_at 
BCL2-associated transcription 

factor 1 
BCLAF1 -0.82 0.0001 

11722760_a_at 
calmodulin regulated spectrin-

associated protein 1-like 1 
CAMSAP1L1 -0.82 0.0023 

11742990_x_at ezrin EZR -0.83 0.0007 

11758209_s_at zinc finger protein 644 ZNF644 -0.83 0.0346 

11723758_a_at zinc finger RNA binding protein ZFR -0.83 0.0015 

11744131_a_at SECIS binding protein 2-like SECISBP2L -0.84 0.0160 

11733463_a_at deiodinase, iodothyronine, type II DIO2 -0.84 0.0005 

11743864_a_at 
ATPase, Ca++ transporting, 

plasma membrane 1 
ATP2B1 -0.84 0.0054 

11746122_s_at 
zinc finger CCCH-type containing 

11A 
ZC3H11A -0.84 0.0105 

11764010_a_at thymopoietin TMPO -0.84 0.0000 

11750796_a_at 
delta/notch-like EGF repeat 

containing 
DNER -0.84 0.0091 

11728700_a_at 

bone morphogenetic protein 

receptor, type II (serine/threonine 

kinase) 

BMPR2 -0.84 0.0200 

11736548_s_at 
Fanconi anemia, complementation 

group D2 
FANCD2 -0.84 0.0139 

11717203_at 
sel-1 suppressor of lin-12-like (C. 

elegans) 
SEL1L -0.84 0.0005 

11720519_s_at 
phosphodiesterase 4D interacting 

protein 
PDE4DIP -0.84 0.0052 

11722200_s_at 
ADAM metallopeptidase domain 

12 
ADAM12 -0.84 0.0390 

11744735_a_at transmembrane protein 200A TMEM200A -0.85 0.0164 

11718358_at paternally expressed 10 PEG10 -0.86 0.0000 

11740214_a_at transducin (beta)-like 1X-linked TBL1X -0.86 0.0004 

11738592_at 
BH3-like motif containing, cell 

death inducer 
BLID -0.86 0.0004 
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11739880_a_at GLIS family zinc finger 3 GLIS3 -0.86 0.0003 

11753878_s_at 
interleukin 6 signal transducer 

(gp130, oncostatin M receptor) 
IL6ST -0.86 0.0295 

11755324_a_at neurexin 3 NRXN3 -0.87 0.0385 

11715474_at 
DEAD (Asp-Glu-Ala-Asp) box 

polypeptide 17 
DDX17 -0.87 0.0151 

11744048_at microtubule-associated protein 1B MAP1B -0.87 0.0011 

11743295_a_at 
centromere protein F, 350/400kDa 

(mitosin) 
CENPF -0.87 0.0019 

11715589_at 
dynein, cytoplasmic 1, heavy chain 

1 
DYNC1H1 -0.87 0.0056 

11743252_a_at caldesmon 1 CALD1 -0.87 0.0084 

11746421_a_at coiled-coil domain containing 76 CCDC76 -0.87 0.0011 

11734744_a_at SON DNA binding protein SON -0.87 0.0052 

11722342_a_at 
family with sequence similarity 38, 

member B 
FAM38B -0.87 0.0052 

11751057_a_at SH2 domain containing 4A SH2D4A -0.87 0.0046 

11722731_a_at 

adaptor protein, phosphotyrosine 

interaction, PH domain and leucine 

zipper containing 1 

APPL1 -0.88 0.0010 

11718083_a_at 
ATPase, Ca++ transporting, 

plasma membrane 4 
ATP2B4 -0.89 0.0030 

11727186_a_at 
wingless-type MMTV integration 

site family, member 5A 
WNT5A -0.89 0.0156 

11739193_a_at sarcolemma associated protein SLMAP -0.9 0.0035 

11725716_a_at kinesin family member 21A KIF21A -0.9 0.0005 

11717437_x_at topoisomerase (DNA) I TOP1 -0.91 0.0129 

11731626_a_at 
chromosome 10 open reading 

frame 118 
C10orf118 -0.91 0.0203 

11723759_at zinc finger RNA binding protein ZFR -0.91 0.0009 

11754325_a_at G patch domain containing 8 GPATCH8 -0.92 0.0169 

11757182_a_at 
U2AF homology motif (UHM) 

kinase 1 
UHMK1 -0.92 0.0154 

11748911_a_at scaffold attachment factor B2 SAFB2 -0.94 0.0000 
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11736591_at 
biorientation of chromosomes in 

cell division 1-like 
BOD1L -0.95 0.0033 

11718964_at 

nuclear fragile X mental 

retardation protein interacting 

protein 2 

NUFIP2 -0.95 0.0036 

11763489_a_at 
nuclear receptor binding SET 

domain protein 1 
NSD1 -0.96 0.0002 

11716568_a_at 
HLA-B associated transcript 2-like 

2 
BAT2L2 -0.96 0.0004 

11736431_a_at nucleolar protein 8 NOL8 -0.96 0.0032 

11716388_a_at 
bromodomain adjacent to zinc 

finger domain, 1B 
BAZ1B -0.98 0.0076 

11721580_a_at deiodinase, iodothyronine, type II DIO2 -0.98 0.0059 

11755200_a_at 
discoidin, CUB and LCCL domain 

containing 2 
DCBLD2 -0.99 0.0011 

11716194_a_at SET domain containing 2 SETD2 -1 0.0018 

11739969_a_at 
mesoderm induction early response 

1 homolog (Xenopus laevis) 
MIER1 -1.01 0.0002 

11724809_at 
Cas-Br-M (murine) ecotropic 

retroviral transforming sequence 
CBL -1.02 0.0001 

11716766_a_at 
IQ motif containing GTPase 

activating protein 1 
IQGAP1 -1.02 0.0046 

11728041_at somatostatin receptor 1 SSTR1 -1.06 0.0058 

11755635_s_at 

cyclin-dependent kinase 11A /// 

cyclin-dependent kinase 11B /// 

cell division protein kinase 11B-

like /// cell division protein kinase 

11B-like 

CDK11A /// 

CDK11B /// 

LOC100133692 

/// 

LOC100294398 

-1.07 0.0034 

11745119_a_at dystonin DST -1.07 0.0068 

11731624_a_at 
chromosome 10 open reading 

frame 118 
C10orf118 -1.07 0.0016 

11742931_at 
baculoviral IAP repeat-containing 

6 
BIRC6 -1.12 0.0056 

11749826_a_at deiodinase, iodothyronine, type II DIO2 -1.15 0.0001 

11723756_at zinc finger RNA binding protein ZFR -1.21 0.0011 

11743281_a_at 
WNK lysine deficient protein 

kinase 1 
WNK1 -1.22 0.0082 
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11716566_a_at 
HLA-B associated transcript 2-like 

2 
BAT2L2 -1.23 0.0046 

11727136_a_at 
pseudouridylate synthase 7 

homolog (S. cerevisiae)-like 
PUS7L -1.24 0.0014 
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Appendix 1.2 - regulated genes of endothelial cells after exposure to apoptotic 

trophoblast debris for 21 hours compared to untreated control 

Probe ID Gene Title Gene Symbol 

hr21.Rx. 

effect 

hr21.RxA. 

effect 

11742994_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) CSH1 2.78 0.0002071 

11734709_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) /// 

chorionic somatomammotropin 

hormone 2 CSH1 /// CSH2 2.70 0.0015641 

11745920_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) /// 

chorionic somatomammotropin 

hormone 2 CSH1 /// CSH2 2.46 0.0006949 

11743032_at 

glycoprotein hormones, alpha 

polypeptide CGA 2.05 0.0035459 

11716630_a_at angiopoietin-like 4 ANGPTL4 1.64 0.0000593 

11727790_x_at secreted phosphoprotein 1 SPP1 1.45 0.0012313 

11754604_x_at secreted phosphoprotein 1 SPP1 1.34 0.0013119 

11746506_a_at secreted phosphoprotein 1 SPP1 1.18 0.0050926 

11716974_a_at 

pyruvate dehydrogenase kinase, 

isozyme 4 PDK4 1.15 0.0000004 

11739787_a_at 

insulin-like growth factor 2 

(somatomedin A) /// INS-IGF2 

readthrough transcript 

IGF2 /// INS-

IGF2 1.10 0.0011313 

11742406_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) CSH1 0.98 0.0004988 

11737944_x_at secreted phosphoprotein 1 SPP1 0.94 0.0036771 

11742745_a_at perilipin 2 PLIN2 0.92 0.0034092 

11742746_a_at perilipin 2 PLIN2 0.83 0.0022719 

11717386_s_at metallothionein 1G MT1G 0.81 0.0125528 

11757022_x_at tissue factor pathway inhibitor 2 TFPI2 0.80 0.0039853 

11755928_s_at 

matrix metallopeptidase 1 (interstitial 

collagenase) MMP1 0.78 0.0204534 

11755730_x_at secreted phosphoprotein 1 SPP1 0.78 0.0170097 

11727655_s_at dystonin DST 0.77 0.0209016 

11746856_a_at 

serpin peptidase inhibitor, clade E 

(nexin, plasminogen activator 

inhibitor type 1), member 1 SERPINE1 0.77 0.0214756 

11737373_at t-complex 11 (mouse)-like 2 TCP11L2 0.75 0.0005470 

11718347_a_at S100 calcium binding protein P S100P 0.74 0.0067586 

11715636_a_at 

serpin peptidase inhibitor, clade E 

(nexin, plasminogen activator 

inhibitor type 1), member 1 SERPINE1 0.72 0.0051987 

11722850_a_at baculoviral IAP repeat-containing 3 BIRC3 0.72 0.0306176 

11762578_a_at MKL/myocardin-like 2 MKL2 0.71 0.0368286 

11737662_a_at tet oncogene family member 2 TET2 0.71 0.0019206 

11743515_s_at laminin, gamma 2 LAMC2 0.70 0.0216511 

11715893_s_at interferon, alpha-inducible protein 27 IFI27 0.70 0.0214173 

11737943_a_at secreted phosphoprotein 1 SPP1 0.69 0.0179741 

11742698_at secretogranin V (7B2 protein) SCG5 0.69 0.0397234 

11743304_a_at eyes absent homolog 3 (Drosophila) EYA3 0.68 0.0029043 
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11752333_a_at 

integrin, alpha V (vitronectin receptor, 

alpha polypeptide, antigen CD51) ITGAV 0.68 0.0152506 

11727031_a_at sequestosome 1 SQSTM1 0.68 0.0037897 

11756003_x_at 

insulin-like growth factor 2 

(somatomedin A) /// INS-IGF2 

readthrough transcript 

IGF2 /// INS-

IGF2 0.67 0.0226153 

11747923_s_at laminin, gamma 2 LAMC2 0.67 0.0200035 

11732469_at 

interleukin 3 receptor, alpha (low 

affinity) IL3RA 0.66 0.0004053 

11760705_a_at 

NADH dehydrogenase (ubiquinone) 

Fe-S protein 2, 49kDa (NADH-

coenzyme Q reductase) NDUFS2 0.65 0.0346714 

11763226_x_at interleukin 8 IL8 0.63 0.0407468 

11745458_a_at eyes absent homolog 3 (Drosophila) EYA3 0.63 0.0167743 

11735924_s_at 

keratin associated protein 12-1 /// 

keratin associated protein 12-2 

KRTAP12-1 /// 

KRTAP12-2 0.63 0.0093356 

11754026_a_at interleukin 8 IL8 0.63 0.0431144 

11742653_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) /// 

chorionic somatomammotropin 

hormone 2 CSH1 /// CSH2 0.62 0.0440184 

11759629_a_at 

T cell receptor alpha constant /// T cell 

receptor alpha joining 17 /// T cell 

receptor alpha variable 20 

TRAC /// 

TRAJ17 /// 

TRAV20 0.62 0.0338750 

11719916_at interleukin 1, beta IL1B 0.62 0.0186100 

11743514_a_at laminin, gamma 2 LAMC2 0.61 0.0129575 

11754524_x_at tissue factor pathway inhibitor 2 TFPI2 0.60 0.0237768 

11760491_at 

caspase 4, apoptosis-related cysteine 

peptidase CASP4 0.60 0.0094976 

11722851_at baculoviral IAP repeat-containing 3 BIRC3 0.60 0.0492641 

11719120_a_at 

kynureninase (L-kynurenine 

hydrolase) KYNU 0.60 0.0078307 

11734297_s_at 

zinc finger, X-linked, duplicated A /// 

zinc finger, X-linked, duplicated B 

ZXDA /// 

ZXDB 0.60 0.0005271 

11754375_s_at sorting nexin 10 SNX10 0.60 0.0085235 

11737410_at chromosome 4 open reading frame 36 C4orf36 0.59 0.0001380 

11759765_at phospholipid scramblase 1 PLSCR1 0.59 0.0057908 

11759644_at oncostatin M receptor OSMR 0.59 0.0109027 

11739197_a_at polycomb group ring finger 3 PCGF3 0.58 0.0024837 

11729052_at 

PTPRF interacting protein, binding 

protein 1 (liprin beta 1) PPFIBP1 0.58 0.0167431 

11763019_x_at 

proline-rich nuclear receptor 

coactivator 1 PNRC1 0.58 0.0004052 

11762881_at acylglycerol kinase AGK 0.57 0.0006605 

11760318_at 

cytochrome P450, family 4, subfamily 

V, polypeptide 2 CYP4V2 0.57 0.0001352 

11715711_a_at 

aldo-keto reductase family 1, member 

C3 (3-alpha hydroxysteroid 

dehydrogenase, type II) AKR1C3 0.56 0.0015927 

11755438_x_at 

pregnancy specific beta-1-

glycoprotein 3 PSG3 0.56 0.0098450 

11749948_x_at 

hydroxysteroid (17-beta) 

dehydrogenase 1 HSD17B1 0.56 0.0005298 

11733175_a_at zinc finger protein 507 ZNF507 0.55 0.0025790 
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11733745_a_at 

glucosaminyl (N-acetyl) transferase 2, 

I-branching enzyme (I blood group) GCNT2 0.55 0.0021033 

11736135_at 

2'-5'-oligoadenylate synthetase 2, 

69/71kDa OAS2 0.55 0.0218742 

11749956_a_at WD repeat domain 67 WDR67 0.55 0.0009057 

11749640_a_at 

tankyrase, TRF1-interacting ankyrin-

related ADP-ribose polymerase TNKS 0.55 0.0028447 

11725749_a_at galanin prepropeptide GAL 0.55 0.0344707 

11758803_at 

single-stranded DNA binding protein 

2 SSBP2 0.55 0.0056820 

11737117_at 

poly(A) binding protein, cytoplasmic 

5 PABPC5 0.54 0.0078075 

11734165_x_at 

Rho guanine nucleotide exchange 

factor (GEF) 26 ARHGEF26 0.54 0.0001874 

11753664_x_at RAD52 motif 1 RDM1 0.54 0.0019450 

11764075_at --- --- 0.54 0.0058077 

11741745_a_at 

v-abl Abelson murine leukemia viral 

oncogene homolog 2 ABL2 0.53 0.0244826 

11750818_a_at tetratricopeptide repeat domain 39B TTC39B 0.53 0.0151972 

11724169_s_at 

zinc finger protein 322A /// zinc finger 

protein 322B 

ZNF322A /// 

ZNF322B 0.53 0.0041235 

11740206_x_at G protein-coupled receptor 155 GPR155 0.53 0.0001532 

11735095_at leptin LEP 0.53 0.0136481 

11724419_at zinc finger CCCH-type containing 6 ZC3H6 0.53 0.0080826 

AFFX-r2-Ec-bioB-5_at   0.53 0.0297988 

11735302_a_at G protein-coupled receptor 123 GPR123 0.52 0.0006843 

11715673_x_at jun B proto-oncogene JUNB 0.52 0.0028489 

11749589_x_at cathepsin S CTSS 0.52 0.0030444 

11752091_a_at thyroid adenoma associated THADA 0.51 0.0062194 

11749913_a_at 

heat shock protein 70kDa family, 

member 13 HSPA13 0.51 0.0158332 

11753515_a_at interleukin 32 IL32 0.51 0.0102395 

11761888_x_at 

pregnancy specific beta-1-

glycoprotein 9 PSG9 0.51 0.0259157 

11738045_a_at 

lecithin retinol acyltransferase 

(phosphatidylcholine--retinol O-

acyltransferase) LRAT 0.51 0.0026103 

11761757_at 

FXYD domain containing ion 

transport regulator 7 FXYD7 0.51 0.0035928 

11761139_at aspartate beta-hydroxylase ASPH 0.50 0.0018445 

11729540_at 

non-SMC condensin II complex, 

subunit H2 NCAPH2 0.50 0.0015050 

11744006_a_at vinculin VCL 0.50 0.0027030 

11731762_s_at 

ribosomal protein S6 kinase, 90kDa, 

polypeptide 2 RPS6KA2 -0.50 0.0019127 

11745190_a_at fused in sarcoma FUS -0.50 0.0012484 

11756691_a_at gastrulation brain homeobox 2 GBX2 -0.50 0.0189837 

11740685_s_at 

N-acyl phosphatidylethanolamine 

phospholipase D NAPEPLD -0.50 0.0084950 

11744315_at homolog of rat pragma of Rnd2 SGK223 -0.50 0.0041572 

11725537_at zinc and ring finger 3 ZNRF3 -0.50 0.0294027 

11758268_s_at 

mesoderm specific transcript homolog 

(mouse) MEST -0.50 0.0053388 
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11724666_at zinc finger CCCH-type containing 4 ZC3H4 -0.50 0.0128186 

11739539_a_at 

phosphoinositide-3-kinase, regulatory 

subunit 1 (alpha) PIK3R1 -0.50 0.0244668 

11718399_s_at 

transglutaminase 2 (C polypeptide, 

protein-glutamine-gamma-

glutamyltransferase) TGM2 -0.51 0.0040420 

11732633_at homeobox A7 HOXA7 -0.51 0.0050272 

11758849_at nucleoporin 214kDa NUP214 -0.51 0.0023409 

11735486_at homeobox C8 HOXC8 -0.51 0.0100645 

11722268_a_at 

nuclear factor related to kappaB 

binding protein NFRKB -0.51 0.0060296 

11740706_a_at 

nuclear factor related to kappaB 

binding protein NFRKB -0.51 0.0060296 

11721004_x_at 

hexamethylene bis-acetamide 

inducible 1 HEXIM1 -0.51 0.0024710 

11746228_a_at AHNAK nucleoprotein 2 AHNAK2 -0.51 0.0016321 

11721751_s_at frizzled homolog 7 (Drosophila) FZD7 -0.51 0.0044542 

11757415_s_at 

solute carrier family 5 (sodium/myo-

inositol cotransporter), member 3 SLC5A3 -0.51 0.0057809 

11737862_at 

phosphatidylinositol glycan anchor 

biosynthesis, class F PIGF -0.51 0.0016008 

11722682_at 

methyl CpG binding protein 2 (Rett 

syndrome) MECP2 -0.51 0.0157001 

11754557_s_at protein kinase C, alpha PRKCA -0.51 0.0020641 

11753935_a_at 

ATPase, H+ transporting, lysosomal 

13kDa, V1 subunit G3 ATP6V1G3 -0.51 0.0032596 

11725173_at 

meningioma (disrupted in balanced 

translocation) 1 MN1 -0.51 0.0197569 

11733087_a_at 

v-maf musculoaponeurotic 

fibrosarcoma oncogene homolog 

(avian) MAF -0.51 0.0004274 

11729132_a_at 

proteasome (prosome, macropain) 

activator subunit 3 (PA28 gamma; Ki) PSME3 -0.51 0.0081731 

11729621_at chloride channel 4 CLCN4 -0.51 0.0138511 

11727528_a_at PHD finger protein 20-like 1 PHF20L1 -0.52 0.0395376 

11743453_s_at histone deacetylase 4 HDAC4 -0.52 0.0057146 

11717551_a_at lysyl oxidase-like 1 LOXL1 -0.52 0.0236692 

11757570_s_at proline rich 15 PRR15 -0.52 0.0484472 

11759190_at 

protein tyrosine phosphatase, receptor 

type, G PTPRG -0.52 0.0112678 

11736611_s_at KIAA1432 KIAA1432 -0.52 0.0171068 

11721175_at 

retinoic acid receptor responder 

(tazarotene induced) 1 RARRES1 -0.52 0.0304444 

11723987_a_at 

nuclear receptor subfamily 2, group F, 

member 2 NR2F2 -0.52 0.0005901 

11722430_at periplakin PPL -0.52 0.0026008 

11746313_a_at 

transcription factor 7-like 2 (T-cell 

specific, HMG-box) TCF7L2 -0.52 0.0064366 

11721551_a_at 

Snf2-related CREBBP activator 

protein SRCAP -0.52 0.0062418 

11721712_at shroom family member 3 SHROOM3 -0.52 0.0040091 

11725918_a_at 

chromosome 20 open reading frame 

117 C20orf117 -0.52 0.0006689 

11739079_a_at 

acidic (leucine-rich) nuclear 

phosphoprotein 32 family, member A ANP32A -0.52 0.0012490 
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11734352_a_at ankyrin 1, erythrocytic ANK1 -0.52 0.0416846 

11715250_s_at chromosome 5 open reading frame 36 C5orf36 -0.52 0.0050222 

11724116_at zinc finger protein 512B ZNF512B -0.53 0.0020160 

11728318_at family with sequence similarity 122A FAM122A -0.53 0.0021370 

11727622_a_at vitrin VIT -0.53 0.0024333 

11736304_a_at 

chromosome 17 open reading frame 

91 C17orf91 -0.53 0.0079516 

11727503_at 

SRY (sex determining region Y)-box 

7 SOX7 -0.53 0.0045374 

11743506_a_at Rho GTPase activating protein 26 ARHGAP26 -0.53 0.0013484 

11737874_a_at sulfatase 1 SULF1 -0.53 0.0062249 

11721293_x_at 

G protein-coupled receptor kinase 

interacting ArfGAP 2 GIT2 -0.53 0.0107219 

11733017_a_at 

phosphoinositide-3-kinase, regulatory 

subunit 1 (alpha) PIK3R1 -0.53 0.0100599 

11721292_a_at 

G protein-coupled receptor kinase 

interacting ArfGAP 2 GIT2 -0.53 0.0039951 

11718457_at 

serine/threonine kinase 11 interacting 

protein STK11IP -0.53 0.0095028 

11730469_s_at LIM domain only 2 (rhombotin-like 1) LMO2 -0.53 0.0111975 

11728761_a_at runt-related transcription factor 1 RUNX1 -0.53 0.0217395 

11727172_at trichorhinophalangeal syndrome I TRPS1 -0.54 0.0174325 

11748709_a_at GLI family zinc finger 2 GLI2 -0.54 0.0131835 

11745377_x_at 

polymerase I and transcript release 

factor PTRF -0.54 0.0007129 

11751645_x_at 

pre-B-cell leukemia homeobox 

interacting protein 1 PBXIP1 -0.54 0.0056815 

11754542_x_at zinc finger protein 594 ZNF594 -0.54 0.0030157 

11724454_at 

solute carrier family 22 (organic 

cation/ergothioneine transporter), 

member 4 SLC22A4 -0.54 0.0008375 

11717131_a_at AHNAK nucleoprotein 2 AHNAK2 -0.54 0.0093414 

11758091_s_at leucine carboxyl methyltransferase 2 LCMT2 -0.54 0.0101764 

11758922_at syntaxin binding protein 6 (amisyn) STXBP6 -0.54 0.0223503 

11760154_at 

HAUS augmin-like complex, subunit 

3 HAUS3 -0.54 0.0099217 

11720034_x_at 

caspase 2, apoptosis-related cysteine 

peptidase CASP2 -0.54 0.0078267 

11718599_x_at TM2 domain containing 2 TM2D2 -0.55 0.0157489 

11762135_at 

protein tyrosine phosphatase, receptor 

type, K PTPRK -0.55 0.0139506 

11758804_s_at MON1 homolog B (yeast) MON1B -0.55 0.0042506 

11725127_at E1A binding protein p300 EP300 -0.55 0.0011921 

11758275_s_at 

eukaryotic translation initiation factor 

5 EIF5 -0.55 0.0059577 

11715994_x_at 

inhibitor of DNA binding 2, dominant 

negative helix-loop-helix protein ID2 -0.55 0.0127312 

11728704_s_at KIAA0232 KIAA0232 -0.55 0.0104710 

11717575_at 

protein phosphatase 1, regulatory 

(inhibitor) subunit 3C PPP1R3C -0.55 0.0007289 

11725695_s_at serum deprivation response SDPR -0.55 0.0059940 

11726113_a_at 

family with sequence similarity 46, 

member B FAM46B -0.55 0.0192193 
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11731679_x_at 

family with sequence similarity 20, 

member C FAM20C -0.55 0.0009641 

11736118_a_at zinc finger, AN1-type domain 5 ZFAND5 -0.56 0.0147593 

11763860_s_at Centrosomal protein 57kDa CEP57 -0.56 0.0005055 

11717560_at 

solute carrier organic anion 

transporter family, member 2A1 SLCO2A1 -0.56 0.0023776 

11751156_a_at Cdk5 and Abl enzyme substrate 1 CABLES1 -0.56 0.0053972 

11727504_at 

SRY (sex determining region Y)-box 

7 SOX7 -0.56 0.0139618 

11745822_x_at serine/arginine-rich splicing factor 6 SRSF6 -0.56 0.0011415 

11731268_a_at nucleoporin 98kDa NUP98 -0.56 0.0007802 

11719409_a_at 

homeodomain interacting protein 

kinase 2 HIPK2 -0.56 0.0066593 

11731063_a_at DBF4 homolog B (S. cerevisiae) DBF4B -0.56 0.0057186 

11759062_s_at salt-inducible kinase 2 SIK2 -0.56 0.0059528 

11732279_at forkhead box P1 FOXP1 -0.56 0.0207279 

11718141_at dickkopf homolog 1 (Xenopus laevis) DKK1 -0.56 0.0090940 

11728258_at 

chromosome 1 open reading frame 

107 C1orf107 -0.56 0.0127464 

11728587_a_at 

par-6 partitioning defective 6 homolog 

beta (C. elegans) PARD6B -0.56 0.0316492 

11730593_at 

solute carrier family 16, member 12 

(monocarboxylic acid transporter 12) SLC16A12 -0.56 0.0006758 

11726798_a_at nexilin (F actin binding protein) NEXN -0.56 0.0052469 

11727161_a_at 

nuclear factor I/X (CCAAT-binding 

transcription factor) NFIX -0.57 0.0158775 

11754973_x_at MANSC domain containing 1 MANSC1 -0.57 0.0466023 

11746314_s_at 

transcription factor 7-like 2 (T-cell 

specific, HMG-box) TCF7L2 -0.57 0.0170879 

11742483_a_at 

chromosome 1 open reading frame 

110 C1orf110 -0.57 0.0094559 

11727994_at syntaxin 11 STX11 -0.57 0.0007488 

11743255_a_at 

VAMP (vesicle-associated membrane 

protein)-associated protein A, 33kDa VAPA -0.57 0.0089381 

11740388_a_at 

transcription factor AP-2 alpha 

(activating enhancer binding protein 2 

alpha) TFAP2A -0.57 0.0045714 

11731891_s_at 

zinc finger protein 658 pseudogene /// 

zinc finger protein 658 /// zinc finger 

protein 658B, pseudogene 

LOC653501 /// 

ZNF658 /// 

ZNF658B -0.57 0.0411831 

11740173_a_at suppressor of cytokine signaling 5 SOCS5 -0.57 0.0244228 

11727712_at plexin A4 PLXNA4 -0.57 0.0332175 

11720433_s_at 

fibronectin leucine rich 

transmembrane protein 2 FLRT2 -0.57 0.0187931 

11732442_s_at 

bromodomain PHD finger 

transcription factor BPTF -0.57 0.0024911 

11719151_at 

family with sequence similarity 83, 

member H FAM83H -0.58 0.0422337 

11725128_a_at 

guanine nucleotide binding protein (G 

protein), gamma 4 GNG4 -0.58 0.0086804 

11759117_at F-box protein 42 FBXO42 -0.58 0.0010891 

11760964_x_at 

neuroblastoma breakpoint family, 

member 1 /// neuroblastoma 

breakpoint family, member 10 

NBPF1 /// 

NBPF10 -0.58 0.0007999 
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11728402_a_at 

ATPase, H+ transporting, lysosomal 

V0 subunit a2 ATP6V0A2 -0.58 0.0002291 

11732579_s_at zinc finger protein 880 ZNF880 -0.58 0.0014731 

11758600_s_at serine/arginine-rich splicing factor 1 SRSF1 -0.58 0.0009417 

11728882_a_at protease, serine, 35 PRSS35 -0.58 0.0481667 

11756473_a_at CUGBP, Elav-like family member 2 CELF2 -0.58 0.0149688 

11727262_at 

ectonucleoside triphosphate 

diphosphohydrolase 7 ENTPD7 -0.58 0.0164167 

11723029_x_at 

mesoderm specific transcript homolog 

(mouse) MEST -0.58 0.0037857 

11722292_a_at 

NYN domain and retroviral integrase 

containing NYNRIN -0.58 0.0041688 

11743874_a_at 

SRY (sex determining region Y)-box 

17 SOX17 -0.58 0.0053056 

11741750_a_at F-box protein 9 FBXO9 -0.58 0.0009865 

11737511_a_at SP100 nuclear antigen SP100 -0.58 0.0134134 

11719191_s_at F-box protein 9 FBXO9 -0.58 0.0008855 

11722843_a_at enabled homolog (Drosophila) ENAH -0.58 0.0015232 

11729176_at kelch-like 4 (Drosophila) KLHL4 -0.59 0.0088960 

11734933_s_at serine/arginine-rich splicing factor 2 SRSF2 -0.59 0.0000586 

11725403_at 

transmembrane 4 L six family 

member 18 TM4SF18 -0.59 0.0406217 

11736305_x_at 

chromosome 17 open reading frame 

91 C17orf91 -0.59 0.0024683 

11717046_at 

chromosome 11 open reading frame 

95 C11orf95 -0.59 0.0005249 

11728413_at 

serpin peptidase inhibitor, clade B 

(ovalbumin), member 8 SERPINB8 -0.59 0.0002743 

11759955_at 

CCR4-NOT transcription complex, 

subunit 10 CNOT10 -0.59 0.0089278 

11730049_at carbonic anhydrase XIII CA13 -0.60 0.0031631 

11723578_a_at hypothetical protein LOC221710 LOC221710 -0.60 0.0014766 

11719792_at 

G protein-coupled receptor, family C, 

group 5, member A GPRC5A -0.60 0.0394305 

11740835_at 

cytochrome P450, family 27, 

subfamily C, polypeptide 1 CYP27C1 -0.60 0.0013504 

11758635_s_at CREB binding protein CREBBP -0.60 0.0028596 

11726835_a_at 

DnaJ (Hsp40) homolog, subfamily C, 

member 21 DNAJC21 -0.60 0.0216494 

11739403_at 

suppressor of variegation 4-20 

homolog 1 (Drosophila) SUV420H1 -0.60 0.0020950 

11718533_a_at SIK family kinase 3 SIK3 -0.60 0.0017111 

11725732_x_at 

GPS, PLAT and transmembrane 

domain-containing protein /// nuclear 

pore complex interacting protein 

LOC399491 /// 

NPIP -0.60 0.0101346 

11720853_a_at nuclear factor I/A NFIA -0.60 0.0092082 

11759063_x_at salt-inducible kinase 2 SIK2 -0.61 0.0165430 

11739402_a_at 

suppressor of variegation 4-20 

homolog 1 (Drosophila) SUV420H1 -0.61 0.0124503 

11760999_a_at 

190 kDa guanine nucleotide exchange 

factor RGNEF -0.61 0.0004090 

11736211_at mitochondrial ribosomal protein 63 MRP63 -0.61 0.0163410 

11759343_x_at formin 1 FMN1 -0.61 0.0424379 
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11722547_a_at 

human immunodeficiency virus type I 

enhancer binding protein 1 HIVEP1 -0.61 0.0005483 

11716210_at 

Cbp/p300-interacting transactivator, 

with Glu/Asp-rich carboxy-terminal 

domain, 2 CITED2 -0.61 0.0022302 

11723592_at 

leucine rich repeat containing 8 

family, member C LRRC8C -0.62 0.0001813 

11728783_a_at inhibitor of growth family, member 3 ING3 -0.62 0.0059979 

11757905_x_at keratin 18 KRT18 -0.62 0.0000464 

11726747_at transmembrane protein 57 TMEM57 -0.62 0.0001913 

11729128_at carboxypeptidase A4 CPA4 -0.63 0.0061240 

11729232_s_at Kruppel-like factor 3 (basic) KLF3 -0.64 0.0322909 

11740326_x_at sorbin and SH3 domain containing 2 SORBS2 -0.64 0.0028748 

11727642_a_at transcriptional regulating factor 1 TRERF1 -0.64 0.0021734 

11719870_s_at 

v-myc myelocytomatosis viral related 

oncogene, neuroblastoma derived 

(avian) MYCN -0.64 0.0025450 

11747684_a_at serine/arginine-rich splicing factor 1 SRSF1 -0.65 0.0027635 

11757815_s_at methyltransferase like 7A METTL7A -0.65 0.0084399 

11725316_x_at 

VAMP (vesicle-associated membrane 

protein)-associated protein A, 33kDa VAPA -0.66 0.0075514 

11729382_a_at adenylate kinase 5 AK5 -0.66 0.0086635 

11729574_at 

ectodermal-neural cortex 1 (with 

BTB-like domain) ENC1 -0.66 0.0000302 

11727643_s_at transcriptional regulating factor 1 TRERF1 -0.66 0.0022521 

11754941_x_at keratin 18 KRT18 -0.66 0.0003466 

11740896_s_at 

chromosome 17 open reading frame 

91 C17orf91 -0.67 0.0013271 

11742414_x_at myosin X MYO10 -0.67 0.0000820 

11735571_a_at sorbin and SH3 domain containing 2 SORBS2 -0.67 0.0002848 

11741262_x_at sorbin and SH3 domain containing 2 SORBS2 -0.67 0.0000419 

11721614_a_at 

v-kit Hardy-Zuckerman 4 feline 

sarcoma viral oncogene homolog KIT -0.68 0.0130257 

11758301_x_at keratin 8 KRT8 -0.68 0.0143137 

11719644_a_at 

GATA zinc finger domain containing 

2A GATAD2A -0.68 0.0004089 

11733178_a_at 

zinc finger and BTB domain 

containing 1 ZBTB1 -0.68 0.0257465 

11727867_a_at 

C-type lectin domain family 3, 

member B CLEC3B -0.68 0.0000286 

11743197_at toll-like receptor 4 TLR4 -0.68 0.0000762 

11718007_a_at 

myosin regulatory light chain 

interacting protein MYLIP -0.69 0.0016565 

11729129_a_at carboxypeptidase A4 CPA4 -0.69 0.0434984 

11740268_at coiled-coil domain containing 18 CCDC18 -0.70 0.0029526 

11717196_a_at 

mesoderm specific transcript homolog 

(mouse) MEST -0.70 0.0010671 

11725575_a_at 

echinoderm microtubule associated 

protein like 6 EML6 -0.70 0.0003314 

11726012_a_at jub, ajuba homolog (Xenopus laevis) JUB -0.70 0.0005022 

11716203_a_at matrix Gla protein MGP -0.70 0.0230370 

11759559_at solute carrier family 25, member 37 SLC25A37 -0.70 0.0007068 



Appendices 

- 274 - 

 

11742961_s_at 

family with sequence similarity 43, 

member A FAM43A -0.70 0.0193230 

11740895_a_at 

chromosome 17 open reading frame 

91 C17orf91 -0.70 0.0007812 

11725268_s_at 

FAT tumor suppressor homolog 4 

(Drosophila) FAT4 -0.71 0.0222473 

11736212_x_at mitochondrial ribosomal protein 63 MRP63 -0.71 0.0033777 

11725155_at four jointed box 1 (Drosophila) FJX1 -0.71 0.0000806 

11758884_at adenylate kinase 3 AK3 -0.71 0.0000203 

11746928_a_at 

ectodermal-neural cortex 1 (with 

BTB-like domain) ENC1 -0.71 0.0111616 

11729150_at 

phosphatidylinositol glycan anchor 

biosynthesis, class M PIGM -0.72 0.0034361 

11725028_s_at paraspeckle component 1 PSPC1 -0.72 0.0073087 

11723028_a_at 

mesoderm specific transcript homolog 

(mouse) MEST -0.73 0.0035095 

11758074_s_at vestigial like 3 (Drosophila) VGLL3 -0.73 0.0004416 

11758842_at thrombospondin 1 THBS1 -0.73 0.0001368 

11724727_a_at 

eukaryotic translation initiation factor 

5 EIF5 -0.73 0.0234087 

11718004_a_at nuclear receptor coactivator 5 NCOA5 -0.74 0.0000453 

11731258_at transmembrane protein 170B TMEM170B -0.74 0.0043790 

11754198_at 

chromosome 14 open reading frame 

139 C14orf139 -0.75 0.0004887 

11733262_a_at CUGBP, Elav-like family member 2 CELF2 -0.75 0.0004822 

11758933_at 

transmembrane 4 L six family 

member 18 TM4SF18 -0.76 0.0409156 

11731164_a_at zinc finger protein 789 ZNF789 -0.76 0.0022502 

11741519_s_at CD14 molecule CD14 -0.76 0.0055585 

11735570_a_at sorbin and SH3 domain containing 2 SORBS2 -0.76 0.0007633 

11719414_a_at pre-B-cell leukemia homeobox 1 PBX1 -0.76 0.0003147 

11720474_a_at splicing factor proline/glutamine-rich SFPQ -0.76 0.0071585 

11735572_x_at sorbin and SH3 domain containing 2 SORBS2 -0.76 0.0000094 

11722503_at integrin, beta 8 ITGB8 -0.78 0.0064340 

11720475_x_at splicing factor proline/glutamine-rich SFPQ -0.78 0.0028113 

11722351_at serine/arginine-rich splicing factor 8 SRSF8 -0.79 0.0020526 

11731431_at protocadherin 10 PCDH10 -0.81 0.0409840 

11740507_a_at Rho GTPase activating protein 26 ARHGAP26 -0.82 0.0057065 

11734135_at nanos homolog 1 (Drosophila) NANOS1 -0.83 0.0002884 

11741520_x_at CD14 molecule CD14 -0.83 0.0054338 

11741261_a_at sorbin and SH3 domain containing 2 SORBS2 -0.84 0.0000473 

11739549_s_at 

neuroblastoma breakpoint family 

member /// neuroblastoma breakpoint 

family, member 1 /// neuroblastoma 

breakpoint family, member 10 

LOC100288142 

/// NBPF1 /// 

NBPF10 -0.85 0.0000194 

11721052_at kelch domain containing 5 KLHDC5 -0.86 0.0019985 

11719365_x_at 

spermatogenesis associated, serine-

rich 2-like SPATS2L -0.88 0.0001398 

11729318_s_at 

uveal autoantigen with coiled-coil 

domains and ankyrin repeats UACA -0.90 0.0002985 

11724381_at 

family with sequence similarity 65, 

member B FAM65B -0.97 0.0023247 
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11722342_a_at 

family with sequence similarity 38, 

member B FAM38B -1.00 0.0020383 

11743519_at death inducer-obliterator 1 DIDO1 -1.32 0.0002166 
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Appendix 1.3 - Regulated genes of endothelial cells after exposure to necrotic 

trophoblast debris for 2 hours compared to untreated control 

Probe ID Gene Title Gene Symbol 

hr2.

RxN.

effect 

hr2.RxN.e

ffect 

11734709_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) /// 

chorionic somatomammotropin 

hormone 2 

CSH1 /// 

CSH2 1.52 0.0458458 

11729456_a_at B-cell CLL/lymphoma 6, member B BCL6B 1.23 0.0003690 

11726316_at selectin E SELE 1.06 0.0493026 

11723213_a_at myocyte enhancer factor 2C MEF2C 0.94 0.0020034 

11758698_x_at hemoglobin, gamma A HBG1 0.93 0.0062489 

11740245_a_at parathyroid hormone-like hormone PTHLH 0.88 0.0011852 

11740022_a_at 

leucine rich repeat and coiled-coil 

domain containing 1 LRRCC1 0.87 0.0450423 

11719833_at myelin protein zero-like 2 MPZL2 0.84 0.0131419 

11722850_a_at baculoviral IAP repeat-containing 3 BIRC3 0.83 0.0147148 

11722851_at baculoviral IAP repeat-containing 3 BIRC3 0.82 0.0103773 

11736342_at early growth response 3 EGR3 0.79 0.0271496 

11716071_s_at pim-3 oncogene PIM3 0.77 0.0013641 

11716341_s_at ephrin-A1 EFNA1 0.76 0.0040081 

11722852_s_at baculoviral IAP repeat-containing 3 BIRC3 0.74 0.0234247 

11761908_at --- --- 0.74 0.0136664 

11720682_at 

TRAF-interacting protein with 

forkhead-associated domain TIFA 0.71 0.0089935 

11741802_a_at KIAA1324-like KIAA1324L 0.70 0.0144162 

11758619_s_at 

leukemia inhibitory factor (cholinergic 

differentiation factor) LIF 0.70 0.0005568 

11763509_at CD9 molecule CD9 0.69 0.0132554 

11763269_s_at Myb-like, SWIRM and MPN domains 1 MYSM1 0.69 0.0390593 

11721559_s_at zinc finger protein 638 ZNF638 0.69 0.0376538 

11724346_a_at 

interferon induced with helicase C 

domain 1 IFIH1 0.67 0.0161546 

11727504_at SRY (sex determining region Y)-box 7 SOX7 0.66 0.0050340 

11717994_a_at 

nuclear receptor subfamily 4, group A, 

member 1 NR4A1 0.66 0.0193592 

11727503_at SRY (sex determining region Y)-box 7 SOX7 0.65 0.0009116 

11716384_at chemokine (C-C motif) ligand 2 CCL2 0.65 0.0025594 

11754998_a_at multiple C2 domains, transmembrane 1 MCTP1 0.65 0.0470876 

11718939_s_at 

tumor necrosis factor, alpha-induced 

protein 3 TNFAIP3 0.65 0.0328453 

11763250_x_at 

chemokine (C-X-C motif) ligand 1 

(melanoma growth stimulating activity, 

alpha) /// chemokine (C-X-C motif) 

ligand 2 

CXCL1 /// 

CXCL2 0.64 0.0154903 

11726497_at 

leukemia inhibitory factor (cholinergic 

differentiation factor) LIF 0.64 0.0011796 

11722302_a_at 

leucine rich repeat (in FLII) interacting 

protein 1 LRRFIP1 0.64 0.0462409 
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11744000_a_at 

nuclear factor of kappa light 

polypeptide gene enhancer in B-cells 

inhibitor, alpha NFKBIA 0.64 0.0066297 

11762476_at 

protein tyrosine phosphatase, receptor 

type, B PTPRB 0.63 0.0082529 

11735114_at 

CCR4-NOT transcription complex, 

subunit 4 CNOT4 0.62 0.0001487 

11721035_x_at 

protein phosphatase 1, regulatory 

(inhibitor) subunit 3B PPP1R3B 0.62 0.0006081 

11715267_s_at epiplakin 1 EPPK1 0.62 0.0064791 

11726392_at GTPase, IMAP family member 2 GIMAP2 0.62 0.0200613 

11763115_a_at 

immunoglobulin heavy constant gamma 

1 (G1m marker) /// immunoglobulin 

heavy constant mu /// ig heavy chain V-

I region V35-like 

IGHG1 /// 

IGHM /// 

LOC10013386

2 0.62 0.0496942 

11745878_x_at 

nuclear factor of kappa light 

polypeptide gene enhancer in B-cells 

inhibitor, alpha NFKBIA 0.61 0.0017616 

11755613_a_at fermitin family member 1 FERMT1 0.61 0.0077108 

11757894_x_at 

nuclear factor of kappa light 

polypeptide gene enhancer in B-cells 

inhibitor, alpha NFKBIA 0.61 0.0090975 

11719366_s_at 

chemokine (C-X-C motif) ligand 1 

(melanoma growth stimulating activity, 

alpha) CXCL1 0.61 0.0200507 

11750174_a_at supervillin pseudogene LOC645954 0.61 0.0299452 

11730320_a_at 

neural precursor cell expressed, 

developmentally down-regulated 9 NEDD9 0.60 0.0013323 

11723369_at 

SH3 and multiple ankyrin repeat 

domains 3 SHANK3 0.60 0.0081244 

11734272_a_at 

ribosomal protein S6 kinase, 90kDa, 

polypeptide 6 RPS6KA6 0.59 0.0114590 

11720681_at 

TRAF-interacting protein with 

forkhead-associated domain TIFA 0.59 0.0321515 

11740370_a_at 

RAS guanyl releasing protein 1 

(calcium and DAG-regulated) RASGRP1 0.58 0.0444901 

11745470_x_at 

inositol polyphosphate-4-phosphatase, 

type II, 105kDa INPP4B 0.58 0.0033855 

11762230_at 3-hydroxyanthranilate 3,4-dioxygenase HAAO 0.58 0.0020504 

11761990_x_at G protein-coupled receptor 116 GPR116 0.57 0.0003794 

11733068_s_at Kruppel-like factor 10 KLF10 0.57 0.0101807 

11718940_a_at 

tumor necrosis factor, alpha-induced 

protein 3 TNFAIP3 0.57 0.0361515 

11732877_a_at 

cytochrome P450, family 24, subfamily 

A, polypeptide 1 CYP24A1 0.57 0.0354173 

11758013_s_at chromosome 8 open reading frame 4 C8orf4 0.57 0.0324981 

11752869_s_at 

CCAAT/enhancer binding protein 

(C/EBP), delta CEBPD 0.55 0.0469159 

11756647_a_at 

X-prolyl aminopeptidase 

(aminopeptidase P) 3, putative XPNPEP3 0.55 0.0061260 

11761476_at 

v-ets erythroblastosis virus E26 

oncogene homolog (avian) ERG 0.55 0.0118953 

11752379_a_at multiple C2 domains, transmembrane 1 MCTP1 0.54 0.0105426 

11754106_a_at ephrin-A1 EFNA1 0.54 0.0329487 

11733261_a_at CUGBP, Elav-like family member 2 CELF2 0.54 0.0063548 

11738181_s_at 

contactin associated protein-like 3 /// 

contactin associated protein-like 3B 

CNTNAP3 /// 

CNTNAP3B 0.53 0.0141991 
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11733240_at 

interleukin-1 receptor-associated kinase 

2 IRAK2 0.53 0.0247469 

11725057_s_at 

neural precursor cell expressed, 

developmentally down-regulated 9 NEDD9 0.53 0.0296659 

11723215_s_at myocyte enhancer factor 2C MEF2C 0.53 0.0294026 

11739168_a_at GTPase, IMAP family member 6 GIMAP6 0.53 0.0269876 

11743682_s_at Kruppel-like factor 10 KLF10 0.53 0.0174446 

11754114_a_at 

chemokine (C-X-C motif) ligand 1 

(melanoma growth stimulating activity, 

alpha) CXCL1 0.53 0.0363306 

11722012_a_at GTPase, IMAP family member 4 GIMAP4 0.53 0.0402510 

11723370_s_at 

SH3 and multiple ankyrin repeat 

domains 3 SHANK3 0.53 0.0010690 

11760185_s_at --- --- 0.53 0.0405230 

11726553_a_at transmembrane protein 155 TMEM155 0.52 0.0143778 

11752627_a_at calmegin CLGN 0.52 0.0241088 

11729961_a_at 

adenylate cyclase activating 

polypeptide 1 (pituitary) ADCYAP1 0.52 0.0026362 

11754035_a_at interferon regulatory factor 1 IRF1 0.51 0.0167624 

11735117_at vesicle-associated membrane protein 4 VAMP4 0.51 0.0073248 

11725056_a_at 

neural precursor cell expressed, 

developmentally down-regulated 9 NEDD9 0.50 0.0034321 

11715796_s_at lumican LUM -0.50 0.0193599 

11760970_at RNA binding motif protein 23 RBM23 -0.50 0.0133054 

11735487_at homeobox C8 HOXC8 -0.50 0.0489096 

11726880_a_at xin actin-binding repeat containing 2 XIRP2 -0.51 0.0180738 

11722074_s_at 

hairy/enhancer-of-split related with 

YRPW motif-like HEYL -0.51 0.0417477 

11726291_a_at leucine rich repeat containing 17 LRRC17 -0.51 0.0424213 

11741379_a_at 

BTB and CNC homology 1, basic 

leucine zipper transcription factor 2 BACH2 -0.51 0.0028276 

11728693_s_at 

phosphodiesterase 4D interacting 

protein PDE4DIP -0.51 0.0187913 

11759385_at 

olfactory receptor, family 5, subfamily 

T, member 2 OR5T2 -0.51 0.0295012 

11747928_x_at periostin, osteoblast specific factor POSTN -0.52 0.0285011 

11747091_a_at thymopoietin TMPO -0.52 0.0026343 

11759741_at Hypothetical protein LOC100287942 

LOC10028794

2 -0.52 0.0016077 

11716933_a_at coiled-coil domain containing 80 CCDC80 -0.52 0.0073348 

11720351_a_at ets variant 5 ETV5 -0.52 0.0036628 

11757783_s_at versican VCAN -0.52 0.0194625 

11731833_a_at adenylate kinase 4 AK4 -0.52 0.0377545 

11755009_s_at versican VCAN -0.52 0.0348886 

11738195_a_at fibroblast growth factor 1 (acidic) FGF1 -0.52 0.0169981 

11754601_s_at spondin 2, extracellular matrix protein SPON2 -0.52 0.0422592 

11732519_at cholesterol 25-hydroxylase CH25H -0.52 0.0174894 

11721756_a_at DENN/MADD domain containing 2A DENND2A -0.52 0.0036741 

11721844_a_at microfibrillar associated protein 5 MFAP5 -0.53 0.0174842 

11728141_at shisa homolog 2 (Xenopus laevis) SHISA2 -0.53 0.0157331 
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11745776_a_at tetratricopeptide repeat domain 31 TTC31 -0.53 0.0045547 

11758889_a_at 

family with sequence similarity 46, 

member A FAM46A -0.53 0.0087436 

11759342_at formin 1 FMN1 -0.53 0.0391819 

11721204_a_at ankyrin 3, node of Ranvier (ankyrin G) ANK3 -0.53 0.0384100 

11762321_s_at T cell receptor delta locus TRD@ -0.53 0.0361629 

11743451_s_at 

ELOVL family member 6, elongation of 

long chain fatty acids (FEN1/Elo2, 

SUR4/Elo3-like, yeast) ELOVL6 -0.53 0.0263384 

11751182_a_at 

dihydrolipoamide branched chain 

transacylase E2 DBT -0.54 0.0037559 

11729561_a_at aryl-hydrocarbon receptor repressor AHRR -0.54 0.0433781 

11745911_a_at RUN and FYVE domain containing 2 RUFY2 -0.54 0.0070688 

11762019_at centromere protein I CENPI -0.54 0.0077272 

11731123_a_at transmembrane protein 200A TMEM200A -0.54 0.0224106 

11730499_a_at MAX interactor 1 MXI1 -0.54 0.0084194 

11727881_at Bardet-Biedl syndrome 12 BBS12 -0.54 0.0009765 

11720409_s_at 

cytochrome P450, family 1, subfamily 

B, polypeptide 1 CYP1B1 -0.54 0.0328186 

11740257_a_at chromosome X open reading frame 23 CXorf23 -0.54 0.0437674 

11757915_s_at 

ubiquitin carboxyl-terminal esterase L1 

(ubiquitin thiolesterase) UCHL1 -0.55 0.0334769 

11732259_at SH2 domain containing 4A SH2D4A -0.55 0.0151326 

11758000_s_at coxsackie virus and adenovirus receptor CXADR -0.55 0.0252972 

11754803_s_at 

ubiquitin carboxyl-terminal esterase L1 

(ubiquitin thiolesterase) UCHL1 -0.55 0.0255491 

11751308_a_at RNA binding motif protein 24 RBM24 -0.55 0.0313733 

11724809_at 

Cas-Br-M (murine) ecotropic retroviral 

transforming sequence CBL -0.55 0.0149593 

11761684_a_at fragile histidine triad gene FHIT -0.56 0.0064382 

11720411_s_at 

cytochrome P450, family 1, subfamily 

B, polypeptide 1 CYP1B1 -0.56 0.0187041 

11740331_at 

receptor (chemosensory) transporter 

protein 3 RTP3 -0.56 0.0003167 

11763588_a_at 

nuclear receptor binding SET domain 

protein 1 NSD1 -0.56 0.0177441 

11727170_at trichorhinophalangeal syndrome I TRPS1 -0.56 0.0003620 

11719441_a_at 

wingless-type MMTV integration site 

family, member 5B WNT5B -0.56 0.0374546 

11735658_a_at ligase III, DNA, ATP-dependent LIG3 -0.57 0.0097452 

11742207_a_at versican VCAN -0.57 0.0232993 

11722888_s_at embigin /// embigin pseudogene 1 

EMB /// 

EMBP1 -0.57 0.0255532 

11750473_a_at 

wingless-type MMTV integration site 

family, member 5B WNT5B -0.57 0.0303389 

11745301_a_at 

DnaJ (Hsp40) homolog, subfamily C, 

member 6 DNAJC6 -0.57 0.0006344 

11727238_at uronyl-2-sulfotransferase UST -0.58 0.0406782 

11740424_at 

protein phosphatase 4, regulatory 

subunit 4 PPP4R4 -0.58 0.0008787 

11719151_at 

family with sequence similarity 83, 

member H FAM83H -0.59 0.0393166 

11724865_at odd-skipped related 1 (Drosophila) OSR1 -0.59 0.0040061 
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11740112_a_at chromosome 13 open reading frame 31 C13orf31 -0.59 0.0016105 

11720410_s_at 

cytochrome P450, family 1, subfamily 

B, polypeptide 1 CYP1B1 -0.59 0.0203811 

11763406_s_at bicaudal C homolog 1 (Drosophila) BICC1 -0.60 0.0306726 

11747104_s_at 

cytochrome P450, family 1, subfamily 

B, polypeptide 1 CYP1B1 -0.60 0.0178605 

11735643_a_at 

retinoic acid receptor responder 

(tazarotene induced) 1 RARRES1 -0.60 0.0157145 

11718683_s_at alpha-fetoprotein AFP -0.60 0.0295250 

11728528_a_at 

cell growth regulator with EF-hand 

domain 1 CGREF1 -0.60 0.0036432 

11740656_a_at high mobility group AT-hook 2 HMGA2 -0.60 0.0313663 

11752259_a_at F-box and leucine-rich repeat protein 7 FBXL7 -0.60 0.0017541 

11725180_a_at runt-related transcription factor 2 RUNX2 -0.60 0.0306303 

11759767_x_at 

major histocompatibility complex, class 

I-related MR1 -0.61 0.0004595 

11728694_a_at 

phosphodiesterase 4D interacting 

protein PDE4DIP -0.61 0.0043719 

11745940_a_at 

pleckstrin and Sec7 domain containing 

3 PSD3 -0.61 0.0183603 

11738592_at 

BH3-like motif containing, cell death 

inducer BLID -0.61 0.0052131 

11735348_a_at zinc finger protein 642 ZNF642 -0.62 0.0050998 

11728520_a_at 

phosphatidic acid phosphatase type 2 

domain containing 1A PPAPDC1A -0.63 0.0346815 

11740097_a_at T-box 3 TBX3 -0.63 0.0242583 

11756600_a_at tumor protein D52 TPD52 -0.63 0.0067109 

11736423_a_at periostin, osteoblast specific factor POSTN -0.63 0.0372782 

11750796_a_at delta/notch-like EGF repeat containing DNER -0.64 0.0384539 

11747927_a_at periostin, osteoblast specific factor POSTN -0.64 0.0137750 

11748544_s_at thioredoxin interacting protein TXNIP -0.64 0.0022869 

11757953_x_at tetratricopeptide repeat domain 39C TTC39C -0.65 0.0168119 

11763307_s_at 

nuclear factor of activated T-cells, 

cytoplasmic, calcineurin-dependent 2 NFATC2 -0.65 0.0433895 

11728872_a_at RNA binding motif protein 24 RBM24 -0.65 0.0368454 

11726855_at 

ADAM metallopeptidase with 

thrombospondin type 1 motif, 5 ADAMTS5 -0.66 0.0034547 

11744185_a_at 

signal-induced proliferation-associated 

1 like 2 SIPA1L2 -0.66 0.0077714 

11737774_a_at ring finger protein 182 RNF182 -0.66 0.0489192 

11718876_at delta/notch-like EGF repeat containing DNER -0.67 0.0456217 

11735268_s_at solute carrier family 41, member 2 SLC41A2 -0.67 0.0153527 

11723981_s_at Rho GTPase activating protein 28 ARHGAP28 -0.67 0.0096673 

11756431_s_at thioredoxin interacting protein TXNIP -0.68 0.0003216 

11720519_s_at 

phosphodiesterase 4D interacting 

protein PDE4DIP -0.69 0.0175387 

11731126_at glucoside xylosyltransferase 2 GXYLT2 -0.69 0.0204451 

11722342_a_at 

family with sequence similarity 38, 

member B FAM38B -0.70 0.0189005 

11757924_s_at 

signal-induced proliferation-associated 

1 like 2 SIPA1L2 -0.71 0.0488463 

11722199_at ADAM metallopeptidase domain 12 ADAM12 -0.72 0.0450906 
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11749527_a_at periostin, osteoblast specific factor POSTN -0.73 0.0198519 

11744735_a_at transmembrane protein 200A TMEM200A -0.73 0.0347928 

11733253_a_at fibulin 2 FBLN2 -0.73 0.0225947 

11717190_s_at thioredoxin interacting protein TXNIP -0.74 0.0001801 

11718358_at paternally expressed 10 PEG10 -0.75 0.0000558 

11748543_a_at thioredoxin interacting protein TXNIP -0.75 0.0008929 

11744575_a_at 

elongation of very long chain fatty acids 

(FEN1/Elo2, SUR4/Elo3, yeast)-like 2 ELOVL2 -0.75 0.0182600 

11723576_s_at odd-skipped related 2 (Drosophila) OSR2 -0.76 0.0005796 

11751057_a_at SH2 domain containing 4A SH2D4A -0.76 0.0107571 

11722617_at 

receptor-interacting serine-threonine 

kinase 4 RIPK4 -0.77 0.0140970 

11754677_a_at 

family with sequence similarity 169, 

member A FAM169A -0.77 0.0014683 

11744184_a_at 

signal-induced proliferation-associated 

1 like 2 SIPA1L2 -0.78 0.0178669 

11723563_at 

von Willebrand factor A domain 

containing 5A VWA5A -0.79 0.0011665 

11721579_a_at deiodinase, iodothyronine, type II DIO2 -0.81 0.0365509 

11722200_s_at ADAM metallopeptidase domain 12 ADAM12 -0.81 0.0471241 

11732699_a_at 

protein kinase (cAMP-dependent, 

catalytic) inhibitor beta PKIB -0.82 0.0137749 

11729824_at BMP binding endothelial regulator BMPER -0.87 0.0265975 

11759343_x_at formin 1 FMN1 -0.88 0.0060962 

11727186_a_at 

wingless-type MMTV integration site 

family, member 5A WNT5A -0.89 0.0156930 

11732700_x_at 

protein kinase (cAMP-dependent, 

catalytic) inhibitor beta PKIB -0.90 0.0124610 

11733463_a_at deiodinase, iodothyronine, type II DIO2 -0.93 0.0001786 

11749826_a_at deiodinase, iodothyronine, type II DIO2 -0.95 0.0003932 

11752765_s_at thioredoxin interacting protein TXNIP -0.96 0.0000163 

11721736_s_at 

tumor necrosis factor receptor 

superfamily, member 19 TNFRSF19 -0.98 0.0015306 

11728041_at somatostatin receptor 1 SSTR1 -1.09 0.0047362 
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Appendix 1.4 - Regulated genes of endothelial cells after exposure to necrotic 

trophoblast debris for 21 hours compared to untreated control 

Probe ID Gene Title 

Gene 

Symbol 

hr21.Rx

N.effect 

hr21.RxN.

effect 

11734709_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) /// 

chorionic somatomammotropin 

hormone 2 

CSH1 /// 

CSH2 2.96 0.0007416 

11742994_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) CSH1 2.95 0.0001179 

11745920_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) /// 

chorionic somatomammotropin 

hormone 2 

CSH1 /// 

CSH2 2.52 0.0005681 

11716630_a_at angiopoietin-like 4 ANGPTL4 2.13 0.0000033 

11743032_at 

glycoprotein hormones, alpha 

polypeptide CGA 2.01 0.0040738 

11762578_a_at MKL/myocardin-like 2 MKL2 1.18 0.0017821 

11741897_a_at 

matrix metallopeptidase 1 (interstitial 

collagenase) MMP1 1.16 0.0098033 

11742698_at secretogranin V (7B2 protein) SCG5 1.15 0.0018388 

11742745_a_at perilipin 2 PLIN2 1.11 0.0007992 

11716974_a_at 

pyruvate dehydrogenase kinase, 

isozyme 4 PDK4 1.05 0.0000011 

11742746_a_at perilipin 2 PLIN2 1.02 0.0004333 

11742406_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) CSH1 1.01 0.0004010 

11755928_s_at 

matrix metallopeptidase 1 (interstitial 

collagenase) MMP1 0.96 0.0059902 

11746856_a_at 

serpin peptidase inhibitor, clade E 

(nexin, plasminogen activator inhibitor 

type 1), member 1 SERPINE1 0.96 0.0057804 

11717386_s_at metallothionein 1G MT1G 0.96 0.0042757 

11715636_a_at 

serpin peptidase inhibitor, clade E 

(nexin, plasminogen activator inhibitor 

type 1), member 1 SERPINE1 0.93 0.0007740 

11724198_a_at stanniocalcin 1 STC1 0.88 0.0126316 

11747751_s_at 

solute carrier family 2 (facilitated 

glucose transporter), member 14 /// 

solute carrier family 2 (facilitated 

glucose transporter), member 3 

SLC2A14 /// 

SLC2A3 0.85 0.0112737 

11742653_x_at 

chorionic somatomammotropin 

hormone 1 (placental lactogen) /// 

chorionic somatomammotropin 

hormone 2 

CSH1 /// 

CSH2 0.85 0.0090225 

11760705_a_at 

NADH dehydrogenase (ubiquinone) 

Fe-S protein 2, 49kDa (NADH-

coenzyme Q reductase) NDUFS2 0.82 0.0103408 

11758698_x_at hemoglobin, gamma A HBG1 0.80 0.0157022 

11760501_a_at WD repeat and SOCS box-containing 1 WSB1 0.79 0.0466172 

11759728_at 

SEC24 family, member A (S. 

cerevisiae) SEC24A 0.79 0.0021531 

11735525_a_at claudin 14 CLDN14 0.78 0.0334672 

11737662_a_at tet oncogene family member 2 TET2 0.78 0.0009043 

11718347_a_at S100 calcium binding protein P S100P 0.73 0.0075285 
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11740638_at noggin NOG 0.73 0.0144692 

11752739_s_at 

solute carrier family 2 (facilitated 

glucose transporter), member 14 /// 

solute carrier family 2 (facilitated 

glucose transporter), member 3 

SLC2A14 /// 

SLC2A3 0.72 0.0049159 

11729052_at 

PTPRF interacting protein, binding 

protein 1 (liprin beta 1) PPFIBP1 0.71 0.0050223 

11751006_a_at atlastin GTPase 2 ATL2 0.70 0.0024867 

11759429_a_at Kruppel-like factor 7 (ubiquitous) KLF7 0.69 0.0145571 

11736958_at 

tumor necrosis factor (ligand) 

superfamily, member 15 TNFSF15 0.68 0.0002338 

11736555_s_at 

solute carrier family 2 (facilitated 

glucose transporter), member 14 /// 

solute carrier family 2 (facilitated 

glucose transporter), member 3 

SLC2A14 /// 

SLC2A3 0.68 0.0241872 

11715711_a_at 

aldo-keto reductase family 1, member 

C3 (3-alpha hydroxysteroid 

dehydrogenase, type II) AKR1C3 0.67 0.0003632 

11725749_a_at galanin prepropeptide GAL 0.67 0.0119097 

11726840_a_at AVL9 homolog (S. cerevisiase) AVL9 0.67 0.0086397 

11716975_a_at 

pyruvate dehydrogenase kinase, 

isozyme 4 PDK4 0.67 0.0256609 

11727655_s_at dystonin DST 0.67 0.0416851 

11725469_at lipase, endothelial LIPG 0.67 0.0014836 

11753233_x_at N-myc downstream regulated 1 NDRG1 0.67 0.0432278 

11739787_a_at 

insulin-like growth factor 2 

(somatomedin A) /// INS-IGF2 

readthrough transcript 

IGF2 /// INS-

IGF2 0.66 0.0299675 

11716665_s_at growth differentiation factor 15 GDF15 0.65 0.0243779 

11758239_s_at chromosome 9 open reading frame 72 C9orf72 0.65 0.0030551 

11727031_a_at sequestosome 1 SQSTM1 0.64 0.0054624 

11764053_a_at 

recombination signal binding protein 

for immunoglobulin kappa J region RBPJ 0.64 0.0148642 

11742043_a_at CD44 molecule (Indian blood group) CD44 0.64 0.0247559 

11761589_x_at 

heterogeneous nuclear 

ribonucleoprotein D (AU-rich element 

RNA binding protein 1, 37kDa) HNRNPD 0.62 0.0025355 

11743458_a_at 

family with sequence similarity 49, 

member A FAM49A 0.62 0.0280328 

11719916_at interleukin 1, beta IL1B 0.62 0.0181461 

11750818_a_at tetratricopeptide repeat domain 39B TTC39B 0.62 0.0058984 

11725750_at galanin prepropeptide GAL 0.61 0.0099727 

11757022_x_at tissue factor pathway inhibitor 2 TFPI2 0.61 0.0197613 

11715270_s_at Kruppel-like factor 7 (ubiquitous) KLF7 0.61 0.0213973 

11721917_a_at ankyrin repeat domain 37 ANKRD37 0.61 0.0266652 

11746683_a_at 

natriuretic peptide receptor C/guanylate 

cyclase C (atrionatriuretic peptide 

receptor C) NPR3 0.61 0.0050020 

11730096_a_at BCL2-related protein A1 BCL2A1 0.61 0.0260380 

11744655_a_at arginine decarboxylase ADC 0.61 0.0047751 

11734201_s_at glycerol kinase GK 0.60 0.0066601 

11756157_x_at 

pregnancy specific beta-1-glycoprotein 

2 PSG2 0.60 0.0009211 
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11753051_x_at zinc finger protein 483 ZNF483 0.60 0.0024726 

11741745_a_at 

v-abl Abelson murine leukemia viral 

oncogene homolog 2 ABL2 0.60 0.0129578 

11759953_at hypothetical LOC284751 LOC284751 0.59 0.0029310 

11749640_a_at 

tankyrase, TRF1-interacting ankyrin-

related ADP-ribose polymerase TNKS 0.59 0.0015460 

11744924_a_at zinc finger protein 451 ZNF451 0.59 0.0026811 

11753292_x_at CD44 molecule (Indian blood group) CD44 0.59 0.0144008 

11739968_a_at zinc finger protein 101 ZNF101 0.59 0.0046940 

11759644_at oncostatin M receptor OSMR 0.58 0.0121584 

11749913_a_at 

heat shock protein 70kDa family, 

member 13 HSPA13 0.58 0.0078858 

11745265_a_at 

zinc finger and BTB domain containing 

46 ZBTB46 0.58 0.0021141 

11728076_at histone deacetylase 9 HDAC9 0.57 0.0079206 

11752091_a_at thyroid adenoma associated THADA 0.57 0.0030627 

11747983_a_at NMDA receptor regulated 2 NARG2 0.57 0.0055727 

11763598_a_at --- --- 0.57 0.0001921 

11716663_a_at growth differentiation factor 15 GDF15 0.57 0.0031461 

11716151_a_at 

prostate transmembrane protein, 

androgen induced 1 PMEPA1 0.57 0.0001103 

11728827_at 

coagulation factor II (thrombin) 

receptor-like 1 F2RL1 0.56 0.0088580 

11750022_a_at 

ligand dependent nuclear receptor 

corepressor-like LCORL 0.56 0.0014068 

11753001_a_at 

peroxisome proliferator-activated 

receptor gamma PPARG 0.56 0.0013809 

11733175_a_at zinc finger protein 507 ZNF507 0.56 0.0022661 

11742276_a_at 

epilepsy, progressive myoclonus type 

2A, Lafora disease (laforin) EPM2A 0.56 0.0012057 

11716664_x_at growth differentiation factor 15 GDF15 0.56 0.0038911 

11759939_x_at hypothetical LOC100131541 

LOC100131

541 0.55 0.0044683 

11735195_a_at zinc finger protein 28 homolog (mouse) ZFP28 0.55 0.0157543 

11741651_a_at 

protection of telomeres 1 homolog (S. 

pombe) POT1 0.55 0.0200779 

11756806_a_at 

interferon stimulated exonuclease gene 

20kDa ISG20 0.55 0.0174160 

11724462_x_at aldolase C, fructose-bisphosphate ALDOC 0.55 0.0172254 

11734200_at zinc finger protein 844 ZNF844 0.55 0.0062004 

11743304_a_at eyes absent homolog 3 (Drosophila) EYA3 0.55 0.0116222 

11735095_at leptin LEP 0.55 0.0108339 

11745458_a_at eyes absent homolog 3 (Drosophila) EYA3 0.55 0.0326949 

11756809_a_at 

EF-hand domain (C-terminal) 

containing 2 EFHC2 0.55 0.0007891 

11743514_a_at laminin, gamma 2 LAMC2 0.55 0.0225688 

11752410_a_at 

prostate and breast cancer 

overexpressed 1 PBOV1 0.55 0.0125147 

11761866_at nuclear receptor coactivator 7 NCOA7 0.55 0.0138656 

11715757_a_at 

regulator of G-protein signaling 2, 

24kDa RGS2 0.55 0.0090192 

11754337_s_at N-myc downstream regulated 1 NDRG1 0.54 0.0207031 
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11728719_a_at 

latent transforming growth factor beta 

binding protein 1 LTBP1 0.54 0.0008822 

11732062_a_at CUB domain containing protein 1 CDCP1 0.54 0.0463408 

11750579_a_at histone deacetylase 4 HDAC4 0.54 0.0076541 

11737115_at zinc finger protein 483 ZNF483 0.54 0.0006735 

11759961_at ArfGAP with FG repeats 2 AGFG2 0.54 0.0087015 

11753291_a_at CD44 molecule (Indian blood group) CD44 0.54 0.0203246 

11755349_a_at 

glycerophosphodiester 

phosphodiesterase domain containing 3 GDPD3 0.54 0.0015169 

11756271_a_at 

fibronectin type III and ankyrin repeat 

domains 1 FANK1 0.54 0.0073685 

11743062_a_at 

plasminogen activator, urokinase 

receptor PLAUR 0.54 0.0406926 

11751154_x_at aldolase C, fructose-bisphosphate ALDOC 0.54 0.0154683 

11725619_a_at 

glutamate decarboxylase 1 (brain, 

67kDa) GAD1 0.54 0.0323793 

11736801_a_at pleiomorphic adenoma gene 1 PLAG1 0.53 0.0062649 

11754255_a_at WD repeat domain 59 WDR59 0.53 0.0022102 

11764066_s_at 

erythrocyte membrane protein band 4.1 

like 5 EPB41L5 0.53 0.0066865 

11760924_at RNA binding motif protein 8A RBM8A 0.53 0.0197446 

11741301_s_at 

GRINL1A complex locus /// glutamate 

receptor, ionotropic, N-methyl D-

aspartate-like 1A 

GCOM1 /// 

GRINL1A 0.53 0.0009485 

11720708_a_at 

peroxisome proliferator-activated 

receptor gamma PPARG 0.53 0.0082038 

11728190_s_at chemokine (C-X-C motif) receptor 4 CXCR4 0.53 0.0020512 

11760001_at B-cell translocation gene 4 BTG4 0.53 0.0065799 

11717387_x_at metallothionein 1G MT1G 0.53 0.0004734 

11756937_s_at 

DNA-damage inducible 1 homolog 2 

(S. cerevisiae) /// regulatory solute 

carrier protein, family 1, member 1 

DDI2 /// 

RSC1A1 0.53 0.0152577 

11731128_x_at mitochondrial carrier triple repeat 1 MCART1 0.53 0.0165975 

11757312_x_at 

serpin peptidase inhibitor, clade E 

(nexin, plasminogen activator inhibitor 

type 1), member 1 SERPINE1 0.53 0.0103630 

11754189_s_at 

aldo-keto reductase family 1, member 

C1 (dihydrodiol dehydrogenase 1; 20-

alpha (3-alpha)-hydroxysteroid 

dehydrogenase) /// aldo-keto reductase 

family 1, member C2 (dihydrodiol 

dehydrogenase 2; bile acid binding 

protein; 3-alpha hydroxysteroid 

dehydrogenase, type III) 

AKR1C1 /// 

AKR1C2 0.53 0.0017399 

11727690_at interleukin 11 IL11 0.52 0.0431658 

11744305_a_at leucine-rich repeat kinase 1 LRRK1 0.52 0.0020420 

11735496_at chromosome 12 open reading frame 70 C12orf70 0.52 0.0202612 

11751744_a_at 

monocyte to macrophage 

differentiation-associated MMD 0.52 0.0120472 

11729420_a_at tetratricopeptide repeat domain 26 TTC26 0.52 0.0002163 

11743927_at 

SEC24 family, member A (S. 

cerevisiae) SEC24A 0.52 0.0111255 

11760850_x_at InaD-like (Drosophila) INADL 0.52 0.0064953 
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11763295_at 

glycosyltransferase 25 domain 

containing 2 GLT25D2 0.52 0.0009420 

11715236_s_at protocadherin gamma subfamily A, 12 PCDHGA12 0.52 0.0004651 

11717416_a_at ras homolog gene family, member U RHOU 0.52 0.0150678 

11762764_x_at dual oxidase maturation factor 2 DUOXA2 0.52 0.0271302 

11728241_at Ras-related GTP binding D RRAGD 0.51 0.0405779 

11750742_a_at 

DEXH (Asp-Glu-X-His) box 

polypeptide 58 DHX58 0.51 0.0266814 

11745334_a_at 

LATS, large tumor suppressor, 

homolog 1 (Drosophila) LATS1 0.51 0.0006494 

11742819_at 

plasminogen activator, urokinase 

receptor PLAUR 0.51 0.0071842 

11723746_a_at 

solute carrier family 13 (sodium-

dependent citrate transporter), member 

5 SLC13A5 0.51 0.0006539 

11759848_at kinesin family member 16B KIF16B 0.51 0.0442302 

11749034_a_at RAS p21 protein activator 2 RASA2 0.51 0.0103659 

11725114_x_at 

ankyrin repeat and KH domain 

containing 1 ANKHD1 0.51 0.0059328 

11758803_at single-stranded DNA binding protein 2 SSBP2 0.51 0.0086533 

11758696_x_at 

hemoglobin, gamma A /// hemoglobin, 

gamma G 

HBG1 /// 

HBG2 0.51 0.0033346 

11751191_a_at lipase, endothelial LIPG 0.51 0.0069259 

11746201_a_at 

NGFI-A binding protein 1 (EGR1 

binding protein 1) NAB1 0.51 0.0044395 

11716967_a_at neuropilin 2 NRP2 0.51 0.0012519 

11762248_at B-cell receptor-associated protein 29 BCAP29 0.51 0.0026445 

11761958_s_at T cell receptor delta locus TRD@ 0.51 0.0083042 

11722765_a_at 

G protein-coupled receptor kinase 

interacting ArfGAP 2 GIT2 0.51 0.0019773 

11716905_a_at 

cadherin 1, type 1, E-cadherin 

(epithelial) CDH1 0.51 0.0024674 

11723327_x_at carbonic anhydrase IX CA9 0.50 0.0200645 

11741241_a_at apoptotic peptidase activating factor 1 APAF1 0.50 0.0013760 

11754409_x_at LIM domain binding 2 LDB2 0.50 0.0002387 

11735658_a_at ligase III, DNA, ATP-dependent LIG3 0.50 0.0186532 

11734657_s_at 

solute carrier family 2 (facilitated 

glucose transporter), member 14 /// 

solute carrier family 2 (facilitated 

glucose transporter), member 3 

SLC2A14 /// 

SLC2A3 0.50 0.0369922 

11755808_a_at KIAA1462 KIAA1462 0.50 0.0076380 

11755000_a_at sperm associated antigen 9 SPAG9 0.50 0.0078975 

11715482_a_at 

myeloid cell leukemia sequence 1 

(BCL2-related) MCL1 -0.50 0.0222491 

11720253_s_at transducer of ERBB2, 1 TOB1 -0.50 0.0229747 

11728483_at zinc finger protein 181 ZNF181 -0.50 0.0333982 

11725537_at zinc and ring finger 3 ZNRF3 -0.50 0.0298399 

11734933_s_at serine/arginine-rich splicing factor 2 SRSF2 -0.50 0.0002859 

11724011_at suppressor of IKBKE 1 SIKE1 -0.50 0.0308862 

11738060_s_at histone cluster 1, H4h HIST1H4H -0.50 0.0033181 

11734782_x_at WD repeat domain 92 WDR92 -0.50 0.0362312 
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11725267_a_at 

FAT tumor suppressor homolog 4 

(Drosophila) FAT4 -0.50 0.0127974 

11757907_x_at heat shock 70kDa protein 1A HSPA1A -0.50 0.0030547 

11736305_x_at chromosome 17 open reading frame 91 C17orf91 -0.50 0.0073167 

11726430_at chromosome 11 open reading frame 52 C11orf52 -0.51 0.0039243 

11732901_a_at 

apolipoprotein B mRNA editing 

enzyme, catalytic polypeptide-like 3A 

/// apolipoprotein B mRNA editing 

enzyme, catalytic polypeptide-like 3B 

APOBEC3A 

/// 

APOBEC3B -0.51 0.0163289 

11740420_s_at sperm associated antigen 1 SPAG1 -0.51 0.0428909 

11723499_a_at 

proprotein convertase subtilisin/kexin 

type 9 PCSK9 -0.51 0.0061385 

11728413_at 

serpin peptidase inhibitor, clade B 

(ovalbumin), member 8 SERPINB8 -0.51 0.0010872 

11748084_a_at milk fat globule-EGF factor 8 protein MFGE8 -0.51 0.0012254 

11720029_a_at low density lipoprotein receptor LDLR -0.51 0.0013902 

11733302_at zinc finger protein 790 ZNF790 -0.51 0.0036165 

11739403_at 

suppressor of variegation 4-20 homolog 

1 (Drosophila) SUV420H1 -0.51 0.0068548 

11756268_a_at F-box protein 4 FBXO4 -0.51 0.0070321 

11725639_a_at 

NSL1, MIND kinetochore complex 

component, homolog (S. cerevisiae) NSL1 -0.51 0.0009102 

11720500_a_at LYR motif containing 5 LYRM5 -0.51 0.0466278 

11718007_a_at 

myosin regulatory light chain 

interacting protein MYLIP -0.51 0.0126712 

11736007_at 

mitogen-activated protein kinase 1 

interacting protein 1-like 

MAPK1IP1

L -0.51 0.0099177 

11733936_a_at 

poly(A) binding protein interacting 

protein 1 PAIP1 -0.51 0.0317716 

11728825_at TMF1-regulated nuclear protein 1 TRNP1 -0.51 0.0011644 

11717657_a_at 

enhancer of zeste homolog 2 

(Drosophila) EZH2 -0.51 0.0063216 

11732314_at ankyrin repeat domain 13C ANKRD13C -0.51 0.0076993 

11722383_a_at 

Mdm1 nuclear protein homolog 

(mouse) MDM1 -0.51 0.0329643 

11719409_a_at 

homeodomain interacting protein 

kinase 2 HIPK2 -0.51 0.0117062 

11729190_a_at MYC associated factor X MAX -0.51 0.0166521 

11761949_at sodium leak channel, non-selective NALCN -0.51 0.0134301 

11730899_s_at wings apart-like homolog (Drosophila) WAPAL -0.51 0.0429068 

11758523_s_at 

structural maintenance of chromosomes 

5 SMC5 -0.51 0.0158070 

11721625_s_at glutamate-ammonia ligase GLUL -0.51 0.0061598 

11738181_s_at 

contactin associated protein-like 3 /// 

contactin associated protein-like 3B 

CNTNAP3 

/// 

CNTNAP3B -0.51 0.0176258 

11719155_a_at 

DNA-damage regulated autophagy 

modulator 1 DRAM1 -0.51 0.0039440 

11729328_s_at zinc finger homeobox 4 ZFHX4 -0.51 0.0072727 

11758600_s_at serine/arginine-rich splicing factor 1 SRSF1 -0.51 0.0024432 

11726158_at spindlin family, member 4 SPIN4 -0.52 0.0483235 

11738008_s_at amyloid beta (A4) precursor protein APP -0.52 0.0486274 

11730049_at carbonic anhydrase XIII CA13 -0.52 0.0082210 
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11736602_at 

BRCA1 interacting protein C-terminal 

helicase 1 BRIP1 -0.52 0.0021909 

11720034_x_at 

caspase 2, apoptosis-related cysteine 

peptidase CASP2 -0.52 0.0106225 

11736355_at MDN1, midasin homolog (yeast) MDN1 -0.52 0.0080051 

11724120_a_at tripartite motif-containing 59 TRIM59 -0.52 0.0246151 

11736364_s_at KIAA0586 KIAA0586 -0.52 0.0205818 

11756954_s_at zinc finger E-box binding homeobox 2 ZEB2 -0.52 0.0091748 

11740685_s_at 

N-acyl phosphatidylethanolamine 

phospholipase D NAPEPLD -0.52 0.0068360 

11744467_s_at 

synaptotagmin binding, cytoplasmic 

RNA interacting protein SYNCRIP -0.52 0.0052191 

11754911_x_at nexilin (F actin binding protein) NEXN -0.52 0.0038614 

11717939_a_at 

U2 small nuclear RNA auxiliary factor 

2 U2AF2 -0.52 0.0397025 

11728689_at RAB interacting factor RABIF -0.52 0.0029569 

11734681_a_at 

ATG4 autophagy related 4 homolog B 

(S. cerevisiae) ATG4B -0.52 0.0099444 

11742715_x_at 

transforming growth factor beta 

regulator 1 TBRG1 -0.52 0.0217291 

11736366_x_at 

minichromosome maintenance complex 

component 10 MCM10 -0.52 0.0137814 

11739885_s_at dedicator of cytokinesis 7 DOCK7 -0.52 0.0411522 

11757534_s_at 

family with sequence similarity 198, 

member B FAM198B -0.52 0.0062855 

11724666_at zinc finger CCCH-type containing 4 ZC3H4 -0.52 0.0102409 

11763206_at SH3 domain containing ring finger 2 SH3RF2 -0.52 0.0262288 

11747308_a_at 

Vps20-associated 1 homolog (S. 

cerevisiae) VTA1 -0.53 0.0391386 

11718592_s_at reticulon 4 RTN4 -0.53 0.0297907 

11724951_s_at 

cytoplasmic polyadenylation element 

binding protein 2 CPEB2 -0.53 0.0072366 

11757415_s_at 

solute carrier family 5 (sodium/myo-

inositol cotransporter), member 3 SLC5A3 -0.53 0.0044437 

11727643_s_at transcriptional regulating factor 1 TRERF1 -0.53 0.0102112 

11726835_a_at 

DnaJ (Hsp40) homolog, subfamily C, 

member 21 DNAJC21 -0.53 0.0391040 

11746008_x_at nexilin (F actin binding protein) NEXN -0.53 0.0023238 

11731258_at transmembrane protein 170B TMEM170B -0.53 0.0296100 

11738828_a_at chromosome 1 open reading frame 109 C1orf109 -0.53 0.0159619 

11721364_s_at 

iron-responsive element binding protein 

2 IREB2 -0.53 0.0495868 

11722767_s_at muscleblind-like 2 (Drosophila) MBNL2 -0.53 0.0195519 

11721053_s_at kelch domain containing 5 KLHDC5 -0.53 0.0102703 

11729173_a_at 

spindle and kinetochore associated 

complex subunit 2 SKA2 -0.53 0.0209262 

11720517_a_at 

zinc finger and BTB domain containing 

4 ZBTB4 -0.53 0.0060240 

11726871_s_at leptin receptor LEPR -0.53 0.0103841 

11726142_a_at formin 2 FMN2 -0.54 0.0425069 

11740171_s_at polybromo 1 PBRM1 -0.54 0.0139087 

11721001_at 

hexamethylene bis-acetamide inducible 

1 HEXIM1 -0.54 0.0067325 
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11758211_s_at peptidase M20 domain containing 2 PM20D2 -0.54 0.0114409 

11740686_x_at 

N-acyl phosphatidylethanolamine 

phospholipase D NAPEPLD -0.54 0.0142646 

11719101_at SUMO1/sentrin specific peptidase 6 SENP6 -0.54 0.0284623 

11740326_x_at sorbin and SH3 domain containing 2 SORBS2 -0.54 0.0091016 

11718004_a_at nuclear receptor coactivator 5 NCOA5 -0.54 0.0008919 

11757570_s_at proline rich 15 PRR15 -0.54 0.0415371 

11716274_a_at endosulfine alpha ENSA -0.54 0.0032081 

11758949_at 

additional sex combs like 2 

(Drosophila) ASXL2 -0.54 0.0386167 

11723225_a_at claudin 11 CLDN11 -0.54 0.0034567 

11730128_a_at chromosome 5 open reading frame 35 C5orf35 -0.54 0.0014367 

11720433_s_at 

fibronectin leucine rich transmembrane 

protein 2 FLRT2 -0.54 0.0253395 

11740338_a_at ArfGAP with FG repeats 1 AGFG1 -0.54 0.0159045 

11755680_x_at 

solute carrier family 30 (zinc 

transporter), member 6 SLC30A6 -0.54 0.0087437 

11726668_at 

major facilitator superfamily domain 

containing 8 MFSD8 -0.54 0.0080782 

11726131_a_at plakophilin 2 PKP2 -0.54 0.0092466 

11744995_s_at pantothenate kinase 1 PANK1 -0.54 0.0261780 

11715487_a_at 

myeloid cell leukemia sequence 1 

(BCL2-related) MCL1 -0.54 0.0063979 

11745822_x_at serine/arginine-rich splicing factor 6 SRSF6 -0.54 0.0014191 

11725128_a_at 

guanine nucleotide binding protein (G 

protein), gamma 4 GNG4 -0.54 0.0120892 

11763353_at --- --- -0.54 0.0183210 

11722148_a_at YTH domain containing 2 YTHDC2 -0.55 0.0377692 

11723005_a_at WAS protein family, member 1 WASF1 -0.55 0.0168145 

11729685_at Lyrm7 homolog (mouse) LYRM7 -0.55 0.0071419 

11747952_x_at 

tumor necrosis factor (ligand) 

superfamily, member 10 TNFSF10 -0.55 0.0159059 

11729120_x_at heat shock 70kDa protein 1B HSPA1B -0.55 0.0016146 

11716210_at 

Cbp/p300-interacting transactivator, 

with Glu/Asp-rich carboxy-terminal 

domain, 2 CITED2 -0.55 0.0050448 

11722565_a_at golgi phosphoprotein 3 (coat-protein) GOLPH3 -0.55 0.0188158 

11729488_x_at DNA cross-link repair 1C DCLRE1C -0.55 0.0216004 

11723224_s_at chromosome 6 open reading frame 211 C6orf211 -0.55 0.0229485 

11748603_a_at 

cyclin-dependent kinase inhibitor 1B 

(p27, Kip1) CDKN1B -0.55 0.0094349 

11760237_at cysteine-rich with EGF-like domains 2 CRELD2 -0.55 0.0002632 

11739711_a_at phosphatase and actin regulator 2 PHACTR2 -0.55 0.0040872 

11740895_a_at chromosome 17 open reading frame 91 C17orf91 -0.55 0.0048672 

11757985_s_at phosphodiesterase 7B PDE7B -0.55 0.0018264 

11723340_at tetratricopeptide repeat domain 28 TTC28 -0.55 0.0013151 

11739549_s_at 

neuroblastoma breakpoint family 

member /// neuroblastoma breakpoint 

family, member 1 /// neuroblastoma 

breakpoint family, member 10 

LOC100288

142 /// 

NBPF1 /// 

NBPF10 -0.55 0.0011663 

11728957_a_at E2F transcription factor 8 E2F8 -0.55 0.0253536 
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11723312_a_at 

peroxisomal membrane protein 2, 

22kDa PXMP2 -0.55 0.0072712 

11757815_s_at methyltransferase like 7A METTL7A -0.56 0.0206180 

11730444_s_at cyclin J CCNJ -0.56 0.0051016 

11718141_at dickkopf homolog 1 (Xenopus laevis) DKK1 -0.56 0.0096110 

11740781_a_at 

interleukin enhancer binding factor 3, 

90kDa ILF3 -0.56 0.0091103 

11726999_s_at translin-associated factor X TSNAX -0.56 0.0342854 

11746846_a_at 

N-acyl phosphatidylethanolamine 

phospholipase D NAPEPLD -0.56 0.0117048 

11759955_at 

CCR4-NOT transcription complex, 

subunit 10 CNOT10 -0.56 0.0125680 

11736304_a_at chromosome 17 open reading frame 91 C17orf91 -0.56 0.0053767 

11759507_at zinc finger protein 292 ZNF292 -0.56 0.0109910 

11760241_a_at 

S-phase kinase-associated protein 2 

(p45) SKP2 -0.56 0.0118950 

11742483_a_at chromosome 1 open reading frame 110 C1orf110 -0.56 0.0101729 

11759131_at histone cluster 1, H2ag 

HIST1H2A

G -0.56 0.0061175 

11759063_x_at salt-inducible kinase 2 SIK2 -0.56 0.0244955 

11757962_s_at serine/arginine-rich splicing factor 3 SRSF3 -0.56 0.0350955 

11755773_x_at 

family with sequence similarity 63, 

member B FAM63B -0.56 0.0158941 

11724650_a_at Meis homeobox 2 MEIS2 -0.56 0.0014825 

11717091_s_at 

cyclin-dependent kinase inhibitor 1B 

(p27, Kip1) CDKN1B -0.57 0.0118154 

11721090_at thrombospondin 1 THBS1 -0.57 0.0257651 

11728878_s_at 

AT rich interactive domain 1B (SWI1-

like) ARID1B -0.57 0.0126352 

11725165_a_at chromosome 7 open reading frame 31 C7orf31 -0.57 0.0152080 

11761937_at G protein-coupled receptor 17 GPR17 -0.57 0.0394384 

11717942_at 

eukaryotic translation initiation factor 

2B, subunit 1 alpha, 26kDa EIF2B1 -0.57 0.0050518 

11758275_s_at eukaryotic translation initiation factor 5 EIF5 -0.57 0.0044834 

11759190_at 

protein tyrosine phosphatase, receptor 

type, G PTPRG -0.57 0.0062561 

11761950_x_at sodium leak channel, non-selective NALCN -0.57 0.0010180 

11726112_at chromosome 12 open reading frame 26 C12orf26 -0.57 0.0262305 

11756073_x_at 

major histocompatibility complex, class 

II, DP beta 1 HLA-DPB1 -0.58 0.0007641 

11760154_at HAUS augmin-like complex, subunit 3 HAUS3 -0.58 0.0068594 

11743730_at 

tumor necrosis factor (ligand) 

superfamily, member 10 TNFSF10 -0.58 0.0065087 

11731581_a_at WAS protein family, member 1 WASF1 -0.58 0.0089307 

11754198_at chromosome 14 open reading frame 139 C14orf139 -0.58 0.0037622 

11732277_a_at forkhead box P1 FOXP1 -0.58 0.0148003 

11762923_x_at cytochrome c oxidase III COX3 -0.58 0.0222599 

11724039_at 

enoyl-CoA, hydratase/3-hydroxyacyl 

CoA dehydrogenase EHHADH -0.58 0.0078780 

11736081_at calcium modulating ligand CAMLG -0.58 0.0046209 

11742862_a_at G protein-coupled receptor 116 GPR116 -0.58 0.0262989 
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11746314_s_at 

transcription factor 7-like 2 (T-cell 

specific, HMG-box) TCF7L2 -0.58 0.0147849 

11752713_x_at chromosome 14 open reading frame 145 C14orf145 -0.58 0.0062746 

11725495_a_at 

roundabout, axon guidance receptor, 

homolog 1 (Drosophila) ROBO1 -0.59 0.0101846 

11725695_s_at serum deprivation response SDPR -0.59 0.0038249 

11740005_s_at KIAA0895 KIAA0895 -0.59 0.0231075 

11735570_a_at sorbin and SH3 domain containing 2 SORBS2 -0.59 0.0053954 

11725295_s_at ubiquitin specific peptidase 9, Y-linked USP9Y -0.59 0.0022583 

11727528_a_at PHD finger protein 20-like 1 PHF20L1 -0.59 0.0210427 

11757425_s_at vascular cell adhesion molecule 1 VCAM1 -0.59 0.0031286 

11760489_at 

transmembrane emp24 protein transport 

domain containing 3 TMED3 -0.59 0.0064556 

11758074_s_at vestigial like 3 (Drosophila) VGLL3 -0.59 0.0025194 

11758811_x_at 

heterogeneous nuclear 

ribonucleoprotein A1 /// heterogeneous 

nuclear ribonucleoprotein A1-like 2 /// 

heterogeneous nuclear 

ribonucleoprotein A1 pseudogene 10 

HNRNPA1 

/// 

HNRNPA1L

2 /// 

HNRNPA1P

10 -0.59 0.0232663 

11756473_a_at CUGBP, Elav-like family member 2 CELF2 -0.59 0.0134982 

11721932_a_at kinesin family member 23 KIF23 -0.59 0.0188799 

11725229_s_at HEAT repeat containing 5A HEATR5A -0.59 0.0106927 

11727998_a_at myelin expression factor 2 MYEF2 -0.59 0.0027365 

11727263_a_at 

ectonucleoside triphosphate 

diphosphohydrolase 7 ENTPD7 -0.60 0.0202842 

11731164_a_at zinc finger protein 789 ZNF789 -0.60 0.0111656 

11758091_s_at leucine carboxyl methyltransferase 2 LCMT2 -0.60 0.0052667 

11736163_a_at 

cyclin-dependent kinase inhibitor 2B 

(p15, inhibits CDK4) CDKN2B -0.60 0.0007069 

11722563_x_at 

cytochrome P450, family 51, subfamily 

A, polypeptide 1 CYP51A1 -0.60 0.0221371 

11736148_a_at LYR motif containing 2 LYRM2 -0.60 0.0083566 

11759062_s_at salt-inducible kinase 2 SIK2 -0.60 0.0036588 

11722276_at zinc finger, BED-type containing 4 ZBED4 -0.60 0.0107904 

11718457_at 

serine/threonine kinase 11 interacting 

protein STK11IP -0.60 0.0041838 

11731195_at 

sema domain, immunoglobulin domain 

(Ig), short basic domain, secreted, 

(semaphorin) 3D SEMA3D -0.61 0.0298388 

11723028_a_at 

mesoderm specific transcript homolog 

(mouse) MEST -0.61 0.0112006 

11718985_a_at 

transmembrane emp24 protein transport 

domain containing 5 TMED5 -0.61 0.0137751 

11734135_at nanos homolog 1 (Drosophila) NANOS1 -0.61 0.0036526 

11729263_x_at 

serpin peptidase inhibitor, clade B 

(ovalbumin), member 9 SERPINB9 -0.61 0.0055107 

11729150_at 

phosphatidylinositol glycan anchor 

biosynthesis, class M PIGM -0.61 0.0101657 

11739932_a_at 

family with sequence similarity 111, 

member B FAM111B -0.61 0.0081422 

11715630_s_at 

lysosomal protein transmembrane 4 

alpha LAPTM4A -0.61 0.0406720 

11741748_a_at discs, large homolog 1 (Drosophila) DLG1 -0.61 0.0004831 
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11725081_s_at ring finger protein, transmembrane 1 RNFT1 -0.62 0.0108751 

11735271_a_at 

glucosaminyl (N-acetyl) transferase 1, 

core 2 GCNT1 -0.62 0.0014233 

11728761_a_at runt-related transcription factor 1 RUNX1 -0.62 0.0096545 

11758842_at thrombospondin 1 THBS1 -0.62 0.0006261 

11732279_at forkhead box P1 FOXP1 -0.62 0.0119606 

11725249_at lymphocyte antigen 75 LY75 -0.62 0.0015751 

11722935_x_at 

choroideremia-like (Rab escort protein 

2) CHML -0.63 0.0475809 

11747684_a_at serine/arginine-rich splicing factor 1 SRSF1 -0.63 0.0034118 

11758071_s_at sulfatase 1 SULF1 -0.63 0.0007612 

11729348_at 

high-mobility group nucleosome 

binding domain 5 HMGN5 -0.63 0.0401696 

11762945_at VCEW9374 

LOC100133

106 -0.63 0.0042139 

11731996_at tripartite motif-containing 58 TRIM58 -0.63 0.0148938 

11739202_a_at 

ATP synthase, H+ transporting, 

mitochondrial Fo complex, subunit C3 

(subunit 9) ATP5G3 -0.64 0.0155619 

11726012_a_at jub, ajuba homolog (Xenopus laevis) JUB -0.64 0.0010657 

11757574_s_at transmembrane protein 123 TMEM123 -0.64 0.0492478 

11727352_x_at retinoic acid receptor, alpha RARA -0.65 0.0124636 

11736611_s_at KIAA1432 KIAA1432 -0.65 0.0044992 

11741519_s_at CD14 molecule CD14 -0.65 0.0147871 

11740268_at coiled-coil domain containing 18 CCDC18 -0.65 0.0048875 

11728783_a_at inhibitor of growth family, member 3 ING3 -0.65 0.0044765 

11740896_s_at chromosome 17 open reading frame 91 C17orf91 -0.65 0.0016314 

11728882_a_at protease, serine, 35 PRSS35 -0.65 0.0291393 

11730888_a_at 

upstream transcription factor 2, c-fos 

interacting USF2 -0.65 0.0403237 

11718927_a_at 

AT rich interactive domain 5B (MRF1-

like) ARID5B -0.65 0.0031848 

11759682_at PDZ and LIM domain 5 PDLIM5 -0.66 0.0008423 

11763395_a_at zinc finger CCCH-type, antiviral 1-like ZC3HAV1L -0.66 0.0117656 

11739136_at collagen, type V, alpha 2 COL5A2 -0.66 0.0075718 

11718157_s_at pentraxin 3, long PTX3 -0.66 0.0198487 

11751918_a_at basonuclin 1 BNC1 -0.67 0.0006804 

11736211_at mitochondrial ribosomal protein 63 MRP63 -0.67 0.0100557 

11755232_s_at zinc finger protein 468 ZNF468 -0.67 0.0160673 

11731136_a_at NCK-associated protein 5 NCKAP5 -0.67 0.0031936 

11739486_at 

suppressor of zeste 12 homolog 

(Drosophila) SUZ12 -0.68 0.0385431 

11719365_x_at 

spermatogenesis associated, serine-rich 

2-like SPATS2L -0.68 0.0014513 

11722342_a_at 

family with sequence similarity 38, 

member B FAM38B -0.68 0.0224168 

11736212_x_at mitochondrial ribosomal protein 63 MRP63 -0.68 0.0044828 

11743961_a_at consortin, connexin sorting protein CNST -0.69 0.0300650 

11724133_s_at 

solute carrier family 12 

(sodium/potassium/chloride 

transporters), member 2 SLC12A2 -0.69 0.0052898 
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11726798_a_at nexilin (F actin binding protein) NEXN -0.69 0.0012036 

11725901_x_at RWD domain containing 3 RWDD3 -0.69 0.0255516 

11746928_a_at 

ectodermal-neural cortex 1 (with BTB-

like domain) ENC1 -0.69 0.0132245 

11725028_s_at paraspeckle component 1 PSPC1 -0.70 0.0092321 

11762921_at cytochrome c oxidase III COX3 -0.70 0.0264989 

11739636_s_at cyclin-dependent kinase 12 CDK12 -0.70 0.0044794 

11743006_x_at 

RecQ protein-like (DNA helicase Q1-

like) RECQL -0.70 0.0435563 

11729119_a_at 

heat shock 70kDa protein 1A /// heat 

shock 70kDa protein 1B 

HSPA1A /// 

HSPA1B -0.70 0.0002543 

11725043_a_at 

tyrosine 3-monooxygenase/tryptophan 

5-monooxygenase activation protein, 

beta polypeptide YWHAB -0.70 0.0025134 

11758779_at transmembrane protein 50B TMEM50B -0.70 0.0174147 

11717523_x_at transmembrane protein 50B TMEM50B -0.71 0.0210019 

11736805_x_at zinc finger protein 43 ZNF43 -0.71 0.0058531 

11716785_at trafficking protein, kinesin binding 2 TRAK2 -0.71 0.0239279 

11723556_x_at DDB1 and CUL4 associated factor 16 DCAF16 -0.72 0.0159316 

11737874_a_at sulfatase 1 SULF1 -0.72 0.0006239 

11758115_s_at polypyrimidine tract binding protein 2 PTBP2 -0.72 0.0255806 

11729318_s_at 

uveal autoantigen with coiled-coil 

domains and ankyrin repeats UACA -0.72 0.0018538 

11754973_x_at MANSC domain containing 1 MANSC1 -0.73 0.0140028 

11757631_s_at vestigial like 3 (Drosophila) VGLL3 -0.73 0.0009964 

11727575_a_at 

amyotrophic lateral sclerosis 2 

(juvenile) chromosome region, 

candidate 4 ALS2CR4 -0.73 0.0171145 

11754193_a_at 

phosphate cytidylyltransferase 1, 

choline, alpha PCYT1A -0.73 0.0012267 

11730180_s_at 3-ketodihydrosphingosine reductase KDSR -0.73 0.0024959 

11759564_x_at ribosomal protein S2 RPS2 -0.74 0.0319509 

11723555_at DDB1 and CUL4 associated factor 16 DCAF16 -0.74 0.0074098 

11725316_x_at 

VAMP (vesicle-associated membrane 

protein)-associated protein A, 33kDa VAPA -0.75 0.0032951 

11758661_s_at 

cyclin-dependent kinase inhibitor 2C 

(p18, inhibits CDK4) CDKN2C -0.75 0.0124625 

11736804_at zinc finger protein 43 ZNF43 -0.75 0.0019777 

11725575_a_at 

echinoderm microtubule associated 

protein like 6 EML6 -0.76 0.0001540 

11729232_s_at Kruppel-like factor 3 (basic) KLF3 -0.76 0.0130104 

11721175_at 

retinoic acid receptor responder 

(tazarotene induced) 1 RARRES1 -0.76 0.0032075 

11723299_a_at 

ribosomal protein S6 kinase, 70kDa, 

polypeptide 1 RPS6KB1 -0.77 0.0279028 

11733213_x_at schlafen family member 5 SLFN5 -0.77 0.0224562 

11724283_a_at annexin A3 ANXA3 -0.77 0.0160412 

11723893_s_at CREB binding protein CREBBP -0.78 0.0372924 

11758922_at syntaxin binding protein 6 (amisyn) STXBP6 -0.79 0.0021545 

11740173_a_at suppressor of cytokine signaling 5 SOCS5 -0.80 0.0033722 

11739357_a_at 

v-ets erythroblastosis virus E26 

oncogene homolog (avian) ERG -0.80 0.0367044 
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11743074_at importin 9 IPO9 -0.80 0.0117241 

11724727_a_at eukaryotic translation initiation factor 5 EIF5 -0.80 0.0146092 

11736726_at 

Gen homolog 1, endonuclease 

(Drosophila) GEN1 -0.81 0.0096484 

11752627_a_at calmegin CLGN -0.81 0.0014327 

11740507_a_at Rho GTPase activating protein 26 ARHGAP26 -0.81 0.0062673 

11733178_a_at 

zinc finger and BTB domain containing 

1 ZBTB1 -0.82 0.0094438 

11724381_at 

family with sequence similarity 65, 

member B FAM65B -0.82 0.0071208 

11722351_at serine/arginine-rich splicing factor 8 SRSF8 -0.82 0.0014577 

11725040_at fibroblast growth factor 2 (basic) FGF2 -0.83 0.0103262 

11726796_a_at nexilin (F actin binding protein) NEXN -0.84 0.0001399 

11745260_x_at 

solute carrier family 12 

(sodium/potassium/chloride 

transporters), member 2 SLC12A2 -0.84 0.0338758 

11742961_s_at 

family with sequence similarity 43, 

member A FAM43A -0.89 0.0048385 

11732306_x_at 

cAMP responsive element binding 

protein 1 CREB1 -0.89 0.0118818 

11720475_x_at splicing factor proline/glutamine-rich SFPQ -0.89 0.0010046 

11721052_at kelch domain containing 5 KLHDC5 -0.90 0.0014467 

11722503_at integrin, beta 8 ITGB8 -0.90 0.0023863 

11722064_at receptor accessory protein 3 REEP3 -0.91 0.0305842 

11743519_at death inducer-obliterator 1 DIDO1 -0.93 0.0040345 

11720474_a_at splicing factor proline/glutamine-rich SFPQ -0.93 0.0017894 

11737039_a_at 

pleckstrin homology-like domain, 

family B, member 2 PHLDB2 -0.96 0.0044956 

11736769_a_at ubiquitin specific peptidase 45 USP45 -1.00 0.0064224 

11727262_at 

ectonucleoside triphosphate 

diphosphohydrolase 7 ENTPD7 -1.00 0.0003329 

11736217_at 

mitogen-activated protein kinase kinase 

kinase 8 MAP3K8 -1.07 0.0127098 
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Appendix 1.5 - Regulated genes of endothelial cells after exposure to apoptotic 

trophoblast debris for 2 hours compared to endothelial cells after exposure to necrotic 

trophoblast debris for 2 hours 

probe ID Gene Title 

Gene 

Symbol 

hr2.Rx

A.vs.R

xN 

hr2.RxA.vs.

RxN 

11718982_s_at 

chemokine (C-C motif) ligand 4 /// 

chemokine (C-C motif) ligand 4-like 

1 /// chemokine (C-C motif) ligand 

4-like 2 

CCL4 /// 

CCL4L1 /// 

CCL4L2 2.66 0.0000288 

11718983_x_at 

chemokine (C-C motif) ligand 4 /// 

chemokine (C-C motif) ligand 4-like 

1 /// chemokine (C-C motif) ligand 

4-like 2 

CCL4 /// 

CCL4L1 /// 

CCL4L2 1.23 0.0015202 

11720994_x_at chemokine (C-C motif) ligand 3 CCL3 1.03 0.0007838 

11746954_s_at 

chemokine (C-C motif) ligand 4 /// 

chemokine (C-C motif) ligand 4-like 

1 /// chemokine (C-C motif) ligand 

4-like 2 

CCL4 /// 

CCL4L1 /// 

CCL4L2 0.89 0.0063702 

11728476_a_at chemokine (C-X-C motif) ligand 3 CXCL3 0.87 0.0047225 

11716327_x_at gap junction protein, alpha 1, 43kDa GJA1 0.76 0.0034499 

11736011_s_at 

mannosyl (alpha-1,6-)-glycoprotein 

beta-1,2-N-

acetylglucosaminyltransferase MGAT2 0.73 0.0157862 

11739117_a_at EFR3 homolog A (S. cerevisiae) EFR3A 0.73 0.0250986 

11755564_x_at 

chemokine (C-C motif) ligand 3-like 

1 /// chemokine (C-C motif) ligand 

3-like 3 

CCL3L1 /// 

CCL3L3 0.72 0.0018154 

11744127_at chemokine (C-X-C motif) ligand 2 CXCL2 0.70 0.0210938 

11747553_a_at 

methylcrotonoyl-CoA carboxylase 1 

(alpha) MCCC1 0.65 0.0276090 

11746548_s_at calponin 2 CNN2 0.64 0.0336811 

11744660_s_at 

chemokine (C-C motif) ligand 4-like 

1 /// chemokine (C-C motif) ligand 

4-like 2 

CCL4L1 /// 

CCL4L2 0.64 0.0095547 

11753359_x_at 

phosphatidylinositol glycan anchor 

biosynthesis, class A PIGA 0.61 0.0083739 

11715131_s_at keratin associated protein 20-1 KRTAP20-1 0.61 0.0011305 

11751134_x_at 

methionine adenosyltransferase II, 

alpha MAT2A 0.60 0.0400001 

11763773_a_at integral membrane protein 2C ITM2C 0.58 0.0246599 

11749348_a_at 

solute carrier family 25 

(mitochondrial carrier, Aralar), 

member 12 SLC25A12 0.57 0.0107658 

11738999_a_at solute carrier family 38, member 2 SLC38A2 0.57 0.0179735 

11720933_s_at diacylglycerol lipase, beta DAGLB 0.57 0.0257533 

11723942_s_at 

pituitary tumor-transforming 1 

interacting protein PTTG1IP 0.56 0.0227715 

11749340_s_at 

seven in absentia homolog 1 

(Drosophila) SIAH1 0.55 0.0112032 

11740998_a_at diacylglycerol kinase, alpha 80kDa DGKA 0.55 0.0487403 

11720831_s_at 

chromosome 1 open reading frame 

21 C1orf21 0.55 0.0075466 

11747988_a_at 

solute carrier family 39 (zinc 

transporter), member 10 SLC39A10 0.54 0.0112857 
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11715412_a_at endothelial PAS domain protein 1 EPAS1 0.54 0.0309736 

11760470_at death-associated protein kinase 1 DAPK1 0.54 0.0019910 

11715478_a_at transferrin receptor (p90, CD71) TFRC 0.54 0.0177049 

11744013_a_at widely interspaced zinc finger motifs WIZ 0.53 0.0105108 

11737820_a_at 

mitogen-activated protein kinase 

kinase kinase 3 MAP3K3 0.52 0.0040020 

11746575_a_at 

latent transforming growth factor 

beta binding protein 3 LTBP3 0.52 0.0377194 

11760894_s_at serine/arginine-rich splicing factor 5 SRSF5 0.52 0.0257901 

11737107_x_at ADP-ribosylation factor-like 17A ARL17A 0.52 0.0110859 

11753790_x_at 

ST3 beta-galactoside alpha-2,3-

sialyltransferase 3 ST3GAL3 0.52 0.0138817 

11723595_s_at 

mitogen-activated protein kinase 

kinase 7 MAP2K7 0.51 0.0325177 

11760899_a_at UBX domain protein 1 UBXN1 0.50 0.0394830 

11727722_a_at 

v-myb myeloblastosis viral 

oncogene homolog (avian) MYB 0.50 0.0007530 

11718851_a_at SRSF protein kinase 1 SRPK1 -0.50 0.0151233 

11725414_a_at ubiquitin specific peptidase 16 USP16 -0.50 0.0254467 

11751145_a_at KIAA0776 KIAA0776 -0.50 0.0246742 

11758939_at 

MOB1, Mps One Binder kinase 

activator-like 1B (yeast) MOBKL1B -0.50 0.0002106 

11718551_at OTU domain containing 4 OTUD4 -0.50 0.0290919 

11720906_a_at glutamine and serine rich 1 QSER1 -0.51 0.0344425 

11749408_a_at zinc finger RNA binding protein ZFR -0.51 0.0192914 

11746976_a_at 

GTPase activating protein and VPS9 

domains 1 GAPVD1 -0.51 0.0270187 

11716676_a_at 

zinc finger protein 106 homolog 

(mouse) ZFP106 -0.51 0.0262593 

11753367_a_at 

nuclear casein kinase and cyclin-

dependent kinase substrate 1 NUCKS1 -0.51 0.0341215 

11726772_a_at protein kinase C, iota PRKCI -0.51 0.0243032 

11718689_at nestin NES -0.52 0.0011856 

11732254_a_at 

mediator of RNA polymerase II 

transcription subunit 18-like /// 

mediator complex subunit 18 

LOC100292

920 /// 

MED18 -0.52 0.0443354 

11763377_a_at RNA binding motif protein 5 RBM5 -0.52 0.0258629 

11763174_at phosphoglucomutase 3 PGM3 -0.52 0.0310956 

11726511_a_at trichoplein, keratin filament binding TCHP -0.52 0.0035431 

11758455_s_at THAP domain containing 6 THAP6 -0.52 0.0134421 

11719313_a_at 

family with sequence similarity 111, 

member A FAM111A -0.52 0.0427264 

AFFX-HUMRGE/M10098_3_at   -0.52 0.0218376 

11729461_a_at cystinosis, nephropathic CTNS -0.52 0.0165061 

11719308_a_at 

Ras association (RalGDS/AF-6) 

domain family member 4 RASSF4 -0.53 0.0032140 

11729051_a_at 

PTPRF interacting protein, binding 

protein 1 (liprin beta 1) PPFIBP1 -0.53 0.0062939 

11720894_a_at 

son of sevenless homolog 1 

(Drosophila) SOS1 -0.53 0.0219916 

11716495_a_at microtubule-associated protein 4 MAP4 -0.53 0.0246607 

11743653_x_at DEK oncogene DEK -0.53 0.0048909 
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11745668_a_at 

B double prime 1, subunit of RNA 

polymerase III transcription 

initiation factor IIIB BDP1 -0.53 0.0253464 

11743652_a_at DEK oncogene DEK -0.53 0.0054605 

11742990_x_at ezrin EZR -0.54 0.0145280 

11740256_s_at 

gap junction protein, gamma 1, 

45kDa GJC1 -0.54 0.0229898 

11747183_a_at 

chromosome 10 open reading frame 

46 C10orf46 -0.54 0.0350649 

11724144_a_at 

RAB11 family interacting protein 2 

(class I) RAB11FIP2 -0.54 0.0002206 

11743176_s_at remodeling and spacing factor 1 RSF1 -0.54 0.0200624 

11723984_a_at programmed cell death 11 PDCD11 -0.54 0.0030645 

11728216_x_at 

BCL2-associated transcription factor 

1 BCLAF1 -0.54 0.0484900 

11746311_a_at zinc finger protein 326 ZNF326 -0.54 0.0147502 

11746928_a_at 

ectodermal-neural cortex 1 (with 

BTB-like domain) ENC1 -0.54 0.0432476 

11727784_x_at tropomyosin 4 TPM4 -0.54 0.0305723 

11724569_a_at ubiquitin specific peptidase 48 USP48 -0.55 0.0486932 

11722760_a_at 

calmodulin regulated spectrin-

associated protein 1-like 1 

CAMSAP1L

1 -0.55 0.0276414 

11724918_a_at 

transmembrane and tetratricopeptide 

repeat containing 3 TMTC3 -0.55 0.0020036 

11723180_a_at intersectin 2 ITSN2 -0.55 0.0427847 

11722699_a_at KIAA1109 KIAA1109 -0.55 0.0347580 

11752622_a_at 

PX domain containing 

serine/threonine kinase PXK -0.55 0.0185715 

11743464_a_at 

chromodomain helicase DNA 

binding protein 4 CHD4 -0.55 0.0104037 

11736405_a_at 

DNA (cytosine-5-)-

methyltransferase 1 DNMT1 -0.55 0.0198882 

11739347_a_at 

phosphatidylinositol-5-phosphate 4-

kinase, type II, alpha PIP4K2A -0.55 0.0093014 

11763290_at Mitochondrial ribosomal protein S5 MRPS5 -0.55 0.0018677 

11733261_a_at CUGBP, Elav-like family member 2 CELF2 -0.55 0.0051614 

11715521_a_at malectin MLEC -0.55 0.0425158 

11738867_a_at 

chromosome 6 open reading frame 

114 C6orf114 -0.56 0.0028808 

11721714_s_at 

alpha thalassemia/mental retardation 

syndrome X-linked ATRX -0.56 0.0474828 

11753770_a_at 5'-3' exoribonuclease 2 XRN2 -0.56 0.0259224 

11749153_a_at kelch-like 18 (Drosophila) KLHL18 -0.56 0.0172411 

11746767_a_at 

integrin, alpha 4 (antigen CD49D, 

alpha 4 subunit of VLA-4 receptor) ITGA4 -0.57 0.0249013 

11736044_a_at myosin, heavy chain 10, non-muscle MYH10 -0.57 0.0289987 

11732253_x_at mediator complex subunit 18 MED18 -0.57 0.0459913 

11736547_a_at 

Fanconi anemia, complementation 

group D2 FANCD2 -0.57 0.0149654 

11750974_a_at 

platelet-derived growth factor alpha 

polypeptide PDGFA -0.57 0.0200319 

11730898_a_at 

wings apart-like homolog 

(Drosophila) WAPAL -0.57 0.0473480 

11755700_a_at 

TCDD-inducible poly(ADP-ribose) 

polymerase TIPARP -0.57 0.0242295 
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11739265_at 

tRNA-yW synthesizing protein 3 

homolog (S. cerevisiae) TYW3 -0.57 0.0085843 

11716512_a_at serine/arginine repetitive matrix 2 SRRM2 -0.57 0.0236262 

11754606_a_at 

heat shock protein 90kDa beta 

(Grp94), member 1 HSP90B1 -0.57 0.0149553 

11731416_at 

NADH dehydrogenase (ubiquinone) 

Fe-S protein 1, 75kDa (NADH-

coenzyme Q reductase) NDUFS1 -0.57 0.0438281 

11715728_a_at 

integrin, beta 1 (fibronectin receptor, 

beta polypeptide, antigen CD29 

includes MDF2, MSK12) ITGB1 -0.57 0.0116723 

11763843_a_at 

uveal autoantigen with coiled-coil 

domains and ankyrin repeats UACA -0.57 0.0288626 

11719051_a_at centrosomal protein 350kDa CEP350 -0.57 0.0344095 

11727064_a_at ankyrin repeat domain 11 ANKRD11 -0.57 0.0362812 

11721718_a_at 

alpha thalassemia/mental retardation 

syndrome X-linked ATRX -0.57 0.0017014 

11745453_x_at coiled-coil domain containing 76 CCDC76 -0.58 0.0078711 

11746051_a_at 

heterochromatin protein 1, binding 

protein 3 HP1BP3 -0.58 0.0232845 

11763376_s_at poly(rC) binding protein 2 PCBP2 -0.58 0.0245567 

11727679_at splicing factor 1 SF1 -0.58 0.0227945 

11743117_a_at 5'-3' exoribonuclease 2 XRN2 -0.58 0.0103090 

11757932_x_at 

neuroblastoma breakpoint family 

member 20-like /// neuroblastoma 

breakpoint family, member 1 /// 

neuroblastoma breakpoint family, 

member 10 /// neuroblastoma 

breakpoint family, member 11 /// 

neuroblastoma breakpoint family, 

member 14 /// neuroblastoma 

breakpoint family, member 15 /// 

neuroblastoma breakpoint family, 

member 16 /// neuroblastoma 

breakpoint family, member 8 /// 

neuroblastoma breakpoint family, 

member 9 

LOC100506

032 /// 

NBPF1 /// 

NBPF10 /// 

NBPF11 /// 

NBPF14 /// 

NBPF15 /// 

NBPF16 /// 

NBPF8 /// 

NBPF9 -0.59 0.0127908 

11734024_x_at 

coiled-coil domain containing 144A 

/// coiled-coil domain containing 

144B /// coiled-coil domain 

containing 144C 

CCDC144A 

/// 

CCDC144B 

/// 

CCDC144C -0.59 0.0179228 

11748061_a_at PHD finger protein 21A PHF21A -0.59 0.0033372 

11720289_a_at 

CDC42 binding protein kinase alpha 

(DMPK-like) CDC42BPA -0.59 0.0334089 

11739409_s_at 

myeloid/lymphoid or mixed-lineage 

leukemia 3 MLL3 -0.59 0.0285773 

11726249_a_at poly (ADP-ribose) polymerase 1 PARP1 -0.59 0.0266447 

11718083_a_at 

ATPase, Ca++ transporting, plasma 

membrane 4 ATP2B4 -0.60 0.0311944 

11750551_a_at serine/threonine kinase 4 STK4 -0.60 0.0368407 

11739193_a_at sarcolemma associated protein SLMAP -0.60 0.0350621 

11715778_a_at 

leucine zipper protein 6 /// 

myotrophin 

LUZP6 /// 

MTPN -0.60 0.0251752 

11755605_s_at 

metastasis associated lung 

adenocarcinoma transcript 1 (non-

protein coding) MALAT1 -0.60 0.0266918 
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11729063_a_at 

platelet-derived growth factor alpha 

polypeptide PDGFA -0.60 0.0045269 

11754846_a_at 

myeloid/lymphoid or mixed-lineage 

leukemia (trithorax homolog, 

Drosophila); translocated to, 10 MLLT10 -0.61 0.0067602 

11754884_s_at 

WD repeat and FYVE domain 

containing 1 WDFY1 -0.61 0.0265184 

11732765_at 

RUN and FYVE domain containing 

2 RUFY2 -0.61 0.0395193 

11739969_a_at 

mesoderm induction early response 

1 homolog (Xenopus laevis) MIER1 -0.62 0.0089914 

11716244_s_at WAS protein family, member 2 WASF2 -0.62 0.0235719 

11721546_s_at 

zinc finger E-box binding homeobox 

1 ZEB1 -0.62 0.0206135 

11753579_a_at 

interleukin 6 signal transducer 

(gp130, oncostatin M receptor) IL6ST -0.62 0.0290621 

11736591_at 

biorientation of chromosomes in cell 

division 1-like BOD1L -0.62 0.0358262 

11732685_a_at 

pogo transposable element with ZNF 

domain POGZ -0.63 0.0097944 

11746421_a_at coiled-coil domain containing 76 CCDC76 -0.63 0.0109068 

11723759_at zinc finger RNA binding protein ZFR -0.64 0.0119552 

11722087_a_at 

nuclear receptor subfamily 1, group 

D, member 2 NR1D2 -0.64 0.0150076 

11723402_a_at serine/threonine kinase 4 STK4 -0.64 0.0209784 

11719037_a_at 

UV radiation resistance associated 

gene UVRAG -0.64 0.0120855 

11755200_a_at 

discoidin, CUB and LCCL domain 

containing 2 DCBLD2 -0.64 0.0190904 

11743865_s_at 

ATPase, Ca++ transporting, plasma 

membrane 1 ATP2B1 -0.64 0.0054221 

11728734_at 

zinc finger and BTB domain 

containing 38 ZBTB38 -0.65 0.0092345 

11743295_a_at 

centromere protein F, 350/400kDa 

(mitosin) CENPF -0.65 0.0132298 

11716568_a_at HLA-B associated transcript 2-like 2 BAT2L2 -0.65 0.0077357 

11719103_at copine III CPNE3 -0.65 0.0160037 

11751739_a_at 

protein tyrosine phosphatase, 

receptor type, E PTPRE -0.65 0.0415497 

11717203_at 

sel-1 suppressor of lin-12-like (C. 

elegans) SEL1L -0.66 0.0037340 

11744048_at microtubule-associated protein 1B MAP1B -0.66 0.0078508 

11721343_a_at nuclear receptor coactivator 1 NCOA1 -0.67 0.0347236 

11743864_a_at 

ATPase, Ca++ transporting, plasma 

membrane 1 ATP2B1 -0.67 0.0199774 

11721970_a_at 

B double prime 1, subunit of RNA 

polymerase III transcription 

initiation factor IIIB BDP1 -0.67 0.0002265 

11715910_a_at myosin VI MYO6 -0.67 0.0235449 

11746122_s_at 

zinc finger CCCH-type containing 

11A ZC3H11A -0.67 0.0333400 

11734996_at 

v-ski sarcoma viral oncogene 

homolog (avian) SKI -0.67 0.0360221 

11720726_at 

ubiquitin protein ligase E3 

component n-recognin 1 UBR1 -0.67 0.0037655 

11752712_a_at 

chromosome 14 open reading frame 

145 C14orf145 -0.68 0.0225888 
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11715589_at dynein, cytoplasmic 1, heavy chain 1 DYNC1H1 -0.68 0.0228782 

11720508_at fibrillin 1 FBN1 -0.69 0.0079492 

11716194_a_at SET domain containing 2 SETD2 -0.69 0.0191736 

11763489_a_at 

nuclear receptor binding SET 

domain protein 1 NSD1 -0.70 0.0029520 

11739233_a_at scaffold attachment factor B2 SAFB2 -0.71 0.0061564 

11753879_x_at 

interleukin 6 signal transducer 

(gp130, oncostatin M receptor) IL6ST -0.72 0.0472938 

11728654_x_at 

insulin-like growth factor binding 

protein 5 IGFBP5 -0.72 0.0344276 

11750669_x_at 

zinc finger, CCHC domain 

containing 11 ZCCHC11 -0.73 0.0441400 

11722486_a_at 

asparagine-linked glycosylation 11, 

alpha-1,2-mannosyltransferase 

homolog (yeast) /// UTP14, U3 small 

nucleolar ribonucleoprotein, 

homolog C (yeast) 

ALG11 /// 

UTP14C -0.74 0.0042367 

11715474_at 

DEAD (Asp-Glu-Ala-Asp) box 

polypeptide 17 DDX17 -0.74 0.0335997 

11728653_at 

insulin-like growth factor binding 

protein 5 IGFBP5 -0.74 0.0315630 

11732004_a_at adenosine deaminase-like ADAL -0.74 0.0063425 

11730757_a_at 

interleukin 6 signal transducer 

(gp130, oncostatin M receptor) IL6ST -0.74 0.0328376 

11728700_a_at 

bone morphogenetic protein 

receptor, type II (serine/threonine 

kinase) BMPR2 -0.74 0.0355765 

11727136_a_at 

pseudouridylate synthase 7 homolog 

(S. cerevisiae)-like PUS7L -0.75 0.0335790 

11727484_a_at 

translocated promoter region (to 

activated MET oncogene) TPR -0.75 0.0355630 

AFFX-HUMRGE/M10098_M_at   -0.76 0.0352714 

11757182_a_at 

U2AF homology motif (UHM) 

kinase 1 UHMK1 -0.77 0.0373616 

11718964_at 

nuclear fragile X mental retardation 

protein interacting protein 2 NUFIP2 -0.77 0.0135211 

11734744_a_at SON DNA binding protein SON -0.79 0.0096690 

11716766_a_at 

IQ motif containing GTPase 

activating protein 1 IQGAP1 -0.80 0.0205198 

11722731_a_at 

adaptor protein, phosphotyrosine 

interaction, PH domain and leucine 

zipper containing 1 APPL1 -0.80 0.0021993 

11731624_a_at 

chromosome 10 open reading frame 

118 C10orf118 -0.80 0.0111717 

11758209_s_at zinc finger protein 644 ZNF644 -0.80 0.0391790 

11736548_s_at 

Fanconi anemia, complementation 

group D2 FANCD2 -0.81 0.0164132 

11754325_a_at G patch domain containing 8 GPATCH8 -0.82 0.0306671 

11755635_s_at 

cyclin-dependent kinase 11A /// 

cyclin-dependent kinase 11B /// cell 

division protein kinase 11B-like /// 

cell division protein kinase 11B-like 

CDK11A /// 

CDK11B /// 

LOC100133

692 /// 

LOC100294

398 -0.82 0.0176997 

11716388_a_at 

bromodomain adjacent to zinc finger 

domain, 1B BAZ1B -0.82 0.0205684 

11753878_s_at 

interleukin 6 signal transducer 

(gp130, oncostatin M receptor) IL6ST -0.83 0.0353253 
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11743252_a_at caldesmon 1 CALD1 -0.83 0.0115694 

11724302_a_at early endosome antigen 1 EEA1 -0.85 0.0103545 

11744131_a_at SECIS binding protein 2-like SECISBP2L -0.86 0.0135482 

11717437_x_at topoisomerase (DNA) I TOP1 -0.86 0.0171216 

11736431_a_at nucleolar protein 8 NOL8 -0.86 0.0068315 

11743665_at 

spen homolog, transcriptional 

regulator (Drosophila) SPEN -0.86 0.0221242 

AFFX-HUMRGE/M10098_5_at   -0.90 0.0237312 

11745119_a_at dystonin DST -0.92 0.0162172 

11723756_at zinc finger RNA binding protein ZFR -0.93 0.0076763 

11716566_a_at HLA-B associated transcript 2-like 2 BAT2L2 -0.94 0.0230541 

11743281_a_at 

WNK lysine deficient protein kinase 

1 WNK1 -0.95 0.0310540 

11760093_at --- --- -0.97 0.0438501 

11742931_at baculoviral IAP repeat-containing 6 BIRC6 -1.06 0.0077522 
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Appendix 1.6 - Regulated genes of endothelial cells after exposure to apoptotic 

trophoblast debris for 21 hours compared to endothelial cells after exposure to 

necrotic trophoblast debris for 21 hours  

probe ID Gene Title Gene Symbol 

hr21.RxA.

vs.RxN 

hr21.RxA.v

s.RxN 

11727790_x_at secreted phosphoprotein 1 SPP1 1.40 0.0015410 

11754604_x_at secreted phosphoprotein 1 SPP1 1.18 0.0034322 

11746506_a_at secreted phosphoprotein 1 SPP1 1.03 0.0123212 

11737944_x_at secreted phosphoprotein 1 SPP1 0.98 0.0028406 

11726479_a_at 

myxovirus (influenza virus) 

resistance 2 (mouse) MX2 0.97 0.0216027 

11737943_a_at secreted phosphoprotein 1 SPP1 0.88 0.0039793 

11716300_x_at 

integrin, alpha V (vitronectin 

receptor, alpha polypeptide, 

antigen CD51) ITGAV 0.84 0.0454369 

11759564_x_at ribosomal protein S2 RPS2 0.78 0.0247869 

11761937_at G protein-coupled receptor 17 GPR17 0.76 0.0088380 

11746088_a_at interferon-induced protein 44 IFI44 0.74 0.0390303 

11736769_a_at ubiquitin specific peptidase 45 USP45 0.73 0.0358564 

11755730_x_at secreted phosphoprotein 1 SPP1 0.70 0.0294996 

11716034_a_at 

bone marrow stromal cell 

antigen 2 BST2 0.69 0.0331860 

11757160_at 

small nucleolar RNA, H/ACA 

box 30 SNORA30 0.69 0.0138731 

11723555_at 

DDB1 and CUL4 associated 

factor 16 DCAF16 0.67 0.0138370 

11722852_s_at 

baculoviral IAP repeat-

containing 3 BIRC3 0.66 0.0399087 

11742862_a_at G protein-coupled receptor 116 GPR116 0.64 0.0167240 

11732519_at cholesterol 25-hydroxylase CH25H 0.63 0.0056591 

11758260_x_at beta-2-microglobulin B2M 0.63 0.0125827 

11757232_at 

KCNQ1 overlapping transcript 

1 (non-protein coding) KCNQ1OT1 0.63 0.0109167 

11723698_a_at 

2'-5'-oligoadenylate synthetase 

3, 100kDa OAS3 0.62 0.0373240 

11754193_a_at 

phosphate cytidylyltransferase 

1, choline, alpha PCYT1A 0.62 0.0043443 

11724346_a_at 

interferon induced with 

helicase C domain 1 IFIH1 0.61 0.0251927 

11755587_a_at tripartite motif-containing 22 TRIM22 0.61 0.0057463 

11762518_s_at hypothetical protein FLJ39061 FLJ39061 0.60 0.0054083 

11716035_at 

bone marrow stromal cell 

antigen 2 BST2 0.60 0.0316896 

11723556_x_at 

DDB1 and CUL4 associated 

factor 16 DCAF16 0.60 0.0380160 

11752930_a_at 

guanylate binding protein 1, 

interferon-inducible, 67kDa GBP1 0.60 0.0167094 

11753664_x_at RAD52 motif 1 RDM1 0.60 0.0008583 

11725249_at lymphocyte antigen 75 LY75 0.57 0.0029923 

11759783_a_at 

cytoplasmic linker associated 

protein 2 CLASP2 0.57 0.0045748 

11762254_a_at 

DNA methyltransferase 1 

associated protein 1 DMAP1 0.56 0.0001589 



Appendices 

- 303 - 

 

11729772_at 

ribonuclease, RNase A family, 

2 (liver, eosinophil-derived 

neurotoxin) RNASE2 0.55 0.0005204 

11762184_at 

Solute carrier family 25, 

member 42 SLC25A42 0.55 0.0029991 

11750501_x_at 

cytokine-dependent 

hematopoietic cell linker CLNK 0.55 0.0008167 

11723236_at 

interferon-induced protein 44-

like IFI44L 0.55 0.0095267 

11757161_x_at 

small nucleolar RNA, H/ACA 

box 30 SNORA30 0.55 0.0243378 

11730072_at 

contactin 3 (plasmacytoma 

associated) CNTN3 0.54 0.0032547 

11742789_at syncollin SYCN 0.54 0.0024953 

11736108_at 

ADP-ribosylation factor-like 

8A ARL8A 0.54 0.0029277 

11745189_a_at apolipoprotein L, 1 APOL1 0.54 0.0040392 

11752804_a_at 

serpin peptidase inhibitor, 

clade B (ovalbumin), member 3 SERPINB3 0.54 0.0039284 

11762825_x_at 

phospholipase A2, group IVC 

(cytosolic, calcium-

independent) PLA2G4C 0.54 0.0012971 

11752627_a_at calmegin CLGN 0.54 0.0212351 

11759158_at 

ADAM metallopeptidase 

domain 7 ADAM7 0.53 0.0118335 

11724938_at delta-like 1 (Drosophila) DLL1 0.53 0.0000856 

11723673_a_at 

presenilin 2 (Alzheimer disease 

4) PSEN2 0.52 0.0120296 

11727827_x_at 

chromosome 2 open reading 

frame 56 C2orf56 0.52 0.0035404 

11747174_x_at ERO1-like beta (S. cerevisiae) ERO1LB 0.52 0.0024489 

11756073_x_at 

major histocompatibility 

complex, class II, DP beta 1 HLA-DPB1 0.52 0.0016487 

11741256_s_at 

apolipoprotein B mRNA 

editing enzyme, catalytic 

polypeptide-like 3F APOBEC3F 0.52 0.0358409 

11741934_a_at interleukin 25 IL25 0.52 0.0062121 

11719843_a_at 

ABI family, member 3 (NESH) 

binding protein ABI3BP 0.52 0.0377296 

11756306_a_at 

poly (ADP-ribose) polymerase 

family, member 9 PARP9 0.51 0.0293836 

11739874_x_at 

ATPase family, AAA domain 

containing 3C ATAD3C 0.51 0.0063837 

11763811_a_at LIM homeobox 1 LHX1 0.51 0.0105294 

11733392_at ubiquitin-like 4B UBL4B 0.51 0.0063017 

11732355_x_at 

major histocompatibility 

complex, class I, F HLA-F 0.51 0.0035639 

11762107_at calpastatin CAST 0.51 0.0156815 

11721243_a_at leucine aminopeptidase 3 LAP3 0.51 0.0204382 

11736804_at zinc finger protein 43 ZNF43 0.51 0.0230803 

11731156_x_at 

apoptotic peptidase activating 

factor 1 APAF1 0.50 0.0001738 

11753001_a_at 

peroxisome proliferator-

activated receptor gamma PPARG -0.50 0.0032145 

11737908_a_at 

guanylate cyclase activator 1A 

(retina) GUCA1A -0.50 0.0041755 
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11737772_x_at zinc finger protein 93 ZNF93 -0.51 0.0084378 

11716944_a_at Yip1 domain family, member 3 YIPF3 -0.51 0.0062935 

11715266_s_at 

polycystic kidney disease 1-

like 3 PKD1L3 -0.51 0.0001468 

11748372_a_at 

chromosome 16 open reading 

frame 62 C16orf62 -0.51 0.0431829 

11764066_s_at 

erythrocyte membrane protein 

band 4.1 like 5 EPB41L5 -0.51 0.0089143 

11761866_at nuclear receptor coactivator 7 NCOA7 -0.51 0.0194273 

11746368_a_at 

chromosome 17 open reading 

frame 63 C17orf63 -0.51 0.0045766 

11720448_at 

SRY (sex determining region 

Y)-box 9 SOX9 -0.51 0.0116223 

11746683_a_at 

natriuretic peptide receptor 

C/guanylate cyclase C 

(atrionatriuretic peptide 

receptor C) NPR3 -0.52 0.0138910 

11763711_a_at 

integrin, alpha 4 (antigen 

CD49D, alpha 4 subunit of 

VLA-4 receptor) ITGA4 -0.52 0.0092212 

11730314_a_at 

erythroblast membrane-

associated protein (Scianna 

blood group) ERMAP -0.52 0.0008089 

11751238_a_at histone H4 transcription factor HINFP -0.53 0.0340739 

11729621_at chloride channel 4 CLCN4 -0.53 0.0119658 

11759784_at supervillin SVIL -0.53 0.0109084 

11753019_a_at 

Ewing sarcoma breakpoint 

region 1 EWSR1 -0.53 0.0038144 

11741619_a_at 

sodium channel, voltage-gated, 

type VII, alpha SCN7A -0.53 0.0080325 

11727867_a_at 

C-type lectin domain family 3, 

member B CLEC3B -0.53 0.0003273 

11761165_at 

chromosome 15 open reading 

frame 44 C15orf44 -0.53 0.0328127 

11734418_s_at MAM domain containing 2 MAMDC2 -0.54 0.0028747 

11755349_a_at 

glycerophosphodiester 

phosphodiesterase domain 

containing 3 GDPD3 -0.54 0.0015137 

11721688_at 

inhibitor of DNA binding 4, 

dominant negative helix-loop-

helix protein ID4 -0.54 0.0060024 

11727331_at sperm associated antigen 4 SPAG4 -0.55 0.0431574 

11763563_x_at Bystin-like BYSL -0.55 0.0045389 

11751645_x_at 

pre-B-cell leukemia homeobox 

interacting protein 1 PBXIP1 -0.55 0.0049462 

11728084_a_at 

diacylglycerol kinase, epsilon 

64kDa DGKE -0.55 0.0029875 

11721917_a_at ankyrin repeat domain 37 ANKRD37 -0.55 0.0424780 

11734924_a_at 

ATPase, H+ transporting, 

lysosomal 13kDa, V1 subunit 

G2 ATP6V1G2 -0.55 0.0018108 

11758884_at adenylate kinase 3 AK3 -0.56 0.0002497 

11722758_at 

chromosome 5 open reading 

frame 23 C5orf23 -0.56 0.0201440 

11760740_a_at 

non-SMC element 4 homolog 

A (S. cerevisiae) NSMCE4A -0.57 0.0018857 
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11752013_s_at 

chromodomain helicase DNA 

binding protein 9 CHD9 -0.57 0.0054245 

11728318_at 

family with sequence similarity 

122A FAM122A -0.57 0.0010964 

11738185_s_at phosphodiesterase 8B PDE8B -0.58 0.0123359 

11730366_at zinc finger protein 557 ZNF557 -0.58 0.0134217 

11759939_x_at hypothetical LOC100131541 

LOC10013154

1 -0.58 0.0033026 

11751191_a_at lipase, endothelial LIPG -0.58 0.0027854 

11763509_at CD9 molecule CD9 -0.59 0.0303640 

11758781_at epithelial membrane protein 1 EMP1 -0.59 0.0156227 

11741261_a_at 

sorbin and SH3 domain 

containing 2 SORBS2 -0.60 0.0011562 

11724330_s_at 

DiGeorge syndrome critical 

region gene 8 DGCR8 -0.60 0.0003423 

11752739_s_at 

solute carrier family 2 

(facilitated glucose 

transporter), member 14 /// 

solute carrier family 2 

(facilitated glucose 

transporter), member 3 

SLC2A14 /// 

SLC2A3 -0.60 0.0145644 

11741638_a_at pleiomorphic adenoma gene 1 PLAG1 -0.60 0.0008934 

11737579_at 

major histocompatibility 

complex, class I, L, 

pseudogene HLA-L -0.60 0.0222613 

11762379_at 

nitric oxide synthase 1 

(neuronal) NOS1 -0.62 0.0008870 

11732579_s_at zinc finger protein 880 ZNF880 -0.64 0.0006985 

11752788_a_at vestigial like 4 (Drosophila) VGLL4 -0.64 0.0101669 

11747751_s_at 

solute carrier family 2 

(facilitated glucose 

transporter), member 14 /// 

solute carrier family 2 

(facilitated glucose 

transporter), member 3 

SLC2A14 /// 

SLC2A3 -0.66 0.0400856 

11761440_a_at 

microtubule associated 

monoxygenase, calponin and 

LIM domain containing 2 MICAL2 -0.69 0.0206500 

11740638_at noggin NOG -0.73 0.0138799 

 

Appendix 2 

Appendix 2.1 - Regulated transcripts in HMEC-1 cells after exposure to preeclamptic 

trophoblast debris compared to untreated HMEC-1 cells 

Gene Title Gene Symbol Probe ID Log2FC adj.P.Val 

paralemmin PALM 11762798_at 2.52 0.002 

cAMP responsive element binding 

protein 3-like 2 

CREB3L2 11759648_at 2.49 0.002 

hemoglobin, gamma A HBG1 11758698_x_at 2.34 0.001 

Kruppel-like factor 3 (basic) KLF3 11759749_at 2.33 0.002 

cAMP responsive element binding 

protein 3-like 2 

CREB3L2 11759649_x_at 2.23 0.004 
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activating transcription factor 7 

interacting protein 

ATF7IP 11759899_at 2.06 0.005 

tet methylcytosine dioxygenase 2 TET2 11737662_a_at 1.89 0.002 

uncharacterized LOC101928189 /// 

arginine/serine-rich protein 1 

LOC101928189 

/// RSRP1 

11721441_x_at 1.89 0.006 

HMG-box transcription factor 1 HBP1 11760319_at 1.79 0.007 

insulin induced gene 1 INSIG1 11716337_s_at 1.79 0.009 

consortin, connexin sorting protein CNST 11731306_a_at 1.76 0.001 

BCL2-like 11 (apoptosis facilitator) BCL2L11 11753863_s_at 1.67 0.007 

RUN and FYVE domain containing 3 RUFY3 11722083_s_at 1.65 0.001 

PARP1 binding protein PARPBP 11760870_at 1.63 0.005 

microRNA 6805 /// ribosomal protein 

L28 

MIR6805 /// 

RPL28 

11741405_a_at 1.62 0.004 

SMEK homolog 2, suppressor of mek1 

(Dictyostelium) 

SMEK2 11759769_at 1.61 0.005 

ATM serine/threonine kinase ATM 11720013_a_at 1.58 0.002 

zinc finger CCCH-type, antiviral 1 ZC3HAV1 11756839_x_at 1.57 0.005 

Fas associated factor family member 2 FAF2 11716000_a_at 1.57 0.001 

insulin induced gene 1 INSIG1 11716338_a_at 1.56 0.009 

folliculin FLCN 11735305_a_at 1.55 0.006 

putative homeodomain transcription 

factor 2 

PHTF2 11737589_a_at 1.53 0.002 

RNA binding motif protein 8A RBM8A 11760924_at 1.53 0.007 

ankyrin repeat and KH domain 

containing 1 /// ANKHD1-EIF4EBP3 

readthrough 

ANKHD1 /// 

ANKHD1-

EIF4EBP3 

11757688_a_at 1.51 0.002 

putative homeodomain transcription 

factor 2 

PHTF2 11737590_a_at 1.49 0.004 

insulin induced gene 1 INSIG1 11716339_a_at 1.48 0.007 

pantothenate kinase 3 PANK3 11727545_at 1.48 0.003 

arginine/serine-rich coiled-coil 2 RSRC2 11733656_s_at 1.48 0.008 

metallothionein 1X MT1X 11757581_x_at 1.48 0.010 

protein tyrosine phosphatase, non-

receptor type 14 

PTPN14 11736565_at 1.45 0.002 

cAMP responsive element binding 

protein 3-like 2 

CREB3L2 11744646_a_at 1.44 0.006 

microRNA 6883 /// period circadian 

clock 1 

MIR6883 /// 

PER1 

11717168_a_at 1.42 0.008 

large tumor suppressor kinase 1 LATS1 11745334_a_at 1.42 0.001 

MKL/myocardin-like 2 MKL2 11762578_a_at 1.42 0.001 

sequestosome 1 SQSTM1 11727031_a_at 1.39 0.003 

Kruppel-like factor 7 (ubiquitous) KLF7 11759429_a_at 1.38 0.001 

Fanconi anemia, complementation 

group A 

FANCA 11729473_at 1.38 0.005 

PHD finger protein 12 PHF12 11761326_at 1.38 0.007 

AVL9 homolog (S. cerevisiase) AVL9 11726840_a_at 1.38 0.002 

zinc finger, CCHC domain containing 6 ZCCHC6 11749232_a_at 1.38 0.009 

RUN and FYVE domain containing 3 RUFY3 11722082_a_at 1.37 0.001 

SEC24 family member A SEC24A 11743926_a_at 1.36 0.003 

WW domain containing E3 ubiquitin 

protein ligase 2 

WWP2 11736645_at 1.35 0.003 

trio Rho guanine nucleotide exchange 

factor 

TRIO 11759631_at 1.35 0.001 
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EYA transcriptional coactivator and 

phosphatase 3 

EYA3 11746219_a_at 1.34 0.002 

perilipin 2 PLIN2 11742746_a_at 1.33 0.006 

metastasis associated lung 

adenocarcinoma transcript 1 (non-

protein coding) 

MALAT1 11745724_at 1.33 0.009 

SFT2 domain containing 3 /// WD 

repeat domain 33 

SFT2D3 /// 

WDR33 

11758867_at 1.32 0.008 

death-associated protein kinase 1 DAPK1 11760470_at 1.32 0.005 

EYA transcriptional coactivator and 

phosphatase 3 

EYA3 11745458_a_at 1.31 0.002 

LIM domain kinase 2 LIMK2 11733509_a_at 1.31 0.006 

ribosomal protein L31 RPL31 11729387_x_at 1.28 0.006 

protein tyrosine phosphatase, receptor 

type, J 

PTPRJ 11728972_a_at 1.28 0.005 

pantothenate kinase 3 PANK3 11758603_s_at 1.28 0.005 

junction mediating and regulatory 

protein, p53 cofactor 

JMY 11747116_a_at 1.27 0.005 

ribosomal protein S18 RPS18 11762344_at 1.26 0.003 

EYA transcriptional coactivator and 

phosphatase 3 

EYA3 11743304_a_at 1.25 0.003 

interleukin 1 receptor accessory protein IL1RAP 11732585_a_at 1.25 0.007 

ubiquitin protein ligase E3 component 

n-recognin 1 

UBR1 11720726_at 1.25 0.004 

embryonic ectoderm development EED 11761834_at 1.23 0.007 

guanine nucleotide binding protein (G 

protein), beta 5 

GNB5 11760006_at 1.22 0.003 

MORN repeat containing 4 MORN4 11759662_at 1.22 0.007 

HEAT repeat containing 5A HEATR5A 11758931_a_at 1.20 0.007 

Fanconi anemia, complementation 

group A 

FANCA 11729472_a_at 1.19 0.005 

makorin ring finger protein 3 MKRN3 11736971_at 1.18 0.005 

Fanconi anemia, complementation 

group A 

FANCA 11729474_x_at 1.17 0.008 

zinc finger and BTB domain containing 

21 

ZBTB21 11749652_a_at 1.16 0.005 

SEC24 family member A SEC24A 11759728_at 1.15 0.001 

insulin-like growth factor binding 

protein 3 

IGFBP3 11721135_s_at 1.14 0.010 

dual specificity phosphatase 16 DUSP16 11723316_a_at 1.14 0.007 

Kruppel-like factor 7 (ubiquitous) KLF7 11715270_s_at 1.14 0.005 

tankyrase, TRF1-interacting ankyrin-

related ADP-ribose polymerase 

TNKS 11745079_a_at 1.14 0.008 

SEC24 family member A SEC24A 11743927_at 1.13 0.005 

Fas associated factor family member 2 FAF2 11716001_at 1.12 0.002 

ceramide synthase 6 CERS6 11730440_at 1.12 0.001 

GC-rich sequence DNA-binding factor 

2 

GCFC2 11764071_s_at 1.12 0.001 

serine/threonine kinase 17b STK17B 11726042_a_at 1.12 0.004 

DNA-damage inducible 1 homolog 2 

(S. cerevisiae) /// regulatory solute 

carrier protein, family 1, member 1 

DDI2 /// 

RSC1A1 

11759450_x_at 1.12 0.006 

cytoskeleton associated protein 2 CKAP2 11760514_x_at 1.11 0.007 

makorin ring finger protein 1 MKRN1 11718558_s_at 1.11 0.005 
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endosulfine alpha ENSA 11727610_at 1.10 0.006 

acyl-CoA binding domain containing 3 ACBD3 11743567_s_at 1.10 0.009 

solute carrier family 6 (neurotransmitter 

transporter), member 6 

SLC6A6 11737622_a_at 1.09 0.003 

ethanolamine kinase 1 ETNK1 11717843_at 1.09 0.005 

coiled-coil domain containing 93 CCDC93 11719724_at 1.07 0.005 

ABL proto-oncogene 2, non-receptor 

tyrosine kinase 

ABL2 11741745_a_at 1.06 0.002 

lysine (K)-specific methyltransferase 

2A 

KMT2A 11739286_at 1.06 0.008 

minichromosome maintenance 

complex component 9 

MCM9 11732654_at 1.06 0.005 

Bet1 golgi vesicular membrane 

trafficking protein 

BET1 11754136_x_at 1.04 0.002 

recombination signal binding protein 

for immunoglobulin kappa J region 

RBPJ 11764053_a_at 1.04 0.007 

protein kinase C, alpha PRKCA 11717471_at 1.04 0.005 

RING1 and YY1 binding protein RYBP 11717540_a_at 1.04 0.008 

cell cycle associated protein 1 CAPRIN1 11718240_at 1.04 0.005 

Bet1 golgi vesicular membrane 

trafficking protein 

BET1 11719817_x_at 1.03 0.002 

EYA transcriptional coactivator and 

phosphatase 3 

EYA3 11749047_x_at 1.03 0.004 

transmembrane protein 39A TMEM39A 11732202_s_at 1.01 0.002 

ribosomal protein L31 RPL31 11729386_s_at 1.00 0.007 

RNA binding motif protein 45 RBM45 11754865_a_at -1.00 0.003 

SIN3 transcription regulator family 

member A 

SIN3A 11730294_a_at -1.00 0.004 

bromodomain PHD finger transcription 

factor 

BPTF 11732441_x_at -1.00 0.002 

BRCA1/BRCA2-containing complex, 

subunit 3 

BRCC3 11733211_x_at -1.00 0.009 

sorting nexin 1 SNX1 11723936_a_at -1.00 0.005 

solute carrier family 38, member 9 SLC38A9 11755940_a_at -1.01 0.006 

solute carrier family 38, member 9 SLC38A9 11756786_x_at -1.01 0.007 

F-box protein 28 FBXO28 11751306_a_at -1.01 0.006 

suppression of tumorigenicity 7 like ST7L 11741628_x_at -1.01 0.005 

chromosome 21 open reading frame 91 C21orf91 11725804_a_at -1.01 0.005 

T cell activation inhibitor, 

mitochondrial 

TCAIM 11745231_a_at -1.01 0.002 

zinc finger protein 827 ZNF827 11758907_at -1.01 0.005 

solute carrier family 38, member 2 SLC38A2 11739000_a_at -1.01 0.009 

zinc finger protein 879 ZNF879 11729332_a_at -1.01 0.008 

receptor (TNFRSF)-interacting serine-

threonine kinase 1 

RIPK1 11737940_s_at -1.02 0.005 

excision repair cross-complementation 

group 6-like 2 

ERCC6L2 11759583_at -1.02 0.005 

lysine-rich coiled-coil 1 KRCC1 11726003_a_at -1.03 0.006 

La ribonucleoprotein domain family, 

member 1B 

LARP1B 11731583_a_at -1.03 0.005 

period circadian clock 3 PER3 11719045_a_at -1.03 0.006 

thiosulfate sulfurtransferase 

(rhodanese) 

TST 11718418_a_at -1.03 0.002 
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putative homeodomain transcription 

factor 1 

PHTF1 11727180_a_at -1.04 0.005 

reticulon 4 interacting protein 1 RTN4IP1 11728340_a_at -1.04 0.009 

pyruvate dehyrogenase phosphatase 

catalytic subunit 1 

PDP1 11747314_a_at -1.04 0.005 

bromodomain PHD finger transcription 

factor 

BPTF 11732440_a_at -1.04 0.002 

SIK family kinase 3 SIK3 11718532_at -1.04 0.005 

thioredoxin interacting protein TXNIP 11752765_s_at -1.05 0.006 

SFT2 domain containing 3 /// WD 

repeat domain 33 

SFT2D3 /// 

WDR33 

11721497_s_at -1.05 0.005 

centrosomal protein 192kDa CEP192 11742422_a_at -1.05 0.002 

NOP2/Sun RNA methyltransferase 

family, member 2 

NSUN2 11756663_a_at -1.05 0.007 

SprT-like N-terminal domain SPRTN 11729675_a_at -1.05 0.002 

fibroblast growth factor receptor 

substrate 2 

FRS2 11743789_a_at -1.05 0.009 

pleckstrin homology-like domain, 

family B, member 2 

PHLDB2 11737043_x_at -1.06 0.002 

IQ motif containing G IQCG 11726159_a_at -1.06 0.006 

IKAROS family zinc finger 2 (Helios) IKZF2 11730549_a_at -1.06 0.005 

translocation associated membrane 

protein 2 

TRAM2 11717507_at -1.06 0.009 

CDC42 effector protein (Rho GTPase 

binding) 3 

CDC42EP3 11720498_at -1.06 0.006 

PR domain containing 2, with ZNF 

domain 

PRDM2 11755795_a_at -1.06 0.005 

nucleic acid binding protein 1 NABP1 11726727_a_at -1.06 0.006 

TM2 domain containing 2 TM2D2 11718600_a_at -1.06 0.006 

nuclear receptor subfamily 2, group C, 

member 1 

NR2C1 11721273_at -1.06 0.004 

tRNA methyltransferase 13 homolog 

(S. cerevisiae) 

TRMT13 11761560_x_at -1.06 0.005 

protein tyrosine phosphatase, non-

receptor type 21 

PTPN21 11722527_s_at -1.06 0.007 

microtubule crosslinking factor 1 MTCL1 11754450_s_at -1.07 0.002 

zinc finger protein 761-like /// zinc 

finger protein 37A 

LOC101929740 

/// ZNF37A 

11739923_x_at -1.07 0.005 

integrator complex subunit 9 INTS9 11756173_a_at -1.08 0.009 

thioredoxin interacting protein TXNIP 11748544_s_at -1.08 0.009 

zinc finger protein 429 ZNF429 11740148_x_at -1.08 0.005 

trafficking protein, kinesin binding 2 TRAK2 11716786_s_at -1.08 0.001 

chromosome 2 open reading frame 68 C2orf68 11718384_at -1.09 0.010 

chromosome 5 open reading frame 34 C5orf34 11727287_at -1.09 0.005 

jade family PHD finger 1 JADE1 11725073_s_at -1.09 0.002 

NOP58 ribonucleoprotein NOP58 11747090_a_at -1.09 0.006 

G protein-coupled receptor, class C, 

group 5, member A 

GPRC5A 11719791_s_at -1.09 0.007 

NOP2/Sun RNA methyltransferase 

family, member 2 

NSUN2 11717461_a_at -1.09 0.009 

calmodulin regulated spectrin-

associated protein 1 

CAMSAP1 11720414_a_at -1.09 0.005 

bromodomain PHD finger transcription 

factor 

BPTF 11732442_s_at -1.10 0.002 

M-phase phosphoprotein 8 MPHOSPH8 11763450_s_at -1.10 0.002 
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interleukin 17 receptor C IL17RC 11746244_a_at -1.10 0.007 

methylenetetrahydrofolate reductase 

(NAD(P)H) 

MTHFR 11727178_x_at -1.10 0.006 

DEAD (Asp-Glu-Ala-Asp) box 

helicase 5 

DDX5 11733798_at -1.10 0.009 

NOP2/Sun RNA methyltransferase 

family, member 2 

NSUN2 11717463_x_at -1.11 0.006 

suppression of tumorigenicity 7 like ST7L 11754186_x_at -1.11 0.005 

ZFP3 zinc finger protein ZFP3 11729890_at -1.11 0.003 

serine/arginine-rich splicing factor 7 SRSF7 11717294_a_at -1.11 0.010 

DNA replication and sister chromatid 

cohesion 1 

DSCC1 11728729_at -1.12 0.005 

ubinuclein 2 UBN2 11727510_at -1.12 0.009 

BRCA1 interacting protein C-terminal 

helicase 1 

BRIP1 11736602_at -1.12 0.006 

centrosomal protein 128kDa CEP128 11740327_a_at -1.13 0.008 

suppression of tumorigenicity 7 like ST7L 11735003_a_at -1.13 0.005 

tetratricopeptide repeat domain 30A TTC30A 11728326_a_at -1.13 0.006 

IMP3, U3 small nucleolar 

ribonucleoprotein 

IMP3 11715774_s_at -1.14 0.006 

trinucleotide repeat containing 6A TNRC6A 11717818_at -1.14 0.002 

pyruvate dehyrogenase phosphatase 

catalytic subunit 1 

PDP1 11722231_at -1.14 0.002 

protein tyrosine phosphatase, non-

receptor type 3 

PTPN3 11739618_a_at -1.15 0.005 

F-box protein 9 FBXO9 11719191_s_at -1.15 0.005 

TM2 domain containing 2 TM2D2 11718599_x_at -1.15 0.006 

zinc finger protein 268 ZNF268 11738623_s_at -1.15 0.008 

jade family PHD finger 1 JADE1 11725069_s_at -1.15 0.002 

AT hook containing transcription factor 

1 

AHCTF1 11730253_a_at -1.16 0.008 

trafficking protein, kinesin binding 2 TRAK2 11716785_at -1.16 0.003 

neural precursor cell expressed, 

developmentally down-regulated 4-

like, E3 ubiquitin protein ligase 

NEDD4L 11722425_s_at -1.16 0.009 

CREB binding protein CREBBP 11758635_s_at -1.16 0.009 

synaptojanin 2 SYNJ2 11754394_a_at -1.16 0.005 

transforming growth factor beta 

regulator 1 

TBRG1 11742714_a_at -1.17 0.001 

formin 1 FMN1 11759342_at -1.17 0.004 

DEAD (Asp-Glu-Ala-Asp) box 

polypeptide 19B 

DDX19B 11763277_at -1.18 0.008 

ubiquitin-conjugating enzyme E2I UBE2I 11759401_at -1.18 0.004 

jade family PHD finger 2 JADE2 11720570_a_at -1.18 0.002 

thioredoxin interacting protein TXNIP 11748543_a_at -1.18 0.010 

four jointed box 1 (Drosophila) FJX1 11725155_at -1.19 0.007 

FOS-like antigen 2 FOSL2 11763170_s_at -1.19 0.008 

SLIT-ROBO Rho GTPase activating 

protein 2 /// SLIT-ROBO Rho GTPase 

activating protein 2B /// SLIT-ROBO 

Rho GTPase activating protein 2C 

SRGAP2 /// 

SRGAP2B /// 

SRGAP2C 

11719438_at -1.19 0.002 

pleckstrin homology-like domain, 

family B, member 2 

PHLDB2 11737041_a_at -1.20 0.001 

mitochondrial poly(A) polymerase MTPAP 11731532_at -1.20 0.003 



Appendices 

- 311 - 

 

cyclin Y-like 1 CCNYL1 11722535_a_at -1.20 0.007 

zinc finger protein 761-like /// zinc 

finger protein 37A 

LOC101929740 

/// ZNF37A 

11739922_a_at -1.21 0.005 

ankyrin repeat domain 12 ANKRD12 11757991_s_at -1.21 0.009 

CENPB DNA-binding domains 

containing 1 

CENPBD1 11728339_at -1.21 0.005 

PHD finger protein 23 PHF23 11748269_a_at -1.21 0.001 

angel homolog 2 (Drosophila) ANGEL2 11733990_a_at -1.21 0.003 

family with sequence similarity 111, 

member B 

FAM111B 11739933_a_at -1.21 0.010 

L-3-hydroxyproline dehydratase (trans-

) 

L3HYPDH 11747663_a_at -1.21 0.008 

retinoblastoma binding protein 6 RBBP6 11743328_a_at -1.21 0.008 

TM2 domain containing 2 TM2D2 11736834_a_at -1.22 0.005 

polo-like kinase 2 PLK2 11722163_x_at -1.22 0.009 

reticulon 4 interacting protein 1 RTN4IP1 11753480_a_at -1.22 0.008 

neural precursor cell expressed, 

developmentally down-regulated 4-

like, E3 ubiquitin protein ligase 

NEDD4L 11722423_a_at -1.22 0.002 

DDB1 and CUL4 associated factor 4 DCAF4 11736042_a_at -1.23 0.006 

tRNA methyltransferase 13 homolog 

(S. cerevisiae) 

TRMT13 11763297_x_at -1.23 0.001 

armadillo repeat containing 8 ARMC8 11747296_a_at -1.24 0.007 

insulin receptor substrate 1 IRS1 11743628_at -1.24 0.005 

retinoblastoma binding protein 6 RBBP6 11755842_a_at -1.25 0.009 

BTB (POZ) domain containing 7 BTBD7 11719428_a_at -1.25 0.005 

forkhead box P1 FOXP1 11758236_s_at -1.25 0.004 

WW domain binding protein 4 WBP4 11722219_at -1.25 0.008 

syncoilin, intermediate filament protein SYNC 11739458_at -1.26 0.006 

putative homeodomain transcription 

factor 1 

PHTF1 11745290_a_at -1.26 0.003 

chromosome 12 open reading frame 4 C12orf4 11720065_at -1.26 0.003 

keratin 18 KRT18 11757905_x_at -1.27 0.007 

zinc finger protein 652 ZNF652 11719024_at -1.27 0.009 

disrupted in schizophrenia 1 /// 

TSNAX-DISC1 readthrough (NMD 

candidate) 

DISC1 /// 

TSNAX-DISC1 

11728961_a_at -1.27 0.002 

IMP3, U3 small nucleolar 

ribonucleoprotein 

IMP3 11715773_a_at -1.28 0.007 

solute carrier family 38, member 6 SLC38A6 11744715_a_at -1.28 0.002 

MDM2 proto-oncogene, E3 ubiquitin 

protein ligase 

MDM2 11731568_x_at -1.28 0.007 

WD repeat domain 35 WDR35 11757523_s_at -1.29 0.005 

zinc finger protein 180 ZNF180 11754985_a_at -1.29 0.009 

protein arginine methyltransferase 6 PRMT6 11751039_a_at -1.29 0.007 

chromosome 20 open reading frame 

194 

C20orf194 11720252_s_at -1.30 0.006 

chromosome 7 open reading frame 49 C7orf49 11754946_a_at -1.30 0.005 

syncoilin, intermediate filament protein SYNC 11752575_a_at -1.31 0.003 

pleckstrin homology-like domain, 

family B, member 2 

PHLDB2 11737039_a_at -1.31 0.005 

vacuolar protein sorting 13 homolog D 

(S. cerevisiae) 

VPS13D 11717706_a_at -1.31 0.002 
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M-phase phosphoprotein 8 MPHOSPH8 11734843_x_at -1.31 0.003 

serine/arginine-rich splicing factor 3 SRSF3 11757962_s_at -1.32 0.009 

thioesterase superfamily member 4 THEM4 11743092_at -1.33 0.009 

M-phase phosphoprotein 8 MPHOSPH8 11734842_at -1.33 0.002 

zinc finger protein 789 ZNF789 11731164_a_at -1.33 0.001 

general transcription factor IIH, 

polypeptide 1, 62kDa 

GTF2H1 11742756_s_at -1.34 0.009 

tRNA aspartic acid methyltransferase 1 TRDMT1 11731742_a_at -1.34 0.004 

metallo-beta-lactamase domain 

containing 2 

MBLAC2 11755652_x_at -1.34 0.008 

salt-inducible kinase 2 SIK2 11759062_s_at -1.34 0.009 

G protein-coupled receptor kinase 

interacting ArfGAP 2 

GIT2 11721294_a_at -1.35 0.001 

formin 1 FMN1 11759343_x_at -1.37 0.001 

StAR-related lipid transfer (START) 

domain containing 7 

STARD7 200028_PM_s_at -1.37 0.006 

zinc and ring finger 3 ZNRF3 11725537_at -1.38 0.010 

homeobox A2 HOXA2 11736785_at -1.38 0.009 

StAR-related lipid transfer (START) 

domain containing 7 

STARD7 11715664_a_at -1.40 0.008 

McKusick-Kaufman syndrome MKKS 11723408_a_at -1.40 0.007 

uncharacterized LOC101928676 /// 

macrophage erythroblast attacher 

LOC101928676 

/// MAEA 

11717241_a_at -1.41 0.005 

zinc finger protein 594 ZNF594 11754542_x_at -1.42 0.001 

zinc finger protein 544 ZNF544 11727470_x_at -1.42 0.005 

keratin 18 KRT18 11754941_x_at -1.43 0.005 

FOS-like antigen 2 FOSL2 11763171_at -1.44 0.008 

jade family PHD finger 1 JADE1 11725071_at -1.44 0.001 

AT rich interactive domain 5B (MRF1-

like) 

ARID5B 11718927_a_at -1.44 0.002 

serum deprivation response SDPR 11725694_at -1.45 0.003 

zinc finger CCCH-type containing 4 ZC3H4 11724666_at -1.45 0.003 

transcriptional regulating factor 1 TRERF1 11727643_s_at -1.45 0.004 

regulation of nuclear pre-mRNA 

domain containing 2 

RPRD2 11719593_at -1.45 0.007 

uncharacterized LOC100506403 /// 

uncharacterized LOC101928269 /// 

runt-related transcription factor 1 

LOC100506403 

/// 

LOC101928269 

/// RUNX1 

11742191_a_at -1.46 0.005 

eukaryotic elongation factor-2 kinase /// 

eukaryotic elongation factor 2 kinase-

like 

EEF2K /// 

LOC101930123 

11728792_x_at -1.48 0.002 

McKusick-Kaufman syndrome MKKS 11723409_s_at -1.48 0.002 

uncharacterized LOC101928676 /// 

macrophage erythroblast attacher 

LOC101928676 

/// MAEA 

11748193_a_at -1.48 0.002 

syntaxin 11 STX11 11727994_at -1.48 0.007 

serine/arginine-rich splicing factor 3 SRSF3 11723039_x_at -1.49 0.008 

transcriptional regulating factor 1 TRERF1 11727642_a_at -1.49 0.005 

uncharacterized LOC101928676 /// 

macrophage erythroblast attacher 

LOC101928676 

/// MAEA 

11746329_x_at -1.49 0.003 

slingshot protein phosphatase 1 SSH1 11754319_at -1.50 0.006 

jade family PHD finger 1 JADE1 11725072_at -1.50 0.004 

zinc finger protein 652 ZNF652 11719025_a_at -1.50 0.005 
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trafficking protein, kinesin binding 2 TRAK2 11716784_at -1.50 0.003 

eukaryotic elongation factor-2 kinase /// 

eukaryotic elongation factor 2 kinase-

like 

EEF2K /// 

LOC101930123 

11728793_s_at -1.51 0.002 

protein tyrosine phosphatase, receptor 

type, E 

PTPRE 11739768_a_at -1.52 0.005 

GATA zinc finger domain containing 

2A 

GATAD2A 11719644_a_at -1.53 0.007 

coiled-coil domain containing 18 CCDC18 11740268_at -1.54 0.002 

RIO kinase 2 RIOK2 11723452_s_at -1.55 0.005 

HAUS augmin-like complex, subunit 3 HAUS3 11760154_at -1.55 0.009 

uncharacterized LOC101928676 /// 

macrophage erythroblast attacher 

LOC101928676 

/// MAEA 

11746328_a_at -1.55 0.002 

filamin A interacting protein 1-like FILIP1L 11718905_x_at -1.57 0.006 

tripartite motif containing 2 TRIM2 11722861_s_at -1.58 0.006 

zinc finger protein 226 ZNF226 11735717_a_at -1.58 0.006 

tumor necrosis factor (ligand) 

superfamily, member 10 

TNFSF10 11747952_x_at -1.59 0.005 

PHD finger protein 23 PHF23 11723229_s_at -1.59 0.005 

tumor necrosis factor (ligand) 

superfamily, member 10 

TNFSF10 11743730_at -1.60 0.002 

StAR-related lipid transfer (START) 

domain containing 7 

STARD7 11715663_a_at -1.60 0.007 

chromosome 1 open reading frame 131 C1orf131 11749341_a_at -1.61 0.001 

filamin A interacting protein 1-like FILIP1L 11755182_a_at -1.62 0.003 

excision repair cross-complementation 

group 4 

ERCC4 11731157_at -1.63 0.005 

F-box protein 9 FBXO9 11719192_a_at -1.63 0.004 

exonuclease 5 EXO5 11754970_x_at -1.64 0.007 

ankyrin repeat domain 12 ANKRD12 11721747_a_at -1.64 0.007 

long intergenic non-protein coding 

RNA 341 /// spectrin repeat containing, 

nuclear envelope family member 3 

LINC00341 /// 

SYNE3 

11754198_at -1.64 0.007 

methionine adenosyltransferase II, 

alpha 

MAT2A 11757376_s_at -1.64 0.004 

exonuclease 5 EXO5 11743437_a_at -1.64 0.003 

excision repair cross-complementation 

group 4 

ERCC4 11758589_s_at -1.64 0.002 

histone deacetylase 4 HDAC4 11743453_s_at -1.65 0.002 

armadillo repeat containing 8 ARMC8 11759299_s_at -1.66 0.005 

dickkopf WNT signaling pathway 

inhibitor 1 

DKK1 11718141_at -1.66 0.002 

StAR-related lipid transfer (START) 

domain containing 13 

STARD13 11736846_a_at -1.67 0.002 

canopy FGF signaling regulator 2 CNPY2 11718583_a_at -1.68 0.005 

zinc finger CCCH-type, antiviral 1 ZC3HAV1 11717367_at -1.68 0.007 

zinc finger protein 189 ZNF189 11721059_a_at -1.68 0.008 

StAR-related lipid transfer (START) 

domain containing 13 

STARD13 11751920_a_at -1.69 0.005 

platelet-activating factor 

acetylhydrolase 1b, regulatory subunit 1 

(45kDa) 

PAFAH1B1 11716152_s_at -1.70 0.001 

tumor necrosis factor (ligand) 

superfamily, member 10 

TNFSF10 11743731_a_at -1.74 0.003 

BTB (POZ) domain containing 7 BTBD7 11719427_a_at -1.75 0.008 
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zinc finger protein 480 ZNF480 11733207_a_at -1.76 0.005 

protein arginine methyltransferase 6 PRMT6 11725345_at -1.78 0.005 

filamin A interacting protein 1-like FILIP1L 11718904_s_at -1.78 0.005 

ajuba LIM protein AJUBA 11726012_a_at -1.78 0.002 

jade family PHD finger 2 JADE2 11758683_s_at -1.79 0.001 

F-box protein 9 FBXO9 11741750_a_at -1.79 0.002 

TSEN2 tRNA splicing endonuclease 

subunit 

TSEN2 11742936_a_at -1.79 0.003 

uveal autoantigen with coiled-coil 

domains and ankyrin repeats 

UACA 11729318_s_at -1.84 0.001 

serine/arginine-rich splicing factor 3 SRSF3 11723038_at -1.85 0.005 

microRNA 22 /// MIR22 host gene 

(non-protein coding) 

MIR22 /// 

MIR22HG 

11736304_a_at -1.85 0.003 

nuclear receptor coactivator 5 NCOA5 11718004_a_at -1.85 0.002 

nanos homolog 1 (Drosophila) NANOS1 11734135_at -1.86 0.002 

zinc finger protein 544 ZNF544 11746809_a_at -1.88 0.007 

beta-transducin repeat containing E3 

ubiquitin protein ligase 

BTRC 11724360_s_at -1.89 0.005 

eukaryotic translation initiation factor 5 EIF5 11758275_s_at -1.91 0.005 

methionine adenosyltransferase II, 

alpha 

MAT2A 11756985_a_at -1.93 0.002 

zinc finger protein 189 ZNF189 11744992_a_at -1.95 0.007 

suppressor of variegation 4-20 homolog 

1 (Drosophila) 

SUV420H1 11739403_at -2.00 0.002 

eukaryotic translation initiation factor 5 EIF5 11724725_a_at -2.00 0.006 

VAMP (vesicle-associated membrane 

protein)-associated protein A, 33kDa 

VAPA 11725316_x_at -2.01 0.005 

VAMP (vesicle-associated membrane 

protein)-associated protein A, 33kDa 

VAPA 11743255_a_at -2.09 0.004 

filamin A interacting protein 1-like FILIP1L 11750623_a_at -2.10 0.003 

eukaryotic translation initiation factor 5 EIF5 11741224_s_at -2.13 0.007 

zinc finger CCCH-type, antiviral 1 ZC3HAV1 11717366_at -2.21 0.009 

eukaryotic translation initiation factor 5 EIF5 11724724_a_at -2.26 0.005 

methionine adenosyltransferase II, 

alpha 

MAT2A 11751134_x_at -2.28 0.003 

eukaryotic translation initiation factor 5 EIF5 11724726_s_at -2.30 0.006 

Kruppel-like factor 3 (basic) KLF3 11729232_s_at -2.40 0.006 

microRNA 22 /// MIR22 host gene 

(non-protein coding) 

MIR22 /// 

MIR22HG 

11740895_a_at -2.41 0.002 

leucine carboxyl methyltransferase 2 LCMT2 11758091_s_at -2.44 0.004 

paraspeckle component 1 PSPC1 11725028_s_at -2.46 0.001 

PCF11 cleavage and polyadenylation 

factor subunit 

PCF11 11722295_at -2.46 0.002 

microRNA 22 /// MIR22 host gene 

(non-protein coding) 

MIR22 /// 

MIR22HG 

11740896_s_at -2.54 0.001 

microRNA 22 /// MIR22 host gene 

(non-protein coding) 

MIR22 /// 

MIR22HG 

11736305_x_at -2.55 0.002 

methionine adenosyltransferase II, 

alpha 

MAT2A 11734751_x_at -2.60 0.002 

methionine adenosyltransferase II, 

alpha 

MAT2A 11751457_a_at -2.75 0.002 

death inducer-obliterator 1 DIDO1 11743519_at -2.90 0.002 
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Appendix 2.2 - Regulated transcripts in HMEC-1 cells after exposure to preeclamptic 

trophoblast debris compared to HMEC-1 cells exposed to control trophoblast debris 

Gene Title Gene Symbol Probe ID Log 2 

FC 

adj.P.Val 

SEC24 family member A SEC24A 11759728_at 2.89 0.002 

MKL/myocardin-like 2 MKL2 11762578_a_at 2.72 0.002 

paralemmin PALM 11762798_at 2.43 0.003 

Kruppel-like factor 3 (basic) KLF3 11759749_at 2.34 0.003 

cAMP responsive element binding protein 3-

like 2 

CREB3L2 11759648_at 2.32 0.004 

activating transcription factor 7 interacting 

protein 

ATF7IP 11759899_at 2.05 0.007 

cAMP responsive element binding protein 3-

like 2 

CREB3L2 11759649_x_at 1.99 0.007 

hemoglobin, gamma A HBG1 11758698_x_at 1.91 0.003 

tet methylcytosine dioxygenase 2 TET2 11737662_a_at 1.88 0.003 

uncharacterized LOC101928189 /// 

arginine/serine-rich protein 1 

LOC101928189 

/// RSRP1 

11721441_x_at 1.85 0.008 

HMG-box transcription factor 1 HBP1 11760319_at 1.78 0.009 

BCL2-like 11 (apoptosis facilitator) BCL2L11 11753863_s_at 1.76 0.008 

consortin, connexin sorting protein CNST 11731306_a_at 1.71 0.003 

putative homeodomain transcription factor 2 PHTF2 11737589_a_at 1.63 0.003 

metastasis associated lung adenocarcinoma 

transcript 1 (non-protein coding) 

MALAT1 11745724_at 1.60 0.006 

microRNA 6805 /// ribosomal protein L28 MIR6805 /// 

RPL28 

11741405_a_at 1.58 0.006 

putative homeodomain transcription factor 2 PHTF2 11737590_a_at 1.57 0.005 

folliculin FLCN 11735305_a_at 1.57 0.007 

junction mediating and regulatory protein, 

p53 cofactor 

JMY 11747116_a_at 1.56 0.004 

RUN and FYVE domain containing 3 RUFY3 11722083_s_at 1.55 0.001 

zinc finger CCCH-type, antiviral 1 ZC3HAV1 11756839_x_at 1.55 0.008 

Fas associated factor family member 2 FAF2 11716000_a_at 1.52 0.003 

large tumor suppressor kinase 1 LATS1 11745334_a_at 1.52 0.002 

Kruppel-like factor 7 (ubiquitous) KLF7 11759429_a_at 1.50 0.002 

WW domain containing E3 ubiquitin protein 

ligase 2 

WWP2 11736645_at 1.48 0.003 

SMEK homolog 2, suppressor of mek1 

(Dictyostelium) 

SMEK2 11759769_at 1.48 0.010 

heterogeneous nuclear ribonucleoprotein D 

(AU-rich element RNA binding protein 1, 

37kDa) 

HNRNPD 11760952_x_at 1.47 0.009 

zinc finger, CCHC domain containing 6 ZCCHC6 11749232_a_at 1.45 0.010 

ATM serine/threonine kinase ATM 11720013_a_at 1.44 0.003 

protein tyrosine phosphatase, non-receptor 

type 14 

PTPN14 11736565_at 1.44 0.003 

PHD finger protein 12 PHF12 11761326_at 1.42 0.009 

RUN and FYVE domain containing 3 RUFY3 11722082_a_at 1.41 0.001 

SFT2 domain containing 3 /// WD repeat 

domain 33 

SFT2D3 /// 

WDR33 

11758867_at 1.40 0.009 

tankyrase, TRF1-interacting ankyrin-related 

ADP-ribose polymerase 

TNKS 11745079_a_at 1.40 0.005 
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cAMP responsive element binding protein 3-

like 2 

CREB3L2 11744646_a_at 1.40 0.009 

pantothenate kinase 3 PANK3 11727545_at 1.38 0.005 

AVL9 homolog (S. cerevisiase) AVL9 11726840_a_at 1.38 0.004 

death-associated protein kinase 1 DAPK1 11760470_at 1.36 0.005 

Fanconi anemia, complementation group A FANCA 11729473_at 1.36 0.007 

Kruppel-like factor 7 (ubiquitous) KLF7 11715270_s_at 1.32 0.004 

Fanconi anemia, complementation group A FANCA 11729474_x_at 1.30 0.007 

insulin-like growth factor binding protein 3 IGFBP3 11721135_s_at 1.29 0.008 

protein tyrosine phosphatase, receptor type, J PTPRJ 11728972_a_at 1.29 0.006 

EYA transcriptional coactivator and 

phosphatase 3 

EYA3 11746219_a_at 1.29 0.003 

ankyrin repeat and KH domain containing 1 

/// ANKHD1-EIF4EBP3 readthrough 

ANKHD1 /// 

ANKHD1-

EIF4EBP3 

11757688_a_at 1.29 0.006 

EYA transcriptional coactivator and 

phosphatase 3 

EYA3 11745458_a_at 1.29 0.003 

HEAT repeat containing 5A HEATR5A 11758931_a_at 1.26 0.008 

EYA transcriptional coactivator and 

phosphatase 3 

EYA3 11743304_a_at 1.26 0.004 

suppressor of cancer cell invasion SCAI 11726836_a_at 1.26 0.010 

ubiquitin protein ligase E3 component n-

recognin 1 

UBR1 11720726_at 1.26 0.005 

recombination signal binding protein for 

immunoglobulin kappa J region 

RBPJ 11764053_a_at 1.25 0.005 

heterogeneous nuclear ribonucleoprotein D 

(AU-rich element RNA binding protein 1, 

37kDa) 

HNRNPD 11761589_x_at 1.25 0.006 

activating transcription factor 7 interacting 

protein 

ATF7IP 11752314_a_at 1.22 0.010 

Fanconi anemia, complementation group A FANCA 11729472_a_at 1.20 0.007 

trio Rho guanine nucleotide exchange factor TRIO 11759631_at 1.19 0.003 

makorin ring finger protein 3 MKRN3 11736971_at 1.18 0.007 

ribosomal protein S18 RPS18 11762344_at 1.17 0.006 

ABL proto-oncogene 2, non-receptor 

tyrosine kinase 

ABL2 11741745_a_at 1.17 0.003 

guanine nucleotide binding protein (G 

protein), beta 5 

GNB5 11760006_at 1.17 0.005 

dual specificity phosphatase 16 DUSP16 11723316_a_at 1.16 0.009 

SEC24 family member A SEC24A 11743926_a_at 1.15 0.006 

heterogeneous nuclear ribonucleoprotein A1 HNRNPA1 11760085_s_at 1.13 0.004 

serine/threonine kinase 17b STK17B 11726042_a_at 1.12 0.005 

melanoma antigen family D, 2 MAGED2 11761242_x_at 1.11 0.005 

SEC24 family member A SEC24A 11743927_at 1.11 0.008 

coiled-coil domain containing 6 CCDC6 11716576_a_at 1.10 0.010 

lysine (K)-specific methyltransferase 2A KMT2A 11739286_at 1.10 0.009 

melanoma antigen family D, 2 MAGED2 11761241_at 1.10 0.008 

zinc finger and BTB domain containing 21 ZBTB21 11749652_a_at 1.10 0.008 

Fas associated factor family member 2 FAF2 11716001_at 1.08 0.003 

GC-rich sequence DNA-binding factor 2 GCFC2 11764071_s_at 1.07 0.003 

RING1 and YY1 binding protein RYBP 11717540_a_at 1.07 0.010 

coiled-coil domain containing 93 CCDC93 11719724_at 1.05 0.006 
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EYA transcriptional coactivator and 

phosphatase 3 

EYA3 11749047_x_at 1.04 0.005 

solute carrier family 12 (potassium/chloride 

transporter), member 6 

SLC12A6 11724324_a_at 1.03 0.009 

makorin ring finger protein 1 MKRN1 11718558_s_at 1.03 0.007 

cell cycle associated protein 1 CAPRIN1 11718240_at 1.03 0.006 

ceramide synthase 6 CERS6 11730440_at 1.02 0.003 

minichromosome maintenance complex 

component 9 

MCM9 11732654_at 1.02 0.007 

centrosomal protein 85kDa-like CEP85L 11747163_a_at 1.01 0.010 

protein kinase C, alpha PRKCA 11717471_at 1.01 0.007 

solute carrier family 38, member 9 SLC38A9 11756786_x_at -1.00 0.009 

L-3-hydroxyproline dehydratase (trans-) L3HYPDH 11725152_at -1.00 0.008 

jade family PHD finger 1 JADE1 11725069_s_at -1.00 0.005 

LTV1 ribosome biogenesis factor LTV1 11751835_a_at -1.00 0.010 

NOP2/Sun RNA methyltransferase family, 

member 2 

NSUN2 11717462_s_at -1.01 0.005 

disrupted in schizophrenia 1 /// TSNAX-

DISC1 readthrough (NMD candidate) 

DISC1 /// 

TSNAX-DISC1 

11728961_a_at -1.01 0.007 

SprT-like N-terminal domain SPRTN 11729675_a_at -1.01 0.004 

zinc finger protein 827 ZNF827 11758907_at -1.01 0.006 

syncoilin, intermediate filament protein SYNC 11752575_a_at -1.01 0.008 

bromodomain PHD finger transcription 

factor 

BPTF 11732442_s_at -1.02 0.003 

putative homeodomain transcription factor 1 PHTF1 11727180_a_at -1.02 0.006 

chromosome 21 open reading frame 91 C21orf91 11725804_a_at -1.02 0.005 

zinc finger protein 761-like /// zinc finger 

protein 37A 

LOC101929740 

/// ZNF37A 

11739923_x_at -1.02 0.008 

pleckstrin homology-like domain, family B, 

member 2 

PHLDB2 11737043_x_at -1.03 0.003 

mitochondrial poly(A) polymerase MTPAP 11731532_at -1.03 0.007 

solute carrier family 38, member 9 SLC38A9 11755940_a_at -1.03 0.008 

chromosome 5 open reading frame 34 C5orf34 11727287_at -1.03 0.008 

TM2 domain containing 2 TM2D2 11718600_a_at -1.04 0.009 

trafficking protein, kinesin binding 2 TRAK2 11716786_s_at -1.04 0.002 

centrosomal protein 192kDa CEP192 11742422_a_at -1.06 0.003 

M-phase phosphoprotein 8 MPHOSPH8 11763450_s_at -1.06 0.003 

trinucleotide repeat containing 6A TNRC6A 11717818_at -1.06 0.004 

PHD finger protein 23 PHF23 11748269_a_at -1.07 0.003 

dolichol kinase DOLK 11724825_a_at -1.07 0.006 

solute carrier family 25 (mitochondrial iron 

transporter), member 37 

SLC25A37 11759560_s_at -1.09 0.007 

DNA replication and sister chromatid 

cohesion 1 

DSCC1 11728731_s_at -1.09 0.008 

putative homeodomain transcription factor 1 PHTF1 11745290_a_at -1.09 0.007 

FOS-like antigen 2 FOSL2 11763169_at -1.10 0.006 

NOP58 ribonucleoprotein NOP58 11747090_a_at -1.10 0.008 

transforming growth factor beta regulator 1 TBRG1 11742714_a_at -1.11 0.003 

tumor necrosis factor receptor superfamily, 

member 11b 

TNFRSF11B 11730319_at -1.11 0.006 

DNA replication and sister chromatid 

cohesion 1 

DSCC1 11728729_at -1.11 0.007 
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pyruvate dehyrogenase phosphatase catalytic 

subunit 1 

PDP1 11722231_at -1.12 0.003 

chromosome 12 open reading frame 4 C12orf4 11720065_at -1.13 0.006 

ataxin 3 ATXN3 11726362_a_at -1.14 0.006 

trafficking protein, kinesin binding 2 TRAK2 11716785_at -1.14 0.004 

BRCA1 interacting protein C-terminal 

helicase 1 

BRIP1 11736602_at -1.14 0.008 

neural precursor cell expressed, 

developmentally down-regulated 4-like, E3 

ubiquitin protein ligase 

NEDD4L 11722423_a_at -1.14 0.003 

zinc finger protein 761-like /// zinc finger 

protein 37A 

LOC101929740 

/// ZNF37A 

11739922_a_at -1.15 0.009 

serpin peptidase inhibitor, clade B 

(ovalbumin), member 8 

SERPINB8 11728413_at -1.17 0.006 

sterile alpha motif domain containing 9 SAMD9 11723854_at -1.18 0.003 

four jointed box 1 (Drosophila) FJX1 11725155_at -1.18 0.009 

WD repeat domain 35 WDR35 11757523_s_at -1.18 0.007 

G protein-coupled receptor kinase interacting 

ArfGAP 2 

GIT2 11721294_a_at -1.18 0.003 

solute carrier family 25 (mitochondrial iron 

transporter), member 37 

SLC25A37 11759559_at -1.19 0.003 

tRNA aspartic acid methyltransferase 1 TRDMT1 11731742_a_at -1.19 0.007 

angel homolog 2 (Drosophila) ANGEL2 11733990_a_at -1.20 0.004 

zinc finger protein 789 ZNF789 11731164_a_at -1.20 0.002 

fibroblast growth factor receptor substrate 2 FRS2 11743789_a_at -1.21 0.007 

synaptojanin 2 SYNJ2 11754394_a_at -1.21 0.005 

TM2 domain containing 2 TM2D2 11718599_x_at -1.22 0.006 

M-phase phosphoprotein 8 MPHOSPH8 11734842_at -1.22 0.004 

TM2 domain containing 2 TM2D2 11736834_a_at -1.22 0.006 

neural precursor cell expressed, 

developmentally down-regulated 4-like, E3 

ubiquitin protein ligase 

NEDD4L 11722425_s_at -1.23 0.010 

jade family PHD finger 1 JADE1 11725071_at -1.24 0.003 

McKusick-Kaufman syndrome MKKS 11723409_s_at -1.25 0.006 

solute carrier family 22 (organic 

cation/zwitterion transporter), member 4 

SLC22A4 11724454_at -1.25 0.003 

M-phase phosphoprotein 8 MPHOSPH8 11734843_x_at -1.26 0.005 

histone deacetylase 4 HDAC4 11743453_s_at -1.26 0.006 

L-3-hydroxyproline dehydratase (trans-) L3HYPDH 11747663_a_at -1.28 0.009 

forkhead box P1 FOXP1 11758236_s_at -1.28 0.005 

StAR-related lipid transfer (START) domain 

containing 7 

STARD7 200028_PM_s_at -1.28 0.010 

pleckstrin homology-like domain, family B, 

member 2 

PHLDB2 11737039_a_at -1.28 0.007 

chromosome 7 open reading frame 49 C7orf49 11754946_a_at -1.28 0.007 

dickkopf WNT signaling pathway inhibitor 1 DKK1 11718141_at -1.28 0.006 

FOS-like antigen 2 FOSL2 11763170_s_at -1.29 0.008 

jade family PHD finger 2 JADE2 11720570_a_at -1.29 0.003 

uncharacterized LOC101928676 /// 

macrophage erythroblast attacher 

LOC101928676 

/// MAEA 

11746329_x_at -1.30 0.006 

solute carrier family 38, member 6 SLC38A6 11744715_a_at -1.30 0.003 

uncharacterized LOC101928676 /// 

macrophage erythroblast attacher 

LOC101928676 

/// MAEA 

11748193_a_at -1.31 0.005 
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zinc finger CCCH-type containing 4 ZC3H4 11724666_at -1.31 0.006 

eukaryotic elongation factor-2 kinase /// 

eukaryotic elongation factor 2 kinase-like 

EEF2K /// 

LOC101930123 

11728792_x_at -1.34 0.003 

zinc finger protein 544 ZNF544 11727470_x_at -1.36 0.008 

uncharacterized LOC101928676 /// 

macrophage erythroblast attacher 

LOC101928676 

/// MAEA 

11717241_a_at -1.36 0.006 

zinc finger protein 594 ZNF594 11754542_x_at -1.36 0.002 

eukaryotic elongation factor-2 kinase /// 

eukaryotic elongation factor 2 kinase-like 

EEF2K /// 

LOC101930123 

11728793_s_at -1.37 0.004 

MDM2 proto-oncogene, E3 ubiquitin protein 

ligase 

MDM2 11731568_x_at -1.37 0.008 

uncharacterized LOC101928676 /// 

macrophage erythroblast attacher 

LOC101928676 

/// MAEA 

11746328_a_at -1.37 0.005 

AT rich interactive domain 5B (MRF1-like) ARID5B 11718927_a_at -1.37 0.003 

RIO kinase 2 RIOK2 11723452_s_at -1.38 0.010 

pregnancy-associated plasma protein A, 

pappalysin 1 

PAPPA 11727016_s_at -1.39 0.007 

uncharacterized LOC100506403 /// 

uncharacterized LOC101928269 /// runt-

related transcription factor 1 

LOC100506403 

/// 

LOC101928269 

/// RUNX1 

11742191_a_at -1.41 0.007 

pregnancy-associated plasma protein A, 

pappalysin 1 

PAPPA 11744843_s_at -1.41 0.005 

McKusick-Kaufman syndrome MKKS 11723408_a_at -1.41 0.010 

protein arginine methyltransferase 6 PRMT6 11751039_a_at -1.42 0.007 

nanos homolog 1 (Drosophila) NANOS1 11734135_at -1.42 0.006 

zinc finger protein 652 ZNF652 11719025_a_at -1.44 0.008 

uveal autoantigen with coiled-coil domains 

and ankyrin repeats 

UACA 11729318_s_at -1.44 0.003 

armadillo repeat containing 8 ARMC8 11759299_s_at -1.45 0.009 

trafficking protein, kinesin binding 2 TRAK2 11716784_at -1.45 0.005 

filamin A interacting protein 1-like FILIP1L 11755182_a_at -1.47 0.005 

F-box protein 9 FBXO9 11719192_a_at -1.49 0.007 

chromosome 1 open reading frame 131 C1orf131 11749341_a_at -1.50 0.003 

coiled-coil domain containing 18 CCDC18 11740268_at -1.50 0.004 

filamin A interacting protein 1-like FILIP1L 11718905_x_at -1.53 0.008 

PHD finger protein 23 PHF23 11723229_s_at -1.56 0.006 

methionine adenosyltransferase II, alpha MAT2A 11757376_s_at -1.57 0.006 

FOS-like antigen 2 FOSL2 11763171_at -1.57 0.008 

F-box protein 9 FBXO9 11741750_a_at -1.58 0.005 

fibroblast growth factor 2 (basic) FGF2 11725040_at -1.58 0.005 

exonuclease 5 EXO5 11743437_a_at -1.58 0.005 

excision repair cross-complementation group 

4 

ERCC4 11731157_at -1.59 0.007 

platelet-activating factor acetylhydrolase 1b, 

regulatory subunit 1 (45kDa) 

PAFAH1B1 11716152_s_at -1.59 0.003 

excision repair cross-complementation group 

4 

ERCC4 11758589_s_at -1.61 0.004 

zinc finger protein 480 ZNF480 11733207_a_at -1.61 0.010 

tumor necrosis factor (ligand) superfamily, 

member 10 

TNFSF10 11743731_a_at -1.62 0.005 

serine/arginine-rich splicing factor 3 SRSF3 11723038_at -1.64 0.010 

ajuba LIM protein AJUBA 11726012_a_at -1.64 0.004 
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StAR-related lipid transfer (START) domain 

containing 13 

STARD13 11736846_a_at -1.64 0.003 

StAR-related lipid transfer (START) domain 

containing 13 

STARD13 11751920_a_at -1.66 0.006 

tumor necrosis factor (ligand) superfamily, 

member 10 

TNFSF10 11747952_x_at -1.67 0.005 

protein tyrosine phosphatase, receptor type, E PTPRE 11739768_a_at -1.68 0.005 

mitogen-activated protein kinase kinase 

kinase 8 

MAP3K8 11736217_at -1.69 0.007 

canopy FGF signaling regulator 2 CNPY2 11718583_a_at -1.71 0.006 

suppressor of variegation 4-20 homolog 1 

(Drosophila) 

SUV420H1 11739403_at -1.71 0.005 

filamin A interacting protein 1-like FILIP1L 11718904_s_at -1.72 0.006 

tumor necrosis factor (ligand) superfamily, 

member 10 

TNFSF10 11743730_at -1.73 0.003 

TSEN2 tRNA splicing endonuclease subunit TSEN2 11742936_a_at -1.73 0.005 

nuclear receptor coactivator 5 NCOA5 11718004_a_at -1.74 0.003 

protein arginine methyltransferase 6 PRMT6 11725345_at -1.77 0.006 

methionine adenosyltransferase II, alpha MAT2A 11756985_a_at -1.78 0.004 

jade family PHD finger 2 JADE2 11758683_s_at -1.82 0.002 

microRNA 22 /// MIR22 host gene (non-

protein coding) 

MIR22 /// 

MIR22HG 

11736304_a_at -1.82 0.004 

eukaryotic translation initiation factor 5 EIF5 11724725_a_at -1.85 0.010 

beta-transducin repeat containing E3 

ubiquitin protein ligase 

BTRC 11724360_s_at -1.87 0.007 

GEN1 Holliday junction 5' flap endonuclease GEN1 11736726_at -1.91 0.010 

eukaryotic translation initiation factor 5 EIF5 11758275_s_at -1.92 0.006 

VAMP (vesicle-associated membrane 

protein)-associated protein A, 33kDa 

VAPA 11743255_a_at -1.95 0.006 

filamin A interacting protein 1-like FILIP1L 11750623_a_at -1.97 0.005 

eukaryotic translation initiation factor 5 EIF5 11724724_a_at -2.07 0.008 

eukaryotic translation initiation factor 5 EIF5 11724726_s_at -2.17 0.010 

methionine adenosyltransferase II, alpha MAT2A 11751134_x_at -2.21 0.004 

leucine carboxyl methyltransferase 2 LCMT2 11758091_s_at -2.31 0.006 

microRNA 22 /// MIR22 host gene (non-

protein coding) 

MIR22 /// 

MIR22HG 

11740895_a_at -2.35 0.003 

paraspeckle component 1 PSPC1 11725028_s_at -2.40 0.001 

methionine adenosyltransferase II, alpha MAT2A 11734751_x_at -2.41 0.004 

Kruppel-like factor 3 (basic) KLF3 11729232_s_at -2.46 0.007 

microRNA 22 /// MIR22 host gene (non-

protein coding) 

MIR22 /// 

MIR22HG 

11740896_s_at -2.49 0.002 

PCF11 cleavage and polyadenylation factor 

subunit 

PCF11 11722295_at -2.51 0.003 

microRNA 22 /// MIR22 host gene (non-

protein coding) 

MIR22 /// 

MIR22HG 

11736305_x_at -2.52 0.003 

methionine adenosyltransferase II, alpha MAT2A 11751457_a_at -2.58 0.003 

death inducer-obliterator 1 DIDO1 11743519_at -2.66 0.003 

 

Appendix 3 Differential expression of rRNA between preeclamptic and normotensive 

trophoblast debris using iSRAP 

CHROMOSOME START END ID logF

C 

AveExp

r 

P.Valu

e 

adj.P.Va

l 
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chr14 75352884 75352924 5S -

3.051 

6.762 0.000 0.001 

chr8 28530410 28530499 5S -

2.883 

7.176 0.000 0.001 

chr13 10615540

0 

10615549

0 

5S -

2.879 

6.222 0.000 0.001 

chr22 32635109 32635198 5S -

2.845 

5.985 0.000 0.001 

chrUn_KI270442v

1 

380607 380728 5S -

2.914 

6.669 0.000 0.001 

chr8 8831418 8831487 5S -

2.768 

5.861 0.000 0.001 

chr6 10644937

8 

10644946

3 

5S -

2.791 

6.762 0.000 0.001 

chr16 9564408 9564497 5S -

2.727 

6.361 0.000 0.001 

chr6 11617824

6 

11617833

3 

5S -

2.806 

5.128 0.000 0.001 

chr3 63545439 63545520 5S -

2.703 

7.330 0.000 0.001 

chr12 13304754

0 

13304762

5 

5S -

2.667 

6.734 0.000 0.001 

chr8 13880337

9 

13880345

0 

5S -

2.632 

7.014 0.000 0.001 

chr17 10886298 10886383 5S -

2.652 

5.029 0.000 0.001 

chr8 17748117 17748208 5S -

2.721 

3.561 0.000 0.001 

chr6 15342044

0 

15342052

6 

5S -

2.584 

5.674 0.000 0.001 

chr5 33277860 33277953 5S -

2.574 

5.645 0.000 0.002 

chr17 66267742 66267831 5S -

2.732 

3.789 0.000 0.002 

chr11 21000880 21000965 5S -

2.478 

9.990 0.000 0.002 

chr12 38161463 38161582 5S -

2.237 

10.280 0.000 0.002 

chr4 19001513

7 

19001525

7 

5S -

2.804 

3.519 0.000 0.002 

chr6 4427962 4428082 5S -

2.176 

12.465 0.000 0.002 

chr8 90511135 90511241 5S -

2.453 

7.404 0.000 0.002 

chr17 15782341 15782415 5S -

3.108 

0.593 0.000 0.002 

chr19 21113125 21113235 5S -

2.219 

9.715 0.000 0.003 

chr1 22861922

9 

22861935

0 

5S -

2.216 

7.626 0.000 0.003 

chr10 10697002

1 

10697011

0 

5S -

2.272 

9.100 0.000 0.003 

chr1 22863262

8 

22863274

9 

5S -

2.205 

7.654 0.000 0.003 

chr3 15118809

8 

15118818

4 

5S -

2.230 

7.268 0.000 0.003 

chr4 352668 352788 5S -

2.591 

3.596 0.000 0.003 

chr1 22863486

8 

22863498

9 

5S -

2.188 

7.616 0.000 0.003 
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chr19 57867262 57867352 5S -

2.237 

7.755 0.000 0.003 

chr1 22861250

6 

22861262

7 

5S -

2.166 

7.631 0.000 0.003 

chr14 10331694

6 

10331703

6 

5S -

2.332 

5.765 0.000 0.003 

chr1 22861026

5 

22861038

6 

5S -

2.175 

7.661 0.000 0.003 

chr1 22861474

7 

22861486

8 

5S -

2.164 

7.643 0.000 0.003 

chr9 11225225

7 

11225234

7 

5S -

2.477 

2.822 0.000 0.003 

chr1 22861698

8 

22861710

9 

5S -

2.168 

7.612 0.000 0.003 

chr4 91264681 91264769 5S -

2.610 

2.727 0.000 0.003 

chr1 22863038

7 

22863050

8 

5S -

2.150 

7.638 0.000 0.003 

chr3 18182287

0 

18182299

0 

5S -

2.139 

9.483 0.000 0.003 

chr1 22862144

4 

22862156

5 

5S -

2.152 

7.619 0.000 0.003 

chr1 22864603

7 

22864615

8 

5S -

2.151 

7.653 0.000 0.003 

chr1 22862590

6 

22862602

7 

5S -

2.147 

7.590 0.000 0.003 

chr1 22863709

3 

22863721

4 

5S -

2.123 

7.651 0.000 0.003 

chr1 22864156

5 

22864168

6 

5S -

2.134 

7.648 0.000 0.003 

chr1 22862366

4 

22862378

5 

5S -

2.126 

7.637 0.000 0.003 

chr1 22864380

6 

22864392

7 

5S -

2.114 

7.650 0.000 0.003 

chr1 22863933

4 

22863945

5 

5S -

2.100 

7.677 0.000 0.003 

chr1 78375188 78375267 5S -

2.332 

3.654 0.000 0.003 

chr18 24170502 24170623 5S -

2.141 

6.289 0.000 0.004 

chr14 271683 271767 5S -

2.227 

3.260 0.000 0.006 

chr1 22855828

3 

22855836

4 

5S -

1.984 

7.473 0.000 0.007 

chr2 20401636 20401724 5S -

2.349 

3.645 0.000 0.007 

chr12 11882968

0 

11882977

0 

5S -

2.383 

3.134 0.000 0.007 

chr8 59455884 59455974 5S -

2.167 

5.173 0.000 0.007 

chr14 24158602 24158724 5S -

2.195 

3.217 0.000 0.007 

chr1 64689119 64689158 5S -

2.242 

3.216 0.000 0.007 

chr18 9844759 9844829 5S -

2.302 

3.174 0.000 0.007 

chr16 66301808 66301898 5S -

2.539 

1.225 0.000 0.007 

chr10 14663404 14663494 5S -

2.093 

3.837 0.000 0.010 



Appendices 

- 324 - 

 

chrY 10092872 10092993 5S -

1.977 

4.417 0.000 0.012 

chr14 91803888 91803972 5S -

2.044 

3.313 0.000 0.013 

chr9 72299752 72299833 5S -

2.635 

1.954 0.000 0.013 

chr1 87453283 87453373 5S -

2.273 

3.313 0.000 0.013 

chrX 69672478 69672599 5S -

1.677 

9.871 0.000 0.015 

chr14 75604172 75604262 5S -

2.318 

1.894 0.000 0.015 

chr2 11561664 11561779 5S -

2.104 

3.790 0.000 0.015 

chr1 16906726

3 

16906734

0 

5S -

2.732 

-2.390 0.000 0.016 

chr2 14268043

1 

14268047

3 

5S -

2.536 

0.445 0.001 0.019 

chr4 56097390 56097479 5S -

2.055 

2.534 0.001 0.023 

chr16 84262836 84262928 5S -

2.673 

-0.316 0.001 0.026 

chr9 99145876 99145965 5S -

1.855 

4.128 0.001 0.028 

chr1 39207761 39207803 5S -

2.484 

0.807 0.001 0.029 

chr6 12068662

0 

12068671

2 

5S -

1.751 

5.235 0.001 0.030 

chr1 22862814

5 

22862826

6 

5S -

1.562 

7.822 0.001 0.038 

chr13 36864381 36864456 5S -
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3.226 0.001 0.039 

chr7 36593683 36593769 5S -

2.418 

0.521 0.002 0.040 

chr13 21369810 21369897 5S -

1.802 

2.989 0.002 0.040 

chr12 99083815 99083904 5S -

2.017 

1.693 0.002 0.046 

chr14 77403904 77403993 5S -

2.036 

1.121 0.002 0.046 

chr12 13440909 13441001 5S -

1.796 

3.671 0.002 0.048 

chr9 19492827 19492990 LSU-

rRNA_Hsa 

3.036 -1.424 0.000 0.003 

chrM 2589 2745 LSU-

rRNA_Hsa 

1.742 6.912 0.001 0.032 

chr18 80012846 80013065 LSU-

rRNA_Hsa 

1.759 6.752 0.001 0.035 

chr19 22694812 22694856 SSU-

rRNA_Hsa 

2.443 4.459 0.002 0.040 
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1.Shen F, Wei J., Snowise S, DeSousa J, Stone P, Viall C, Chen Q, Chamley L. (2014) 

Trophoblast debris extruded from preeclamptic placentae activates endothelial cells: a 

mechanism by which the placenta communicates with the maternal endothelium. Placenta. 

Oct;35(10):839-47.  

2.Wei, J.*, Chen, Q., James, J. L., Stone, P. R., & Chamley, L. W. (2015). IL-1 beta but 

not the NALP3 inflammasome is an important determinant of endothelial cell responses to 

necrotic/dangerous trophoblastic debris. Placenta, 36(12), 1385-1392.  

3.Wei, J.*, Lau, S. Y., Blenkiron, C., Chen, Q., James, J. L., Kleffmann, T., Chamley, L. 

W. (2016). Trophoblastic debris modifies endothelial cell transcriptome in vitro: A 

mechanism by which fetal cells might control maternal responses to pregnancy. Scientific 

Reports, 6, 30632. 

Conference presentations: 

1. Wei J, Chen Q, James JL, Stone PR, Chamley LW. Expression of NALP3 

inflammasome by endothelial cells in response to necrotic trophoblast debris. SRB, 

Sydney, 2013.  

2. Wei J, Qi Chen, Jo James, Peter Stone, Larry Chamley. Trophoblast debris contributes 

to the physiological maternal vascular adaptation to pregnancy by regulating endothelial 

cell proliferation. IFPA, Paris, 2014  

3. Wei J, Blenkiron C, Tsai P, Chen Q, James JL, Stone PR, Chamley LW. Placental 

trophoblastic debris mediates fetal-maternal communication via small RNA delivery: 

implications for preeclampsia. QMB, Nelson, 2016
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