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ABSTRACT

Background and aim: Preeclampsia, accounts for the majority of maternal deaths emanating
from hypertension in pregnancy. Although its exact aetiology is unclear, endoplasmic
reticulum (ER) stress and trophoblast apoptosis are implicated. The placental
microenvironment in preeclampsia is hypoxic and induces the expression of Hypoxia
inducible factor-1 alpha (HIF-1 o) and CHOP (C/EBP homologous protein) which are
activated due to ER stress. Hypoxia-induced oxidative and endoplasmic reticulum stress
initiate a cascade of apoptotic events with the consequential shedding of microparticles which
mediate the peripheral maternal syndrome of preeclampsia. The main aim of the study was to
immuno-localise the expression of HIF-1 o and CHOP in placental tissues and concomitantly

characterise and quantify the syncytiotrophoblast microparticles in the maternal circulation.

Materials and Methods: Plasma and placental tissue were obtained from normotensive and
pre-eclamptic pregnant women. The expression of HIF-1a and CHOP was analysed using
immunohistochemistry. Microvesicles in maternal circulation were isolated and their size
distribution was determined using nanoparticle tracking analysis. The relative concentration
of syncytiotrophoblast microvesicles (STBMs) from isolated microvesicles was determined

using Placental Alkaline Phosphatase ELISA.

Results: This study demonstrated an increased immuno-expression of HIF-1 a and CHOPS in
preeclampsia compared to the controls (p < 0.05). Additionally, a significant increase in the
mean syncytiotrophoblast microparticles concentration was observed in PE, compared to the
controls (p < 0.05). Further analysis showed a positive correlation between the

immunohistochemical expression of HIF-1 a and CHOP and the STBMs concentration.

Conclusion: This study demonstrates increased placental-expression of HIF-1a and CHOP in
preeclampsia compared to normotensive pregnancies which directly relate to the increase

syncytiotrophoblast microvesicles concentration in maternal circulation. These findings

xii



indicate that placental hypoxia and ER stress are contributory factors to the pathogenesis of
PE and may be a key contributory factor in placental cell apoptosis and the consequent release
of placental derived debris into the maternal circulation.

Key words: HIF-1a; CHOP; Syncytiotrophoblast Microvesicles; Pre- eclampsia; Endoplasmic

Reticulum Stress; Hypoxia
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CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW



INTRODUCTION AND LITERATURE REVIEW

1.1 Background

Preeclampsia (PE), a pregnancy-specific disorder, is clinically characterised by new-onset
hypertension and proteinuria after 20th week of gestation.PE remains a grave obstetric
disorder and a major cause of maternal and fetal morbidity and mortality (Tannetta et al.,
2013Db). The disproportionately higher rates of PE in African women has been observed,

however, the exact cause remains elusive (Rana and Karumanchi, 2017).

The hallmark of PE is abnormal placentation and an angiogenic/antiangiogenic imbalance
causing a vascular dysfunction (Wenger, 2014).PE is a multisystem disease with the spectrum
ranging from cardiac, cerebral, renal and haematological impairment (Rana and Karumanchi,
2017). Severe form of PE may result in the development of HELLP syndrome (haemolysis,
elevated liver enzymes, and low platelets) which is a mirror image of liver abnormalities (Isler

et al., 1999, Weiner et al., 2016).

1.1.1  Prevalence

The global incidence of PE is estimated to afflict 3-5% of all pregnancies (Mol et al., 2016).
Hypertensive disorders account for 14.8% of maternal deaths in South Africa and PE accounts
for the majority of maternal deaths emanating from hypertension (Cuevas et al., 2015). It is
also responsible for the iatrogenic preterm delivery and is considered to be an important and
common medical complication of pregnancy (Jeyabalan, 2013). It not only increases the

significant health risk later in life but also an increase in health care cost.

1.1.2 Classification of Preeclampsia

Preeclampsia can be sub-categorised in various ways; classified by the onset and severity.
Based on the onset of the disorder, it can be classified as early onset or late-onset PE (LOPE).
Preeclampsia before 34 weeks of gestation defined as Early Onset PE (EOPE) while that

which emerges after 34 weeks is defined as Late Onset PE (Watanabe et al., 2013).



It can also be classified based on severity as mild PE which is characterised by a blood
pressure of > 140/90 mmHg but < 160/110 mmHg after 20 weeks gestation, and proteinuria
of > 300 mg/24 hours without exceeding 2.0 g/24 hours or 3 + dipstick (Watanabe et al.,
2013). Severe PE is defined by a blood pressure of > 160/110 mmHg after 20 weeks gestation,

and proteinuria of > 2.0 g/24 hours (Leeman et al., 2016).

1.1.3 Risk factors for Preeclampsia

Preeclampsia is commonly referred as the ‘disease of theories.” Risk factors that predispose
mothers to preeclampsia development include nulliparity, an age of > 40 years, obesity,
previous history of PE or gestational hypertension, women with previous history of renal
disease, previous history of vascular disease, and a long interval between pregnancies
(English et al., 2015). The history of hypertension before pregnancy also may lead to

superimposed preeclampsia on chronic hypertension (Lin et al., 2015).

Genetic factors play a role, as both the maternal and paternal family history of this disease
predisposes the woman to PE (Lin et al., 2015). Multiple gestations is also a risk factor as
the risk of developing PE is increased with the number of fetuses the pregnant woman is
carrying, which may be as a result of increased placental mass. Further, the change in
paternity from a previous pregnancy, the use of barrier contraception as well as conception
through the use of intercytoplasmic sperm injection results in limited priming to paternal
antigens and as a result predisposes the woman to development of preeclampsia (Powe et al.,
2011b). The other risk factors that are implicated in development of preeclampsia are
ethnicity and race. The incidence of PE is found to be increased in African-American
compared to Caucasians (Breathett et al., 2013). Moreover, a family history of preeclampsia

nearly triples the risk of preeclampsia development (Jeyabalan, 2013).

1.1.4 Pathogenesis of Preeclampsia
The exact aetiology of PE is enigmatic despite years of research invested in pursuit of

a‘cure’. The pathology is, however, well described. During normal placentation, the



trophoblast invades the maternal placental spiral arteries, resulting in extensive remodelling of
these vessels, to ensure an adequate blood supply to meet the demands of the growing fetus
(Lee et al., 2012a). In PE, this process of remodelling is impaired causing hypoxic ischaemic
reperfusion injury. These vascular changes and local hypoxia of surrounding tissues lead to
necrosis and other pathological changes and functional derangements in various organ
systems (Tannetta et al., 2013b). Hence, PE has been described as a complex systemic

syndrome originating in the placenta.

The development of preeclampsia takes place in 3 stages: the earlier stages characterised by
abnormal placentation and a later stage where symptoms manifest (Redman and Staff, 2015,

Staff et al., 2013).

Stage 0 Poor immunoregulation :
inadequate maternal tolerance to feto-paternal
antigens during conception and implantation

|

Stage 1 Poor placentation:
deficient of trophoblast invasion and
8-18 weeks i -
spiral artery remodeling

3-8 weeks

Oxidative stress
Endoplasmic reticulum stress
Inflammatory stress

Clinical manifestation:
over activation of maternal endothelium and
systemic inflammatory network

Stage 2
20 weeks - term

Figure 1: The three stages of preeclampsia; Adapted from (Li et al., 2012).

In stage 1, a clinically silent stage placental hypo perfusion develops early in pregnancy
following abnormal placentation due to insufficient trophoblast invasion and the subsequent
physiological change of the spiral arteries of the myometrium (until 14 to 18 weeks of
gestational age) (Redman and Staff, 2015). This failure of remodelling changes the constant
low pressure uteroplacental perfusion to a pulsatile high pressure zone. This damages the
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chorionic villi both hydro dynamically and biochemically causing an ischemic reperfusion
injury (Redman and Staff, 2015). This inadequate spiral artery remodelling is a precursor of
placental hypoxia, the putative culprit that initiates the whole cascade of events finally leading

the maternal syndrome of preeclampsia (Tal, 2012).

The stage 2 (Figure 1) comprises of hypoxia, enhanced placental oxidative stress and
endoplasmic reticulum stress (Staff et al., 2013). This oxidative stress releases placental
factors into the maternal circulation which include exosomes, microparticles and fetal DNA
(Tannetta et al., 2013b). In stage 3, this trophoblast derived debris has the potential to
stimulate the systemic inflammatory response, causing endothelial dysfunction with sub
sequential clinical manifestations of the disease (Redman and Sargent, 2009, Staff et al.,

2013)

1.1.4.1 The role of angiogenic and antiangiogenic molecules in preeclampsia

The resulting ischemia of the placental cells results secreting soluble factors in to the maternal
circulation, factors which are anti-angiogenic may cause maternal endothelial dysfunction
(Tannetta and Sargent, 2013). Disruption in the balances between angiogenic and
antiangiogenic factors is also attributed to the pathogenesis of PE. Two antiangiogenic factors,
soluble fms-like tyrosine kinase 1 (sFlt-1) and soluble endoglin (SEng) have been shown to
play a great role in the pathogenesis of PE (Redman, 2011). Another peptide molecule
indicted in the pathogenesis of PE is soluble endoglin (SEng), it is an antiangiogenic protein.
This molecule is highly expressed on endothelial cell membranes, syncytiotrophoblast cells
and invading cytotrphoblast cells (Powe et al., 2011a). Soluble endoglin may combine with

sFlt-1 and cause amplification of vascular injury (Powe et al., 2011).

1.1.5 The Placenta in Preeclampsia

The placenta plays the most significant role in the development of preeclampsia as this

obstetric complication can occur in hydatidiform molar pregnancies even without a foetus.



Although the exact aetiology is unknown, it has been shown that placental factors released
into the maternal circulation lead to systemic maternal inflammation and endothelial
dysfunction. Gross pathological changes are seen in pre-term severe preeclampsia (Roberts
and Post, 2008, Roberts and Escudero, 2012). Histological changes found in preeclampsia are
believed to be because of reduced perfusion. Reduction in syncytiotrophoblast villous area has
been shown in preeclampsia (Roberts and Escudero, 2012). Recent growing evidence shows
that placental derived microparticles best known as syncytiotrophoblast microparticles play a
major role in the development of preeclampsia (Van der Post et al., 2011). Factors released
from the abnormal placenta within the maternal circulation stimulates the maternal systemic
inflammatory response and consequently causes endothelial dysfunction (Katlama et al.,

2013).

Placental hypoxia initiates the release of these microparticles in the maternal circulation (Rath
et al., 2016). The key mediator of cellular hypoxia is expression of hypoxia inducible factor- 1
alpha (HIF-1 o). This protein is transiently expressed during the hypoxic condition increasing
chances for cellular survival. However, persistently elevated expression can cause a
deleterious effect on the syncytiotrophoblast and an angiogenic/anti-angiogenic imbalane
ensues (Rath et al., 2016). The consistent expression of HIF-1 o under hypoxic environment
makes it a suitable candidate for preeclampsia related research (Akhilesh et al., 2014).

Oxidative stress is closely linked to endoplasmic reticulum stress.

Endoplasmic reticulum (ER) stress has recently been identified as a major regulator of cell
homoestasis through its involvement in post-translational protein modifications and folding,
and its capacity to activate the unfolded protein response (UPR) (Du et al., 2016, Moutouh et

al., 1996).

1.2 Endoplasmic reticulum stress
Syncytiotrophoblast is equipped with high endoplasmic reticulum content in order to perform
active transport of amino acids, ionic pumping, secretion of growth factors and cytokines.
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These organelles are capable of adaptive responses vital to cellular homeostasis (Burton et al.,
2016). The main function of the endoplasmic reticulum (ER) is to properly fold and process
secreted and transmembrane proteins. Environmental and genetic factors that disrupt ER
function can cause an accumulation of misfolded and unfolded proteins in the ER lumen, a

condition termed ER stress (Burton et al., 2016).

Endoplasmic reticulum stress activates a cascade of signalling network called the Unfolded
Protein Response (UPR). This UPR restores ER homoestasis, promoting cell survival and
adaptation. However, when the adaptive mechanisms fail, the destructive pathways are
initiated (Oslowski and Urano, 2011). ER stress is associated with a range of diseases,
including ischemia/reperfusion injury, neurodegeneration, and diabetes making ER stress a
probable instigator of pathological cell death and dysfunction (Du et al., 2016). As PE is also
believed to be an hypoxic microenvironment, ER stress may have a role in its

pathophysiology.

Placental endoplasmic reticulum stress negatively regulates the transcription of PIGF
(Mizuuchi et al., 2016). Pregnancies complicated simultaneouly by preeclampsia and
intrauterine growth restriction tend to exhibit high levels of endoplasmic reticulum stress
(Yung et al., 2012). These results further support the targeting of placental ER stress as a
potential new therapeutic intervention for these pregnancy complications (Mizuuchi et al.,
2016). Higher levels of endoplasmic reticulum stress lead to activation of pro-inflammatory
pathways, a feature of preeclampsia that may contribute to maternal endothelial cell activation

and the aggressive feature of early preeclampsia (Burton and Yung, 2011).

1.2.1 ERstress and CHOP pathways

ER stress activates many pathways (Figure 3). It attempts to maintain intracellular
homoestasis by increasing the folding of unfolded proteins, reducing the load of proteins and
finally death of the cell and activation of pro-apoptotic pathways (Du et al., 2016).

Overexpression of CHOP protein induces apoptosis, through a Bcl-2—inhibitor



mechanism. CHOP forms heterodimers with other C/EBP-family transcription factors via
bZIP-domain interactions, which suppresses their binding to C/EBP sites in DNA, while
promoting binding to alternative DNA sequences for target gene activation (Oyadomari and
Mori, 2004). Activation of CHOP pathway leads to the initiation of apoptosis and shedding of

microparticles.

1.2.2  Expression of ER stress markers in placenta

Endoplasmic reticulum (ER) stress is characterised by activation of three signalling
branches: 1) PERK-pEIF2a, 2) ATF6 and 3) splicing of XBP1(U) into XBP1(S) and it
is known to be implicated in pre-eclampsia (PE) as well as fetal growth restriction
(FGR) (Lian et al., 2011). ER stress markers are found to be increased in the
preeclamptic placenta compared to normotensive. Using real-time RT-PCR it was
shown that genetic of expression of GRP78, PERK, elF2a, ATF4, CHOP, and
caspase 12 mRNA in the placentas of both the early (p < 0.01 each) and late (p < 0.05
each) onset SPE groups were significantly higher than in the control group ( Jinhua Fu

et al.,2014).
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Figure 2: Schematic outline of endoplasmic reticulum stress and effect on variety of pathways
leads to initiation of apoptotic pathways and finally leading to shedding of
microparticles.These microparticles now mediate the peripheral symptoms of maternal

syndrome. Adapted from (Cindrova-Davies, 2009).

1.2.3  Endoplasmic reticulum (ER) Stress and the shedding of microparticles

Diminished oxygen supply to the trophoblast cells results in oxidative as well as endoplasmic
reticulum stress (Burton and Jauniaux, 2011). These two conditions can be initiated by
inflammatory molecules. In severe cases, ER stress may not restore homeostasis as in the
unfolded protein response. Such situations may lead to cellular apoptotic death (Roberts,
2014). As shown by the three stages model of PE, placental abnormalities may cause the
release of placental derived debris and or microparticles into maternal blood and these
particles contribute to the pathogenesis of PE by inducing generalised endothelial dysfunction,

which is the hallmark of disease (Roberts and Hubel, 2009, Tomimatsu et al., 2016).



The related apoptotic effects of ER stress and necrotic effects of oxidative stress together with
the resulting hypoxia cause alteration in structural changes which are secondary to oxidation.
This then expedites the release of STBM into maternal circulation (Roberts, 2014). The
shedding of STBMSs occur in normal pregnancy but are amplified in PE, this is because there
is an elevation in the level of necrotic bodies released into the circulation (Burton and Jones,

2009).

1.3 Microparticles in pregnancy

Microparticles (=100nm) are shed from cellular structures as a result of cellular activation or
necrosis (Redman and Sargent, 2008). MPs are phospholipids vesicles shed from platelets,
endothelium, leucocytes and the human syncytiotrophoblast (STB). These MPs act as an
identification tag for the cells from which they originate. Syncytiotrophoblast-derived
microvesicles/microparticles (STBM) are larger microvesicles (0.2—2 um) shed by the apical
plasma membrane of the STB as a result of cell activation and turnover. Simultaneously with
the STBM shedding, the STB produces and secretes exosomes — nanosized (30-100/150 nm)
membrane-bound microvesicles that originate from the endosomal compartment. As there is a
continuous activation of different cells in our body, it is natural to expect MPs even under

normal physiological conditions (Jadli et al., 2015).

Normal pregnancy is characterised by the normal release of microparticles, however, the
circulating level of these particles are impacted upon by pregnancy complications such as PE
(Marques et al., 2013). Normal pregnancy is considered to be a hypercoagulable state, as there
is an increase in pro-coagulant and a decrease in anticoagulant factors. There is an impact of
the microparticles on placental cross talk and the intercommunication between these
microparticles, thrombosis and pregnancy complications (Aharon and Brenner, 2011).
Microparticles are believed to promote thrombus formation, and mediate pro-inflammatory

effects thereby causing generalised endothelial dysfunction (Alijotas-Reig et al., 2013).
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1.3.1  Placental derived Microparticles

The syncytiotrophoblast layer is a highly specialised multi-nucleate epithelial layer. This layer
regularly forms and expands throughout the course of pregnancy by the fusion of underlying
feeder layers of mononuclear villous trophoblast cells (Aharon and Brenner, 2011). During
the course of gestation, this layer undergoes normal morphological changes which lead to the
shedding of STBMs into the maternal circulation. These STBMs are believed to be a part of
the maternal and fetal cross talk (Burton and Yung, 2011). The unbound syncytiotrophoblast
released microparticles are normally detected by the second trimester in normal pregnancies
with a continuous and considerable increase by the third trimester. Excess shedding of
microparticles has been shown to be a feature of EOPE but not of LOPE and intrauterine

growth restriction (Goswami et al., 2006).

In circulation, STBMs interact with immune cells and also the endothelium, thereby initiating
the whole cascade of events leading to preeclampsia development. They also downregulate T-
cell activity and may importantly contribute to fetal allograft immune escape (Redman and

Sargent, 2009).

a Normal pregnancy: b Preeclamptic pregnancy:
‘Safe’ shedding of trophoblast debris ‘Dangerous’ shedding of trophoblast debris

Syncytiotrophoblast

Suppression of T-cell activation
Formation of neutrophil NETs

MATERNAL IMMUNE TOLERANCE ENDOTHELIAL ACTIVATION & DYSFUNCTION Maternal
; . " circulation
Phagocytosis by macrophages: Phagocytosns. by endothelium &'monocytes. Increased .
tanti-inflammatory cytokines Tpro-inflammatory cytokines Donccyieadhesion
Ipro-inflammatory cytokines 9
O &&&ﬂm
. Syncytial knot . T-cell _ .| Macrophage
@ g | Syncytiotrophoblast Monocyte Neutrophil
e microparticles (2100nm) G L ‘ "

@ © | Placental exosomes/
© | nanoparticles (<100nm)
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Figure 3; Trophoblastic debris in normal and complicated pregnancy; Adapted from (Panthem

et al,2011).

A shift of safe ‘shedding’ of trophoblastic debris in normal pregnancy to a dangerous
‘shedding’ of the same debris in preeclampsia predisposes to endothelial activation and

dysfunction in the maternal circulation and increased systemic inflammatory response.

It should be noted that despite considerable research the exact role of these MPs in healthy
pregnancy and gestational vascular complication is still under intense discussion and
inconclusive. These placental derived particles (STBM’s) have been shown to be higher in
uterine venous plasma (Redman et al., 2012). They are pro-inflammatory, procoagulant and

also anti-angiogenic (Redman et al., 2012) .

1.3.2 Generation of STBM’s

Production of these STBM is a constitutive feature of the unique hemochorial placenta.
STBMs are shed during membrane remodelling.This production is preceded by several
intracellular events. Firstly, at the spot or area of microvesicle formation, the intracellular
calcium is increased. This calcium, derived both extra and intracellularly calcium, activates
several proteolytic enzymes such as calpain. Calpain activation initiates the process of
fragmentation of the cytoskeleton and starts to form blebs and release of plasma membrane
bound vesicles (Freyssinet and Toti, 2010). These microparticles were first isolated invitro but
later found as a constitutive component of plasma in normal pregnancy (Redman and Sargent,

2008)

1.3.3 Functions of STBM’s

STBMs, isolated from the medium used to perfuse term placentas physiologically, have a pro-
inflammatory effect (Mincheva-Nilsson and Baranov, 2014). STBMs bind to and activate
blood monocytes and B cells to produce pro-inflammatory cytokines such as TNF-a, IFN-c,

IL-1b, IL-6,-8,-12, and -18 (Germain et al., 2007, Redman et al., 2012, Holder et al., 2012).
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In preclampsia, the procoagulant, pro-inflammatory and antiangiogenic properties of STBM is
greatly enhanced causing widespread endothelial dysfunction and destruction of the

syncytiotrophoblast (Mincheva-Nilsson and Baranov, 2014).

1.3.4 Quantification of STBM in pregnancy

Plasma STBMs were first measured with an Enzyme -Linked Immunosorbent assay (Alijotas-
Reig et al.) using the syncytiotrophoblast-specific anti-placental alkaline phosphatase (PLAP)
monoclonal antibody (NDOG2). NDOG2 is an anti trophoblast antibody which recognises
placental alkaline phosphatase (Knight et al., 1998). STBMs were detected as early as the late
first trimester of normal pregnancy, increased throughout normal pregnancy (Germain et al.,
2007) and were present in significantly higher concentrations in PE (Knight et al., 1998) more
so EOPE than in LOPE (Goswami D et al.,2006). However, although this STBM ELISA is
guantitative, it gives no information about the nature of these extracellular vesicles (Tannetta
et al., 2013b). The other enzyme used to detect STBM in maternal blood is Human Placental

Alkaline Phosphatase.

1.4 Human Placental Alkaline Phosphatase (PLAP)

The enzyme, human placental alkaline phosphatase (PLAP), is a placenta-specific enzyme
found in the trophoblast cells of a normal human mature placenta (Grgi¢ and Bogdanovic,
2009). It is part of the alkaline phosphatase (ALP) group of enzymes that hydrolyse the
phosphate-containing compounds in an alkaline environment (She et al., 2000). This enzyme
is synthesized in the placenta and is detectable in the maternal serum from the seventh week
of gestation, reaching peak concentrations at term. Coryn first reported the elevation of serum
PLAP during the second trimester of pregnancy in 1934 (Aliyu et al., 2013). The precise
physiological function of this enzyme is not well-known, however, reports suggest that

increased levels PLAP in the oral fluids of patients with preeclampsia (Chaparro et al., 2016).
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1.41 Maternal serum PLAP

It has been shown that total serum PLAP increases from the 10-13™ gestational weeks and this
correlates with the developing placenta and the placental PLAP activity (Lubina Solomon,
2011). Research shows that in normal pregnancy, total PLAP increases from the 30" week of
gestation reaching levels of up to two-three times the upper limit of the normal range for non-

pregnant woman (Boronkai et al., 2005).

1.5 Rationale for the study

Controlled apoptosis plays an important role in maintaining tissue homoestasis and normal
cellular growth cycles. Accumulated evidence suggests that dysregulation of apoptosis
underlies the pathogenesis of several human diseases. Preeclampsia is an example of an
ischaemic reperfusion injury which leads to oxidative stress. We believe that this oxidative
stress leads finally to ER stress and shedding of microparticles via the activation of different
signalling pathways. Amelioration of this stress can prove beneficial and must remain a

research priority.

Most of the studies stated above were performed in developed countries and mostly on
Caucasian women. Data available for Black South African women are sparse and no study has
linked ER stress and microparticles. Furthermore, there may be racial variations in both the
incidence of PE and the clinical features at presentation (Breathett et al., 2013). For example,
the incidence of PE is much higher in South Africa and it has a much more aggressive and
rapid clinical course of presentation, leading to significant mortality (Moodley, 2011-2013).
Therefore the aim of this study is to quantify STBMs in South African PE and normotensive
pregnant women and to investigate if ER stress in placental tissue is one of the mechanisms

for the production of these microparticles.
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1.6

1.7

HYPOTHESIS

The STBMs are raised in venous plasma of Black South African preeclamptic women

compared to normal controls.

The ischemia reperfusion injury(I/R) in preeclampsia leads to oxidative and
endoplasmic reticulum stress. ER stress activates signalling pathways which finally

leads to shedding of microparticles.

This I/R also leads to increased expression of endoplasmic reticulum stress markers

in placental tissues.

Aim of the study

To determine syncytiotrophoblast released microparticles levels and the mechanism of release

in Black South African women.

1.8

Objectives of the study

To measure the presence of STBM’s in normotensive and preeclamptic women with

ELISA.

To measure ER stress in placental tissues with immunohistochemistry using the

markers viz HIF-1o and CHOP.

To correlate immuno-expression of HIF- 1o and CHOP with shedding of the

microparticles.
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Placental Hypoxia Inducible factor -1a and CHOP Immunohistochemical expression Relative
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Abstract

Introduction and aim: Preeclampsia (PE) is thought to occur as a result of hypoxia-induced
oxidative and endoplasmic reticulum stress which initiates a cascade of apoptotic events. This
results in the activation of the CHOP pathway and the consequential shedding of
syncytiotrophoblast microvesicles which maybe central in mediating the maternal systemic
immune response. The aim of this study was to, therefore, immune-localise and
morphometrically analyse CHOP and HIF-1a within the placenta of normotensive and pre-
eclamptic pregnancies and concomitantly quantify syncytiotrophoblast released microvesicles

in maternal circulation.

Materials and methods: Plasma and placental tissue were obtained from normotensive and
pre-eclamptic pregnant women. The expression of CHOP and HIF-1a was analysed using
immunohistochemistry. Circulating maternal microvesicles were isolated and their size
distribution was determined using nanoparticle tracking analysis. The concentration of
syncytiotrophoblast microvesicles was determined using the placental alkaline phosphatase

ELISA.
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Results: This study demonstrates a significant increase in Immunohistochemical
expression of HIF-1 o and CHOP in preeclampsia compared to the normotensive
women (p<0.05). A significant increase in the mean syncytiotrophoblast
microvesicles concentration was observed in PE, compared to normotensives
(p<0.05). In addition, a positive correlation between placental expression of CHOP

and HIF-1a and STBMs was obtained (p<0.05).

Conclusion: This study demonstrates increased placental-expression of HIF-1o. and CHOP
in preeclampsia compared to normotensive pregnancies which correlate to the increase
syncytiotrophoblast microvesicles concentration in maternal circulation. These findings
indicate that placental hypoxia and ER stress are interrelated contributory factors to the
pathogenesis of PE and the consequential release of placental derived debris into the

maternal circulation.

Keywords: HIF-1a; CHOP; Syncytiotrophoblast Microvesicles; Pre- eclampsia;
Endoplasmic Reticulum Stress; Hypoxia

Highlights

e Immuno-expression of HIF-1 o, and CHOP were increased in preeclamptic
pregnancies compared to normal.

e Syncytiotrophoblast microvesicles increase in preeclampsia compared to normal
pregnancy.

e ER stress and Hypoxia potentiate the release of syncytiotrophoblast microvesicles in
preeclampsia

19



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Introduction

Preeclampsia (PE) is a hypertensive disorder of pregnancy characterised by new-onset
hypertension and proteinuria presenting after the 20th week of gestation (Warrington et al.,
2013). The global incidence of PE ranges from 2-8% (Jeyabalan, 2013). Hypertensive
disorders of pregnancy are the leading cause of maternal mortality in South Africa, accounting

for 14.8% of all deaths between 2011-2013 (Cuevas et al., 2015).

The underlying aetiology of PE remains elusive while the pathogenesis has been described
(Ghulmiyyah and Sibai, 2012). The development of PE starts with inadequate trophoblast
invasion occurring in the early stages of pregnancy. This results in improper remodelling of
the myometrial spiral arteries with consequential placental hypo perfusion and an ischaemic

environment (Redman and Staff, 2015).

Placental hypoxia initiates a cascade of events which lead to the maternal syndrome of PE
(Tal, 2012). The hypoxic microenvironment causes oxidative stress and subsequent death of
placental cells, culminating in the postulated release of trophoblast derived factors and/or
debris into the maternal circulation (Tannetta et al., 2013a). These placental-derived debris
such as syncytiotrophoblast microvesicles, exosomes and cell free fetal DNA stimulate the
maternal systemic inflammatory response (MSIR) thus contributing to the development of PE

(Redman and Sargent, 2009).

Normal pregnancy is characterised by physiological turnover of cells resulting in the release
of syncytiotrophoblast microvesicles (STBMs) and other placental-derived debris into the
maternal circulation (Aharon and Brenner, 2011). There is obviously an impact of the
microvesicles on placental cross talk and the intercommunication between these
microvesicles, thrombosis and pregnancy complications (Aharon and Brenner, 2011). In PE,
there is an increase in the release of placental-derived microvesicles, which promote thrombus

formation, mediate pro-inflammatory effects thereby causing endothelial dysfunction
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(Katlama et al., 2013). Hypoxia and reperfusion injury in PE cause increased rate of

syncytiotrophoblast apoptosis and necrosis (Burton and Yung, 2011).

One of the key factors in hypoxia is expression of hypoxia inducible factor 1 alpha (HIF-1a)
(Cann and Karn, 1989). The HIF-1 o plays a crucial role in the transcription of numerous
oxygen-dependent genes which encode proteins involved in angiogenesis and cell
metabolism. HIF-1a is well expressed in conditions of diminished oxygen, this helps in
placenta establishment early in pregnhancy. However, overexpression is implicated in the
development of several inflammatory conditions such as PE (Lodish et al., 2000, Cann and

Karn, 1989).

The syncytiotrophoblast is equipped with a high endoplasmic reticulum (ER) content (Burton
et al., 2009). In PE, oxidative and endoplasmic reticulum stress may be induced by the
ischaemic reperfusion and hypoxia caused by diminished blood flow into the intervillous
space, generation and accumulation of reactive oxygen species through the mitochondrial
pathway as well as disturbances in homeostasis of calcium . This stress activates a cascade of
signalling network called the Unfolded Protein Response (UPR). UPR restores ER
homeostasis, promoting cell survival and adaptation (Oslowski and Urano, 2011). However,
this initiation of UPR also leads to a homeostatic imbalance and activation of pro-apoptotic
pathways such as CHOP (GADD153) (Du et al., 2016). CHOP (GADD153) is a member of
the C/EBP family and bZIP transcription factors. The expression of CHOP is commonly
induced by ER stress. The chop gene promoter contains binding sites for all of the major
inducers of the UPR, including ATF4, ATF6, and XBP-1, and these transcription factors play
causative roles in inducing chop gene transcription (Rozpegdek et al., 2016). Overexpression of
CHOP protein induces apoptosis, through a Bcl-2—inhibitor mechanism (Oyadomari and

Mori, 2004).

While ER stress and release of microvesicles have been measured separately, we measure

both events on a single sample (both placenta and blood from the same women) in an effort to
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show direct link between them. This has been not done on the homogenous South African

cohort.

Therefore the aim of this study is to quantify STBMs in Black South African PE and
normotensive pregnant women and to assess if ER stress in placental tissue is one of the

mechanisms for the production of these microvesicles.

Materials and Methods
Ethics Statement

Regulatory ethical and institutional approvals were obtained from the Biomedical Research

Ethics Committee of the University of KwaZulu-Natal (BE364/15), South Africa.
Study Group and Samples

Healthy normotensive (N; n=15) pregnant and pre-eclamptic (PE; n=7) women in the third
trimester of pregnancy scheduled to have elective caesarean deliveries for obstetric indications
were recruited. Normotensive women were classified by a blood pressure of <140 / 90 mmHg
(systolic/diastolic mmHg) and absent proteinuria as detected by a rapid urine dipstick test
(Markomed®, South Africa). Preeclampsia was defined as new-onset hypertension,
characterized by a blood pressure of > 140/90mmHg, with the presence of protein in the urine
> 300mg in a 24-hour urine sample (or a value of > 2+ on dipstick) after the 20" week of
gestation (Magee et al., 2014, Tranquilli et al., 2014). All women had singleton pregnancies
and those with evidence of any infections or medical, surgical or other obstetric complications

were excluded.

Blood samples were collected [BD Vacutainer Tubes (EDTA), Becton Dickinson and
Company, South Africa] and the plasma samples were stored at -80°C for analyses (N; n=7,

PE; n=7). Placental tissue was dissected both from central and peripheral regions of the
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placenta. The placental tissue was cut, rinsed with PBS (1X, pH 7.5) and preserved in 10%

phosphate buffered formalin within 10 minutes of delivery.

Immuno-histochemical staining

Post fixation the placental tissue samples were dehydrated and paraffin embedded using the
Leica automated tissue processor. Sections of 3-4 um were cut with a Leica RM 2135
microtome and mounted on glass slides. Specimens were dewaxed in xylene and rehydrated in
decreasing order of ethanol concentration. Antigen retrieval and immuno-staining was carried
out using the Envision High pH Flex Mini Kit (DAKO), the monoclonal-mouse-anti-HIF-1a
[LA3] antibody (Abcam, USA; abl113642, 1:1000) and monoclonal-mouse-anti-
GADD153/CHOP [9C8] antibody (Novus Biologicals; NB600-1335, 1.75) served as primary
antibodies. Gastric adenocarcinoma and glioblastoma multiforme tissue were used as the
positive control for HIF-1 a and CHOP respectively. Appropriate buffer and negative controls
(placental tissue without primary antibody) were carried out. All specimens were viewed with
an Axioscope Al microscope (Carl Zeiss, Germany). Image capturing, processing and
analysis were performed using the AxoVision software (Carl Zeiss, Germany 4.8.3). At least
four fields of view per slide were randomly selected and captured at an initial objective

magnification of 20X.

Isolation of microvesicles from maternal circulation

Microvesicles were isolated according to a modified method as described by Dragovic et al.,
(2015) on seven normotensive and seven preeclamptic pregnancies. Plasma (1ml) was diluted
with an equal volume of phosphate buffered saline (PBS; pH 7.4) and centrifuged at 1500g at
4°C for 20 min. The supernatant was collected and centrifuged at 10 000g at 4°C for 30 min.
The pellet was re-suspended in 2 ml PBS (pH 7.4) and thereafter centrifuged at 10 000g at

4°C for 30 min. This step was repeated to reduce contamination by soluble proteins.
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Microvesicle protein concentration was determined using the RC DC Protein Assay (Bio-Rad

Laboratories, Hercules, CA, USA).

Size distribution of microvesicles using nanoparticle tracking analysis and

Syncytiotrophoblast microvesicles quantification

Quantification and size distribution of microvesicles were determined using the NS500 as
previously described by our group (Nano Sight NTA 3.0 Nanoparticle Tracking and Analysis
Release, Version Build 0069) (Pillay et al., 2016). The relative concentration of STBMs was
determined by the quantification of human placental alkaline phosphatase (PLAP) in the total
microvesicle fraction using a commercial ELISA kit (Elabscience, E-EL-H1976, WuHan,
P.R.C). Briefly, isolated microvesicles (25 ug) were allowed to bind to the primary PLAP
specific antibody coated plates by incubation at 37°C for 90 min. Plates were washed and 50
ul of HRP-conjugate was added to each well and incubated at 37°C for 20 min. Plates were
washed and incubated with 50 pl of substrate A and 50 pl of substrate B at 37°C for 15 min.
The incubation was terminated using 50 pl of stop solution at RT for 2 min under agitation.
Absorbance was measured at 450 nm and microvesicle PLAP was expressed as pg/ml plasma.
The quantification of PLAP in the microvesicle fraction indicates the relative concentration of

placental-derived microvesicles (STBMs) in maternal circulation.

Statistical Analysis

Statistical significance was defined as p<0.05. Statistical significance between the two groups
was assessed using unpaired t-test. Data is presented as the mean = SEM. Pearson’s
correlation analysis was done to determine the relationship between syncytiotrophoblast
microvesicles in maternal circulation and placental protein expression. Statistical analyses
were preformed using commercially available packages (Prism 6, GraphPad Inc, La Jolla, CA

92037 USA).
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Results

Patient Clinical Data

Patient demographics are presented in table 1. The table shows that there were no significant
differences in clinical parameters between the N and PE groups (p>0.05) except for increased
blood pressure levels in the PE group (p<0.05). The mean birth weight in the N group was

significantly higher than that in the PE group (3.4 + 0.3 vs 2.7 + 0.5 kg, p<0.05).

Table 1 The Clinical Characteristics of both study groups

Variables Normotensive (N) Preeclampsia (PE)
(n=15) (n=7)

Age (years) 30.0+£5.1 25.1+7.1

BMI (kg/m?) 31.6+6.4 26.7+5.9

Nulliparous 1 2

(number)

Multiparous 14 5

(number and percentage)

Gestational age at sampling/ delivery 36.2+1.3 35.8+15

(weeks)

Systolic blood 108.8 £ 6.7 148.1 £+ 11.2*

pressure (mmHg)

Diastolic blood 71.8+6.4 96.4 + 8.8*

pressure (mmHg)

Baby weight (kg) 34+03* 27x05

Baby gender (Male) 7 3

Baby gender (Female) 8 4

All values are expressed as mean + SEM. All pregnancies were singleton without any
intrauterine infection or any other medical condition. PE versus N *p<0.05 in blood pressure.
BMI N vs PE *p<0.05.

Expression of CHOP and HIF-1a in preeclamptic and normotensive placenta

Immunohistochemistry showed strong reactivity for HIF-1 o and CHOP in preeclamptic
placentas than normotensive controls (Fig.1). More specifically, the nuclear immune-
expression of CHOP and cytoplasmic HIF-1a was enhanced in PE in comparison to

normotensives (Fig.1 A, B, D & E). The majority of the positive staining was found in the
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syncytiotrophoblast. In addition, the analysis of the mean percentage area of CHOP and HIF-

lo. immuno-staining indicated that there was a significant increase in CHOP and HIF-1a
immune-expression in PE in comparison to N (13.1+4.1 % vs 6.5+ 4.3 % and 14.1 + 6.8 %

vs 9.24 + 2.4 %, respectively, p < 0.0001; Fig.1 C & F).

Quantification and characterisation of microvesicles in maternal circulation

The size distribution profiles (Fig. 2A) indicate that the microvesicles ranged in size from 50 -
450 nm. A statistically significant difference in the mean microvesicle particle size between
preeclamptic and normotensive groups was obtained (127.6 = 7.93 nm vs 137.4 £ 5.08 nm, p
< 0.005; Fig. 2B). A significant increase in microvesicle concentration was obtained in PE in
comparison to N pregnancies (1.38 + 0.34 X 10" vs 5.06 + 0.61 X 10" particles/ml plasma, p

< 0.05; Fig. 3).

The relative concentration of syncytiotrophoblast (STB) microvesicles was obtained 574.3 +
55.99 pg/ml plasma, in PE compared to vs 218.8 + 29.35 pg/ml plasma, in normotensive

pregnancies (p<0.005; Fig. 4)

Relationship between Syncytiotrophoblast Microvesicles in maternal circulation and

HIF-10 & CHOP Expression

Figure 5 shows the relationship between the relative concentration of syncytiotrophoblast
microvesicles and placental protein (HIF-1aa & CHOP) expression. This relationship was
determined by the correlation between the PLAP* microvesicles (pg/ml plasma) and protein
expression (HIF-la & CHOP, % Area). A positive correlation between the relative
concentration of STBMs and placental HIF-1ao & CHOP protein expression in PE and N

groups were obtained (Pearson’s r > 0.5, p < 0.05; Fig. 5).
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Discussion

While ER stress and an increase in microvesicle concentration have been reported in
complicated pregnancies like PE, no study has examined the combined relationship of these
factors. Our findings demonstrate a significant increase in the immuno-expression of CHOP
and HIF-1a in PE placental tissue in comparison to the normotensive group (p<0.05), which is
in keeping with previous studies (Augusto Korkes et al., 2017). In combination with these
findings, nanoparticle tracking analysis of the isolated microvesicles in maternal circulation
showed a significant decrease in mean microvesicle particle size and increased particle
concentration in PE in comparison to normotensive women (p<0.05). The size distribution
profile ranged from 50-450nm which is characteristics of microvesicles. Further
quantification of the relative concentration of STBMs from the isolated microvesicles by
PLAP ELISA indicated that there was a significant increase in STBMs in PE in comparison to
normotensive woman (p<0.05). In addition, we report a positive correlation between placental
CHOP & HIF-1a expression and STBMs in maternal circulation. These findings support the
theory whereby the oxidatively stressed placenta results in the expression of ER stress

proteins which enhances the production of placental derived STBMs.

Hypoxia is essential in early stages of gestation for supporting a successful pregnancy,
however, prolonged hypoxia is observed in PE and other inflammatory conditions (Cann and
Karn, 1989). It is therefore probable that the increased expression of placental HIF-1 o in PE
could be as a result of the imbalance in oxygen homeostasis due to diminished placental
perfusion caused by improper spiral artery remodelling in early pregnancy, a key feature of
PE (Caniggia et al., 2000). Increased HIF-1 oo mRNA expression in preeclamptic placentae
have also been observed by others (Du et al., 2016). In addition, severe and prolonged
imbalances in oxygen homeostasis could result in antiangiogenic/angiogenic imbalance
induced by HIF-1a, which acts in combination with many other factors and potentiates the

clinical manifestation of PE (Greijer and van der Wall, 2004).
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The syncytiotrophoblast performs many important functions such as regulation of oxygen
delivery and synthesis of a variety of proteins and possess abundant free ribosomes and
endoplasmic reticulum (ER) (Mincheva-Nilsson and Baranov, 2014). Oxidative stress in
syncytiotrophoblast predisposes it to ER stress. CHOP is a known marker of ER stress, and
is up regulated in PE (Moutouh et al., 1996, Du et al., 2016). Endoplasmic Reticulum stress-
induced apoptosis is primarily mediated through ATF4-mediated transcriptional induction of
the C/EBP homologous protein CHOP (Redman, 2011). The increased expression of
syncytiotrophoblast nuclear CHOP observed in PE in comparison to normotensive placentae
suggests that ER stress maybe a major contributing factor to the increased apoptosis in PE
syncytiotrophoblast. This is supported by the findings of this study whereby the increased
expression of STBMs in PE positively correlates to placental CHOP & HIF-1a expression. In
addition, this relationship suggests that that both the ER stress and hypoxia response pathways

could potentiate the release of STBMs in maternal circulation.

STBMs are key factors involved in mediating the maternal systemic inflammatory response
(MSIR) (Gohner et al., 2012). It is therefore plausible that the increased release of STBMs
into maternal circulation leads to the exaggeration of the MSIR resulting in PE. In this study
we observed that the isolated vesicles in PE constituted of an elevated concentration of
vesicles with a particle size of 60-120nm in comparison to normotensives, this size profile is a
key characteristic of microvesicles. This observation is in keeping with our previous study
which showed that placental-derived microvesicles and exosomes were increased in early
and late onset preeclampsia (Pillay et al., 2016). This suggests that the cascade of cellular
events induced by the enhanced expression of placental CHOP and HIF-1a not only results in
the increased release of STBMs but also the specific biogenesis of vesicles such as exosomes.
These signalling vesicles also may contain key DNA, RNA and protein factors which
potentiate the MSIR (Pillay et al., 2016). It is therefore necessary that future studies

incorporate the isolation and characterisation of the sub-classes of STBMs in conjunction with
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determining their biological relationship with ER stress and hypoxia, these studies are

currently ongoing within our research group.

Limitations

There were limitations to this study. Oxidative stress and ER stress start early in pregnancy,
however, it was not possible to do an early gestational study. Sample size was a huge
limitation as chances of encountering HIV-ve pregnant woman with preeclampsia who

delivered babies by caesarean section are low.

Conclusion

Our findings show that the placental immuno-expression of CHOP and HIF-1a are elevated in
PE and could be key placental factors involved in the pathogenesis of PE. Additionally, the
correlation between placental protein expression and STBMs indicate that ER stress and
hypoxia may potentiate the release of STBMs into the maternal circulation. In combination,
these novel findings form the basis for future research whereby we will isolate and

characterise STBM constituents for further biological function in ER stress and hypoxia.
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Figures

Fig. 1. Placental Immune Histochemical Expression of CHOP and HIF-1a in Preeclamptic (n=7)
and Normal Pregnancies (n=15). (A) CHOP expression in PE and (B) normotensive pregnancies.
(D) HIF-1a expression in PE and (E) Normotensive pregnancies. Mean area (%) of (C) CHOP
and (F) HIF-1a in PE and N. In A and B arrows indicate the increased nuclear expression of
CHOP in the terminal villi. In D and E arrows indicate the increased cytoplasmic expression of
HIF-1a in the terminal villi. In C indicates CHOP expression and F HIF-1a expression, ***p <

0.0001.
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Fig. 2. Characterisation of Microvesicles in Preeclamptic (PE; n=7) and Normotensive (N;
n=7) Maternal Circulation. (A) Microvesicles size distribution profile (nm). (B) Mean

particle size (nm).
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Figure 5: Relationship between the relative concentration of PLAP" microvesicles in
maternal circulation with immunohistochemical expression HIF-1a and CHOP.
(A) PLAP+ microvesicles and CHOP expression (% Area) in PE (r = 0.8891; p = 0.0074).
(B) PLAP+ microvesicles and CHOP expression (% Area) in N (r = 0.9065 p = 0.0049).
(C) PLAP" microvesicles and HIF-1a expression (% Area) in PE (r = 0.9668, p = 0.0004)
and (D) PLAP" microvesicles and HIF-1a expression (% Area) in N (r = 0.9218, p =

0.0031).
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SYNTHESIS, CONCLUSION AND RECOMMENDATION

Synthesis

The main aim of this study was to evaluate if endoplasmic reticulum (ER) stress was one of
the mechanisms for the production of syncytiotrophoblast microparticles in the maternal
plasma. Immuno-localization of one of the hypoxic marker i.e. HIF-1 o and one of the
endoplasmic reticulum stress marker i.e. CHOP was performed using immunohistochemistry
in the placenta. Concomitantly, microvesicles size distribution and quantification was done

using Nanoparticle Tracking Analysis and ELISA (PLAP).

The syncytiotrophoblast layer forms a very critical maternal foetal interface which performs
many important functions which impact on the success of pregnancies. Disturbances in
functions have deleterious effects on the development of placenta (Tannetta et al., 2016).
Normal pregnancy is characterised by physiological turnover of the syncytiotrophoblast layer
with consequential shedding of microvesicles and, hence, the cells are continuously active.
Cellular apoptosis plays a crucial role in maintaining tissue homeostasis, but the
dysregulation of apoptotic process is involved in the cause of many human diseases

(Mcllwain et al., 2013).

In pregnancy disorders like PE, placental hypoperfusion develops due to lack of the
physiological transformation of spiral arteries within the myometrium (Moutouh et al., 1996).
The resulting hypoxic placenta increases transcription of oxygen dependent genes such as
factors such as HIF-1 a which helps in establishment of the placenta in early stages of
gestation. Overexpression of HIF-1 o is implicated in the pathogenesis of inflammatory
conditions like PE (Lodish et al., 2000, Redman, 2011). Hypoxia, oxidative stress and
endoplasmic reticulum (ER) stress are interrelated contributory factors to the
aetiopathogenesis of PE. Recent findings implicate ER stress in the pathophysiology of PE
(Myatt, 2010, Burton and Yung, 2011, Moutouh et al., 1996). Failure of homeostatic

pathways to restore and maintain metabolic equilibrium, will induce oxidative, mitochondrial
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and ER stress which together induce apoptosis via the activation of mitochondrial dependent
and independent apoptotic pathways which include the caspase and CHOP pathways (Burton
et al., 2016). We and others hypothesized that the syncytiotrophoblast under ER stress,
increases shedding of microvesicles in the maternal circulation. Importantly, recent studies
indicate that these microvesicles may activate different signalling pathways and may cause an
exaggerated inflammatory response and an increase cellular apoptosis associated with PE
(Cindrova-Davies, 2009, Tannetta et al., 2016). It is this key point that illustrates the clinical
manifestation in pre-eclamptic mothers, necessitating intense investigation in their biogenesis

and as potential early biomarkers.

Activation of apoptotic pathways present a major problem for the syncytiotrophoblast layer
because of the absence of cell boundaries which endangers this area as “apoptosis” sweeps
easily through the entire epithelium causing failure in the maintenance of pregnancy (Burton
et al., 2016). The syncytiotrophoblast layer is highly active and performs many important
functions so are susceptible to apoptosis and necrosis which is elevated in pregnancy
complications like PE and fetal growth restriction (Lee et al., 2012b), due to increased stress

levels.

The present study was designed to evaluate ER stress in placental tissues by immuno-
localisation of Hif-1a and CHOP, and to correlate these parameters to the concentration of
circulating syncytiotrophoblast microparticles in normal pregnancy and preeclamptic
pregnancy. The study population was a cohort of Black South African women as
hypertension in pregnancy remains a major public health concern and one of the main cause
of maternal mortality in South Africa (Moodley, 2011-2013). While increased expression of
ER stress markers and HIF-1 o and increased microparticles in complicated pregnancies have
been reported by other researchers (Fu et al., 2015, Du et al., 2016, Rath et al., 2016),to the
best of our knowledge, no work has been performed to show a link between within a single

patient sample.
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In this study, results showed a significant difference in placental immunohistochemical
studies, morphometric analysis, and microvesicles size and concentration between
preeclamptic and normotensive pregnant women. This supports earlier findings that the cause
of PE is of placental origin and hence, the understanding of the pathophysiology of PE

requires placental examination (Gohner et al., 2012).

In the present study, maternal and gestational age as well as the BMI was similar between the
normotensive pregnant and the PE groups. Birth weight was significantly lower in the
preeclamptic compared to the normotensive pregnant group. A low birth weight in early onset
but not late onset PE is as a result of the diminished blood flow and nutrient supply to the

developing foetus during the course of pregnancy (Xiong et al., 2002).

In the present study, the mean area % of HIF-1la was significantly elevated in the
preeclamptic compared to normotensive. This finding is in line with similar findings that also
showed an increased immunoexpression of HIF-1a in PE compared to controls (Gohner et al.,
2012, Akhilesh et al., 2014). In hypoxic environments, HIF-1o plays crucial roles in
vascularization and embryo survival, thus helping in the early establishment of pregnancy
(Rath et al., 2016), however, chronic elevated expression of HIF-1 a leads to dysregulation of
angiogenesis and angiogenic/antiangiogenic imbalance (Gohner et al., 2012). A limitation of
our finding is that we used term placenta, whereas, vascular remodelling occurs in the first
trimester. The other limitation to our study was the collection preeclamptic placenta
delivered by elective caesarean section. Studies have shown that in preeclamptic placentae,
there is an up-regulation of HIF-1o. mRNA, as well as an elevated expression of HIF-la
implicating it in the pathogenesis of this hypertensive disorders of pregnancy (Rajakumar et

al., 2004, lwagaki et al., 2004, Caniggia and Winter, 2002).

Another key finding in this study is the significantly elevated CHOP immunohistochemical
expression in preeclamptic placentae compared to normal. CHOP is marker of ER stress, and

the CHOP mRNA and protein expression level has been shown to be up regulated in women
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with PE compared to that in women with normal pregnancies (Fu et al., 2015, Du et al.,
2016). Mccullough et al., (2001) showed that an increased expression of CHOP causes ER
stress as Bcl2 is downregulated (McCullough et al., 2001) and the rate of apoptosis is
increased. This downregulation of Bcl2 suggests that that the exaggerated ER stress seen in
PE may be a major contributory factor to the increased placental cell death consequent

increase in the release of cellular debris into the maternal circulation.

Results obtained from the present study show a statistically significant difference in mean
microvesicles particle size between the PE group and the controls. We reported the size
distribution profiles ranging between 50 - 450nm were present in the patient’s samples which
are characteristic features of microvesicles. A statistically significant difference in the mean
microvesicles concentration in preeclamptic pregnancies compared to normal pregnancy was
also observed (p<0.005). The relative concentration of the isolated syncytiotrophoblast (STB)
microvesicles using the placental alkaline phosphatase ELISA indicates that an increase in
STB microvesicles is present in PE group compared to the controls (p<0.05). Our findings are
in keeping with similar studies that have found an increase in the STB microvessicles level in
PE (Salomon et al., 2013, Sabapatha et al., 2006, Pillay et al., 2016). Importantly, we also
observed a positive correlation between the placental immunohistochemical expressions of
HIF-1 a and CHOP with microparticles in the maternal circulation. This key finding might
provide a link between stressed placenta and increased production of microvesicles and also

paves a way to novel pharmaceutical interventions.

We have previously shown in our laboratories that the Placental Alkaline Phosphatase
(PLAP) marker used for the quantification of placental-derived exosomes (a sub
classification of microvesicles within the size range of 20-130nm) is elevated in PE (Pillay et
al., 2016). This was attributed to placental hypoxia, increased apoptosis and increased release
of STBMS, exosomes and fetal DNA into maternal circulation (Redman and Sargent, 2009).
Furthermore, STBMS carry the danger molecules HSP70 and HMGB1 which facilitates their

pro-inflammatory effect, whereas their pro-coagulant activity results from the expression of
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tissue factor (Mincheva-Nilsson and Baranov, 2014, Gohner et al., 2012). They have also
been shown to be immunoregulatory, as they suppress NK and T cell responses in vitro due
to their expression of MICA/B and Fas ligand (Christianne et al., 2015). This has
implications in rejection of the placenta. Clearly STBMS are major role players implicated in

both placentation and foetal development.

Conclusion

This study shows that the immunoexpression of HIF-1a and CHOP, markers of hypoxia and
ER stress were significantly elevated in PE compared to normotensive pregnancies. We also
observed a statistically significant difference in the mean microvesicles concentration in PE
compared to normal pregnancy. A correlation between these changes was observed. This
study showed that placental hypoxia and ER stress are implicated to the pathogenesis of PE.
This increased placental hypoxia and oxidative stress results in the release of placenta derived
factors or debris into maternal circulation which has the capacity to stimulate an exaggerated
inflammatory response and cause generalised endothelial dysfunction which is hallmark of

preeclampsia.

Recommendations:

These syncytiotrophoblast microparticles are capable of cellular signalling and carry a
complex cargo of lipids, mRNA, proteins and are of critical importance in maternal, fetal and
placental cross-talk during pregnancy. It is therefore important to isolate and fully
characterise sub -classes of STBMs in an effort to determine their relationship with hypoxia
and ER stress. In addition, the evaluation of placenta would be performed by electron
microscopy and electron immunostaining. For future studies a larger cohort is recommended
for extrapolation of finding for the general population. Amelioration of ER stress through

pharmaceutical interventions can be a breakthrough in the management of preeclampsia.
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PLACENTAL EXPRESSION OF HIF-1 ALPHA IN PREGNANT SOUTH AFRICAN
WOMEN

S. Verma', T. Naicker?, J. Moodley® and I. Mackraj*

'Department of Physiology, University of KwaZulu-Natal, “Department of Optics and
Imaging, University of KwaZulu-Natal, *Women's Health and HIV Research Unit, University
of KwaZulu-Natal
Hypertensive disorders (chronic hyper-tension, gestational hypertension, preeclampsia,
eclampsia and the HELLP syndrome) is considered a major complication of pregnancy and is
the commonest direct cause of maternal mortality in South Africa (Saving Mother’s Report;
2011-2013). Preeclampsia, accounts for majority of maternal deaths emanating from
hypertension. It is also responsible for the iatrogenic preterm delivery and is associated with
perinatal and maternal morbidity and mortality. Although its exact pathophysiology is

unclear, endoplasmic reticulum stress and trophoblast apoptosis are implicated®.

The placental microenvironment in preeclampsia is hypoxic and induces the expression of
Hypoxia inducible factor-1 alpha (HIF-1 alpha). HIF-1 alpha is transiently expressed
enabling adaptation to the hypoxic environment®. This promotes the production of anti-
angiogenic molecules with resultant endothelial dysfunction®. Hypoxia-induced oxidative and
endoplasmic reticulum stress initiate a cascade of apoptotic events with consequential
shedding of microparticles. These microparticles mediate the peripheral maternal syndrome
of preeclampsia®. The aim of this study is to immunolocalise and morphometrically analyse

HIF-1 alpha within the placenta of normotensive and pre-eclamptic pregnancies.

This study was approved by the Biomedical Research Ethics Committee (BREC no: 364/15),
University of KwaZulu-Natal. All patients gave written informed consent. Placentae were
obtained after caesarean section at a regional hospital, Durban, KwaZulu-Natal, South Africa.
The study population consisted of normotensive pregnant (n=14) and preeclampsia (n=7)
women. The placenta was collected within 10 minutes of delivery and immediately fixed in

10% phosphate-buffered formalin. Immunohistochemistry was performed using anti HIF-1
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alpha antibody (1:1000; Abcam113642) and Envision Flex Mini High pH Link kit (Dako).
All specimens were viewed with an Axioscope Al microscope (Carl Zeiss, Germany). Image
capturing, processing and analysis were performed using the AxoVision software (Carl Zeiss,
Germany 4.8.3). At least two fields of view per slide were randomly selected and captured at

an initial objective magnification of 20X.

Within the placental villi (both exchange and conducting), HIF-1 alpha immunostaining
occurred within the syncytiotrophoblast and cytotrphoblast cell population (Fig. 1A).
Additionally, the immuno-expression was also noted in endothelial cells lining arteries, veins
and capillaries across all villi types. HIF-1 alpha was also immune-localised in the amnion
(Fig. 1 B), fibroblast- like cells of the chorion and the extra- villous trophoblast cells of the
decidua. Preliminary qualitative evaluation of placental villi showed an upregulation of the

immuno-expression of HIF-1 alpha in pre-eclamptic versus normotensive pregnancies.

This study demonstrates an increased immumo-expression of HIF-1 alpha in preeclampsia
compared to normotensive pregnancies. This elevation contributes to the angiogenic/anti-
angiogenic imbalance that characterises preeclampsia. Further morphometric image analysis

of HIF-1 alpha immuno-expression is currently under investigation.
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Figure 1. Syncytial knot (Red arrow), Fibrinoid (Black arrow), positive syncytiotrophoblast
(Brown arrow) (A) and positive amnion (Black arrow) (B) in HIF-1 Alpha stained pre-

eclamptic placenta. Scale: 100 um.
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{(University of KwaZulu Natal)
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Approval of research
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The research proposal titled ‘Detection of syncytiotrophoblast released microparticles
mechanism of release in preeclampsia compared to normotensive pregnancy in

Black South African women’ was reviewed by the KwaZulu-Natal Department of Health.
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research project.
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electronic copy to hrkm@kznhealth.gov.za
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