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Abstract

Using immunofluoresce microscopy and histology, intervillous surface lining components
area fractions were measured in healthy term chorionic plate (CP) (n=7), healthy term
placental basal plate (n=11), mild pre-eclamptic (MPE) placental basal plate (n=10) and
severe pre-eclamptic (SPE) placental basal plate (n=11). The aims are (1) to examine the
effect of pre-eclampsia (PE) and its severity on the basal plate (BP) intervillous surface lining
composition and (2) to define the composition of the CP intervillous surface lining. The
results show the mean birth weight of the babies in the SPE are significantly lower than in the
HC and MPE (F (2, 29) = 11.912, p =0.000) and the mean gestational age at delivery (GAD)
in the SPE group is significantly lower than the HC and MPE (GAD) [Anova p = 0.001;
posthoc, p =0.003 and p = 0.001 for MPE and healthy control (HC) respectively]. The mean
anchoring villi (AV) to fibrin (NS) ratio of the BP intervillous surface lining is significantly
lower in the SPE compared to MPE and the HC groups (ANOVA, p = 0.010; posthoc p =
0.009 and p = 0.628 for HC and MPE respectively) indicating increase fibrin deposition on
the basal plate and decreasing anchoring villi attachment area with increasing severity of pre-
eclampsia. There are no significant differences in the mean length fractions of endothelium
and trophoblast between the 3 groups (Anova, p= 0.107 and p = 0.131 respectively). CP
intervillous surface is lined partly by endothelium, trophoblast and an acellular material
(fibrin/fibrinoid). Conclusions: (1) The inverse relationship between the proportions of fibrin
and anchoring villi with increasing severity of pre-eclampsia indicates that increase
deposition of the BP fibrin and poor trophoblast invasion of the BP underlies the disease
progression. (2) The CP is partly endothelial contrary to the widely accepted view of wholly

trophoblast.
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1 INTRODUCTION

Gross Features of Human placenta
he placenta is a transitory organ formed from fetal and maternal cells and acts as the

medium of exchange between the fetus and the mother in most viviparous vertebrates,

including all true mammals during pregnancy (Boyd and Hamilton, 1970).

The shape of a delivered human term placenta is discoid, flat round to oval in more than 90%
of cases (fig 1.1 and 1.2). In the remaining 10% of cases, various shapes such as bilobata,
placenta duplex, placenta succenturiata, placenta zonaria, and placenta membranacea have

been described (Benirschke and Kaufman 2000).

The average weight of term placenta is 470g whilst its average diameter and thickness are
22cm and 2.5cm respectively (Benirschke and Kaufman 2000). These parameters depend on
the mode of delivery, the timing of cord clamping and the time lapse between delivery of the

placenta and examination (Benirschke and Kaufman 2000).

The human placenta is classified as deciduate, villous and haemo-chorial (Boyd and
Hamilton, 1970). It is described as deciduate because at parturition part of maternal
endometrial tissues are sheared with the organ. The placental chorionic villi greatly increase
the fetal surface exposed to maternal blood and thus improve exchange of materials between
mother and the baby. Grosser described human placenta as haemo-chorial meaning that fetal
tissues, in this case trophoblast, are in intimate contact with maternal blood (Boyd and
Hamilton, 1970).

The placenta has two surfaces; the foetal (or chorionic or amniotic) surface (fig. 1.1) and

maternal (or uterine) surface (fig.1.2).



Fetal surface of the placenta
The chorionic surface is formed by the chorionic plate with branches of fetal blood vessels

(Boyd and Hamilton, 1970). It looks glossy and largely transparent because it is covered by
the intact epithelium of the amnion. The umbilical cord is inserted into this surface. The
umbilical cord is inserted eccentrically in between 54 and 92% of cases (Boyd and Hamilton,
1970). Other points of umbilical cord insertion include central, marginal and velamentous.
When the cord inserts into a membrane on the margin of the placenta the phenomenon is

called battledore placenta.

Branches of the umbilical vessels are clearly visible on this surface as they radiate from the
point of umbilical cord insertion outwards. At the arteriovenous crossings (fig. 1.1), the
arteries usually cross the veins on their amniotic aspect (Benirschke and Kaufman 2000).
The reverse is true only in 3% of cases (Wentworth, 1965). The areas in between the
chorionic vessels are transparent and it is a purplish blue to black colour which is produced
by maternal blood in the blood space of the placenta. The chorionic plate sometimes has
opaque spots (bosselations) or opaque areas. These are due to subchorial deposition of
Langhan’s fibrinoid. A ring of opaque tissue is present near the placental margin, at the point
where the chorionic vessels are absent. This ring forms a boundary between the central
concave part of the fetal surface where chorionic vessels are visible and the margin of the
placenta proper and it is called the subchorial closing ring (Boyd and Hamilton, 1970). The
origin of the cells in this ring is debatable. Some people believe the cells as decidual but
others (Ortmann, 1955, Boyd and Hamilton, 1970, Benirschke and Kaufman 2000) thought
that the ring was formed as a result of the presence of increased cytotrophoblast cells and
collagen fibres. The placental membranes insert into the placenta here. Occasionally this
ring is broad and prominent and in such situations the placenta is referred to as placental
marginata. When the ring has villous tree undergrowth at its peripheral margin, placenta

circumvallata is said to be formed (Benirschke and Kaufman 2000).
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Fig. 1.1The chorionic surface of a freshly delivered human placenta modified Photo by
Jeremy Kemp, 4/9/05: http://commons.wikimedia.org/Image;Human_placenta_baby side

Maternal surface of the placenta

Maternal surface (Figl.2) is opaque in the delivered placenta as it is formed from the laminar
degenerative processes within the junctional zone that result in placental separation from the
uterus during the third stage of labour (Benirschke and Kaufman 2000). It is incompletely
divided by a system of grooves into 10-40 lobes also called maternal cotyledons (Boyd and
Hamilton, 1970, Benirschke and Kaufman 2000). These grooves and the corresponding
internal tissues that partially divide the intervillous space were named placental septae by

William Hunter in 1774 (Benirschke and Kaufman 2000).
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Fig. 1.2: The maternal surface of Human placenta showing the grooves that divide the surface
into maternal cotyledons. The amnion sac is retracted to the edge of the placenta.

Each of these incomplete compartments (maternal cotyledon) corresponds fairly well with the
position of a villous tree (foetal cotyledon) (Benirschke and Kaufman 2000), but rarely does
each one contain a single villous tree (Boyd and Hamilton, 1970). About 60 to 70 stem villi
arise from the chorionic plate and each branches into a villous tree. Each lobe therefore,
contains one or more villous trees. Some small lobes contain only one stem villous and these

are described as placentone (Benirschke and Kaufman 2000).

The intervillous space is a diffuse space that is sandwiched between the chorionic plate and
the basal plate. It is derived from expansion and coalescence of the lacunae system. The
intervillous space contains chorionic villous trees, cell islands, septa, fibrinoid deposits and

maternal blood (Boyd and Hamilton, 1970, Benirschke and Kaufman 2000).



Placental circulation
Two different circulatory systems, maternal and foetal, come together for the purpose of

nutrition of the foetus even though they do not mix. Maternal blood is pumped into the
intervillous space through the spiral arteries and the space is drained by uteroplacental veins.
These arteries are plugged during early stages of placental development (Hustin et al., 1988,
Burton et al., 1999). They recannalize at approximately 12 weeks post-conception (Jauniaux
et al., 2000). There is therefore little blood in the intervillous space before then. The spiral
arteries are remodelled by endovascular and interstitial extravillous cytotrophoblast cells and
they lose their smooth muscle cells and become wide bore vessels with low resistance
(Brosens et al., 1967, De Wolf et al., 1973, Pijnenborg, 1996, Zhou et al., 1997). These
vessels deliver large amount of blood at low pressure into the intervillous space. Incomplete
transformation of these vessels is now known to underlie pregnancy complications such as
pre-eclampsia and intrauterine growth retardation (Robertson et al., 1967, Brosens et al.,

1972, Brosens et al., 1977, Khong et al., 1986, Pijnenborg et al., 1991).

The umbilical cord has two arteries and one vein (Boyd and Hamilton, 1970). These vessels
branch at the point of the cord insertion into chorionic vessels. They divide and enter the
stem villi. In the villi, they branch to form a network known as the foetal arteriocapillary-
venous system. Deoxygenated blood from the foetal heart is pumped via the umbilical
arteries into the villi and here they are oxygenated by diffusion of oxygen from the maternal
blood that is in the intervillous space (Moore et al., 2008). The diffusion barrier (materno-
foetal barrier) consists of syncytiotrophoblast, cytotrophoblast and its basal lamina and foetal
capillary endothelium (Boyd and Hamilton, 1970). The oxygenated blood is then carried by
the umbilical vein back to the tissues of the baby. The highly branched villi are the main site

of exchange between foetus and the maternal circulation



Fibrin deposition in the placenta

Fibrin deposition is a common feature in human placenta. In pregnancy, fibrin is deposited in
the placenta from 12-13 weeks of gestation till term (Boyd and Hamilton, 1970, Kaufmann et
al., 1996a). Itis seen in the intervillous space, mainly the villous surface (Fox, 1967, Fox,
1975, Kaufmann et al., 1996a, Demir et al., 1997, Mayhew et al., 2000), basal plate
intervillous surface and within the basal plate (Frank et al., 1994, Lang et al., 1994,
Kaufmann et al., 1996b, Mayhew et al., 2000). Fibrin-type fibrinoid is deposited mainly at

places where there is syncytiotrophoblast loss (Nelson et al., 1990, Nelson, 1996).

Fibrinoid of the intervillous space including the intervillous surface of the basal plate is
described as fibrin-type fibrinoid (Frank et al., 1994, Lang et al., 1994). It is essentially a
blood clot product of maternal blood in the intervillous space (Frank et al., 1994, Lang et al.,
1994). The amount of fibrin-type fibrinoid deposited in the intervillous space is therefore
determined by the balance between the coagulation and the fibrinolytic systems (Roberts and
Schwartz, 2002). In normal pregnancy the balance it tipped in favour of coagulation
especially towards term (Shaper et al., 1965, Oliver et al., 1976, Fletcher et al., 1979). This

is an adaptation to cope with haemorrhage associated with parturition.

Blood Clotting in the placenta is regulated by protein C or S of maternal origin and tissue
factor inhibitors, thrombomodulin, endothelial protein C receptor (EPCR) and annexin V, of
foetal origin (Lanir et al., 2003). Other regulators are from both maternal and foetal sources
e.g. tissue factor pathway inhibitor (Lanir et al., 2003). The fibrinolytic system is also
regulated by tissue-type plasminogen activator (tPA) and urokinase-type plasminogen

activator (uPA).

The volume of fibrin in the intervillous space and the volume of intervillous space both
increase towards term (Aherne and Dunnill, 1966, Boyd, 1984). Similarly, the volume of

intervillous space fibrinoid, intervillous space volume and the surface area of the villi



correlates positively (Mayhew and Barker, 2001). This will suggest that in normal
pregnancy, the volume of the intervillous space fibrin reflects the state of the intervillous
space perfusion (Fox, 1967, Fox, 1975). There are contrasting views about the volume of
intervillous space fibrinoid in abnormal pregnancies (Aherne and Dunnill, 1966, Teasdale,

1985, Teasdale, 1987, Kaufmann et al., 1996b, Mayhew et al., 2000).

Functions of the placenta
1. Transport of gases and nutrients. Oxygen is transferred from maternal to foetal blood and

carbon dioxide moves in the opposite direction. Nutrients e.g. water, inorganic salts,
vitamins, fats, proteins and carbohydrates in the mother’s blood are taken up into the
foetal blood. Foetal metabolic waste diffuses into maternal blood (Matsumura and

England, 1992).

2. Metabolism- Placenta synthesises glycogen, cholesterol and fatty acids, particularly
during early pregnancy and these serve as sources of nutrient and energy for the

embryo/foetus (Moore et al., 2008).

3. Endocrine hormone secretion-The placenta secretes hormones such as progesterone
(which is important for maintaining pregnancy), somatomammotropin (human placental
lactogen) (important for increasing blood levels of glucose and lipid in the maternal
blood), oestrogen, relaxin, beta human chorionic gonadotropin( f-hcG), and insulin like

growth factor (IGF) (Matsumura and England, 1992, Moore et al., 2008).

4. Immuno-protection- Placenta secretes Neurokinin B containing the phosphocholin
molecule. This helps the foetus to escape detection by maternal immune cells. Placenta
also prevents some bacteria from crossing the placental barrier to the foetus (Matsumura

and England, 1992).



Placental Basal Plate

The basal plate (BP) is defined as the maternal aspect of the intervillous space (Boyd and
Hamilton, 1970). In a delivered placenta it is found on the surface opposite the insertion of
the umbilical cord and is said to form the base of the intervillous space. The BP is a zone of
the placenta where both maternal and foetal tissues come into close contact and interact

intimately with each other (Benirschke and Kaufman 2000).

The BP of mature term placenta is a complex structure, composed of tissues such as
extravillous trophoblast, endometrial stroma, fibrinoid, remnants of degenerating villi, and

utero-placental vessels (Benirschke and Kaufman 2000).

Development of the Basal Plate

The primordial structure which gives rise to the basal plate is called the trophoblastic shell.
This is a layer of trophoblast cells that separates the lacunal system of the implanting
blastocyst from the endometrial tissues. The trophoblastic shell in the initial stages of
pregnancy is made up, more or less, of syncytiotrophoblast. It represents the front of the
invading embryo. By day 13 post conception (Benirschke and Kaufman 2000), migrating
cytotrophoblast cells, through trabeculae, eventually reach and penetrate the shell. These
cells now gain direct contact with the endometrial tissue. They then transform into invading
cells called extravillous trophoblast cells by losing their compact epithelial nature. The exact
border between the trophoblastic shell and the endometrium is lost and the term basal plate
replaces trophoblastic shell. This stage is documented as 22 days post-conception in humans

(Larsen and Knoth, 1971)



The BP therefore includes the base of the intervillous space and all maternal and foetal
tissues that are attached to it after delivery of the placenta. When the placenta is in-situ, the
BP and the placental bed constitute the junctional zone and the two cannot be identified
separately (Benirschke and Kaufman 2000). Fibrinoid in the BP is formed from necrotic
degeneration of decidua and trophoblast with accumulation of fibrin. Extravillous

trophoblast cells secrete fibrinoid of the placenta (Frank et al., 1994, Frank et al., 1995).

Layers of the definitive basal plate

The definitive BP is between 100pum-1.5mm thick (Benirschke and Kaufman 2000). Its
layering varies from place to place and only rarely are the developmental layers preserved

(Hein, 1971). The various tissues making up the basal plate are illustrated in fig. 1.3 below.

==~
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Fig. 1.3: A drawing of the transverse section through mature term placenta, J = junctional
zone, BP = basal plate, PB = placental bed, X = Extravillous cytotrophoblast cells, RF =
Rohr’s fribrinoid, NF = Nitabuch’s fribrinoid, G = Trophoblast giant cells, M = myometrium.
(Diagram from Pathology of the Placenta, 2000).



The Intervillous Surface lining of the Basal Plate

The intervillous surface of the BP is lined by a mosaic consisting of a unicellular layer of
trophoblast, a unicellular layer of endothelium and fibrin/fibrinoid (Byrne et al., 1998, Byrne
et al., 2001, Smith et al., 2004, Richani et al., 2007). Previously this was thought to be lined
entirely by fibrin or fibrinoid and trophoblast (Boyd and Hamilton, 1970). The endothelium
at this site is of maternal origin (Byrne et al., 2001, Richani et al., 2007) and is thought to
originate from the openings of maternal uteroplacental vessel (Smith et al., 2004) or from
endothelial progenitor cells present in the maternal circulation (Richani et al., 2007). Itis a
unique layer since endothelium, of mesodermal origin, makes contact with, and probably
shares junctional organelles with trophoblast of epidermal origin. The cellular lining is at
some places interrupted and replaced by anchoring villi and fibrin or fibrinoid (Smith et al.,
2004). The endothelium occupies a larger proportion of the intervillous border of the basal

plate compared to trophoblast (Smith et al., 2004, Richani et al., 2007).
The Rohr’s stria

This stria was described in great detail by Rohr in 1889 (Benirschke and Kaufman 2000). It
forms part of placental fibrinoid. Grosser in 1925 defined fibrinoid of the placenta as all
placental material of solid consistency that is not composed of cells, syncytium, or

connective tissue that show special affinity to acid stains (Kaufmann et al., 1996b).

The Rohr’s stria is patchy and rather focal in its distribution. It replaces the cellular lining of
the intervillous surface of the basal plate at places where the cells are absent (Smith et al.,
2004, Richani et al., 2007). This fibrinoid is derived from the polymerization of fibrinogen
in the blood (Sutcliffe et al., 1982) and as a result, it reacts with anti -fibrinogen antibodies
(Moe, 1969). Because of its intervillous location, it is largely formed from maternal blood

that bathes the intervillous space although it is partly from fetal blood (Frank et al., 1994).
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The superficial fibrinoid layer of the basal plate is said to be largely fibrin-like in its
biochemical composition (Frank et al., 1994) and it shows intense reactivity with antifibrin
antibodies which have no cross-reactivity with fibrinogen (Hui et al., 1983). It contains
plasma fibronectins but it is devoid of basal lamina molecules and interstitial matrix
molecules such as cellular fibronectins, collagen and laminin (Frank et al., 1994). This type
of fibrinoid binds to lectin, indicating the presence of degenerating remnants of endothelium
and blood cells (Lang et al., 1994). There are no extravillous trophoblast cells embedded in it
and ultrastructurally, it exhibits a dense meshwork of fibres measuring less than 10nm in
thickness, with characteristic cross-striations of fibrin filaments and an approximately 20nm

periodicity (Frank et al., 1994)

The functions of Rohr’s fibrinoid includes regulating intervillous blood flow (Stark and
Kaufman 1974) by obstructing all poorly perfused areas of the placenta during the
establishment of the maternal circulation in the placenta. It is also thought to function as a
barrier to trophoblast invasion since it is never invaded by trophoblast cells (Frank et al.,
1994). Another suggested function is as an immunological barrier that inhibits foetal
antigens from coming into contact with maternal antibodies (Bardawil and Toy, 1959, Kirby
et al., 1964, Currie and Bagshawe, 1967, McCormick et al., 1971, Azab et al., 1972). This
function is similar to the barrier function of fibrin components of tumours (Dvorak et al.,

1983)

Connective Tissue Layer
This layer forms the main part of the basal plate and is between 50u to 1mm thick

(Benirschke and Kaufman 2000). Tissues present in this layer include EVTs, endometrial

stroma cells, connective tissue, decidual cells, remnants of anchoring villi and cell columns
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(Benirschke and Kaufman 2000). It also contains a number of multinucleated giant cells

(Norwitz et al., 2001)

Extravillous Trophoblast Cells (EVT cells)

Extravillous trophoblast cells represent all syncytial and cellular trophoblast outside the villi
(Kaufmann and Castellucci, 1997). The EVTs develop from the ectodermal layer of the
blastocyst and so are epithelial cells but they lack a recognised basal lamina. The EVTs reach

the basal plate through cell columns that connect the basal plate to anchoring villi.

Two forms of the EVTs are present in the basal plate: proliferative and invasive phenotypes
(Kaufmann and Castellucci, 1997). The later phenotype predominates. The proliferative EVT
cells are located in the proximal cells zone of the cell columns and in the first and second
trimester placentae they express proliferation markers such as Ki-67, MIB-1, and anti-PCNA
antibodies or incorporate H3-thymidine (Bulmer et al., 1988, Castellucci et al., 1993,
Blankenship and King, 1994a). The invasive type of EVTs is located in the deeper part of the
basal plate i.e up to the distal third of the myometrium, and they differentiate from the

proliferating cells (Bulmer et al., 1988).

There are two types of invasive EVTs based on their location; endovascular and interstitial
(Kaufmann et al., 2003). The former invades uteroplacental vessels. Two types of
endovascular EVTs are known; intramural EVTs which invade the walls of uteroplacental
vessels, and intraarterial which replaces endothelium of vessels as well as form intraluminal
plugs. The interstitial EVT cells derived from the cell column are in close contact with
decidual cells, maternal immune cells like N-K cells and macrophages in the depth of the

basal plate. The EVTs are embedded in matrix type fibrinoid (Frank et al., 1994).

They express various surface molecules that characterises the level of differentiation,

functions and roles in successful implantation. These factors include;
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I) Growth factor receptors and their ligands: The pattern of expression of growth factor
receptors and their ligands, and protooncogene products by EVTs support the
interpretation that proliferation, differentiation and invasion are characteristic of these
cells. Epidermal growth factor receptor (EGF-R) encoded by the protooncogene c- erbB-
1, for example, is expressed on the proximal EVTs of the cell column that also express
proliferation markers (Muhlhauser et al., 1993, Duello et al., 1994, Jokhi et al., 1994).
EGF is a potent stimulator of epithelial cell division. Maternal ligands that interact with
EGF-R may play an important role in increasing the invasiveness of cytotrophoblast cells
especially in early stages of placentation (Bass et al., 1994). EGF was localised
immunohistochemically in cytotrophoblasts and syncytiotrophoblasts providing evidence
for its paracrine/autocrine role in trophoblast function (Hofmann et al., 1992). The
receptor encoded by protooncogene, c-erbB-2 on the other hand is present on all
extravillous trophoblast cells that are negative for EGF-R (Muhlhauser et al., 1993, Jokhi
et al., 1994). The gene product for the receptor for colony stimulating factor-1 (CSF-1),
another mitogen, has also been localised on trophoblast cells. It is most intensely
expressed on the early invasive trophoblast but weaker on the deeply invasive ones (Jokhi
et al., 1993) suggesting the presence of a differentiation gradient. C-kit ligand (stem cell
factor), which is a blood cell growth factor, is expressed by invasive extravillous

trophoblast cells throughout pregnancy (Sharkey et al., 1994).

I1) Expression of extracellular matrix receptors: Extravillous trophoblast cells express
extracellular matrix (ECM) receptors, known as integrins. Differentiation of EVTs along
the invasive pathway is accompanied by integrin switching so that different phenotypic
trophoblasts express different integrins (Damsky et al., 1992). Extravillous trophoblast
stem cells i.e. the proliferating trophoblast that are attached to the basal lamina in the

proximal cell column express a6B4 integrin (Damsky et al., 1992, Aplin, 1993, Burrows
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et al., 1993), a receptor for basement membrane constituent while those in the
intermediate zone of the cell column express aS5p1 fibronectin receptor. The invasive
trophoblasts in the uterine wall are associated with upregulation of a1B1 collagen/
laminin receptor and a5B1 integrin. This integrin switching is said to regulate normal
trophoblast invasion (Damsky et al., 1994). In pre-eclampsia where there is shallow
invasion of the uterus by trophoblast, abnormal integrin switching has been invoked as a

possible mechanism (Zhou et al., 1993).

I11) Expression of cell-cell adhesion molecules: Trophoblast cells of the basal plate express

cell-cell adhesion molecules such as E-Cadherin (Babawale et al., 1995, MacCalman et
al., 1995), the neutral cell adhesion molecule (N-CAM) (Burrows et al., 1994, King and
Blankenship, 1995) and connexin 40 (Hellmann et al., 1996, Winterhager et al., 2000,
Cronier et al., 2002). E-cadherin is prominently expressed in the proximal proliferating
cells and the intravascular trophoblasts but is absent in the invasive trophoblast cells in
the intermediate zone (MacCalman et al., 1995). N-CAM is expressed by all extravillous
trophoblast cells in early placenta except the intramural trophoblast but in term placentae,
it is restricted to the proximal proliferating trophoblast cells (Burrows et al., 1994, King
and Blankenship, 1995). N-CAM is responsible for cell-cell as well as cell-matrix
adhesion. Other cell surface molecules expressed by trophoblast cells include
carbohydrate sialyl-Lewis (King and Loke, 1988) and intercellular adhesion molecule, I-
CAM found on the interstitial trophoblasts around the utero-placental vessels (Burrows et
al., 1994). These adhesion and gap junction molecules are important in regulating
trophoblast invasion of the endometrium for successful placentation to provide the foetus
with the high level of nutrition required for healthy development. EGF is known to

regulate trophoblast invasion through modulation of connexin 40 (Wright et al., 2006).
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IV) Secretion of extracellular matrix: The extracellular matrix (ECM) in the placenta is
called fibrinoid (Kaufmann and Castellucci, 1997). There are two types of fibrinoid based
on ultrastructurally and immunohistochemical studies; the fibrin-type and matrix-type
(Frank et al., 1994, Lang et al., 1994, Frank et al., 1995). The matrix type fibrinoid is the
ECM secreted by the invasive/interstitial trophoblast (Frank et al., 1994, Frank et al.,
1995) and they are embedded in it. The matrix type fibrinoid is composed of various
ECM molecules (Feinberg et al., 1991, Castellucci et al., 1993, Frank et al., 1994,
Huppertz et al., 1996). Some of these component molecules include laminin, collagen
IV, Heparan sulphate, fibronectins, vitronectin and blood group precursor antigen
(Damsky et al., 1992, Castellucci et al., 1993, Frank et al., 1994). Using
immunohistochemistry and ultrastructural studies, the ECM is divided into three mosaic-

like patches or compartments (Huppertz et al., 1996)
a) Basal lamina-like extracellular matrix that contains laminin and collagen 1V.
b) An amorphous, glossy substance that contain Heparan Sulphate and vitronectin

a) A fine fibrillar compartment with reactivity to fibronectin isoforms and oncofoetal

isoforms (Huppertz et al., 1996).

V) Secretion of proteinases, proteinase activators and inhibitors: In invading the
endometrium, extravillous trophoblasts degrade ECM of the endometrium (Bischof and
Martelli, 1992, Graham and Lala, 1992). Proteinases, their activators and inhibitors have
been suggested in numerous studies to be important in this process (Fisher et al., 1989,
Emonard et al., 1990, Moll and Lane, 1990, Autio-Harmainen et al., 1992, Fernandez et
al., 1992, Blankenship and King, 1994b, Huppertz et al., 1998a, Demir-Weusten et al.,
2007). The most studied proteinases are the Matrix metalloproteinases (MMP). They are

secreted by trophoblast in vitro (Bischof et al., 1991) and their immunoreactivity has been
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demonstrated in extravillous trophoblast cells and their surrounding extracellular matrix
(Emonard et al., 1990, Moll and Lane, 1990, Autio-Harmainen et al., 1992, Fernandez et
al., 1992, Blankenship and King, 1994b, Huppertz et al., 1998b, Demir-Weusten et al.,
2007). Matrix metalloproteinases 1, 2, 3, 9, 11 and membrane type MMPs are
immunoreactive in the extravillous trophoblast cells and decidual cells at the cell column
and the basal plate as well as in in-vitro studies (Moll and Lane, 1990, Autio-Harmainen
etal., 1992, Fernandez et al., 1992, Blankenship and King, 1994b, Polette et al., 1994).
The distribution pattern depends on the type of MMP. Antibodies against some of these
proteinases are known to inhibit trophoblast invasion (Librach et al., 1991) and their level
of expression also decreases with increasing gestational age (Fisher et al., 1989, Librach
etal., 1991, Polette et al., 1994). MMPs are also thought to play a role in placenta
separation as the level of the mRNA of MMP3 and MMP9 are raised during labour
compared to post delivery (Bryant-Greenwood and Yamamoto, 1995). Recently, the
enzymatic activity of MMP 3 and MMP 9 have been found to be highest at the contact
region of the foetal and maternal parts, also suggesting their role in spontaneous
separation of the placenta from the uterus during labour (Demir-Weusten et al., 2007).
The regulator of MMP activity is by their inhibitors, TIMPs. So far TIMP1 andTIMP2
have been described in human placenta, secreted mostly by decidual cells (Polette et al.,
1994) and to some extent by trophoblast cells (Ruck et al., 1996, Huppertz et al., 1998Db).
TIMP1 and TIMP2 have been demonstrated to completely inhibit human cytotrophoblast

invasion in vitro (Librach et al., 1991).

V1) Plasminogen activators expression: Plasminogen activators activate plasminogen to
plasmin which is involved in degradation of extracellular matrix. Two types are known;
urokinase-type (UPA) and tissue-type (tPA). uPA has been immunohistochemically

localised on extravillous trophoblast cells particularly the differentiated and the invasive
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type (Hofmann et al., 1994). Other in-vitro evidence of expression of uPA by trophoblast
has been provided by Bischof and Martelli (1992) and Eldar-Geva et al.(1993). Inhibitors
of uPA and tPA have been found in human trophoblast (Astedt et al., 1986, Feinberg et
al., 1989). The cytokine TNFa is found to inhibit trophoblast invasion mainly by
increasing the expression of plasminogen activator inhibitors 1 (PAI-1) (Huber et al.,

2006).

VII)  Expression of blood group precursor antigen: Oncofoetal carbohydrate epitope of the
blood group precursor antigen i was localised immunohistochemically on invasive
extravillous trophoblast cells (Frank et al., 1995). This is i-glycosylated oncofoetal
fibronectin-like molecule of about 55kDa which could be used as immunological cell

surface markers for the invasive extravillous trophoblast (Frank et al., 1995).

VIII) Hormone secretion: Human chorionic gonadotropin, hCG, is produced in pregnancy
by trophoblast cells. Two forms of the hormone exist; regular hCG and its
hyperglycosylated variant, CG-H (Cole, 1987, Elliott et al., 1997). Extravillous
trophoblast cells secrete CG-H whereas syncytiotrophoblasts secretes hCG (Lei et al.,
1999, Kovalevskaya et al., 2002b, Cole et al., 2006a, Handschuh et al., 2007a). In the
third completed week of gestation, CG-H accounts for 92% of the total hCG but its level
declines with advancing gestation (Cole et al., 2003, Sutton-Riley et al., 2006). CG-H act
in an autocrine manner to promote and modulate trophoblast invasion, tumour formation
and placental growth (Lei et al., 1999, Hamada et al., 2005, Cole et al., 2006a, Cole et al.,
2006b, Handschuh et al., 2007b). The regular hCG that is produced by the villous
syncytiotrophoblast cells on the other hand, promotes uterine vascularisation through
uterine LH/hCG receptors (Lei et al., 1999, Hamada et al., 2005, Cole et al., 2006a, Cole
et al., 2006b, Handschuh et al., 2007b). Together, both hCG and CG-H are important in

good placentation and therefore normal pregnancy (Cole, 2008). The gene for hCG and
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its variants are absent in prosimians which are the most primitive primates, but evolved
by deletion mutation in anthropoid primates, higher primates and human (Maston and
Ruvolo, 2002). There has been evolution of hCG and its variants with increasing acidity
and therefore longer circulation half life from lower primates to humans and this was
thought to parallel the evolution of deeper implantation and placentation with improved
nutrition of the foetus, needed to support the development of increasing size of brain to
body ratio from early primates and other mammals, through anthropoid primates to
advanced primates and humans (Martin, 1981, Rodesch et al., 1992, Cunnane et al., 1993,
Martin, 1996, Pijnenborg, 1996, Gibbons, 1998, Burton et al., 1999, Jauniaux et al., 2000,
Robillard et al., 2003b, Jauniaux et al., 2006). It is known that implantation of the
blastocyst in humans is associated with high levels of CG-H, and is absent or is in low
proportion in early pregnancy loss (Birken et al., 2001). It has been demonstrated that a
low proportion of CG-H accompanies failing human pregnancies from the time of
implantation to miscarriage (Kovalevskaya et al., 2002a, Sutton-Riley et al., 2006). The
fact that CG-H promotes trophoblast growth, invasion, and vascularisation, and the clear
relationship between early pregnancy loss and low CG-H levels on one hand, and early
pregnancy loss and poor implantation (Norwitz et al., 2001), show the importance of CG-
H in implantation (Cole, 2008). Based on these evidences, Cole et al (2008)have
proposed that there is a correlation between evolution of hCG and CG-H with increasing
numbers of oligosaccharides on hCG and CG-H, and evolution of deeper placental
invasion, haemochorial placentation that is required to support brain development in
evolution of primates and humans with increasing size of brain to body ratio (Cole, 2008).
Pre-eclampsia is a significant pregnancy complication that is said to be maternal
compensation for ineffective haemochorial placentation in early pregnancy (Pijnenborg,

1996, Robhillard et al., 2003a, Robillard et al., 2003b, Burton and Jauniaux, 2004,
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Jauniaux et al., 2006, Goldman-Wohl and Yagel, 2008). The low CG-H circulating levels
in the first trimester of women who developed pre-eclampsia in the third trimester has
been reported (Bahado-Singh et al., 2002). Exogenous CG-H administration in the first
trimester has been proposed as a possible prevention of pre-eclampsia and early
pregnancy loss (Cole, 2008). Measurement of urinary and blood CG-H levels in
pregnancy could be the answer to the lack of an effective early diagnostic and screening

test for pre-eclampsia.

IX) Expression of Major Histocompatibility Complex (MHC): Major histocompatibility genes
are responsible for the recognition of non-self. Trophoblast cells are unique with regards
to expression of MHC antigens. They do not express MHC class Il antigens (Apps et al.,
2007). Moreover, trophoblast cells do not express Classical MHC class 1 antigens (HLA-
A, -B and -D) involved in transplant rejection (Moffett-King, 2002, Trundley and
Moffett, 2004). Some of the subtypes of extravillous trophoblast at the foeto-maternal
interface express a unique set of MHC class | antigens, namely HLA-C, -E, -G and? F
(Ellis et al., 1990, Kovats et al., 1990, King et al., 1996, Loke et al., 1997, McMaster et
al., 1998, King et al., 2000b, Ishitani et al., 2003, Nagamatsu et al., 2006). Of these, only
HLA-C, the classical Class I antigen, is polymorphic and is capable of generating alleles
and may be important in allo-recognition of trophoblast (Moffett-King, 2002). HLA-G is
expressed only by invasive EVTs (McMaster et al., 1995). HLA-G is not polymorphic
but different isoforms generated from alternative splicing exist (Hiby et al., 1999, Ishitani
et al., 2003). There has been a report of some of these isoforms in amniotic fluid and
they are said to be produced from an unusual glycosylation (McMaster et al., 1998). The
expression of HLA-G at the maternofoetal junctional zone is reduced in pre-eclampsia

(Colbern et al., 1994). HLA-E is a non-classical Class I antigen (King et al., 2000a) and
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it is expressed by HLA-G+ trophoblast (King et al., 2000a, Ishitani et al., 2003). The
subtypes of EVTs in the basal plate differ with regard to the type of HLA antigens they
express. Endovascular and interstitial trophoblasts express HLA -C, -E, and -G
(Blaschitz et al., 2001, Agrawal and Pandey, 2003). The mRNAs for these antigens is
more widespread when compared to the distribution of the protein. Invasive trophoblast
cells carry paternal genes and are therefore genetically different from maternal cells that
they encounter at the maternofoetal zone. It has been a puzzle as to how they survive
without being rejected based on the self/non-self recognition model proposed by
(Medawar, 1953). It was thought that the HLA molecules they express are unable to
provoke NK cell immune response due to lack of NK cell targets (King et al., 1989, King
etal., 1990). The HLA-G is also thought to confer protection against cytolytic activity of
the uterine NK cells (Chumbley et al., 1994). Recent evidence however suggests that
implantation may predominantly involve a yet-to-be-identified allogeneic recognition
system involving uterine NK cells rather than T-cells (Loke and King, 1997, Hiby et al.,

2004).

Invasion of the Endometrium
The main function of the EVTs is invasion of the endometrium up to the superficial one-third

of the myometrium. They cause remodelling of the uteroplacental vessels by replacing the
endothelial cells and smooth muscle cells of the vessels walls (Kam, 1999). These vessels
then become wide bore vessels that deliver a large amount of blood into the intervillous space
at low pressure during the second half of pregnancy (Blankenship et al., 1993, Kaufmann et
al., 2003, Goldman-Wohl and Yagel, 2008). They also interact with maternal NK cells and
macrophages resulting in the production of cytokines and chemokines by maternal
leucocytes. These compounds regulate trophoblast invasion of decidua and hence

implantation.
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Nitabuch'’s Stria
This layer of fibrinoid was described in 1887 by Nitabuch. It is located in the immediate area

of the materno-foetal interface. This layer is rather more consistent than the Rohr’s stria and
forms a uniform layer of 20pum to 100um thick (Benirschke and Kaufman 2000).
Occasionally, it is interrupted by trophoblast, decidual cells and endometrial connective
tissue. It is thought to represents the exact zone of interaction between maternal and foetal
tissues, the so called “battlefield” (Wynn, 1967). There are more foetal tissues superficial to
and more maternal tissues deeper to it in this ideal location. This arrangement is seen only in
few places. A more common finding is a mixture of both cell types above and below the
layer (Wynn, 1967). This layer of fibrinoid contains a mixture of both matrix-type and
fibrin-type fibrinoid (Frank et al., 1994, Lang et al., 1994, Huppertz et al., 1996, Huppertz et
al., 1998b). Both decidual (Azab et al., 1972, Kisalus and Herr, 1988) and trophoblast cells
secrete extracellular matrix into it (Frank et al., 1994, Frank et al., 1995, Huppertz et al.,
1996, Huppertz et al., 1998b). The proposed function of this layer includes a protective role
for the foetus by insulating it against maternal immune cells (Kirby et al., 1964, Sutcliffe et
al., 1982). This view is supported by its relative absence in animals in which there is no
invasive implantation on one hand and its rather dense presence in animals with invasive
implantation (Sutcliffe et al., 1982) and where there are big genetic differences between the
mother and the baby (Kirby et al., 1964). In pre-eclamptic placentae there is an increased
deposition of immunoglobulins in the Nitabuch layer of the maternofoetal interface (Balducci

et al., 1997) indicating deposition of common antigens in the layer.

It may have a role in acting as an adhesive that attaches the placenta to the endometrium
(Frank et al., 1994). Other proposed functions include promotion of trophoblast invasiveness

through the presence of the so-called cell spreading factor (Aplin and Foden, 1982).
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The separation zone
This is the zone at which placental separation occurs. It is basal to the fibrinoid layer and it

contains mainly decidual cells and components of endometrial stroma (Benirschke and
Kaufman 2000). It also has elements of basal plate such as extravillous trophoblast cells and
degenerating encased villi. There are more endometrial cells than foetal cells. As the distance
from the intervillous space increases, the population of multinucleated giant cells increases
(Hein, 1971, Pijnenborg et al., 1980). After separation, the basal plate surface of the placenta
is covered by fibrin. The decidua may play a role in placental separation as in clinical
conditions such as extrauterine pregnancies or in placenta accreta where decidual cells are
absent or reduced , placenta separation does not occur properly (Benirschke and Kaufman

2000).
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Chorionic Plate
The chorionic plate forms the ‘roof” of the intervillous space of the placenta and it is also the

site from which villous trees are suspended into the intervillous space. It is the surface to
which the umbilical cord is attached (Boyd and Hamilton, 1970, Benirschke and Kaufman

2000).

Development
The first recognised structure of the chorionic plate is the primary chorionic plate which is

formed as early as day 8 post-conception. At this stage, it is a bilayer consisting of
syncytiotrophoblasts and cytotrophoblast (Boyd and Hamilton, 1970, Jones and Jauniaux,
1995, Benirschke and Kaufman 2000, Moore et al., 2008). The primary chorionic plate
separates the early lacunae system from the blastocyst cavity. Later, the extraembryonic
mesoderm is formed and spreads around the cytotrophoblastic surface of the blastocyst
cavity. The primary chorionic plate is thus covered by the extra-embryonic mesenchyme
which transforms it from a bi-layer into a tri-layer (Jones and Jauniaux, 1995, Benirschke and
Kaufman 2000) (Fig. 1.4.). At this stage also, trophoblastic trabeculae which become the
eventual stem villi grow from the primary chorionic plate into the expanding lacunae system.

The structure of the triple-layered chorionic plate is maintained till term.

Tissue degeneration may however occur within the chorionic plate described above, thus
disrupting the original architecture. Within the syncytiotrophoblast layer degeneration may
occur at places with fibrinoid deposits replacing the degenerated tissues. The fibrinoid may
be deposited along the surface and within the chorionic plate where it is called Langhan’s
fibrinoid (Bourne, 1962). This is matrix-type fibrinoid and it is compact and homogenous

(Frank et al., 1994, Benirschke and Kaufman 2000).

The cytotrophoblastic layer may also degenerate in places and replaced by fibrinoid. In

others, it may also proliferate. The cytotrophoblast cells that maintain contact with the
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chorionic mesoderm are proliferative while those distant from it become differentiated
extravillous trophoblasts. These variants of extravillous trophoblast cells grow in size and
they resemble invasive cytotrophoblast both in ultrastructure (Wiese, 1975) and

histochemistry (Weser and Kaufman 1978).

Cavitation occurs in the extraembryonic mesoderm during the third week p.c. forming the
exocoelomic cavity. This splits the extra embryonic mesenchyme into the chorionic and the
amniotic mesenchymes, lining the primary chorionic plate and the amnion respectively (Boyd

and Hamilton, 1970, Benirschke and Kaufman 2000, Moore et al., 2008).

In the second month p.c, fetal blood vessels develop from allantois through the connecting
stalk, and they gain access to the chorionic plate. These vessels run in the chorionic
mesoderm before entering the stem villi. In these villi they establish contact with the locally
developed fetal capillaries. This completes the fetoplacental circulation. The chorionic foetal
vessels enlarge to form arteries and veins. Capillaries are rare in the chorionic plate (Boyd

and Hamilton, 1970, Benirschke and Kaufman 2000, Moore et al., 2008).

The amniotic vesicles enlarge greatly around the 17th day post-menstruation, bringing the
amniotic epithelium and its mesoderm into contact with the primary chorionic plate. The
amnion is made up of three layers at this stage; an inner amniotic epithelium, a mesoderm
and an outer mesothelium. Where there is close contact between the amnion and the primary
chorionic plate, their mesothelial layers fuse. There is usually a net-like bridge between these
layers. This enables the two layers to glide over each other. The coming together and fusion
of the primary chorionic plate and the amnion results in the formation of the definitive

chorionic plate.
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Fig. 1.4: Migration of mesoderm around inner surface of trophoblast results in a triple-
layered chorion. This diagram is taken from Second EMBIC handbook, the European
Network on Embryo Implantation Control (2008), Vol 1 (Szekeres-Bartho, J; Chaouat, G;
and Joseph-Mathew, P), page 285

Term Chorionic plate
The layers of the Chorionic plate at term are similar to those of the amniochorion. The

following layers of the chorionic plate have been described (Bourne, 1962, Bourne, 1966,
Malak et al., 1993, Ockleford et al., 1993a, Fawthrop and Ockleford, 1994) and this is
identical to its developmental layers. The layers are shown in the box 1.1and fig. 1.5 below.
These layers are those present in the amnion and the chorion which make up the chorionic

plate.

The Amnion
The amnion is made up of amniotic epithelium with its basement membrane, compact layer

and amniotic mesoderm.

The amniotic epithelium is a simple cuboidal or columnar epithelium (Bourne, 1962, Bourne,
1966, Sinha, 1971, Malak et al., 1993, Ockleford, 1993, Fawthrop and Ockleford, 1994).
Squamous metaplasia is a common finding though, especially near the umbilical cord

insertion (Sinha, 1971).
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Box. 1.1: The layers of the chorionic plate at term

Amnion
Amniotic epithelium
Basement membrane of the amniotic epithelium

Compact layer

Amniotic mesoderm

Spongy (intermediate) layer
Chorion

Chorionic mesoderm

Proliferating cytotrophoblast layer
Langhan’s fibrinoid with embedded invasive cytotrophoblast

Syncytiotrophoblast

amnionic epithelium
compact layer

amnionic mesoderm

spongy layer with
residual mesothelium

chorionic mesoderm

proliferating trophoblast
}. stem cells

Langhans fibrinoid
including invasive cytotrophoblast

syncytiotrophoblast

intervillous space

Fig. 1.5: A drawing showing the Layering and cellular composition of mature chorionic plate
at term, an image from Pathology of the Placenta (2000), 4th ed. (Benirschke, K., and P.

Kaufmann) Page 212.
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The apical surface of the epithelial cells has projections of microvilli (Bourne, 1966, Lister,
1968, Fawthrop and Ockleford, 1994). The microvilli are infrequent and stunted in late
amnion (Lister, 1968). Intracellular inclusions have been described at the ultrastructural level
(Sinha, 1971, Fawthrop and Ockleford, 1994). The amniotic epithelial cells show primarily

storage properties by having lipid droplets and glycogen in their cytoplasm (Sinha, 1971).

The cells have projections which anchor them onto the basement membrane. Also present
are inter- and intracellular cannaliculae which are believed to play a role in transport cross the
amniotic membrane (Sinha, 1971, Fawthrop and Ockleford, 1994). Desmosomes are the
intercellular connections between the cells, both at the apical level and also act as
interruptions along the intercellular channels (Sinha, 1971, Fawthrop and Ockleford, 1994).
The base of the epithelial cells is thrown into folds that project into the basement layer
(Lister, 1968). The amniotic epithelial cells express strong cytokeratin immunofluorescence
(Malak et al., 1993). They also express CD59 (Rooney and Morgan, 1992) and HLA- G
(Rebmann et al., 1999) which makes these cells resistant to transplant rejection even in allo-
transplantation. Recently, human amniotic epithelial cells have been shown to express
albumin, a/1- antitrypsin and other hepatocyte-like genes and so they have been proposed to
have potential role in liver transplant (Takashima et al., 2004). The epithelial basal lamina is
seen as a striated layer on the chorion side of the amniotic epithelial cells (Bourne, 1962,
Bourne, 1966, Lister, 1968, Malak et al., 1993, Fawthrop and Ockleford, 1994, Hu et al.,
2000). The striation is imparted by the infolding of the basal surface of the epithelial cells
(Fawthrop and Ockleford, 1994). Like a typical basal lamina, it shows intense
immunofluorescence with both monoclonal and polyclonal anti-collagen type 1V and laminin

antibodies (Malak et al., 1993).
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Compact layer
The compact layer is an acellular layer that is composed of closely packed collagen fibres

arranged in a 3-dimensional lattice (Wiese, 1975). The corresponding layer of the
amniochorion is said to have similar structure (Malak et al., 1993, Ockleford, 1993, Fawthrop
and Ockleford, 1994). Below the compact layer, amniotic mesoderm is also made up of loose
collagen fibres that are arranged parallel to the amniotic epithelium (Lister, 1968, Fawthrop
and Ockleford, 1994). Unlike the compact layer, it does not have vertically arranged fibres
and the collagen fibres are intermingled with fibroblast cells (Malak et al., 1993) hence, it
also called the fibroblast layer. This fibroblast layer contains cells that co-express vimentin
and desmin, indicating their myofibroblastic characteristics (Ockleford et al., 1993b). This
layer was therefore proposed to play a role in tension generation, adjustment in position of
the membrane and wound healing (Ockleford et al., 1993b). There are 3-4 layers of filaments
that alternate with layers of fibroblast. It is known to contain an enzyme that is involved in

production of extra-cellular matrix proteoglycans (Kratzsch and Grygiel, 1972).

The amnion has been used clinically in treatment of burns and repair of surgical wounds
(Trelford and Trelford-Sauder, 1979), and in ocular reconstructive surgery (Koizumi et al.,

2000)

The Spongy layer
This is a layer of loose connective tissue that is formed by fusion of amnion and chorion

when the amniotic and the chorionic mesoderm come together during development (Bourne,
1962). The spongy layer consists structurally of a fine fibrillar network (Malak et al., 1993).
It has spongy clefts that demarcate the zone of fusion between amnion and chorion. These
clefts are less prominent in the chorionic plate as compared to the corresponding layer in the
free foetal membrane (Benirschke and Kaufman 2000). In the amniochorion they are known
to be lined by cells which are thought to be residues of the former amniotic and chorionic
mesothelium (Malak et al., 1993, Ockleford, 1993, Ockleford et al., 1993b)
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Chorionic mesoderm
This layer consists of connective tissue cells. Two distinct connective tissue layers have been

described in this zone; the oriented connective tissue layer that is adjacent to the spongy layer
and the unoriented connective layer that is near to the fibrinoid layer (Wiese, 1975, Weser
and Kaufman 1978). The oriented layer is thinner and its collagen fibres are regularly
arranged parallel to the spongy layer. In the unoriented layer, however, the collagen fibres
are irregularly arranged with a large polymorphic fibroblast cells in between them. The
connective tissue layers have been shown immunohistochemically to contain type I, I, IV, V
and VI collagens (Malak et al., 1993). It was suggested that the two layers represent different
levels of differentiation and maturation during development with the unoriented layer being
the primitive precursor (Wiese, 1975, Weser and Kaufman 1978). In support of the above
assertion, it was found that there is predominance of the unoriented layer in first trimester
placentae. The oriented layer on the other hand, contains the chorionic vessels. Bertolini et
al. (1969)and Spanner (1935) reported the presence of smooth muscle cells within this layer,
but this view was not supported by Wiese who studied this layer using electron microscopy
(Benirschke and Kaufman 2000). Ockleford et al (1993b) have described cells which express
desmin immunofluorescence in the reticular layer of the chorion laeve. Since desmin is
characteristic of muscle, they suggested that these cells of the mesodermal origin are
myofibroblastic . They have therefore suggested mechanical and wound healing functions of
this layer. This myofibroblastic differentiation was supported by the finding that there is
increase in the numbers and density of vimentin-positive, a-smooth muscle actin-expressing
mesenchymal cells of the reticular layer of the chorion in the lower uterine pole biopsy in
labour-affected and rupture line biopsies (McParland, 2000). Cellular activities associated
with this transformation may play a role in membrane rupture and onset of labour

(McParland, 2000).
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Fibroblast cells of the chorionic plate were found to express caveolin-1 isoforms, a protein

that plays a role in the transport across these cells (Byrne et al., 2001).

Trophoblast cells
The chorionic plate contains a layer of trophoblast cells located deep to the chorionic

mesoderm (Bourne, 1960, Wiese, 1975, Wiese, 1976, Weser and Kaufman 1978). A
trophoblast basal lamina also known as pseudo basement membrane is located deep to the
chorionic mesoderm (Bourne, 1960, Malak et al., 1993, Ockleford, 1993, Fawthrop and
Ockleford, 1994). In places devoid of extravillous cytotrophoblast layer, the basal lamina is

absent (Benirschke and Kaufman 2000).

The layers of trophoblast cells are not consistent throughout the entire chorionic plate. In the
centre of the placenta, these cells are in small and focal groups that are part of a
discontinuous layer but towards the placental margin, they form a continuous multilayer of
cells (Wiese, 1975, Weser and Kaufman 1978). The cells in the layer are described as being
in different stages of differentiation of the same cell (Wiese, 1975). The trophoblast cells in
the multilayer interdigitate with each other, with desmosomes being the type of cell-to-cell
junctions. Foot-like processes anchor the cells to the basal lamina through formation of
hemidesmosomes. Where cytotrophoblast cells are absent they are replace by fibrinoid and

degenerated cells (Wiese, 1975).

Fibrinolytic components such as tissue-type plasminogen activator (tPA), urokinase-type
plasminogen activator (UPA) and their corresponding inhibitors, type-1 (PAI-1) and type-2
(PAI-2) and their messenger RNAs were identified in the trophoblast cells of the chorionic
plate and extravillous cytotrophoblast cells and at other locations in human and rhesus

monkey placenta (Hu et al., 1999).

The intervillous surface of the chorionic plate is formed by syncytiotrophoblast,

cytotrophoblast and intercellular material especially fibrin (Wiese, 1975, Wiese, 1976, Weser
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and Kaufman 1978). The intervillous surface of the chorionic plate that roofs the marginal
sinus of the placenta was reported to be partially lined by endothelial cells (Nanaev et al.,
2000). Stem villi project from the chorionic plate into the intervillous space and occupy part

of the intervillous surface of the chorionic plate.

Langhan’s Fibrinoid Layer
The fibrinoid layer of the chorionic plate is present in both normal and pathological placentae

(Hormann, 1965). Compared to preterm placentae, there is increased deposition of fibrinoid
in late gestation placentae (Frank et al., 1994). In the preterm placenta, the intervillous
surface of Langhan’s layer is covered entirely by syncytiotrophoblasts, but as pregnancy
advances towards term, part of the syncytium is replaced with additional fibrinoid

(Benirschke and Kaufman 2000).

The characteristics of Langhan’s fibrinoid are similar to the fibrinoid of the basal plate
described above. The amount of chorionic plate fibrinoid at term varies from placenta to
placenta. There is no defined amount that is compatible with normal pregnancy (Benirschke
and Kaufman 2000). A very prominent layer was noticed in Rh incompatibility. In such
cases Langhan’s fibrinoid stria may occupy about half the volume of the placenta
(Benirschke and Kaufman 2000). Deposition of this fibrinoid results in formation of
bosselations and laminated subchorial plaques. At times, large subchorionic
thrombohaematomas may be found underneath the fibrinoid (Shanklin and Scott, 1975, Olah
etal., 1987). These are similar to the classical Breus mole which were described in early
pregnancy placentas (tuberous subchorial haematoma) except that Breus mole has

sacculations.
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Pre-eclampsia
Pre-eclampsia (PE) is a very common and potentially dangerous complication of the second

half of pregnancy, labour and puerperium. The disease is one of the major causes of maternal
and foetal mortality and morbidity in both developed and developing countries. It is defined
as development of hypertension and proteinuria, usually after 20 weeks of gestation (or can
occur earlier in trophoblastic diseases like hydatiform mole) in a previously normotensive

pregnant woman (ACOG, 2002).

Epidemiology
Pre-eclampsia occurs worldwide but the exact incidence of pre-eclampsia is not known. The

reported incidence varies greatly, probably due to differences in case definition, population
composition, demographic and obstetric characteristics and true variation in incidence
(WHO, 1988). It affects 5-8% of all pregnancies (Saftlas et al., 1990, Hauth et al., 2000) and
2.5-3.0% of all women suffer from pre-eclampsia in their pregnancy (Redman and Sargent,
2005). In the United States, hypertensive diseases occur in approximately 12-22% of
pregnancies (Walker, 2000). Pre-eclampsia is one of leading causes of maternal and perinatal
morbidity and mortality. In developed countries such as the United States of America and
United Kingdom maternal mortality has declined, but pre-eclampsia is still one of the
important causes of maternal death. In the United Kingdom for example, it is one of the
leading causes of maternal mortality, responsible for about 10 maternal deaths every year (de
Swiet, 2000). In developing countries where prenatal care is still poor for various reasons,
pre-eclampsia and other hypertensive disorders of pregnancy accounts for 10% to 15% of all
maternal deaths (Duley, 1992). In the Greater Accra Region of Ghana, a typical developing
country, hypertensive disorders of pregnancy, including pre-eclampsia, accounts for 22.2% of
maternal deaths (Zakariah et al., 2006). It also causes about 1000 perinatal deaths per year in

the United Kingdom (Acolet et al., 2005). Much of the neonatal mortality and morbidity
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following pre-eclamptic pregnancy is due to iatrogenic immaturity since the only cure for the

disease at the moment is delivery of the baby (refer to management of pre-eclampsia).

Risk factors
Pre-eclampsia occurs commonly in nulliparous women. A number of foetal and maternal risk

factors have been identified for pre-eclampsia. In a systematic review, Duckitt and
Harrington (2005)have identified the following risk factors of pre-eclampsia that may be
present at antenatal booking (Box 2.1): These are multiple pregnancies, nulliparity, previous
history of pre-eclampsia, presence of antiphospholipid antibodies, family history, chronic
hypertension, raised blood pressure at booking, pre-existing maternal diabetes mellitus, renal
disease, raised maternal body mass index before pregnancy or at booking, maternal age
40years or more for multiparous women, interval of 10years or more between previous and
current pregnancy, and autoimmune diseases (Duckitt and Harrington, 2005). They proposed
the use of these factors for determining pregnant women at risk of developing pre-eclampsia

at antenatal booking visits.

Box. 1.2: Risk factors for pre-eclampsia

Maternal
Nulliparity
Pre-eclampsia in previous pregnancy
Advanced maternal age (>40years)
Family history of Pre-eclampsia
Chronic hypertension
Chronic renal disease
Antiphospholipid antibody syndrome or
inherited thrombophilia
Autoimmune vascular or connective tissue
disease
Diabetes mellitus
Abnormal body mass index
Fetal
Multi-foetal gestation
Hydrops foetalis
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Pre-eclampsia is classified as mild or severe based on the clinical severity.

Criteria for severe Pre-eclampsia
It is considered severe when any one or more of the features listed in Box 1.3 is present in

addition to a new onset of proteinuric hypertension (ACOG, 2002). The disease is classified

as mild when none of these criteria is present.

Box. 1.3. Criteria for severe pre-eclampsia. American College of Obstetricians and
Gynecologist (ACOG) Criteria for classification of PE as Severe-ACOG technical bulletin
number33/International Journal of Gynecology & Obstetrics 53 (19%) 175-183

1) Blood pressure > 160-180 mm Hg systolic or >110 mm Hg
diastolic.

2) Proteinuria > 5 g/24 h (normal = 300 mg/24 h)
3) Elevated serum creatinine

4) Grand mal seizures (eclampsia)

5) Pulmonary oedema

6) Oliguria < 500 ml/24 h

7) Microangiopathic hemolysis

8) Thrombocytopenia

9) Hepatocellular dysfunction (elevated alanine,
aminotransferase, aspartase aminotransferase)

10) Intrauterine growth retardation or Oligohydramnios

Two broad types of pre-eclampsia: maternal and placental has been described (Redman and

Sargent, 2005) based on the cause. In the placental type the problem arises from an
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abnormally formed placenta that is hypoxic and oxidatively stressed (Burton and Jauniaux,
2004). In the maternal type, a well formed placenta interacts with abnormal maternal
constitutional conditions such as chronic systemic hypertension and diabetes mellitus to

produce pre-eclampsia (Ness and Roberts, 1996).

Pathophysiology of Pre-eclampsia
The exact cause of pre-eclampsia is not known, but placenta is said to be the source of the

disease as the presence of placenta with or without a foetus is required for the disease to
develop and it resolves completely after delivery of the placenta (Redman, 1991). Pre-
eclampsia is described as maternal reaction to an abnormally formed placenta or pre-existing

maternal systemic conditions.

Placental pre-eclampsia
The placental type has been described as a two-staged disease: Preclinical and clinical

(Redman and Sargent, 2005). The preclinical stage starts early in pregnancy at the time of
formation of the placenta with no clinical symptoms (Fig. 1.6). During normal pregnancy,
uterine spiral arteries which are end-arteries are remodelled by the invasive extravillous
cytotrophoblast (EVT) cells. These cells invade the uterine lining from the 6™ to the 18"
week of gestation (Red-Horse et al., 2004). These uterine arteries are plugged by
endovascular cytotrophoblast cells until about the 9th week of gestation (Hustin et al., 1988,
Burton et al., 1999) when they begin to recanalize, a process which is completed by the 12™
week of gestation (Hamilton and Boyd, 1960, Harris and Ramsey, 1966, Jauniaux et al.,
2000). This is associated with an increased placental oxygenation (Burton et al., 1999) and
extensive remodelling of the placental spiral arteries by endovascular and interstitial EVTs
which replace the endothelial cells and cause destruction of the muscular and elastic elements
of the media with fibrinoid deposition. This is termed physiological change (Brosens et al.,

1967). The remodelling involves the distal myometrial segment of the arteries as well
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(Pijnenborg et al., 1983). When the process is completed at about 20 weeks of gestation, the
spiral arteries are converted into wide-bore vessels with loss of vasomotor tone that deliver
large amount of blood at low pressure into the intervillous space (Brosens et al., 1967). In
the placental type pre-eclampsia, there is failure, or incomplete remodelling, of the arteries
(Brosens et al., 1972, Matijevic and Johnston, 1999, Burton and Hung, 2003). This is called
poor placentation and it occurs before 20 weeks of gestation and before the clinical signs of
the disease begins to appear. Poor placentation alone, however, may not be responsible for
causing the disease. The characteristic features of poor placentation are seen in some
pregnancies with growth restricted foetuses without clinical pre-eclampsia (Khong et al.,

1986). ). Other materno-foetal factors are probably involved.

The cause of poor placentation has been the subject for many studies over the years (Zhou et
al., 1997). Zhou et al (1997) have reported that there is failure of endovascular

cytotrophobblast cells to mimic vascular adhesion cell phenotype in pre-eclampsia.

Immune mechanism is said to be involved in the pathophysiology of the disease. Immune
rejection of the paternally derived fetal genes by the mother has long been suggested as a
cause of pre-eclampsia (Medawar, 1953). Epidemiological evidences of immunologic
involvement are: increased risk in primigravidae, multiparae with partner change (Trupin et
al., 1996) and increased risk in women who received egg donation (Soderstrom-Anttila et al.,
1998). Hiby et al (2004) have suggested a weaker trophoblast histocompatibility antigen to

decidual immune cell signalling as responsible for the poor placentation .

Uterine NK cells which are the predominant lymphoid cells (King et al., 1998) express
receptors that bind to HLA-C antigens on the trophoblast cells (Vilches and Parham, 2002).
These receptors are called Kkiller cell immunoglobin-like receptors (KIRs) (Moretta et al.,
1995, Selvakumar et al., 1997, Martin et al., 2000). Based on gene content, there are two
haplotypes of the KIRs, A and B with A being simpler. A mediates inhibitory signals whilst
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B is more complex and involved in stimulatory signals (Hsu et al., 2002, Shilling et al.,
2002). All HLA-C alleles can also be grouped into two KIR epitopes: C1 and C2 (Colonna et
al., 1993, Mandelboim et al., 1996). HLA C2 binds with higher affinity to KIRs than HLA-
C1 (Parham, 2005). The fact that NK cells have receptor that can bind to the trophoblast
HLA-C means that there may be interaction between the two cells and the HLA-C-KIR
ligand-receptor complex may mediate immune recognition and control of trophoblast

invasion of the uterine decidua and spiral arteries (Hiby et al., 2004).

It has been shown that women who are homozygous for the A type haplotype (AA) are at an
increased risk of developing pre-eclampsia and the risk is higher when the fetus they carry is
also homozygous for the C2 type HLA-C (Hiby et al., 2004). In other words, there is less
trophoblast stimulation of the decidual NK cell in women who are at an increased risk of

developing PE.

During the second half of pregnancy (stage two) when there is increased demand for blood
supplies into the intervillous space of the placenta to support the developing fetus the poorly
formed placenta, with inadequate utero-placental circulation, becomes hypoxic (Kaufmann et
al., 2003) and oxidatively stressed through intermittent flow causing perfusion and
reperfusion injury (Hung and Burton, 2006). This abnormal placenta then releases pro-
inflammatory and antiangiogenic compounds into the maternal circulation to cause the

maternal syndrome (Redman and Sargent, 2009).

The clinical features of the disease are ascribed to maternal reaction to generalised
endothelial dysfunction (Roberts, 1998) which is part of the generalised systemic
inflammatory response in pregnancy that is exaggerated in pre-eclampsia (Redman et al.,
1999). This then causes a triad of circulatory disturbances namely; generalised maternal
vasospasm, local or generalised enhanced intravascular coagulation and reduced plasma
volume (Redman and Sargent, 2005). Generalised maternal endothelial dysfunction has been

37



proposed as the immediate cause of these physiologic derangements (Roberts et al., 1989,
Redman et al., 1999). This proposal has since been confirmed by many workers who have
identified clinical and biochemical evidences of endothelial dysfunction (Taylor et al., 1991,
Hsu et al., 1993, Friedman et al., 1995). Endothelial dysfunction results in excessive
production of or increased sensitivity of blood vessels to vasoconstrictors such as
endothelins, serotonin and angiotensin converting enzyme 11, and or decreased production of
or reactivity to vasodilator agents like nitric oxide and prostacylin. This eventually results in
generalised increase vasomotor tone, increase peripheral resistance, hence the increased
maternal blood pressure (BP) seen in the disease. Endothelial dysfunction causes glomerular
endotheliosis, which is one of the consistent feature of the disease (Farquhar, 1959, Spargo et
al., 1959, Gaber et al., 1994), making them more permeable and so there is net filtration of

protein into the urine, hence the proteinuria.

Intravascular coagulation is a feature in pre-eclampsia and is associated with platelets
activation (Janes and Goodall, 1994, Konijnenberg et al., 1997) thrombocytopenia and often,
reduced antithrombin I11 (Horn et al., 1991). There is also plasma volume contraction in the
disease and this is due to vasospasm, increased leakiness of capillaries with resultant leakage
of plasma fluid into the interstitium (Brown et al., 1989) and in severe cases, reduction in
plasma oncotic pressure (Oian et al., 1986). In effect, there is a net flow of fluid from the
intravascular compartment into the interstitial space but without a change in the extracellular
fluid volume (Brown et al., 1992). Increased vasospasm resulting in increased peripheral
resistance, low plasma volume, and enhanced blood clotting with formation of microthrombi
will lead to hypoperfusion of almost all organs. The organs most commonly affected are
kidneys (manifesting as reduced glomerular filtration rate, proteinuria, hyperuricaemia and in
severe cases, oliguria), the liver (raised liver enzymes, oedema of the hepatocytes and

stretching of the liver capsule), brain (scotoma from frontal lobe ischaemia, severe headache,
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seizure in some cases and cerebrovascular accidents) and placenta (intrauterine growth

restriction, small for gestational age babies, abruption placenta and intra uterine foetal death).

The best known of the factors released by the abnormal placenta is soluble vascular
endothelial growth factor receptor-1 (SVEGFR-1) also known as soluble fms-like tyrosine
kinase-1 (sFlt-1). Several workers have reported evidence that excess secretion of this
placental-derived anti-angiogenic factor is the cause of the maternal syndrome (Koga et al.,
2003, Maynard et al., 2003, Sugimoto et al., 2003, Tsatsaris et al., 2003, Chaiworapongsa et
al., 2004, Levine et al., 2004). It is produced in trophoblast cells and secreted into maternal
circulation (Banks et al., 1998, Clark et al., 1998) and the excess production is stimulated by
hypoxia and oxidatively stressed trophoblast cells in the placenta (Maynard et al., 2003, Nevo
et al., 2006). Soluble VEGFR-1 is a variant of VEGFR-1, but it lacks the transmembrane and
cytoplasmic domain. It binds to angiogenic factors, vascular endothelial factor (VEGF) and
placental growth factor (PIGF) and inhibits their action (Kendall and Thomas, 1993). This
decreases the concentration of these molecules in the circulation; hence the endothelium is

deprived of essential growth factors making them dysfunctional.

Clear evidences exist that seems to incriminate sFlt-1 in the pathogenesis of the maternal
syndrome. Among these is the finding that there are increased levels of the gene products of
sFIt-1 in pre-eclamptic placentae (Zhou et al., 2002, Maynard et al., 2003, Tsatsaris et al.,
2003). The increase in the concentration of sFlt-1 in the maternal circulation in pre-
eclampsia is accompanied by decrease in the level VEGF and PIGF, a state which is
reversible after delivery, coinciding with resolution of clinical symptoms of the disease (Zhou
et al., 2002). Maynard at al. (2003) have also shown that the sera of pre-eclamptic patients
have anti-angiogenic effects that are reversible in the presence of excess VEGF and PIGF.
Furthermore, it has been demonstrated that transfection of rats with sFlt-1 induces pre-

eclampsia-like features which includes hypertension, proteinuria and glomerular
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endotheliosis which is regarded as the pathognomonic lesion of pre-eclampsia (Maynard et
al., 2003). It has also been shown that glomerular-selective deletion of the VEGF-A from the
podocytes resulted in proteinuria and glomerular endotheliosis in mice (Eremina et al., 2003).
Lastly, it has been shown recently that the state of increased sFlt-1 concentration and
decreased concentration of VEGF and PIGF predates the appearance of clinical symptoms in
pre-eclampsia (Levine et al., 2004). sFlt-lappears to have a role in the pathogenesis of the
maternal syndrome and not only that, its anti-angiogenic effect is also said to probably play a
part in the deficient development of the utero-placental vessels in the disease (Karumanchi

and Bdolah, 2004).

Soluble endoglin is another antigiogenic factor that is said to be release by the
syncytiotrophoblast and its circulating levels are increased in pre-eclampsia (Venkatesha et

al., 2006). Hypoxia stimulates its production (Yinon et al., 2008).

Other proinflammatory compounds that are released from the placenta include corticotrophin
releasing hormone (CRH) (Perkins et al., 1995), Activin-A (Muttukrishna et al., 1997),
Inhibin-A (Muttukrishna et al., 1997), Leptin (Mise et al., 1998). Placental growth factor and
trophoblast microparticles (Redman and Sargent, 2008). They are known to affect maternal

systemic angiogenesis and or systemic inflammation (Redman and Sargent, 2009)

Another factor that has been credited with causing the syndrome in the mother is Neurokinin
B. It has been found to produce similar features of the disease in animal studies (Page et al.,

2000).

During pregnancy the placenta releases trophoblast tissues into the maternal circulation
(Chuaetal., 1991). Recent reports have suggested that this trophoblast debris plays a role in
the systemic inflammatory response associated with pregnancy (Borzychowski et al., 2006).

This debris comprises syncytiotrophoblast membrane particles, cytokeratin fragments,
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soluble DNA and RNA of foetal origin and cytotrophoblast cells. The release of these
particles from the syncytial surface occurs in all pregnancies but is increased in pre-eclampsia
more than in normal pregnancy (Knight et al., 1998). Excess shedding of these
syncytiotrophoblast microparticles is said to be the feature of early onset pre-eclampsia but
not pure intrauterine growth restricted foetal pregnancies (Goswami et al., 2006), an evidence
of its role in the pathogenesis of the disease. It has been suggested that the trophoblast
deportation associated with pre-eclampsia is more likely to be of necrotic origin (Burton and
Jones, 2009). Hypoxia and oxidative stress that characterises pre-eclampsia are a stimulant
for apoptosis and necrosis (Huppertz et al., 2003). Pre-eclampsia is associated with systemic
oxidative stress. This together with the placental effect of oxidative stress has inspired
clinical trials for the use of anti-oxidant vitamin C and E in the prophylactic treatment of the
disease. Recent results show they are not beneficial in preventing pre-eclampsia in high risk

women (Poston et al., 2006, Villar et al., 2009).

A new finding has revealed that there is down-regulation of cytokeratin immunofluorescence
in chorionic villi of pre-eclamptic placentae compared to normal pregnancy placenta
(Ockleford et al., 2004). The removal of such debris from the maternal circulation
constitutes an immune burden and hence the systemic inflammation that characterises the
disease (Redman and Sargeant, 2003). That trophoblast debris deported into the maternal
circulation constitutes an inflammatory stimulus explains why, epidemiologically the disease
risk is higher and is often more severe in the presence of excess trophoblast tissue as in
multiple pregnancy and in hydatiform mole (with deregulated proliferation of trophoblast
cells). It may also explain why pre-eclampsia is predominantly a disease of the third

trimester.

41



The two stages of pre-eclampsia

STAGE 1 -
P | tati
First half of pregnancy SeEduiRNn No symptoms
STAGE 2 o \
Second half of ( Placental oxidative stress ~ Overt pre-eclampsia

and inflammation

pregnancy N
!

sFlt-1 and other syncytiotrophoblast derived factors

V

Maternal systemic inflammatory stress

!

Clinical signs of pre-eclampsia

Fig. 1.6: This is a chart showing the two-staged model of pre-eclampsia proposed by Redman
CWG and Sargeant IL (2009). Placental oxidative stress and maternal systemic
inflammatory responses are the two central features.

Maternal pre-eclampsia
In this type of pre-eclampsia a normal placenta interacts with an abnormal systemic

constitution resulting in the disease (Ness and Roberts, 1996). These abnormal maternal
conditions include obesity, hypertension, vascular diseases, and diabetes. In the presence of

pregnancy those affected go on to develop pre-eclampsia.

Clinical Manifestations
Pre-eclampsia is largely asymptomatic for most part of its clinical course (Redman, 1992,

ACOG, 2002). When symptoms and signs do appear they do so at a late stage of the disease.
The signs and symptoms are also not specific to the disease. These characteristics of the
disease make it difficult to diagnose, and early treatment is almost impossible. The clinical

symptoms and signs are listed in the box 1.4 below:
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Hypertension
It is generally the earliest sign that raises the suspicion of the presence of the disease.

Currently, it and proteinuria are the features used for screening for the disease in antenatal
attendants. Hypertension in pregnancy is defined as a systolic blood pressure (SBP) >140
mm Hg or diastolic blood pressure (DBP) of >90 mm Hg in pregnant woman after 20 weeks
of gestation (Roccella, 2000) Usually in pregnancy, blood pressure decreases in the first
trimester and then rises again in the second trimester until term as part of the normal
physiology of pregnancy (Morgan, 1991). The rise associated with the second half does not
usually reach a hypertensive level. In pre-eclampsia there is disturbed endothelial control of
vascular tone leading to increased vasomotor tone, increased peripheral resistance, and

therefore hypertension (Roberts, 1999).

Proteinuria
Proteinuria is defined as the presence of 0.3 g or more of protein in a 24-hour urine specimen

or 1+ or greater in a random urine dipstick evaluation (Roccella, 2000). Proteinuria is usually
a late finding in the disease. Urinary excretion of protein increases gradually in pregnancy
and in pre-eclampsia it often reaches a range 5 g or more. It is due to impaired glomerular
barrier and renal tubular handling of filtered proteins leading to increase protein in the urine
(Moran et al., 2004).

Weight gain

Weight gain is a feature of pregnancy. This physiological weight gain is usually gradual.
Weight gain of 0.4536 Kg per week is normal while a weight gain of 0.9072 Kg in one week
or a total weight gain of 6 pounds in a month is abnormal and it is a sign of pre-eclampsia
(Redman, 1992). Sudden increase in weight rather than gradual increase is characteristic

(Redman, 1992).
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Box. 1.4. Clinical features of pre-eclampsia.

Hypertension

Proteinuria

Hyperuricaemia

Excessive weight gain

Excessive oedema
Thrombocytopaenia

Increased serum lactate dehydrogenase
Right upper abdominal or epigastric pain
Elevated liver transaminases
Subcapsular haematoma

HELLP syndrome

Headache

Blurred vision

Scotoma

Stroke

Pulmonary oedema

Foetal growth retardation
Oligohydramnios

Abruptio placentae

Oedema
Oedema is common in pregnancy. It is therefore no longer regarded as a diagnostic criterion

for pre-eclampsia (ACOG, 2002). However, excessive oedema involving the face and the
fingers can be a clue of the presence of pre-eclampsia (Redman, 1992). Oedema is due to

redistribution of fluid in the extracellular compartment.

Central Nervous system
Severe pre-eclampsia and eclampsia may affect the central nervous system (CNS). CNS

manifestations include headache, blurred vision, scotoma (Roccella, 2000) and hyperreflexia
(ACOG, 2002). Headache is not specific to pre-eclampsia and therefore other causes should
be ruled out before ascribing it to preeclampsia. Scotoma is impaired or loss of visual acuity
in some part of the visual field. Occasionally, severe pre-eclampsia may be associated with

temporary blindness. This is however uncommon (Cunningham et al., 1995). Intracranial
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haemorrhage has been reported as the cause of death in some severe preeclampsia-eclampsia

(Richards et al., 1988).

Right upper abdominal or epigastric pain.
Preeclampsia patients may complain of right upper abdominal or epigastric pain. This is pain

from stretching of the hepatic capsule as a result of hepatocellular oedema and occasionally,
there is also subcapsular haematoma as well (Sheehan and Lynch, 1973). Liver involvement
may be indicated by HELLP syndrome which is raised liver transaminases in the circulation,

low platelet count and haemolysis (Sibai, 1990, Sibai, 2004).

Pulmonary oedema
Various factors may be responsible for pulmonary oedema in pre-eclampsia. Elevation of

pulmonary vascular hydrostatic pressure above oncotic pressure will lead to net movement of
fluid from the vascular compartment into the alveoli resulting in pulmonary oedema. This
phenomenon is not present in all cases of pre-eclampsia with pulmonary oedema (Benedetti
et al., 1985). Other causes of pulmonary oedema in preeclampsia are fluid overload from

intravenous fluid administration, left heart failure and pulmonary capillary dysfunction.

Fetal Symptoms

Intra-uterine Fetal Growth Restriction
The fetus sometimes bears the effect of the placental hypoperfusion in pre-eclampsia in the

form of intra-uterine fetal growth retardation (IUGR). The risk of small for gestational age
infant following preeclampsia is four times higher than normal pregnancy (Odegard et al.,
2000). In severe pre-eclampsia the mean birth weight is reduced by 12% whilst early onset
disease decreases the birth weight by 23% compared with normotensive pregnancy (Odegard

et al., 2000).

Oligohydramnios
Reduced amniotic fluid volume is another manifestation of pre-eclampsia. This is the result

of reduced utero-placental blood supply in the disease.
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Abruptio placentae
Early separation of the placenta from the uterus before birth of the baby is termed abruptio

placentae. It presents as antepartum haemorrhage and may be complicated by postpartum
haemorrhage as a result of clotting derangement. It is infrequent (1%) in mild pre-eclampsia

but it has been reported in 3% of severe pre-eclampsia cases (Sibai et al., 1994)

Diagnosis
The diagnosis of pre-eclampsia can be very difficult because all its symptoms occur late and

they are not specific to the disease. Moreover, the early pathology of the disease is not
accessible and not fully understood (Redman, 1992). Hypertension and proteinuria are the
characteristic clinical features that are used in diagnosis of the disease at the clinic (Sibai,
2003). The diagnosis is based on finding hypertension and proteinuria in a pregnant woman

after 20 weeks gestation if they were previously normotensive (Roccella, 2000).

Criteria for diagnosis of pre-eclampsia are as follows:

a. Hypertension: systolic blood pressure >140 mm Hg or diastolic blood pressure >90

mm Hg.

b. Proteinuria: 0.3 g (300 mg) or more protein in a 24 hour urine specimen (ACOG,

2002).

c. The elevation in blood pressure (BP) should be sustained. Hence for this to be
regarded acceptable, two measurements must be taken, at least six hours apart but not

more than seven days (Roccella, 2000).

Blood pressure measurement
The BP measurement should be taken after sitting quietly for 5 minutes or more, after

physical activity (O'Brien et al., 2005). The reading should be taken with appropriate cuff
size. The length of the cuff bladder should be 80% and the width, 40 % of the length of the

circumference of the upper arm (Pickering et al., 2005). Others recommend 46 % (Beevers et
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al., 2001). The arm should be at the level of the heart (O'Brien et al., 2005) and ideally the
patient should be in sitting position (Jamieson et al., 1990). The diastolic BP should be
recorded at the Korotkoff phase V (disappearance of sound) (Beevers et al., 2001, ACOG,
2002). The old diagnostic criteria of 30 mm Hg or more increase in systolic BP and or 15
mm Hg or more increase in diastolic BP above the early pregnancy or the booking values
even if the BP is below the hypertensive levels of 140/90 mmHg is no longer regarded as
suitable (ACOG, 2002). This is because this increment has low sensitivity and predictive
value, about 30% for both. They are usually not associated with adverse outcomes (North et

al., 1999, Levine et al., 2000).

Screening for proteinuria
Screening for protein in the urine is done using a urinary dipstick. Equivalent protein

concentrations in the urine and the corresponding urinary dipstick measurement values are
show in the table 1.1 below. 1+ positive reaction on dipstick corresponds to a threshold
concentration of 30 mg /100 ml of urine which is equivalent to 300 mg in 24-hour urine when
the urine volume is 1000 ml. Dipstick measurement is not very accurate in determining the
severity of proteinuria since protein concentration is a function of urine volume and the
amount of protein in the urine (Meyer et al., 1994). Dipstick is qualitative and is prone to
give false negatives and false positives due to differences in osmolality (Gribble et al., 1995).
Other factors that can cause false positive dipstick readings are blood in the urine, very
alkaline urine, quaternary ammonium compounds, detergents, disinfectants certain drugs and
high specific gravity urine (> 1.030). Similarly, low specific gravity urine (< 1.010), high
salt concentration, highly acidic urine or non albumin protein in the urine can cause false

negative readings (Meyer et al., 1994, Gribble et al., 1995).

Waugh et al (2004) have reported that 1+ reaction is of no clinical value since negative

dipstick does not necessarily exclude significant proteinuria as positive result does not
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necessarily mean significant proteinuria. Quantitative methods should be used to confirm a
positive dipstick reaction. A 24-hour urine collection with measurement of protein content is
usual and appropriate. It has the advantage of providing information for calculation of
glomerular filtration rate (GFR) if creatinine concentration is also measured. Urine protein to
creatinine ratio is a simple and fairly accurate option. It relies on random urine specimen for
determination of urine protein-to-creatinine ratio which accounts for differences in osmolality
(Ginsberg et al., 1983). It has been reported to have a high correlation coefficient (r =0.93) in
both ambulatory and hospitalized patients when compared to 24- hour urine collection results
(Neithardt et al., 2002). There is however, no agreed threshold for identifying women with
significant proteinuria (Young et al., 1996, Rodriguez-Thompson and Lieberman, 2001,
Neithardt et al., 2002, Durnwald and Mercer, 2003). A value of 0.14 to 0.19 is said to be
significant (Young et al., 1996, Rodriguez-Thompson and Lieberman, 2001, Neithardt et al.,

2002, Durnwald and Mercer, 2003).

Table 1.1: Urinary dipstick results and the corresponding urinary concentrations

Dipstick protein Protein
concentration (mg / dl)

Trace 15-30

1+ 30-100
2+ 100-300
3+ 300-1000
4+ 21000

Differential Diagnosis
The diagnosis of pre-eclampsia must be confirmed by excluding other conditions in which

hypertension and proteinuria are present. Clinical and laboratory findings must be used to

distinguish PE from other conditions that present similarly. Conditions that present like pre-

48



eclampsia therefore can pose diagnostic dilemmas. These include: gestational hypertension,
pre-existing hypertension, and primary and secondary renal diseases like nephritic syndrome
and glomerulonephritis. Other conditions causing coagulopathy, hypertension, abnormal
liver function and renal abnormalities in pregnancy must also be excluded too. These include
acute fatty liver of pregnancy, thrombotic thrombocytopenic purpura, haemolytic uraemic
syndrome, exacerbation of systemic lupus erythematosis (SLE), gestational
thrombocytopenia, autoimmune thrombocytopenia, cerebral haemorrhage, migraine,
hepatitis, cholestasis and pancreatitis (Sibai, 2007) (Box 1.5). PE is the commonest cause of
hypertension, proteinuria, coagulation abnormalities and derangement in liver enzymes in

pregnancy but the above conditions must be born in mind and excluded as well (Sibai, 2007).

Box. 1.5 Differential diagnosis of Pre-eclampsia

Gestational hypertension

Pre-existing hypertension

Primary and secondary renal diseases
Acute fatty liver of pregnancy,
Thrombotic thrombocytopenic purpura
Haemolytic uraemic syndrome
Exacerbation of SLE

Gestational thrombocytopenia
Autoimmune thrombocytopenia
Cerebral haemorrhage

Migraine

Hepatitis

Cholestasis

Pancreatitis.

Laboratory investigations.

Laboratory evaluation of women with PE involves tests to aid diagnosis, to determine
severity, and to monitor progress so as to detect maternal and foetal complications. Below

are some of the laboratory tests that have been recommended by the National High Blood
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Pressure Education Program Working group on high blood pressure in pregnancy (Roccella,

2000).

Urine Protein measurement

Urinary protein of 300 mg in 24hour urine is diagnostic (Roccella, 2000, ACOG, 2002).
When 5 g or more protein is excreted in the urine, pre-eclampsia is severe. 1+ dipstick
protein must be confirmed using 24 hour urine collection or protein to creatinine ratio

(ACOG, 2002).

Haematocrit
It measures the red cell mass. The haematocrit may be low, high or normal in PE. If it is low
it may indicate haemolysis. On the other hand, haematocrit may be high due to

haemoconcentration which may be a feature of severe disease.

Platelets counts

Thrombocytopenia is common in pre-eclampsia. Platelet count of <100000/ mm?®connotes
severe pre-eclampsia or may be part of HELLP syndrome (Sibai, 2004). Thrombocytopenia
is due to widespread intravascular blood clotting that characterises the disease, with the

resultant depletion of platelets.

Lactate dehydrogenase (LDH) Concentration

LDH is an enzyme that is involved in red blood cell (RBC) metabolism. When there is red
cell lysis as in haemolysis, LDH is released into the circulation and the concentration is
elevated (Marchand et al., 1980). Elevated LDH indicates haemolysis which may be part of
HELLP syndrome. High LDH concentration in the presence of high haematocrit suggests

haemoconcentration.
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Peripheral Blood Smear
Peripheral blood smears may show fragmented RBCs. These appear as spherocytes and

helmet cells in peripheral blood film. It suggests microangiopathic haemolysis (Sibai, 2004).

Blood Urea and Creatinine
Serum urea and creatinine level may be elevated in the disease. This is due to reduced renal
blood flow leading to reduced GFR. An elevated serum creatinine (>80 umol/l)

concentration or rising levels will suggest worsening severity.

Serum Uric Acid
Serum uric acid level is high and the level rises with advancing pre-eclampsia. Uric acid

determination helps to differentiate PE from chronic hypertension.

Liver Function Tests (LFTs)
An elevated or rising level of alanine (ALT) and aspartate aminotransaminase (AST)
signifies severe PE. It indicates liver involvement in the disease. If y-glutaryltransaminase

and bilirubin are also raised then HELLP syndrome is present.

Coagulation Tests
Prothrombin time and activated partial thromboplastin times are usually normal in pre-
eclampsia unless there in an associated low platelet count or liver dysfunction. It is therefore

not recommended to monitor this test routinely (Barron et al., 1999).

Non- stress Test
This is the use of a cardiotocograph to monitor foetal heart beat pattern. Signs of abnormality

include absence of acceleration, deceleration and lack of variability.
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Biophysical Profile

In this test ultrasonography is used in looking at foetal breathing movements, limb
movements, defining good posture and amniotic fluid volume. Each parameter is scored at a
maximum 2 and minimum 0. A total score of 2 to 4 is ominous whilst 6 to 8 indicates good

foetal wellbeing.

Management
The safety of the mother and the delivery of a mature baby is the main objective for the

management of pre-eclampsia (Sibai, 2003). Delivery of the baby and the placenta, which
removes the pathogenic focus, remains the only cure for pre-eclampsia currently (Roccella,
2000, ACOG, 2002). Even though delivery is favourable to the mother, it may not be so for
the baby (Norwitz and Repke, 2007). Therefore, management should involve early diagnosis
and appropriately timed delivery (Redman, 1992). Diagnosis should be made by screening
for hypertension and proteinuria at the antenatal clinic and looking out for risk factors (see
risk factors) (Redman, 1992, ACOG, 2002). The initial assessment should aim at
determining the severity of the disease, maternal and foetal condition, and presence of
associated complications. This assessment involves history, physical examination, laboratory
investigations and foetal non-stress testing and determination of biophysical profiles. Once
the diagnosis is confirmed and the initial assessment is completed, there are two management

options:
1. Active (aggressive) with delivery of the baby
2. EXxpectant.

Which option is decided on, is based on the gestational age of the fetus, the severity of the
disease, maternal and fetal condition, presence of labour, cervical Bishop Score and

availability of materno-fetal supportive services (Lain and Roberts, 2002, Sibai, 2003).
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Aggressive management
This is the delivery of the baby after stabilization of the mother. Patients with mild pre-

eclampsia at term (37 completed weeks), must be delivered (Roccella, 2000, Norwitz and
Repke, 2007). Most experts recommend that the baby must be delivered by 40 weeks when
pre-eclampsia is mild (Roccella, 2000, Sibai, 2003, Nicholson et al., 2006). Severe pre-
eclampsia is also generally regarded as an indication for delivery (Norwitz and Repke, 2007).
These include those with end-organs involvement and also those with other obstetric
complications such as preterm rupture of membrane and abruptio placentae or the presence of
labour, and non-reassuring non-stress test results (see box 1.6, indications for delivery). One
important indication for the delivery of the baby at any gestational age is maternal hepatic
subcapsular haematoma (Lain and Roberts, 2002). This is because of the risk of hepatic

rupture (Lain and Roberts, 2002).

Expectant management
This option is delaying delivery for some time. The aim is to achieve some degree of foetal

maturity so as to reduce complications associated with preterm delivery e.g. foetal distress
syndrome, asphyxia, hypothermia and neonatal infections, etc. Expectant management
involves close monitoring of both mother and baby so as to identify any complications that

develops and then early and appropriate interventions are applied when needed.

Expectant management is indicated for patients with mild disease remote from term and some
selected cases of severe pre-eclampsia (Lain and Roberts, 2002, Sibai, 2003, Norwitz and
Repke, 2007, Sibai and Barton, 2007). These patients are monitored closely for development
of complications and appropriate and timely intervention taken. It is now known that
complications are rare in mild pre-eclampsia patients provided they are compliant (Sibai,
2003, Norwitz and Repke, 2007). Out-patient management is said to have similar pregnancy
outcomes to that of in-patient management and is therefore recommended. Hence, after the
initial diagnosis and evaluation, patient could be followed on an outpatient basis which is
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more cost effective (Barton et al., 1994, Barton et al., 2006). Many experts have also
recommended conservative management for selected severe cases (Odendaal et al., 1990,
Sibai et al., 1994). In a recent review, Sibai and Barton(2007) have outlined the selection of
the appropriate candidates for expectant management of severe pre-eclampsia. The selected
patient must not have signs of any end-organ involvement i.e. eclampsia, pulmonary oedema,
acute renal failure, disseminated intravascular coagulation, HELLP syndrome,
thrombocytopenia, labour, premature rupture of membrane (PROM), severe foetal growth
restiction and non-reassuring foetal status. The gestational age for these patients must be

between 24 and 32 weeks.

Bed rest is thought to reduce oedema, encourage foetal growth and prevent worsening
hypertension and therefore better pregnancy outcomes (Gilstrap et al., 1978, Sibai et al.,
1987, Sibai et al., 1992a). However there is no evidence that complete bed rest improves

pregnancy outcomes (Goldenberg et al., 1994). Restricted activity is typically recommended.

Fetal and maternal monitoring during conservative management

Laboratory investigations
As part of maternal monitoring, laboratory tests are done frequently to detect increasing

severity, and development of complications (end-organ involvement) to both mother and
baby. These tests include platelet counts, serum ALT and AST, serum creatinine, GFR, and
urinary protein excretion (Roccella, 2000). There are no obvious values for other laboratory
investigations such as haematocrit, serum LDH and urinary protein quantification. Itis
known that neither the rate of increase nor the amount of protein affects maternal or perinatal
outcome (Schiff et al., 1996, Hall et al., 2002). Fetal assessment is important in determining
fetal well-being and to identify complications. This is done by fetal movement counts, non-
stress test (NST) and ultrasonographic assessment of fetal activity and amniotic fluid volume,

also known as biophysical profile (BPP). The American College of Obstetricians and
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Gynaecologists have recommended a minimum of daily fetal movement counts and weekly
or bi-weekly NST and BPP (ACOG, 2002). When fetal movement count is found to be
abnormal, NTS and BPP could be than more frequently (Roccella, 2000). Ultrasonography to
measure fetal weight is important in detecting fetal growth restriction which may be a sign of
PE or progression to severe disease. Ultrasound should be done at diagnosis and should be

repeated serially.

Antihypertensive therapy
The effect of antihypertensive drug therapy on the length of pregnancy, on foetal growth, and

on the incidence of preterm delivery varies. There are no clear benefits of antihypertensive
treatment in mild pre-eclampsia (Sibai, 1996, Barton et al., 1999). Antihypertensive
treatment is important when diastolic blood pressure is between 105-110 mm Hg or more
(Sibai, 1996, Barton et al., 1999, Roccella, 2000). It reduces the incidence of certain
complications, like cerebrovascular accidents from occurring. When treatment is indicated,
the drug that is chosen must reduce the blood pressure to a safe level, have a rapid action,
reduce the pressure in a controlled manner without lowering cardiac output and utero-
placental blood flow and it must be safe for both mother and the baby (Roccella, 2000,
Alexander et al., 2006). Currently the drugs that are used in hypertensive crisis include
Hydralazine, Labatalol, Nifedipine and Sodium Nitroprusside (Roccella, 2000). Methyldopa

is also thought to be safe and is also used in the treatment of hypertension in pregnancy.

Box. 1.6: .Dosage of Antihypertensive drugs in pre-eclampsia

1. Hydralazine: 5-10 mg intravenously every 15-20 minutes until the desired BP is reached
effective; 80 mg at 10 minute intervals until a maximum total dose of 220 mg is reached.

2. Labatalol: 20 mg intravenous bolus followed by 40 mg within 10minutes if no adequate
response.
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Anticonvulsant Therapy
Anticonvulsant drugs are administered to prevent seizure in women with severe pre-

eclampsia (Coetzee et al., 1998, ACOG, 2002, Roberts et al., 2002). Its role as seizure
prophylaxis in mild pre-eclampsia is uncertain (Witlin et al., 1997, Hall et al., 2000, Magpie
Trial Collaboration, 2002, Livingston et al., 2003, Alexander et al., 2006). Anticonvulsant
therapy is usually given during labour or just before a planned delivery and is continued 12 to

48 hour after delivery (Norwitz and Repke, 2007).

Currently, parenteral Magnesium Sulphate (MgS0,) is the drug of choice for seizure
prevention in pre-eclampsia (Lucas et al., 1995) and prevention of recurrent seizure in
eclampsia (Duley and Henderson-Smart, 2003b). It is more effective than other
anticonvulsant drugs such as phenytoin, diazepam and lytic cocktail (which is a mixture of
chlorpromazine, promethazine and pethidine) that have been used in the past (Duley and
Gulmezoglu, 2001, Duley et al., 2003, Duley and Henderson-Smart, 2003b, Duley and

Henderson-Smart, 2003a).

Corticosteroid Therapy
Infants born prematurely due to pre-eclampsia are prone to hyaline membrane disease (Chang

et al., 2004) which is due to immaturity of the lungs. It has been shown that administration
of corticosteroids to the mother less than 32 weeks gestation, 24 to 48 hours before delivery,

prevents this by promoting foetal lung maturation (Amorim et al., 1999).

Delivery
It is the only cure for the disease. The indications for delivery in pre-eclampsia are

summarised in the box 1.7 blow:
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Box. 1.7: Indication for delivery adapted from report of the national high blood pressure
education program working group on high blood pressure in pregnancy volume 183 (1),
2000.

Maternal Gestational age>38 weeks
Platelet count <100 000cells/mm?
Progressive deterioration in renal function
Progressive deterioration in hepatic function
Suspected abruptio placentae
Persistent severe headache or visual changes
Persistent severe epigastric pain, nausea, or vomiting
Fetal Severe foetal growth restriction
Non-reassuring fetal testing results
Oligohydramnios

Route of Delivery
The route of delivery depends on each individual patient (Lain and Roberts, 2002). Mild pre-

eclampsia at term should be delivered vaginally provided there are no contraindications
(Norwitz and Repke, 2007). Vaginal delivery avoids an additional stress of operative
delivery and is therefore preferred to caesarean delivery (Roccella, 2000). Labour can be
induced when the cervix is favourable (Bishop Score of 6 or more). Cervical ripening agents
can be considered when the cervix is not favourable. Vaginal delivery should also be
attempted in most severe cases of pre-eclampsia too, particularly those beyond 30 weeks
gestation (Sibai, 2003). On the other hand, when pre-eclampsia is severe and the gestational
age is below 30 weeks or there are foetal and maternal complications such as fetal distress,
foetal growth retardation then speed of delivery is important and caesarean delivery is
preferred (Sibai, 2003). Caesarean delivery is also performed for other obstetric indications
(Roccella, 2000). The risk of caesarean delivery must always be weighed against the

advantages gained by speed of delivery.
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Complications of Pre-eclampsia
Pre-eclampsia is a disease with unpredictable course and it can progress at great speed with

development of complications within a short time of the onset, hence making it dangerous
and very difficult to manage (Redman, 1992). Complications of the disease are due to end
organ involvement particularly kidney, liver, brain and the lung. Some of the major adverse
outcomes include eclampsia (pre-eclampsia with seizure), stroke owing to cerebral
haemorrhage, HELLP syndrome, subcapsular haematoma with possible hepatic rupture,
disseminated intravascular coagulation (DIC) and thrombocytopenia with bleeding
tendencies, renal failure, pulmonary oedema, intrauterine foetal growth retardation, abruptio
placentae, and perinatal death (Roccella, 2000). Factors that influence these outcomes
include gestational age at onset and delivery, severity of the diseases, and presence of co-
morbid conditions like multiple gestation, diabetes mellitus, renal failure, thrombophilia or

pre-existing chronic hypertension (Heard et al., 2004).

Pre-eclampsia—eclampsia is also an important cause of maternal and perinatal morbidity and
mortality. The case fatality rate of pre-eclampsia —eclampsia is about 6.4 per 100 000 live

births (MacKay et al., 2001, Livingston et al., 2003).

Mild pre-eclampsia is said to have comparable neonatal outcome to that of normotensive
pregnancies except for higher induction rate (Hauth et al., 2000). Severe pre-eclampsia on
the other hand is associated with significant neonatal and maternal complications (Hauth et

al., 2000).

Long term outcomes
Hypertension and proteinuria resolves after delivery. This is usually within days but it may

sometimes take weeks. Some patients with severe hypertension will need antihypertensive

treatment postpartum. If hypertension persists after 12 weeks then it is probable that pre—
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eclampsia was a misdiagnosis and may warrant referral to physicians for management

(Roccella, 2000).

Patients who develop PE during pregnancy carry a risk of developing cardiovascular
conditions like hypertension, ischaemic heart disease and stroke in the future (Sibai et al.,
1986, Irgens et al., 2001, Smith et al., 2001, van Walraven et al., 2003, Funai et al., 2005,
Bellamy et al., 2007). The risk is higher in those with early onset disease, severe disease and
recurrent pre-eclampsia and gestational hypertension in multipara (Sibai et al., 1986, Irgens
et al., 2001). This group probably have latent predisposing conditions like hypertension,

thrombophilia or genetic or environmental factors.

The disease has the tendency to recur during subsequent pregnancies. Various factors
determine the risk of recurrence. Among these is gestational age at onset and the severity of
the disease. Women with severe pre-eclampsia are at great risk (25 to 65 %) of developing
the disease in subsequent pregnancy when compared to women who had mild disease (5to 7
%), and normotensives (1%) (Campbell et al., 1985, Sibai et al., 1986, Sibai et al., 1991,
Sibai et al., 1992b, Xiong et al., 2002). The risk of recurrence is about 65% when severe
disease occurs in the second trimester (Sibai et al., 1991) and the subsequent pregnancies are

characterised by severe pre-eclampsia compared to nulliparous women.
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Aims and objectives
The intervillous space of human placenta receives oxygenated maternal blood from spiral

arteries that open onto the basal plate surface. The blood in the intervillous space is in direct
contact with the chorionic villi. Exchange of nutrients, gases and waste products between the
fetus and the mother occurs by simple diffusion across the materno-fetal barrier consisting of
syncytiotrophoblast and its basement membrane, cytotrophoblast, and foetal capillary
endothelium. The intervillous space which is enclosed between the basal plate and the
chorionic plate is drained by maternal veins. The intervillous space therefore, is an extension
of the maternal vascular space. The basal plate and the chorionic plate intervillous surfaces
lining cells are similarly thought of as an extension of maternal endothelium. The basal plate
intervillous space is lined by trophoblast cells of foetal origin and endothelial cells of
maternal origin. Part of the lining is also covered by fibrin type fibrinoid. The chorionic
plate intervillous space lining was described as composed of trophoblast cells. Endothelial
cell dysfunction and generalised maternal systemic inflammatory reaction are well known
features of pre-eclampsia, a very common and potentially dangerous complication of the
second half of pregnancy. The disorder is also associated with clotting derangement. The

aims of this study are:

(1) To find out the effect of severity of pre-eclampsia on the proportions of the basal plate

intervillous surface lining cells.

(2) To find out whether the endothelium forms part of the lining of chorionic plate

intervillous surface.
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2 MATERIALS AND METHODS

Patient recruitment
Approval for the study was obtained from the Leicestershire Research Ethical Committee.

Ref 7144 and the University Hospitals of Leicester NHS Trust Research and Development
Committee Ref UHL9161. In collaboration with the consultants at the Pregnancy
Hypertension Unit of the Leicester Royal Infirmary (LRI), suitable candidates for the study
were identified during admission to the ward. The criteria for selection included: clinical
diagnosis of pre-eclampsia supported by laboratory investigations, caucasian race and
nulliparity. Multiparity, multiple pregnancies and women with maternal medical conditions
such as hypertension and diabetes were excluded from the study. Candidates, who qualified,
were recruited after a fully informed consent procedure was administered and agreement in
writing obtained. These candidates were then monitored until they delivered, either normally
or by caesarean section. Placental basal plate samples were collected within an hour of

delivery.

A total of 32 placenta samples, comprising of eleven (11) normal pregnancy placentae, ten
(10) mild pre-eclamptic (MPE) pregnancy placentae and eleven (11) severe pre-eclamptic
(SPE) placentae were collected for the basal plate study. The classification of pre-eclampsia
into mild and severe is based on the American College of Obstetricians and Gynaecologists
(ACOG) criteria (refer to box1.3). Eight (8) healthy control patients were recruited for the

chorionic plate study.

Sampling Method

Basal plate sampling
Four basal plate samples were randomly obtained from each placenta. Each sample is about 1

cm x 2 cm, and they were cut from each of the four quadrants of the placenta (as shown in

61



Figure 3.1) within an hour of delivery of the placenta. The rest of the placenta was disposed

of by the hospital staff according to the prescribed protocol.

Chorionic plate sampling
For three (3) of the seven placentas recruited for the chorionic plate study, one random

chorionic plate specimen, 1cm x 2cm in size, was sampled. For the other four (4) placentas,
an 1 cm x 2 cm samples each were cut from the edge, midway between the edge and the

centre of the placenta and near the umbilical cord insertion from each placenta.

Tissue processing
The samples were placed on wet ice in a Dewar flask and transported to the laboratory. In

the laboratory, the samples were then immersed in OCT embedding medium (Tissue-Tek,
Sakura Finetek Europe) in aluminium foil moulds and then freeze-fixed in a Dewar flask
containing a slush of liquid hexane and dry ice. The frozen specimens, were placed in
labelled mini freezer bags, and then transferred into a -80°C freezer for storage until they

were processed.

Placental samples for histology were fixed in 10% formaldehyde within an hour of delivery
for 24-48 hours. The tissues were then trimmed into about 2 cm by 3cm in size and then
dehydrated in graded series of ethyl alcohol and then cleared in Xylene before they were
embedded in paraffin wax using a tissue processor (kindly provided by MRC Toxicology
Unit, University of Leicester). Paraffin embedded tissues were kept in dry place until

processed.
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Fig. 2.1: A diagram showing the tissue sampling from the basal plate surface of the placenta.
A basal plate sample was cut from each of the four quadrants of the placenta.

Dual-labelled Indirect Immunohistochemistry

Tissue sectioning
7um-thick sections of the samples were cut using a Bright cryomicrotome. The temperature

of the microtome cabinet was set at -25°C and the tissue temperature at -13°C. The tissue
blocks were mounted on the chuck in the cryostat using OCT. The ends of the tissues were
trimmed, with the cutting thickness of the microtome knife initially set at 20um, until tissue
of the basal plate was visible. The thickness was readjusted to 7pum and the sections cut and
picked on subbed super frost slides (VWR International bvba, Haasrode Researshpark Zone
3, Geldenaaksebaan). The tissue slides were then fixed in 1:1 Acetone-methanol at room
temperature in a Coplin jar for between 5 and 10 minutes. After fixation, the slides were
washed 5 times, each wash lasting 5 minutes in 20mM Tris Buffered Saline with 0.1% Tween
20 (TBS-T)in a Coplin jar.

Primary antibodies

Trophoblast markers: Mouse monoclonal anti-pancytokeratin-1gG1 specific (Sigma-Aldrich,
Missouri, USA, C2931) and rabbit (sc-17031-R) polyclonal anti-keratin 18 (p-Cytokeratin 18
Ser 33) (Santa Cruz Biotechnology, Inc.). The endothelial markers: Rabbit polyclonal anti-

human von Willebrand factor (Sigma-Aldrich, Missouri, USA, F 3520) and mouse
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monoclonal antibody raised against umbilical cord endothelial cells of human origin,
Endothelium (EN4) (Santa Cruz Biotechnology Inc.). The antibodies were diluted in TBS-T
containing 20% foetal calf serum, 1:800 for the mouse monoclonal anti-pancytokeratin, 1:100
for the EN4, 1:400 for the polyclonal rabbit anti-human von Willebrand factor and 1:50 for
the rabbit polyclonal anticytokeratin 18. These dilutions were ascertained by titration.
Secondary antibodies

The secondary antibody for the trophoblast marker was Cy3-conjugated sheep anti-mouse
Affinipure IgG Fab2 (Jackson Immunoresearch Laboratories, West Grove, PA, USA, 51787)
at a dilution of 1:1000 and that for the endothelium marker is FITC conjugated goat-anti-
Rabbit 1gG(Sigma-Aldrich, Missouri, USA, F6005) at a dilution of 1:500. These optimal
dilutions were arrived at after preliminary experiments were carried out to determine the
optimum working dilutions.

Application of the antibodies to the slides

After washing slides in TBS, they were dried with tissue paper to remove excess water. The
outlines of the tissues on the slides were marked out using a slide marker pen. This formed a
water resistant barrier around the tissue and retained the antibodies dropped onto the tissue.
The tissue on the slides were then flooded with 100l of the primary antibody preparation
and then incubated at 4°C overnight in a humid container so as to prevent desiccation of the

tissues.

Following an overnight incubation, the slides were give a further five washes, each 5
minutes, in 20mM TBS-T). Subsequently, 100ul of secondary antibodies were dropped on
the slides to cover the tissue and the slides were incubated for 1-2 hours at room temperature

in a dark cabinet.

At the end of the second incubation period, the slides were given a further five washes in

20mM TBS-T, each lasting five minutes, and then the slides were covered with glass
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coverslips using Mowiol an acqueous mountant (from Calbiochem) containing the anti-
photobleaching agent Diazabicylo [2.2.2] octane (DABCO).

Control experiment

Two types of control experiments were carried out to rule out false positivity as a result of
non-specific binding of the primary antibodies. In the first type of control experiment, the
primary antibodies were omitted and replaced by 20% foetal calf serum. The rest of the
experiment was as described for the experimental group. In the second type of control
experiments, isotype control antibody was applied instead of the primary antibodies and at
the same dilution. Again, the rest of the experiment was as described above for the main

experiment.

Epifluorescence Microscopy
The slides were examined under a Zeiss Epifluorescence microscope that was fitted with

standard filter sets for Cy-3 and FITC fluorophores, to determine whether the slides are
properly labelled and to see the general outline of the tissue. Slides with specific labelling

and good tissue morphology were selected for confocal laser scanning microscopy.

Confocal Laser Scanning Microscopy (CLSM)
The tissue sections were viewed using the CLSM in a dual setup where 2 filters (green and

red) were used. The slides were viewed under epifluorescence illumination to locate the
basal plate. The Zeiss Axiovert was reset to allow the laser illumination through the confocal
light path to the tissue. With the laser source set at zero, gain set at 7 for the red channel and
8 for the green channel, objective lens at x 20 magnification and using a Kalman filter at
setting 3, the tissue was initially scanned with minimum pixel dwell time to minimise
photobleaching. Simultaneous dual channel illumination on both channels and slow scanning
speed filtering was used to record digital micrographs. In this way the tissue was scanned

from one end of the basal plate to the other and images were recorded in a continuum along
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the basal plate and saved on an optical disk under a specified file format (.pic) for further
processing. This was done for each placenta. Fig3.2 is an example of a pair of typical
micrographs obtained and saved. The identical process was applied to the chorionic plate

samples.

Measurement

Using Comos software, the images obtained were merged side-by-side using pseudocolor-
red and green coding for ease of identification of the different antigens. Green (FITC-
fluorophore) was associated with cells expressing von Willebrand protein, and red (Cy3
fluorophore) labelled cells expressing the cytokeratin proteins. The basal plate lining was, at
some places, interrupted by anchoring villi and gaps, not labelled by either antibody. These

are designated as anchoring villi (AV) and non-specifically labelled (NS) respectively

Using the length/profile tool of the Comos software, the length of the red and green overlays,
AV and NS along the basal plate lining of the intervillous space for each placenta was
measured and recorded as the length of trophoblast (TPB), endothelium (END), AV and NS
in microm. These data were transferred to an Excel spread sheet and then saved for analysis.
The percentage length of the various components was then calculated. In three placentas no
anchoring villous was seen in the fields examined. The lowest AV length measured for the

group of each of those cases were used in place of zero.

Histology

Tissue sections, 5 pum thick, were cut using a microtome and sections placed in a drop of
distilled water on a warm glass slide. After about 2-5 minutes the excess water was blotted
away and the tissue slide left to dry out on hot plate for 3 hours. The tissue slides were then
dewaxed by passing through Xylene first and then through a graded series of methanol

(100%, 90% and 70%) and then water. A modified version of the staining method described
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by Lendrum et al.(1962) was used. Cell nuclei were stained with Celestine blue and the
slides rinsed under tap water. Nuclei were differentiated in 0.25 per cent hydrochloric acid in
70 % alcohol. The tissues slides were then washed in tap water and then rinsed in 95 %
alcohol before they were stained with 0.5 % martius yellow in 95 % alcohol containing 2 %
phosphotungstic acid for 20 seconds. The slides were then rinsed in 95 % ethanol and then
stained in 0.1 % brilliant crystal scarlet 6R in 2.5 % acetic acid for 3 minutes. The slides
were then rinsed in distilled water and treated with 1 % phosphotungstic acid for 5 minutes in
order to fix and differentiate the red stain. The slides were then rinsed with distilled water
and then stained with 0.5 % soluble blue in 1 % acetic acid for up to 3 minutes. Finally the
slides were rinsed in 1 % acetic acid, blotted and dehydrated in absolute alcohol before being

cleared in xylene. The tissues were coverslipped with synthetic resin as mounting medium.

Principle of the MSB staining
Fibrin is an insoluble fibrillar protein formed by polymerization of fibrinogen. The small

molecular dye, martius yellow, together with phosphotungstic acid in alcohol solution stains
red cells. The early fibrin maybe coloured but the phosphotangstic acid blocks the staining of
muscle, collagen and connective tissue fibres. Brilliant crystal scarlet, a medium sized
molecule, stains muscle and mature fibrin. Phosphotangstic acid removes any red stain from
the collagen. The large molecule dye, celestine blue stains the collagen and old fibrin.

Fibrin stains red (early fibrin may colour yellow and very old fibrin blue), red blood cells
stain yellow, collagen stains blue, nuclei stain blue and muscle pale red (Cook, 1974,

Bancroft and Stevens, 1982).
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Statistical analysis
The graphs displaying the data were generated in Excel (Microsoft office 2007) (Fig. 5.1-5.3)

and SPSS (SPSS version 16). Kolmogorov-Smirnov and Shapiro-Wilk tests (SPSS version
16), were used to determine normality of the data. ANOVA and Kruskal-Wallis (SPSS
version 16) were used to test the differences between the means and median respectively for
the length percent of endothelium, trophoblast, fibrin/fibrinoid and anchoring villi segments

of the basal plate intervillous surface lining within and between the patient groups.
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3 RESULTS

Demographic and obstetric characteristics of the study group
Maternal age, gestational age at delivery, sex of the babies and birth weight distributions of

the study groups are summarised in Table 3.1 below. The average age of mothers in the
severe pre-eclampsia group is 22.9 years. The average ages of women in the mild pre-
eclamptic and healthy control groups are 27 years and 24.7 years respectively. Maternal age

is not significantly different amongst the study groups (f (2, 29) = 1.967, p = 0.158)

The mean birth weight for the babies in the study group varies significantly between the
patients groups (F (2, 29) = 11.912, p =0.000) (Table 3.2 and Table 5.10). The mean
birthweight of babies born to mothers with severe pre-eclampsia is signicantly lower that
those born to women who developed mild pre-eclampsia or had healthy pregnancies, posthoc
p = 0.000 and 0.001 for mild pre-eclamptic and healthy controls respectively. Seven of the
11 babies born to mothers who had pregnancies complicated by severe pre-eclampsia were
females and 4 were males (Table 3.1 and fig. 5.6)). In the mild pre-eclamptic group, 6 of the
10 babies were females and the other 4 were male babies (Table 3.1 and fig. 5.5). Mothers
with healthy uncomplicated pregnancies had 5 female and 6 male babies (Table 3.1 and fig.
5.4). There is no significant differences among the groups with regards to the gender of the
babies (p = 0.686). The mean gestational age at delivery was significantly different amongs
the groups (Anova p = 0.001). Pregnancies complicated by severe pre-eclampsia were, as
expected, terminated at an earlier gestational age (mean gestational age at delivery of 34.8
weeks) than normal pregnancies (p=0.001) and mild pre-eclamptic pregnancies (p = 0.003)

(Table 3.1).
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Table 3.1 Demographic and obstetric characteristics of the patient groups

Control patients Mild pre-eclampsia Severe pre-
eclampsia
n=11 n=10
n=11

Maternal Age 24.7 (19-35) 27.0(17-31) 22.9(17-30)
Gestational age at 38.7 (31-41) 38.5 (37-40) 34.8 (31-39)
delivery (weeks)
Birthweight( g) 3057.1 (1980-4138) | 3200.7 (2636-4110) | 2004.3 (1020-3628)
Sex of baby
Female 5(45.5) 6 (60) 7(70)
Male 6 (50.5) 4 (40) 4(30)

Values are expressed as mean (range) for maternal age, gestational age and birthweight and

number (percentage) for sex of the baby.

Table 3.2 . Result of analysis of maternal age, gestational age at delivery, birth weight and

the sex of the babies’ data

ANOVA
Source=Between
Groups

Sum of

Squares df Mean Square F Sig.
maternal age(years) 87.784 2 43.892 1.967 158
Gestational age at 104,557 2 52278 9576| .00l
delivery(weeks)
Birthweight (grams) 9182698.684 2| 4591349.342| 11.912 .000
Sex of the baby 202 2 101 .382 .686

This is a table of the test statistic result of the between groups analysis of variance. The
means of gestational age at delivery and the birth weight are significantly different between
the groups (P = 0.001 for GAD and p = 0.000 for birthweight). Means of maternal ages are

not significantly different between the groups
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Positive Antibody Labelling
Positive immunoreactivity is assumed when immunofluorescence is between 0 and 255 on

the grayscale and negative immunoreactivity is when there is no immunofluorescence above

background levels i.e. 0 on the grayscales.

Endothelial marker
The antibody specific for von-Willebrand factor has consistently labelled endothelium of the

fetal blood vessels (in the core of chorionic villi), the endothelium of maternal blood vessels
of the basal plate as well as segments of the lining of the basal plate intervillous border
(Fig.3.1, 3.3a, 3.6-3.20, and 3.22-3.27). The labelling pattern of the polyclonal rabbit anti-
von Willebrand factor antibody is consistent with that obtained with EN4 antibody, another
endothelial marker that is immunoreactive with CD31 antigen or PECAM-1 (Burgio et al.,
1994) (Fig.3.3a and b). Although positive control experiments (e.g using blood vessels) were
not done, the endothelium of the fetal capillaries in the villi provided an embedded positive
control for the basal plate intervillous surface lining endothelium. Negative controls done by
omitting the primary antibody or using isotype control at the same dilusion as the anti-von

Willebrand antibody showed negative immunofluorescence (Fig. 3.2 and fig. 3.21)

Trophoblast marker
The trophoblast marker used in the experiments was monoclonal mouse anti-pancytokeratin.

It was immunoreactive with pancytokeratins in the cytoplasm of trophoblastic epithelium. It
was positively immunoreactive with both syncytio- and cyto-trophoblast cells of the
chorionic villi, the extravillous cytotrophoblast cells in cell columns and basal plate and
segments of the lining of the intervillous border of the basal plate (Fig.3.1, 3.4, 3.6-3.15 and
3.17-3.20). The labelling pattern of the monoclonal pancytokeratin antibody was essentially
consistent with that of polyclonal Keratinl18 antibody (fig. 3.4 and 3.5). It reacts occasionally

with the walls of large maternal blood vessels in the uteroplacental site and connective tissues
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of basal plate and chorionic plate (Fig 3.24). There was no significant cross labelling

between the endothelial and trophoblast marker antibodies.

In the control experiments, where both primary antibodies were omitted and replaced with
20% fetal calf serum diluted with TBS-T (Fig.3. 2 and 3.21) or with antibodies of the same
isotype and concentration as the primary, there was no significant fluorescence above

background. This is true for the chorionic plate specimen as well.
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Fig. 3.1 a: This confocal laser scanning micrograph of placenta dual-labelled with anti-
pancytokeratin (red) as trophoblast marker and anti-von Willebrand factor (green) as
endothelial marker. It shows the pancytokeratin labelling of trophoblastic epithelium (k) and
von Willebrand factor labelling the endothelium (v) of foetal capillaries in the core of the
villi. The pattern of the labelling is mutually exclusive and distinctive. The micrograph
shows healthy placental tissue. b: Shows pre-eclamptic placenta has a similar labelling

pattern.
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Fig. 3.2 A confocal laser scanning (CLSM) image of the control experiment for fig. 1a. The
primary antibodies were omitted and replaced by 20 % fetal calf serum. There is no visible
fluorescence above background level.
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Fig. 3.3 Von Willebrand factor (a) and EN4 (b) labelled indirect immunofluorescence
microscopy images detected using confocal laser scanning microscope showing both
antibodies labelling the foetal capillary endothelium (ce) within the villi. Though they at
different magnifications the pattern of labelling is similar for both antibodies thus
substantiating specificity of anti-von Willebrand factor as endothelial marker.
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Fig. 3.4 This is a grayscale micrograph of human placental basal plate immunostained with
monoclonal mouse anti- pancytokeratin antibody at dilution of 1: 800. On the right is
intervillous space with chorionic villi (cv) and on the left is the basal plate with decidua and
extravillous cytotrophoblast cells (evt). The basal plate intervillous surface lining
(arrowheads) separates the two. This trophoblast marker has clearly outlined villous
trophoblast (vt) and evts in this image.
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Fig. 3.5 This is a grayscale micrograph of human placental basal plate immunostained with
polyclonal rabbit anti-keratin 18 antibody at dilution of 1: 50. On the right is intervillous
space with chorionic villi (cv) and on the left is the basal plate with decidua and extravillous
cytotrophoblast cells (evt). The basal plate intervillous surface lining (arrowheads)
separates the two. This trophoblast marker has clearly outlined villous trophoblast (vt) and
evts in this image.
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Basal plate lining cells

Quialitative Results
The results from the dual-labelled indirect immunofluorescence confirmed the presence of a

unicellular layer lining the intervillous border of the basal plate of the placenta (Fig.3.6-3.15
and 3.17-3.20). This lining is made up of cells that express either endothelial or trophoblast
antigens suggesting endothelial and trophoblastic composition of the lining (Fig.3.6- 3.15 and
3.17-3.20). The endothelial and trophoblast expressing segments are frequently observed to
be continuous end-to-end (Fig. 3.10) but at some points the two cell types overlap each other
(Fig. 3.11). The endothelium marker positive cells appear to be widespread within the basal
plate lining of the intervillous space border and not limited only to the openings of utero-

placental blood vessels (Fig. 3.7, 3.13-3.15).

This mosaic layer is interrupted at some points by gaps which are negative for both
immunofluorescence probes (Fig. 3.13). In separate histological experiments in which
paraffin embedded placental tissue were stained with Martius scarlet blue (MSB) the results
showed that the gaps were filled by fibrin or fibrinoid (Fig. 3.16). Also interrupting the layer
at certain places are anchoring villi (Fig. 3.8, 3.11-3.13, 3.16a and 3.17). The allo-epi-
endothelial phenomenon has been confirmed. It is possible on the basis of this evidence to
conclude that the trophoblast-endothelial mosaic is present over the entire basal plate and not
limited to a particular region as it is seen in basal plate specimens sampled from the edge,
midway between the edge and middle, and the middle of the placenta. There were no
obvious qualitative differences in the labelling pattern of the markers in healthy and pre-
eclamptic placentae. Pre-eclamptic placentae appear to have fewer anchoring villi
interrupting the lining. The maternal surface of the basal plate (line of separation of the
placenta from the uterus) is lined by tissue that is immunoreactive with either trophoblast or

endothelium markers but predominantly endothelium (Fig. 3.17).
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Fig. 3.6 A healthy human placental tissue sample containing a segment of the basal plate (bp)
and intervillous space (ivs). The intervillous space lining (arrowheads) is reactive with
endothelial marker (green) as is the foetal capillary endothelium (arrows). All the ivs lining
in this image is endothelial. Extravillous trophoblast cells (evt) are seen in the basal plate.
(Red channel = anti-pancytokeratin; green = anti-von Willebrand factor; k = chorionic
villous trophoblast)

Fig. 3.7. Confocal laser scanning micrograph of pre-eclamptic placental basal plate showing the
intervillous space border lining (arrowheads) positively immunoreactive with anti-von Willebrand
factor (green). Foetal capillary endothelium (arrows) is similarly positive. The endothelial marker
positive cells on the intervillous border cover an extensive length and are characteristically thin as
endothelium. Gaps (ns) in the layer are negative for the endothelial and trophoblast markers.
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Fig. 3.8 This is an immunofluorescence confocal laser scanning image of the basal plate of a
healthy pregnancy placenta showing anti-pancytokeratin antibody (red) outlining the basal
plate intervillous border lining cells (k). Most of the lining cells in this segment are positive
for anti-pancytokeratin antibody as is extravillous trophoblast cells (evt) and villous
trophoblast (vk). The lining is interrupted by anchoring villous (av) and a short segment of

endothelium (e).

Fig. 3.9 This immunofluorescence confocal scanning image of the basal plate of a pre-
eclamptic pregnancy placenta showing anti-pancytokeratin antibody (red) outlining the basal
plate intervillous border lining cells (k). Most of the lining cells in this segment are positive
for pancytokeratin antibody as are villous trophoblast (vk). (e = foetal capillary endothelium).
Connective tissues in the basal plate appear to be picking von- Willebrand factor but the
immunofluorescence intensity is less than that of foetal capillary endothelium.
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Fig. 3.10. This is a dual-labelled imunofluorescence confocal laser scanning image of the
basal plate of a healthy pregnancy placenta showing the intervillous surface lining of the
basal plate consisting of a mosaic of endothelium (e) and trophoblast (k). The endothelium,
of endodermal origin, is seen making cell-to-cell contact (arrowheads) with trophoblast of
ectodermal origin. Together these two cells types form the lining layer. (bp= basal plate;
ivs= intervillous space).

Fig. 3.11. A micrograph of a pre-eclamptic pregnancy placenta basal plate showing

intervillous border lining consisting of endothelium (e) and trophoblast (k). These two cells

make contact with each other and they appear to overlap each other at some points.

Anchoring villous (av) is seen interrupting the unicellular layer. AV represents a point where

extravillous cells in the cell column make contact with maternal tissues in the decidua.
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Fig. 3.12. A micrograph of a pre-eclamptic pregnancy placenta basal plate,dual-labelled with
anti-von Willebrand factor (green) and anti-pancytokeratin (red) showing the intervillous
space border lining layer being interrupted by anchoring villi (av). (e = endothelium; k=
trophoblast).

100 um

Fig. 3.13 Confocal laser scanning image of a healthy placental basal plate dual-labelled with
anti-pancytokeratin (red) and anti-von Willebrand factor (green). The intervillous space
border is lined in part by endothelium (e). An anchoring villous ( av) is seen making contact
with the basal plate (bp). Part of the lining is not reactive with both antibodies (ns) and it has
been shown in histological preparations to correspond with areas of fibrin/ fibrinoid

deposition
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Fig. 3.14. This is an image of a healthy pregnancy placental basal plate showing part of the
intervillous surface to be reactive with the endothelial marker (e) and part which is not
reactive with both endothelial and trophoblast marker antibodies (ns). These gaps are
thought to represent areas of fibrin/fibrinoid deposition. evt = extravillous trophoblast.

250 pmy

Fig. 3.15. A confocal laser scanning image of placenta basal plate, showing the intervillous
surface lined by trophoblast (k) and endothelium (e). The layer is interrupted by a segment
that is negative for both trophoblast and endothelial markers (ns). These gaps correspond
with areas of fibrin deposition in histological preparations.
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Fig. 3.16. a,b,c. Histological images of the placental basal plate stained with Martius Scarlet
Blue (MSB) showing a thick band of fibrin (f) beneath the cellular layer lining the
intervillous surface. This fibrin layer replaces the cellular layer at places where the cellular
layer is absent (arrowheads). vt = Villous syncytiotrophoblast; bp = basal plate; ivs =
intervillous space; e = endothelial cell; av = anchoring villous, pvf = perivillous fibrinoid, ct
= connective tissue, ns = Nitabuch’s stria, rbc = red blood cells.
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Fig. 3.17. This is an image from pre-eclamptic placental basal plate. Dual indirect
immunofluorescence shows that von Willebrand factor-positive cells are lining the maternal
surface (abscission layer) of the basal plate (arrowheads). (k = pancytokeratin positive cells;
av = anchoring villous).
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Fig. 3.18. This is a human placenta basal plate sampled from the edge of the placenta and
dual-labelled with anti-pancytokeratin (red) and anti-von Willebrand factor (green). The
intervillous surface of the basal plate (arrowheads) separates maternal tissues in the deciduas
(below) from the villi in the intervillous space. A segment of the lining of the intervillous
surface of the basal plate (e) is outlined by endothelial marker and part (k) is also outlined by
trophoblast marker. Arrows = foetal capillary endothelium; vt = villous trophoblast; evt =
extravillous trophoblast

) 50 um

Fig. 3.19. This micrograph shows a human placenta basal plate sampled from midway
between the edge and the centre of the placenta and dual-labelled with anti-pancytokeratin
(red) and anti-von Willebrand factor (green). The intervillous surface of the basal plate
(arrowheads) is outlined by endothelial marker. Arrows = foetal capillary endothelium; vt =
villous trophoblast; evt = extravillous trophoblast
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Fig. 3.20. This is human placental basal plate sampled from the centre of the placenta and
dual-labelled with anti-pancytokeratin (red) and anti-von Willebrand factor (green). The
intervillous surface of the basal plate (arrowheads) separates maternal tissues of the deciduas
(below) from the chorionic villi in the intervillous space above. A segment of the lining of
the intervillous surface of the basal plate (e) is outlined by endothelial marker. ce = foetal
capillary endothelium; vt = villous trophoblast; evt = extravillous trophoblast.
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Fig. 3.21. This is CLSM image of human placenta from the same placental sample as fig.3.20
above In this control experiment IgG1 isotype of the monoclonal mouse anti-pancytokeratin
(1 : 800 dilution) and IgG isotype of polyclonal anti-vWF (1 : 400 dilution) were used to
replace the specific primary antibodies. There is no immunofluorescence above background
levels
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Quantitative results

Comparisons of proportions within the patients groups
Table 3.5 and Tables 5.11-5.14 show the means and median of the data for the three placental

groups. Measurements of the basal plate lining components of the images of the control
placentae showed that the mean length of endothelium and trophoblast are 62.83% and
27.64% respectively (Table 3.5, 5.11 and 5.12). The fibrin/fibrinoid and anchoring villi form
5.93% and 3.64% respectively of the basal plate lining (Table 3.5, 5.13 and 5.14). The mean
proportions of endothelium and trophoblast for mild pre-eclamptic placentae were 69.79%
and 20.83% respectively (Table 3.5, 5.11 and 5.12). Fibrin and anchoring villi make up
7.44% and 1.95% of the lining of mild pre-eclamptic placentae respectively (Table 3.5, 5.13
and 5.14). For the severe pre-eclamptic placentae, the mean values for endothelium,
trophoblast, fibrin and anchoring villi are 51.23%, 35.42% 11.12% and 2.23% respectively
(Table 3.5 and 5.11-5.14). Clearly therefore, endothelium forms a larger proportion of the
basal plate intervillous space lining in all three patients groups. There was no observed
regional variation in the length percent data for the specimens sampled from the four different

areas of each placeneta (refer to basal plate sampling).

The Kolmogorov-Smirnov (K-S) and Shapiro-Wilk’s (S-W) tests of normality for the length
percent of the basal plate component data for each group shows the test is not significant (p >
0.05) for all the components in all the groups except the length percent fibrin data for the
control. The data for the endothelial, trophoblast and anchoring villi are normally distributed.
The fibrin data is normally distributed for the mild and severe pre-eclamptics but is
asymmetrically distributed in the control patient group (Tables 3.3, 3.4 and 5.15). The
statistical test used was therefore ANOVA. The K-S and S-W tests of normality for the
transformed data (NS-AV, AV to NS ratio and END to TPB ratio) for each group revealed
that the K-S test is not significant for all the data in all the groups. The S-W test is not
significant for the NS-AV and AV to NS ratio in all the groups. It is however significant for
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END to TPB ratio in all the groups. Hence the distribution of the NS-AV and AV to NS ratio
data fit normal distribution. The END to TPB ratio data is not normally distributed (Refer

appendix 5, Table 5.20).

Comparison of the mean proportions of the various components of the basal plate lining
within each of the three patient groups showed that the mean length proportion of
endothelium, trophoblast, anchoring villi and fibrin differ significantly within each patients
group (ANOVA, p=0.000 for each group). Multiple comparisons between the lining
components has revealed that in placentas from healthy controls and those from mild pre-
eclamptic pregnancies, there is a larger proportion occupied by endothelium than trophoblast,
fibrin/fibrinoid and anchoring villi (ANOVA, p = 0.000 for control and mild pre-eclampsia;
posthoc test, p = 0.000 for trophoblast, fibrin/fibrinoid and anchoring villi in both patient
groups). Within the severe pre-eclamptic patient group however, there are no significant
differences between the mean length proportions of endothelium and trophoblast (posthoc
test, p = 0.172). The mean length percent of fibrin/fibrinoid and anchoring villi are not

different within the three groups of patients (post hoc, p = 1. 00).

There is a significantly positive correlation between the level of maternal systolic BP and
length percent of basal plate IVS fibrin (Pearson’s correlation coefficience r = 0.36, p = 0.45)
(refer to table 3.5 and fig. 3.22). There was positive correlation between length of fibrin and
highest diastolic blood pressure but it was not statistically significant(r = 0.308, p = 0.086).
There appears to be a negative correlation between length percent of endothelial cells and
maternal SBP and DBP but the correlation is not significant (r = -0.063, p = 0.734 for SBP
and r =-0.68, p=0.712 for DBP). There was no correlation between length of fibrin and
GAD (r =0.033, p =0.858) and length of endothelium and GAD (r = 0.011, p = 0.96). Birth

weight appears to be positively correlated with length percent of endothelium but the
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correlation is not significant (r = 0.18, p = 0.32). Length percent of the basal plate IVS fibrin

appears to have no effect on the birth weight (r = 0.006, p = 0.953).

Table 3.3. Test=Kolmogorov-Smirnov

Tests of Normality

Dependent Variables Statistics
Patient group Statistic Df Sig.
Length percent Healthy Control 125 11| 200
endothelium Mild pre-eclamptic 155 10  .200"
S;‘; i':;g;e 195 11| 200"
Length percent Healthy Control 149 11| 200
trophoblast Mild pre-eclamptic 181 10|  .200
Sfl‘; f::)g:;e 176 11| 200"
Length percent Healthy Control 191 11| 200
anchoring villi Mild pre-eclamptic 220 10 .186
S;‘; ?::)526 254 11| 046
Length percent Healthy Control .262 11 .033
fibrin/fibrinoid Mild pre-eclamptic 181 10  .200
Sfl\; T:;S;e 136 11| 200"

*. This is the lower bound of the true significance.

Kolmogorov-Smirnov test for normal distribution for length percent of endothelium,
trophoblast, fibrin/fibrinoid and anchoring villi for the 3 placental groups. The test shows that
the data is normally distributed as p>0.05(sig. column) thus, the null hypothesis that the data
is drawn from a population other than a normally distributed population is rejected.
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Table 3.4 : Test=Shapiro-Wilk

Tests of Normality

Dependent Variables Statistics
Patient group Statistic Df Sig.
Length percent Healthy Control 976 11 939
endothelium Mild pre-eclamptic 018 10  .338
Severe pre- 861 11 osol
eclamptic ' '
Length percent Healthy Control 942 11 549
trophoblast Mild pre-eclamptic 943 10| 588
Severe pre- 908 1 998
eclamptic ' '
Length percent Healthy Control 924 11 .350]
anchoring villi Mild pre-eclamptic .865 10 .088
Severe pre- 864 11| .065
eclamptic ' '
Length percent Healthy Control 822 11 .018*
fibrin/fibrinoid Mild pre-eclamptic 948 10 645
Severe pre- 960 1| 770
eclamptic ' ' |

Shapiro-Wilk test for normal distribution for length percent of endothelium, trophoblast,
fibrin/fibrinoid and anchoring villi for 3 placental groups. The test shows that the data is
normally distributed in all except length percent fibrin in the control group as p>0.05(sig.

column). The fibrin is significant as p value (Asteric) <0.05.
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Correlations

Table 3.5 Correlation betweenLength percent of fibrin and highest systolic blood pressure

Length percent

Highest systolic

Blood pressure

fibrin/fibrinoid in mmHg
Length percent fibrin/fibrinoid Pearson Correlation 1.000 .355]
Sig. (2-tailed) .046
N 32 32
Highest systolic Blood Pearson Correlation 355" 1.000
pressure in mmHg Sig. (2-tailed) 046*
N 32 32

*, Correlation is significant at the 0.05 level (2-tailed).

HSBP VS NS %

Patient group

@ Healthy Control
@ Mild pre-eclamptic
™ . ® Severe pre-eclamptic
. = Healthy Control
Mild pre-eclamptic
. Severe pre-eclamptic
- Fit line for Total

180.00 ]

160.00

140.00

R SqLinear = 0126
R Sq Linear = 0.293
R Sq Linear = 0.199
L R Sq Linear = 0.022

120.004

Highest systolic Blood pressure in mmHg

I I I L] 1 ]
0.00 5.00 10.00 15.00 2000 25.00

Length percent fibrinifibrinoid

Fig. 3.22 A plot of highest SBP against length percent of fibrin. There is overall positive
correlation between HSBP and length of fibrin.



Comparison between the patient groups
Analysis of confocal laser scanning micrographs of placentae from the three patient groups

shows that the mean length proportions of the basal plate lining that is covered by
fibrin/fibrinoid is larger in pre-eclamptic groups compared to healthy controls but length
percent of anchoring villi decreases in the pre-eclamptic groups. On their own the means of
length percent of fibrin/fibrinoid (NS) and anchoring villi (AV) are not significantly different
between the patients groups (p = 0.082 and p = 0.086 respectively) (Tables 3.6 and 5.16).
The mean of the ratios of the length percent of anchoring villous to length percent of
fibrin/fibrinoid is however significantly different between the patient groups (ANOVA, p =
0.010) (Tables3.6 and 5.22). Poshoc test revealed that severe preeclampsia has a
significantly lower mean of anchoring villi to fibrin ratio than healthy control (Posthoc, p =
0.009) but there is no significant difference when severe and mild pre-eclampsia placentae
are compared (posthoc, p = 0.628) (Tables 3.6 and 5.23). Similarly, combining the data of
the two components by deducting the length percent of anchoring villi from length percent of
fibrin/fibrinoid generated a data (NS-AV), the mean of which is significantly different
between the patients groups (ANOVA, p = 0.033) (Table 3.6). Furthermore, severe pre-
eclamptic placentae have a significantly larger mean length percent of NS - AV than healthy
control placentae (ANOVA posthoc, p = 0.025) but there is no difference in the mean of NS -
AV between severe and mild pre-eclamptic (ANOVA posthoc, p = 0.357) on one hand, and
mild pre-eclamptic and healthy control (ANOVA posthoc, p = 0.399) on the other (Tables

3.6, 5.23 and 5.24).

The mean length proportion of fibrin/fibrinoid segments is higher in the severe pre-clamptic
placentae than in mild pre-eclamptic and the healthy controls but the difference is not

significant (ANOVA, p = 0.082) (Table 5.16).
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Severe pre-eclamptic placentas are associated with a trend of lower mean length proportion
of endothelial cells (51.23%) and larger mean length proportion of pan-cytokeratin positive
trophoblast cells (35.42%) compared to mild pre-eclamptic (mean of 69.79% and 20.83%
respectively)) and healthy control (62.83% and 27.64 %)) but this decrease in endothelial
lining in severe pre-eclamptics is not statistically significant (ANOVA, P = 0.107) (Tables
3.6 and 5.16). Also comparison of the mean length percent of trophoblast between the
patients groups revealed that there are no significant differences (ANOVA p = 0.131) (Tables
3.6 and 5.16). Furthermore, there are no significant differences between the groups when the
median of endothelium to trophoblast ratios are compared (Kruskal Wallis, p = 0.173)
(Tables 3.6 and 5.25). Placentas from pre-eclamptic patients with associated foetal growth
restriction in pregnancy show a tendency towards a significantly reduced length percent of
endothelium and increase proportion of trophoblast cell layer. Owing to the small number of

patients with this classification, this tendency could not be tested statistically.

Table 3.6. Summary of statistics Results.

Component p Healthy pcvm  Mild PE pmvs Severe PE psvc
control

END 0.107 62.83(63.49) 0.946 69.79(70.97) 0.23 51.23(60.94) 0.356
TPB 0.131 27.64(28.71) 0.829 20.83(18.18) 0.219 35.42(34.84) 0.491
AV 0.086 3.64(3.69) 0.198 1.95(1.29) 0.99 2.23(1.83) 0.232
NS 0.082 5.93(4.32) 0.463 7.44(8.49) 0.578 11.12 0.078
NS-AV 0.033*  2.28(-0.57) 0.399 5.49(5.32) 0.357 8.89(7.36) 0.025*
AV/NS 0.010* 1.04(1.13) 0.089 0.46(0.26) 0.628 0.22(0.23) 0.009*
END/TPB 0.173 3.89(2.21) 5.80(4.03) 2.59(1.75)

Values represent mean length percent, (median length percent) and p values. P = p value comparing
the three groups, pcvm = p value of control compared to mild pre-eclampsia; pmvs = p value of mild
PE compared to severe PE; psvc = p value of severe PE compared to control; END = endothelium,
TPB = trophoblast cells; AV = anchoring villous; NS = fibrin; PE= pre-eclampsia. * = significant at
p =0.05.
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Fig. 3.23. This boxplot show the distribution of the ratio of length percent of anchoring to
length percent of fibrin for the patient group. It shows the medians (solid lines in the box) and
the end of the whiskers represents the minimum and the maximum values in the data. The
median is lower in the pre-eclamptic groups
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Fig. 3.24. This is the boxplot of the difference between length percent of fibrin and length
percent of anchoring villous (NS-AV) for the three patients groups. It shows the medians
(solid lines in the box) increase with severity of pre-eclampsia and the whiskers show the
spread.
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Fig. 3.25.Scatter plot of length percent of anchoring villous versus length percent of fibrin for
the three patient groups.

Chorionic plate results

Quialitative results
The dual-labelled immunofluorescence confocal laser scanning microscopy images of

chorionic plate samples (Fig. 3.26-3.31) reveal specific anti-keratin and anti-von Willebrand
factor indirect immunofluorescence labelling of the cytoplasm of trophoblast and endothelial
cells respectively, lining the intervillous surface of the chorionic plate. The lining of the
chorionic plate seen here appears to be a monolayer similar to the one described for the basal
plate above. The monolayer forms a continuous lining and does conform to the allo-epi-

endothelial concept.

The endothelial labelling of the intervillous border of the chorionic plate is seen in samples

from the edge of the placenta, midway between the edge and central cord insertion point, and
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the centre of the placenta (Fig. 3.29). The endothelial labelling pattern is not related to the
positions of chorionic blood vessels. Unlike the basal plate, the endothelial segments of the
intervillous space border of the chorionic plate are short and less frequent. The surfaces of
these endothelial marker positive layers are less smooth at even lower magnification as they

show some projections (Fig. 3.28 and 3.37).

A substantial length of the lining is negative for both trophoblast and endothelial markers.
These gaps appear to correspond with areas of fibrin/oid deposits in histological preparations

(Fig. 3.32).
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Fig. 3.26: This is a confocal laser scanning micrograph of placental chorionic plate dual-
labelled with anti-von Willebrand factor (green) as endothelial marker and anti-
pancytokeratin (red) as trophoblast marker antibodies. It shows keratin containing epithelial
tissues like amniotic epithelium (ae), villous trophoblast (vt) and extravillous trophoblast
(evt) outlined by the trophoblast marker while the intervillous surface of the chorionic plate
(arrowhead)is reactive with endothelial marker. ivs = intervillous space; vt = villous
trophoblast
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Fig. 3.27: These are immunofluorescence images of chorionic plate from a healthy pregnancy
dual-labelled with endothelial marker (green) and trophoblast marker (red). The image on
the left side shows the chorionic plate intervillous surface (k) outlined by the trophoblast
marker. The intervillous surface on the right side (arrowheads) however is immunoreactive
with endothelial marker. Amniotic epithelium (ae), connective tissue in the chorionic plate
(ct), extravillous trophoblast (evt) and villous trophoblast (vt) are also immunoreactive with
the trophoblast marker.
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Fig. 3.28 a, b and c: These are confocal laser
scanning micrographs of chorionic plate from
one normotensive pregnancy placenta dual-
labelled with endothelial marker (green) and
trophoblast marker (red). a is sampled from
the edge, b was sampled from midway
between the edge of the placenta and the
central cord insertion and ¢ was sampled from
the centre of the placenta. The intervillous
surfaces in all three images (arrowheads) are
outlined by the endothelial marker. The
trophoblast marker is reactive with keratin
expressing tissues of epithelial origin, namely
amniotic epithelium (ae), extravillous
trophoblast (evt) and villous trophoblast (vt).
Other layers visible are amniotic mesoderm
(am), spongy layer (sl), chorionic mesoderm
(cm) and trophoblast layer (tl). (e =
endothelium; cl = connective tissue layer; cv =
chorionic vessel; ivs = intervillous space)
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Fig. 3.29: The intervillous surface of chorionic plate from a normotensive pregnancy
placenta is seen here consisting of segment that is endothelial marker (anti-von Willebrand
factor) positive (e) and another that is trophoblast marker (anti-pancytokeratin) positive (k).
The two cell types make cell-cell contact with each other although they are from different
embryonic origin.  Foetal capillary endothelium is also outlined by the endothelial maker
while amniotic epithelium (ae), connective tissue and villous trophoblast are trophoblast
marker positive. Sl represents the line of separation between the amnion and the chorion.
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Fig. 3.30: Fig. 3.31:

Chorionic plate image showing This is image of chorionic plate
intervillous surface occupied by a showing anti-pancytokeratin (red)
structure that appears to be acellular outlining a stem villous (sv) projecting

from the intervillous surface into the
intervillous space. The far right side of
the intervillous surface is lined by anti-

(e) but is reactive with anti-von
Willebrand factor antibody. This is

probably fibrin deposit with blood von Willebrand factor positive cells
clotting factors including factor V1II (arrowhead). The layer in the
trapped in it. (ae = amniotic segment is thin and this is typical of
epithelium; evt = extravillous endothelial cells.

trophoblast).
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Fig. 3.32: Martius scarlet blus staining of placental CP including part of the IVS showing
fibrin (f) deposit long the intervillous space border, just above the cellular lining. Ta some
place there appears to be no intervening cellular layer of the IVS

Quantitative Results
Measurement of the chorionic plate intervillous space surface lining components shows that

the mean length percent of endothelium, trophoblast and fibrin covering this surface are
27.62%, 36.27% and 36.11 % respectively (Table 3.8 below). Analysis of the data shows
that there are no significant differences between the means of the lengths of the three
measured segments of the lining of the intervillous surface of the chorionic plate in the

placental samples, [f (2, 18) = 1.30, p = 0.298] (Table 3.9).
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Table 3.7: Measured components of the chorionic plate intervillous surface

Within-Subjects

Factors
Measure: MEASURE _1
Tissue Dependent
type Variable

NS
Endothelium
Trophoblast

These are the names of component tissue types lining the chorionic plate intervillous space.

NS represents Fibrin/fibrinoid which are segments negative for endothelial and trophoblast
markers

Table 3.8 Descriptive statistics for the chorionic plate 1VS surface lining components

Statistics
Area Percent of
Area percent of |[Non-endothelium
Area percent of | trophoblast cells and non-

endothelium (%) (%) trophoblast (%)

N Valid 7 7 7
Mean 27.62 36.27 36.11

Std. Error of Mean 5.82 2.62 4.00

Median 29.15 33.74 35.20

Std. Deviation 15.39 6.93 10.58

These are the descriptive statistics for the segment of the chorionic plate intervillous space
lining. The mean lengths for the three tissue types are not very different.
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Dependent Variable:Length percent of the CP IVS lining Components

Table 3.9: Results of analysis comparing the mean lengths of endothelium, trophoblast
and fibrin of the chorionic plate IVS surface lining.

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model 342.610% 2 171.305 1.295 .298
Intercept 23332.667 1 23332.667 176.358 .000
Liningcomponets 342.610 2 171.305 1.295 .298*
Error 2381.451 18 132.303
Total 26056.728 21
Corrected Total 2724.061 20

a. R Squared = .126 (Adjusted R Squared = .029)

The table shows results of analysis of the data for the CP. There is no statistically significant
differences in the mean length percent of the different components lining the chorionic plate
intervillous surface as the p values (*) is far greater than 0.05

50.004

40.00

30,007 —_—

20.00

95% Cl Length percent of the CP IVS lining Components

10.009

T T T
Enclothelium Trophoblast Fibrin

Chorionic plate intervillous surface lining components

Fig. 3.33: This shows length percent of endothelium, trophoblast and fibrin/fibrinoid lining
the intervillous surface of the chorionic plate. The circles show the means and the vertical
bars represent 95% confidence interval (Cl).

104



4 DISCUSSION

Specificity of the antibodies
The use of keratin and anti-von Willebrand factor antibodies in this study further establish the

use of these antibodies to study trophoblast and endothelium. Although von-Willebrand
factor (factor V1) is not specific as it can be found in other sources such as plasma, a-granule
of platelets and subendothelial connective tisssues (Sadler, 1998), the fact that it produces a
labelling pattern that is comparable to that of EN4 (PECAM 1) which is a more specific
endothelial marker and that the labelled cells also have the typical morphology of endothelial
cells confirms the reliability of the results.

Composition of the basal plate intervillus surface lining

This study demonstrated that pre-eclampsia is associated with an increase in the mean
proportion of fibrin/fibrinoid covering the intervillus surface of the basal plate. On the other
hand, there is reduction in the mean length percent of the anchoring villi making contact with

the basal plate in pre-eclampsia.

The study results have confirmed the presence of a mosaic unicellular layer comprising of
endothelium and trophoblast lining the basal plate intervillous surface (Byrne et al., 1998,
Byrne et al., 2001, Smith et al., 2004, Richani et al., 2007). Similarly, the finding of a larger
proportion of endothelium (62.8%) than trophoblast (27.6% ) in this layer in healthy control
and mild pre-eclamptic placentae (69.8% and 20.8%) is consistent with the results of Smith
et al (2004) who found the endothelium to occupy 60.8 % of the basal plate and trophoblast
forming 18.9% of the lining proportion in control placentae. Richani et al (2007), from
another independent laboratory likewise reported the predominance of endothelium (46.5%)
over trophoblast (and 27.7%) in control placentae although the proportion of endothelium in
their report is slightly lower. The difference between my data and that reported by Richani et

al (2007) is probably due to differences in experimental technique. While I used fresh frozen
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tissue for immunofluorescence, they used formalin-fixed, dehydrated and wax-embedded
tissues and immunohistology. Paraffin embedded tissues are less sensitive to antibodies since
wax may mask the antigenic sites in the tissue unlike fresh frozen specimen used in this study
and that by Smith et al (2004). Volume changes during dehydration depend on the degree of
hydration of different cells and matrices and can cause differential shrinkage and so lead to
inaccuracy in comparative measurements. The study by Smith et al(2004)) measured length
fractions of fibrin and anchoring villi together and referred to these components under a
single entity. It is however sufficient to say that the report of a substantial proportion of the
intervillous surface occupied by endothelial cells reported in all these studies is good
evidence that neither the all-trophoblast description in most current textbooks (Sadler, 2006,

Moore et al., 2008) nor the all-endothelial cell description (Wanner, 1966) reflect reality.

Demonstration of endothelium in samples obtained along the entire radius and from all four
quadrants of the placenta suggests that the allo-epi-endothelium covering of the basal plate
intervillous surface is a widespread phenomenon and this supports the views of Smith et
al.(2004) New evidence in this study has also shown that endothelium is present on the
chorionic plate intervillous surface lining, further indicating that endothelial lining is not an

incidental finding related to the marginal sinus or the opening of vessels in the basal plate.

Since the placenta is formed from both maternal and foetal tissues it was unclear, initially
whether the endothelial cells were of maternal or foetal origin. Unpublished data obtained
from a cytogenetic study using y-chromosome probes (Byrne et al., 2006) and the finding by
Richani et al (2007) have confirmed that the endothelial cells found at the surface of the basal
plate are of maternal origin. What is unclear is how the cells get to this site. There is the
suggestion that these might be displaced endothelial progenitor cells from the openings of
spiral arteries that open into the intervillous space and maternal veins that drain the

intervillous space (Smith et al., 2004). These were thought to be the endothelial cells
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replaced by endovascular trophoblast cells during the process of remodelling of the utero-
placental vessels. Another view is that these could be trophoblast cells that have transformed
into endothelium (vascular trophoblast) (Dye et al., 2001). The argument against the latter
view is that these cells are now known to be of maternal origin (Richani et al., 2007) meaning
they cannot be transformed trophoblast cells which are of foetal origin. The finding of the
endothelial cells distant from the opening of the vessels may suggest that these cells could be,
at least partly, from other sources remote from the utero-placental vessels. In this regard,
another suggested source is endothelial progenitor cells circulating in the maternal vascular
system (Richani et al., 2007). New evidence in this study shows that endothelial cells are a
significant component of the chorionic plate intervillous surface lining. As this is the part of
the intervillus space lining most remote from the openings of the spiral arterioles in the basal
plate these observations and measurements provide further evidence that the endothelial cells
may not only be coming from the openings of maternal vessels that supply blood to and have
direct access to the intervillous space. Wherever these cells might be coming from, they
probably replace syncytiotrophoblast cells that line lacunar systems from which the

intervillous space develops.

It is not known if these endothelial cells share the same phenotype as the endothelial cells
found in systemic vascular system in terms of their surface molecules, secretory products,
and general functions. This could be the subject of future studies. Cells lining parts of the
basal plate intervillous surface are known to be reactive with many endothelial markers such
UEA-I, thrombomodulin, PAL-E, vVWF, P-SELECTIN, E-selectin, ICAM-1, CD44, CD31
and caveolin-1, and they have been described as vascular trophoblast (Dye et al., 2001). It is
also unclear whether these cells are lymphatic endothelial cells or blood vascular
endothelium. The presence of commercial lymphatic endothelial markers will be useful in

differentiating between the two.
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It is not known whether these endothelial cells perform a function specific to them at this
location. The intervillous space is, as it were, an extension of the maternal vascular space.
The endothelial cells found here could be performing equivalent functions of systemic
endothelial cells such as selective barriers, control of haemostasis (coagulation and
fibrinolysis), regulation of vascular tone, a role in inflammation and new vessel formation
(Carine, 2003). As cells that replace trophoblast cells that lined the surface in early
pregnancy, | suggest that they are cells involved in repair of damaged trophoblast cells.
Hence these endothelial cells could be a source of stem cells that could be used in the

treatment of vascular lesions.

Part of the basal plate intervillous surface is covered by fibrinoid. The mean length percent
of fibrin/fibrinoid in the control placentae is 5.93% and this is comparable to 5.1% in earlier
study (Richani et al., 2007). This fibrinoid is fibrin-type fibrinoid (Frank et al., 1994, Lang et
al., 1994) and it is part of the superficial layer of basal plate (Rohr’s fibrinoid). It is formed
largely from clotting process in the maternal blood in the intervillous space (Frank et al.,
1994); therefore the amount deposited is determined by factors regulating intervillous space
haemostasis i.e. coagulation and fibrinolytic systems. Generally, intervillous space fibrinoid
is deposited from the 12-13 week of gestation (Boyd and Hamilton, 1970) and in normal
pregnancy the activation of coagulation increases with gestational age as does the activation
of the fibrinolytic system (Mercelina-Roumans et al., 1996) but the balance is tipped in
favour of coagulation towards the end of pregnancy (Shaper et al., 1965, Oliver et al., 1976,
Fletcher et al., 1979) and this is a physiological adaptation to cope with haemorrhage
associated with separation of the placenta from the wall of the uterus during the third stage of
labour. This layer of fibrinoid is probably laid down at places of trophoblastic loss as is the
case for perivillous fibrin-type fibrinoid (Nelson et al., 1990, Nelson, 1996, Brownbill et al.,

2000, Mayhew et al., 2000). Perivillous fibrinoid deposit was said to initiate re-
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epithelialization at sites of epithelial denudation (Nelson et al., 1990, Farmer and Nelson,
1992) by differentiation of cytotrophoblast cells which acts as precursors. On the basal plate
intervillous lining there are no cytotrophoblast cells, so damaged trophoblast cells may be

replaced by endothelial cells faux de mieux.

Placental fibrinoid has been ascribed different functions (Kaufmann et al., 1996a). The
superficial fibrinoid layer of the basal plate regulates intervillous blood flow (Stark and
Kaufman 1974) and acts as a barrier to extravillous trophoblast migration and immunological
barrier that prevent foetal antigen from coming into contact with maternal tissues/antibodies
(Benirschke and Kaufman 2000). Perivillous fibrinoid’s functions includes maintaining
mechanical stability of the placenta (Demir et al., 1997, Benirschke and Kaufman 2000),
maintaining feto-maternal barrier (Nelson et al., 1990, Brownbill et al., 1995, Brownbill et
al., 2000 ), structural development and repair of damage to villi (Nelson et al., 1990, Farmer

and Nelson, 1992 ) and regulation of intervillous haemodynamics (Fox, 1967).

The effect of pre-eclampsia on the composition of the basal plate intervillous surface lining
The most significant finding in this study with regards to the effect of pre-eclampsia on the

composition of the basal plate intervillous surface lining is reduction in the mean length
percent of anchoring villi and increase in the mean length percent of fibrin in the disease.

The differences in the means of these two measured parameters between the patients groups
are not significant (ANOVA p = 0.086 for AV and 0.082 for fibrin) probably due to small
sample size. But combining the two by calculating the ratio of AV/NS has helped to
overcome lack of power in the individual raw data. In this way, the mean of AV/NS data that
was subsequently generated is significantly different between the three groups (ANOVA, p =
0.010). Severe pre-eclampsia cases have a lower ratio than the control cases (Posthoc, p =
0.009). Furthermore, the mean of NS — AV is statistically different between the groups

(ANOVA, p=0.033). This study therefore reveals an increased deposition of fibrinoid on the
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basal plate intervillous surface as well as a decrease in the area of anchoring villi that make
contact with the basal plate in pre-eclampsia. This finding is supportive of the finding that
placental fibrin deposition is increased in hypertensive syndromes in pregnancy (Correa et
al., 2008). This is however the first study linking fibrin deposition on the basal plate

intervillous surface and area of anchoring villi with pre-eclampsia.

Fibrin deposition in the intervillous space is determined by the balance between blood
coagulation and fibrinolytic systems that maintain placental haemostasis. Factors that favour
coagulation and/or inhibit fibrinolysis will increase the deposition of fibrin/fibrinoid in the
placenta and hence on the intervillous surface of the basal plate and vice versa. Pregnancy in
general and pre-eclampsia especially, is characterised by a maternal hypercoagulable state
(Redman et al., 1978, Douglas et al., 1982, De Boer et al., 1989). This is because trophoblast
secretes tissue factor (TF) (Carson and Ramsey, 1985, Reverdiau et al., 1995), and
phosphatidylserine is exposed on the surface of trophoblast during differentiation and both
molecules are procoagulant. In addition, pregnancy is associated with a generalised systemic
inflammatory response (Redman et al., 1999) and pre-eclampsia is characterised by
generalised maternal endothelial cell dysfunction (Roberts, 1998). This procoagulant state is
however counterbalanced by local inhibitory mechanisms such as secretion of
Thrombomodulin (TM) (a cofactor for activation of protein C by thrombin) (Salem et al.,
1984, Maruyama et al., 1985, Fazel et al., 1998, Lakasing et al., 1999), Anexin V (Krikun et
al., 1994, Rand et al., 1994, Rand et al., 1997, Lakasing et al., 1999) and Tissue factor
pathway inhibitor type 1 and 2 (TFPI-1 and TFPI-2) (Drake et al., 1989, Udagawa et al.,
1998, Edstrom et al., 2000 ). Fibrin deposited as result of coagulation is broken down by
fibrinolytic protein plasmin, which is formed from activation of the proenzyme plasminogen
by tissue-type (tPA) and urokinase-type (UPA) plasminogen activators, into fibrin

degradation products (FDP). The placenta is a known source of endothelial cell-specific tPA
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and placental-specific uPA (Jonasson et al., 1989, Hofmann et al., 1994, Hu et al., 1999) and
also their inhibitors, Type 1 (PAI-1) and Type 2 (PAI-2) (Astedt et al., 1985, Astedt et al.,

1986, Estelles et al., 1994, Estelles et al., 1998, Hu et al., 1999).

In pre-eclampsia it is the fibrinolytic system which is deranged (Lanir et al., 2003). Pre-
eclampsia is generally associated with increased activity of procoagulant and antifibrinolytic
systems resulting in promotion of fibrin deposition (Estelles et al., 1989, Belin, 1993, Estelles
et al., 1994, Kanfer et al., 1996, Estelles et al., 1998). It has been shown that in severe pre-
eclampsia, plasma concentration and the activity levels of PAI-1 is significantly increased
compared to normal pregnancy (Estelles et al., 1989). Also the antigen levels of PAI-1,
tissue factor (promoter of coagulation), tumour necrosis factor alpha (TNFa) and the mRNA
of PAI-1 and tissue factor (TF) in placentae from pre-eclamptic patients are elevated (Estelles
et al., 1998). Furthermore, placental plasminogen activator production is significantly
decreased in pre-eclampsia (Yoshimura et al., 1985). All this supports the increased

deposition of fibrin in pre-eclampsia.

Pre-eclampsia and all pregnancy states are associated with a fall in fibrinolytic activity and a
rise in fibrinogen levels in the blood but in women who develop pre-eclampsia there is delay
in the return of these factors to normal levels after delivery (Condie and Ogston, 1976).
There is also impaired release of plasminogen activator from the endothelial cells of women
who develop pre-eclampsia during pregnancy (Condie, 1976). These two features of pre-

eclampsia favour coagulation and deposition of fibrin in the placenta.

In addition, pre-eclamptic placentae produce about seven times more thromboxane than
prostacyclin while normal pregnancy placenta produces equivalent amounts of thromboxane
and prostacyclin (Walsh, 1985). Since prostacyclin antagonises platelet aggregation by
thromboxane, there is therefore increased platelet aggregation and clot formation in pre-
eclampsia compared to normal pregnancy.
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Increased placental fibrin deposition, as seen in this report, could be due to other features of
pre-eclampsia. For example pre-eclampsia is associated with poor perfusion of the
intervillous space as a result of incomplete physiological transformation of the spiral
arterioles that supply blood into the intervillous space (Brosens et al., 1972, Robertson et al.,
1985, Khong et al., 1986, Meekins et al., 1994, Matijevic and Johnston, 1999). This will
eventually result in decreased intervillous space blood flow leading to stasis and hence
increased coagulability of the blood and increased deposition of fibrin in the intervillous
space. Secondly, Rohr’s fibrinoid underlies the cellular lining of the basal plate intervillous
space lining layer (Boyd and Hamilton, 1970). Damage to the cells in this layer without
compensatory replacement by the same or another cell type will expose the fibrinoid layer to
the intervillous space. In this way, there will be gaps within the cellular lining filled with
fibrinoid. Pre-eclampsia is associated with hypoxia and oxidative stress with resultant
damage to trophoblast cells including damage to the cellular layer of the basal plate
intervillous lining cells (Hung et al., 2001, Hung et al., 2002, Burton and Hung, 2003,
Jauniaux et al., 2006). The length percent of the lining that is covered by fibrin may be

predicted to increase in pre-eclampsia.

The current finding of increased deposition of fibrin on the basal plate of placentae from pre-
eclamptic pregnancies is consistent with a state of reduced fibrin clearance and increased

coagulation in the disease.

The clinical significance of the increased fibrinoid deposition over the intervillous border of
the basal plate in pre-eclamptic placentae seen in this study is not clear. The finding in this
report that there is an associated reduction of the length proportion of anchoring villi with the
increase length percent of fibrin in pre-eclampsia compared to healthy controls is evidence
that fibrin could play a significant role in development of pre-eclampsia. This layer of

fibrinoid (Rohr’s fibrinoid) is never invaded by trophoblast cells (Frank et al., 1994) and
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therefore thought to function as a barrier to extravillous cytotrophoblast invasion and
immunological barrier to foetal paternally-derived antigens (Kaufmann et al., 1996a), a
similar role proposed for intra-tumour fibrin (Dvorak et al., 1983). Increased deposition of
fibrin/fibrinoid within the basal plate, particularly on the intervillous surface will lead to an
increased surface area of the fibrin barrier and therefore impairment of anchoring villi
development and subsequent invasion and remodelling of spiral arteries by extravillous
trophoblast cells, which gain contact with the basal plate through anchoring villi. This will
lead to poor placentation, a phenomenon which is fundamental to systemic pre-eclampsia

development (Burton and Jauniaux, 2004, Redman and Sargent, 2005, Jauniaux et al., 2006).

To be able to impair placental formation and hence cause pre-eclampsia, massive amounts of
fibrin in the placenta must form early in gestation at the time of placental formation. At the
moment there are apparently no studies that have compared fibrin deposition in the first
trimester placenta in women who later develop pre-eclampsia with those who did not.
Increase in the fibrin component in the pre-eclamptic group will confirm the etiological role
of fibrin. Unfortunately this cannot be done now as there are no non-invasive ways to
measure the length of fibrin here. Until that is developed the essential role of fibrin will
remain unproven. The finding of increased deposition of fibrin in severe pre-eclampsia
compared to control placentae is however, evidence against the view that placental fibrin
deposition generally, is independent of pregnancy outcomes (Kaufmann et al., 1996a). Itis
known that massive perivillous fibrin-type fibrinoid deposition occurs in placenta of diabetic
women, a condition with poor foetal outcome (Mayhew and Sampson, 2003). Massive
perivillous fibrin deposit is a common pathological association with miscarriage and intra
uterine foetal growth retardation (IUGR) due to failed anticoagulant treatment of

antiphospholipid antibody syndrome (Salafia, 1997).
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If the etiological role of placental fibrin is confirmed, it will justify and explain the use of
anti-platelet drugs such as aspirin in high risk patients to prevent pre-eclampsia and in
diagnosed cases to limit severity of the disease. Currently there are reports of favourable
outcomes for the use of aspirin in prevention and limiting the severity of pre-eclampsia
especially when started in the first trimester in high risk groups (Vainio et al., 2002,

Chiaffarino et al., 2004, Ebrashy et al., 2005, Askie et al., 2007).

It has also been suggested that fibrin deposition in tumours acts as an immunological barrier
by inhibiting tumour antigens from coming into contact with host antibodies (Dvorak et al.,
1983). Immunological mechanisms in the pathophysiology of pre-eclampsia are well
described (Trupin et al., 1996, King et al., 1998, Soderstrom-Anttila et al., 1998, Hiby et al.,
1999, King et al., 2000a, King et al., 2000b, Moffett-King, 2002, Hiby et al., 2004).
Increased fibrin deposition in the disease could well be a reaction to immunological

derangement in the disease.

The evidence from this study suggests that pre-eclampsia has no significant effect on the
length percent of endothelium and trophoblast cells lining the basal plate intervillous space
surface (mean length of 69.8% for endothelium and 20.8% for trophoblast in mild pre-
eclamptic and 62.8% of endothelium and 27.6% of trophoblast in controls). This is not
consistent with a report of exaggeration of the length proportion of endothelium in pre-
eclampsia (Smith et al., 2004) and the tendency for higher proportion of trophoblast and a
reduction of endothelium/trophoblast ratio (Richani et al., 2007) associated with the disease
reported in earlier studies. The difference in these findings could be explained by differences
in the choice of patients, sample size, sample preparation and method of measurement of the
images. Severity of pre-eclampsia also has no significant effect on the length percent of the
cellular components of the lining of the basal plate intervillous surface. This is the first study

comparing the length percent of the cells lining the intervillous surface of the basal plate in
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mild and severe pre-eclampsia. Although there is a tendency of reduction in the length
percent of endothelial cells in the severe patients group (51.2%) compared to mild pre-
eclampsia (69.8%) and control (62.8%) statistical inferential tests revealed there is no
significant difference probably due to small sample size. A study involving larger sample
size will therefore be required to fully assess the effects of pre-eclampsia in general and
severe pre-eclampsia on the composition of the basal plate intervillous surface lining cells.
Before that is done my view on the effect of pre-eclampsia on the composition of the cells
lining the basal plate intervillous surface is that this will vary from patient to patient
depending on which feature of the physiology of pregnancy is deranged. Pre-eclampsia will
lead to increase in the proportion of endothelial cells when the placental circulation is not
extremely compromised so that utero-placental perfusion is adequate for endothelial cells
from the ends of the uteroplacental vessels and endothelial progenitor’s cells in the
circulation will enter the intervillous space to replace damaged trophoblast cells. In cases in
which the placental circulation is severely compromised with reduced intervillous space
perfusion and placental oxidative stress, large segment of the syncytiotrophoblast cells lining
the intervillous surface of the basal plate will be damaged and will not be replaced adequately
by endothelial cells and the fibrin component will expand. The fact that, the length percent of
fibrin deposited on the BP correlates possitvely with the the level of maternal SBP points to

this fact (refer to table 3.5 and fig. 3.22).

The finding here that in the severe pre-eclampsia group there is no significant difference
between the length proportion of endothelium and trophoblast is interesting and may mean
that in this class of patients endothelial cell population of the lining is impaired. Length of
endothelial cells lining the BP IVS surface appears to show negative correlation with the
level of maternal SBP. Richani et al (2007)has found that there is reduction in the length

proportion of endothelium and increase in the trophoblast proportion in pre-eclampsia. The
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result of this study however shows only a trend towards reduction in the proportion of
endothelium (51.2%) and increase in the proportion of trophoblast (35.4%) in the severe pre-
eclamptic placentae when compared to that of control but these differences are however not
statistically significant.

Chorionic plate intervillous surface lining.

The specific labelling of the two characteristic components, trophoblast and endothelium, of
the lining of the chorionic plate intervillous surface have established for the first time that
chorionic plate intervillous surface lining is composed of a unicellular layer comprising of
endothelium, trophoblast and an acellular fibrinoid material that is negative for both
endothelial and trophoblast markers. The lining of the chorionic plate intervillous surface
described here is similar to the mosaic described for the human placental basal plate (Smith et

al., 2004). Clearly on the basis of this data the mosaic extends beyond the basal plate.

This layer was described as made of syncytiotrophoblast cells and fibrin (Bourne, 1962,

Bourne, 1966, Boyd and Hamilton, 1970, Benirschke and Kaufman 2000). The finding of a
fairly large area of the lining covered by endothelial cells (27.62%) (Table 3.8) is important
and shows that the current description of this layer in textbooks as comprising of trophoblast

and fibrin could not be substantiated.

The data shows that the mean length of endothelium lining the chorionic plate intervillous
surface is 27.62 % compared to 62.83 % over the basal plate intervillous surface (Tables 3.5
and Table 3.8). Itis therefore lower compared to the basal plate intervillous surface lining
endothelium found in this study as well as previous reports (Smith et al., 2004, Richani et al.,
2007). This proportion is a however significant and together with the fact that endothelium is
present in samples taken from all over the entire chorionic plate surface is strong evidence
against previous description of trophoblast and fibrin (Bourne, 1962, Bourne, 1966, Boyd and

Hamilton, 1970, Benirschke and Kaufman 2000).
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The origin of the endothelial cells found here is not known, but as a guess, they are of
maternal origin as is the case for the basal plate (Byrne et al., 2006, Richani et al., 2007).
They probably originated from the ends of the vessels that open into and drain the intervillous
space (Smith et al., 2004, Richani et al., 2007). They could also be coming from the
endothelial progenitor cells in the maternal circulation (Richani et al., 2007). Wherever
these cells might be coming from, they appear ultimately to replace the syncytiotrophoblast

cells that line this layer in the developing placenta.

The cotyledonary placenta is separated into lobes by septae of maternal origin that resisted
the erosive progress of implantation and placentation. To complete a functional lining to the
intervillous space, the lining layer must cover not only the basal and chorionic plate and the
villous tree but also these septae. These septal bulkheads are orthogonal to the chorionic and
basal plates. In order to enclose the maternal blood the lining layer must be continuous and
waterproof but not necessarily entirely cellular, as fibrin will form waterproof clots where
damage to the cellular lining exposes underlying extracellular matrix.

Conclusions

This study used appropriate sampling method to confirm that the intervillous surface lining
mosaic monolayer (endothelium and trophoblast) is present throughout the basal plate and for
the first time, described the presence of endothelium lining a significant proportion of the
chorionic plate intervillous surface. Fibrin area fraction of the basal plate intervillous surface
lining showed tendency to increase in pre-eclamptic, especially in severe pre-eclampsia
placentas, compared to healthy control placentas. Anchoring villi area fraction of the basal
plate intervillous surface on the other hand showed tendency to decrease in pre-eclamptic
placentas compared to healthy controls. Independently however, the means of these two
basal plate components are are not significantly different between the groups. The means of

the ratio of length percent anchoring villi to length percent of fibrin (AV: NS) was however
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significantly different between the groups. The mean of AV: NS ratio decreases significantly
with increasing severity of pre-eclampsia. This inverse relationship between BP fibrin
deposition and anchoring villi attachment area indicates that dysregulation of fibrin
deposition and poor trophoblast invasion are involved in the disease progression. It has also
been confirmed here that pregnancies complicated by pre-eclampsia are associated with low
birth weight babies and iatrogenic prematurity as the pregnancies are terminated before term
as means of treatment.

Limitations

The stringent criteria set for recruiting only pure primigravidae pre-eclamptic patients into the
study group make it difficult to recruit adequate numbers. In addition to this, severe pre-
eclamptic patients are usually admitted and managed on an emergency basis and are therefore
delivered at unpredictable times shortly after admission to hospital, and possibly at unsocial
hours. Because they are emergencies, it is difficult for the labour ward staff to liaise with
researchers when a placenta is delivered and the placenta may be prepared in a manner
optimised for the neonatal pathologist and unsuitable for random sampling research methods.
This makes it difficult to recruit adequate numbers of pre-eclamptic patients in a single centre
and most especially severe pre-eclamptics for the study. The analysis of the data shows that
the length percent of endothelium in the severe pre-eclampsia (51.2%) is not statistically
different from that of mild pre-eclampsia (69.8%) probably owing to small sample size.
Further recruitment could not be carried out during the study period in order to boost the

statistical power of the study design.

Gestational age was thought to affect the composition of the basal plate intervillous surface
lining. Most of the severe pre-eclamptic patients were delivered preterm unlike the controls
and the mild pre-eclamptics which were delivered at term. Hence the severe group could not

be gestationally matched with the control and the mild pre-eclamptics. However, the
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previous study by Smith et al (2004) did not find any correlation between gestational age and

the length percent of endothelium and trophoblast cells.

Dual-labelling employed in this study makes it difficult to accurately determine the real
length of fibrin forming part of the lining surface. Areas of cellular lining that are damaged
through tissue preparation could appear as unlabelled and then included in the fibrin data.
Similarly if a segment of the cellular lining is out of the tissue plane and therefore out of
focus, it will appear void and unlabelled and again be included in the fibrin data. This could
be avoided if three channels labelling with three different antibodies and fluorophores are
applied simultaneously. The fact that the length percent of fibrin in this study, (5.93%) is
comparable to 5.1% obtained by Richani et al (2007)using a different antibody, however
makes the data obtained likely to be quite accurate and reproducible.

Future Work

It will be necessary to recruit larger numbers of both pre-eclamptics and control placentae in
order to fully evaluate the effect of pre-eclampsia and severity of pre-eclampsia on the

composition of the basal plate intervillous surface lining.

A study to find out whether the endothelial cells found in the placenta and specifically on the
intervillous surface lining are of vascular or lymphatic origin by applying lymphatic
endothelial markers. An added benefit will be finding whether the placenta has lymphatic

drainage at all.

Another thing that needs clarifying and which can be resolved by future work will be to make
similar measurements on first and second trimester placental specimens and compare the

length percent of the components of the lining with term or near term specimens.
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Another interesting thing that will engage future attention is to describe at the ultrastructural
level the nature of the junction between endothelial cells and trophoblast cells at the basal

plate intervillous surface lining.

Lastly I would like find out the origin of the endothelial cells lining the chorionic plate

intervillous surface lining.
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5 APPENDICES

APPENDIX 1: PATIENTS RECRUITMENT

The following patient information leaflet was give to every patient that was recruited into the

study. Patients were then asked to sign a consent form administered by me. The two forms

are shown below.

PATIENT INFORMATION LEAFLET

PATIENT INFORMATION LEAFLET,

VERSION NO 2003CDO2, Thursday, 18" November
2004

Study No LGH 9161 LLREC 7144

Study title: Pre-eclampsia: a disease that causes high blood pressure and protein in the
urine of pregnant women and may lead to harm for their babies

Principal Investigators Dr Colin Ockleford PhD, FRCPath
Mr Paul Bosio MD MRCOG

Mr Jason Waugh MRCOG

For further information you may contact Dr Ockleford at:-

The Advanced Light Microscope Facility
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Maurice Shock Medical Sciences Building
Leicester Warwick Medical School
University Road

Leicester LE1 9HN

Tel: 0116 252 3020

Email: cxo@le.ac.uk

You are being invited to take part in a research study that will only require the donation of a
few sugar-cube sized tissue samples of the after-birth (to be removed immediately prior to is
disposal). Before you decide to participate it is important for you to understand why the
research is being done and what it will involve. Please take time to read the following
information carefully and discuss it with others if you wish. Ask us if there is anything that is
not clear or if you would like more information. Take time to decide whether or not you wish
to take part.

1. What is pre-eclampsia?

Pre-eclampsia is a disease that can affect pregnant women. In mild cases it causes protein
in the urine, swelling of tissues and slightly raised blood pressure. Untreated, the raised
blood pressure can have severe effects. In these cases it can lead to eclampsia where the
mother has fits and harm can come to her baby. Although the cause is not yet fully
understood it is believed to involve afterbirth tissue as where that exhibits certain particular
alterations pre- eclampsia is more common. Pre- eclampsia is obviously a disease where
progress in understanding, if it leads to new treatments, could be very valuable.

2. What is the purpose of the study?

We have recently uncovered new information about the detailed structure of the tissues in
the healthy human after-birth. The new information relates to a part of the placenta that
develops abnormally when pre-eclampsia ensues. We now wish to study this area in detall
comparing the normal and pre-eclamptic afterbirth very carefully to see what we can learn
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about the course of the disease. At some future stage this may help us to develop hew
rational strategies for treatment of the disease. The study (Leicester Research Ethics
Committee ref. No. 6336) of which this is a development was originally sponsored by “Birth
Defect foundation” The work is to be carried out by staff at Leicester Warwick Medical
Schools.

3. Why have | been chosen?
You have been chosen either

a) because you have clinical signs of pre-eclampsia and we would like to
examine small samples of afterbirth after it is delivered for changes
associated with the disease. Or alternatively

b) because your pregnancy is a healthy one and we wish to compare similar
small samples of afterbirth taken after it is delivered so that we can be sure
we have a good basis for comparison.

4, What will happen to me if | take part in the study?

o The whole study should be complete within 3 years of the start date in September
2007.

e The number of visits to hospital will not be increased beyond that expected for
your normal treatment.

e Any tests to be carried out, e.g. physical examination, blood test etc. on you and
your baby will be the normal routine ones for your own and your baby’s benefit.
In addition we would like you to give permission for use of samples of the
afterbirth. These will be obtained after the delivery of the afterbirth and baby for
careful microscopic and cell-biological study. Subsequently the tissue of the
afterbirth will be disposed of in the approved manner for human tissues. We do
not plan to keep any tissue beyond the end of the study this will be at the latest 3
years from your giving consent.

e You will not be asked to keep any records specifically for this study.
You will not be asked to fill in any questionnaires for the purposes of this study.

e The procedures for our research will all be carried out on the afterbirth after your
baby has been delivered and special research staff will be handling the tissue.
We do not therefore envisage any additional risk involved for you or your baby in
helping with this research.

¢ No short-term benefits will accrue to you or your family. We hope and are
working hard to try to ensure that there will be long term ones for others and
babies affected by this condition in the future.

4. Will information obtained in the study be confidential?

As usual your treatment will be recorded in your medical records and these will be treated
with the usual degree of confidentiality under the data protection act. Some relevant
excerpts of your notes may be useful as raw research data to members of the research
team. The consultant-in-charge of your welfare and that of your baby will arrange to transmit
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only any necessary information and then using a code number. Your hame and address will
be removed so that you cannot be recognised from it.’

You will not be identified in any documents or published work relating to the research.

Normally the patient’s GP is informed of the patient participation in a medical study. As this
study is of the afterbirth only we do not intend to do so on this occasion. However should
you wish to consult your GP please do so and show them the information you have been
given. We will make ourselves available to discuss any issues with your GP if they think it
valuable.

5. What if | and/ or my baby are harmed by the study?

We believe this to be extremely unlikely as we are only intending to study the afterbirth
following your baby’s birth. Nevertheless the research will be indemnified in the usual way.
If you are harmed due to someone’s negligence, then you may have grounds for a legal
action but you may have to pay for it. Regardless of this, if you wish to complain, or have
any concerns about any aspect of the way you have been approached or treated during the
course of this study, the normal National Health Service complaints mechanisms are
available to you.’

6. Will I receive out of pocket expenses for taking part in the study?

There will be no out of pocket expenses payment associated with this trial and there should
be no additional travel involved. Neither will your doctor be paid for including you in this
study; he is doing this in the hope that the work will benefit future patients.

7. Do | have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you will be
given this information sheet to keep and be asked to sign a consent form. If you decide to
take part you are still free to withdraw at any time and without giving a reason. A decision to
withdraw at any time, or a decision not to take part, will not affect the standard of care you
receive.
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8. What will happen to the results of the research study?

We aim to publish the outcome of our work in peer-reviewed medical and scientific journals
that are freely accessible so that they are most useful to the widest range of people. We
cannot predict where they will appear, as acceptance for publication is an editorial decision,
but this should be within 4 years and if any member of the team is contacted they undertake
to indicate to participants where relevant results are to be, or have been published, so they
can obtain a copy.

9. Who has reviewed the study?

All research that involves NHS patients or staff, information from NHS medical records or
uses NHS patients or staff, information from NHS medical records or uses NHS premises or
facilities must be approved by a Leicestershire Local Research Ethics Committee before it
goes ahead. Approval does not guarantee that you will not come to any harm if you take
part. However, approval means that the Committee is satisfied that your rights will be
respected, that any risks have been reduced to a minimum and balanced against possible
benefits and that you have been given sufficient information on which to make an informed
decision to take part or not.

‘Thank you for reading this.’

Patient name, address, DOB (or ID label)
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Centre Number: Research and Development Department, LGH UHL 9161
Study Number: Study No LGH 9161

Patient Identification Number for this trial:

CONSENT FORM

Title of Project:

“The Basal Plate and the pre- eclamptic materno- fetal interaction.”

Short title: High blood pressure in pregnancy

Name of Researcher / Principal Investigator:

Dr Colin Ockleford, Mr Paul Bosio, Jason Waugh and their research teams.

Please initial box

1. I confirm that | have read and understand the information sheet dated Thursday
18" November, 2004. version NO 2003CDO2 for the above study and have had
the opportunity to ask questions.

2. |l understand that my participation is voluntary and that | am free to withdraw at
any time, without giving any reason, without my medical care or legal rights being
affected.

3. lunderstand that | may withdraw my consent to my tissue being used at any time
without justifying my decision and without affecting my normal care and medical
management.

4. | agree to donate the tissue samples as detailed below and allow their use in
medical research as described in the Patient Information Leaflet.

5. 1 understand that the tissue is a gift and that | will not benefit from any intellectual property that results from the
use of the tissue.
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6. | understand that tissue samples will not be used to undertake any genetic tests
whose results may have adverse consequences on my or my families insurance

or employment.

7. | agree / do not agree to my tissue samples being used to undertake
genetic research as described in the patient information leaflet

(patient to delete as applicable)

8. lunderstand that tissue samples and associated clinical data may be transferred
to non-commercial research partners of the University Hospitals of Leicester NHS

Trust and Leicester University Medical School, but that the information will be
anonymised prior to transfer.

9. The samples which | hereby consent to donate are:

Small samples of placental tissue taken after delivery from the afterbirth. There will
be approximately 5 of these small pieces 1cm by 1cm by lcm (each the size of a
sugar cube).

10.1 agree to take part in the above study.

Name of Patient Date Signature

Name of Parent/guardian/ DateSignature
legal representative (If applicable)
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Researcher Date Signature

Original for researcher/site file/CRF

copy for patient, copy for hospital notes
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APPENDIX 2: ANTIBODIES AND SOLUTIONS
Primary Antibodies:
Trophoblast markers

Mouse monoclonal anti-pancytokeratin-1gG1 specific (Sigma-Aldrich, Missouri, USA,

C2931) at dilution of 1:800

Rabbit (sc-17031-R) polyclonal anti-keratin 18 (p-Cytokeratin 18 Ser 33) (Santa Cruz

Biotechnology, Inc.) at dilusion of 1:50.

Cytokeratin

Cytokeratins or Keratins (Ks) are a characteristic cytoskeletal marker of extra-embryonic
membrane epithelia and is part of the 10nm diameter bundles of intermediate filaments
(Ockleford et al., 1981, Ockleford et al., 1984). They form the cytoskeleton of epithelial
cells. They are classified into two types: The basic type Il keratins (K1-K8) and the acidic
type | keratins (K 9 to K20) (Moll et al., 1982). Most keratins genes occur in pairs and are
regulated in tissue and differentiation-specific manner and have been used as a tool in the
study of epithelial tissues in health and disease (O’Guin et al., 1990). About 54 keratins are
known in humans (28 type | and 26 type I1). The keratin genes are located on chromosomes

17 and 12 (Hesse et al., 2001, Hesse et al., 2004, Rogers et al., 2004, Rogers et al., 2005).

The human placental trophoblast is reported to express keratins in developmental,
differentiative and functional specific patterns (Muhlhauser et al., 1995). K7 and K18 are
known to be consistently present in trophoblast cells. | chose monoclonal pancytokeratin
which is immunoreactive to a cocktail of keratins; 4, 5, 6, 8, 10, 13 and 18 in most human
epithelial tissues because of the quality of its labelling based on previous studies in the
laboratory (2004). Secondly, the antibody was already present in the lab and using the

available antibody helped to save cost. Polyclonal rabbit anti-keratin 18 on the other hand
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recognises K18 and it was used as a control to compare the labelling pattern of the anti-

pancytokeratin antibody.

Other marker proteins for trophoblast cells are human chorionic gonadotrophine (hCG) and

placental lactogen (PL).

Endothelial markers

Endothelial cells are flat, pavement-like cells that line the luminal surface of blood vessels
and lymphatics. They perform various functions including maintaining a semipermeable
barrier between the blood and the rest of the vessel wall and regulation of intravascular
coagulation and fibrinolysis. Endothelial cells are heterogenous in gene expression, structure,
and their function is specific to the tissue in which they are found (Augustin et al., 1994,
Risau, 1995, Rajotte et al., 1998, Chi et al., 2003). Many markers of endothelial cells have
been proposed and these includes von Willebrand factor, thrombomodulin (CD141), CD34,
VE-cadherin, vimentin and CD31 (PECAM 1), the sulphated epitope MECA-79, the Duffy
antigen receptor for chemokines (DARC), CD105 (endoglin), angiotensin converting enzyme

(ACE) and CD146.

Anti-human von Willebrand factor was used in this project because it was readily available in
the laboratory as it was used in previous studies in the past. Secondly the choice of anti-vWf
was because of its suitability for dual-labelled experiment as was demonstrated by Smith et
al(2004). vWf is a270kD plasma glycoprotein that mediates platelets adhesion to vascular
endothelium and serves as a carrier and stabilizer of cogulation factor VI1II (ant-haemophiliac
factor). It is secreted by megakaryocytes and it is present in plasma, platelets, endothelium

and subendothelial connective tissues (Sadler, 1998).

EN4: A mouse monoclonal 1gG;. It is antibody is raised in mouse against human umbilical

cord vascular endothelial cells. It recognises platelet/endothelial cell adhesion molecule-1
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(PECAM-1) also referred to as CD31. PECAM-1 is a glycoprotein expressed on the cell
surface of monocytes, neutrophils, platelets and a subpopulation of T cells (Santa Cruz data

sheet).
Secondary antibodies

Cy3-conjugated, sheep anti-mouse IgG. The fluorophore absorbs light in the green

wavelength and emits red signals. It binds the Fab, fragment of mouse 1gG.

Fluorescein thiocyanate (FITC-)- conjugated goat anti-rabbit 19gG. It is Fab, specific antibody

against rabbit 1gG.

SOLUTIONS

Tris HCL

Tris (Tris-hydoxymethylmethylamine) is an organic buffer used to maintain pH of antibodies.
To prepare Tris HCI dissolve 121.14mg (molecular weight of Tris) of Tris in approximately
800ml of distilled water. To the stock, a solution of HCI is titrated until pH is 7.6. Top the

solution up to a litre.

10 molar Tris Buffered Saline (10 xM TBS)

58.44g
1000

Add 87.66 g NaCL (ie10 x 150mM NaCL = 10 X x 150) to 200 ml of Tris HCL.

Top up the resultant solution with distilled water to 1 litre.

1 molar TBS-T

To 100 ml of the 10 molar TBS, add 900 ml of distilled. To this add 2 ml of Tween 20.

1:1 Acetone: Methanol

Add equal volume of acetone and methanol
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APPENDIX 3: DATA

The following clinical data for each recruited patient was obtained from the clinical case

notes.
Patient Data
Patients Project Number
Age:
DOB:
Hosp No:
Project No:
EDD:
Parity:
Gestational age at Delivery:
Race
PMH:
Family History:
Smoking history
Gestational age at onset of PE
Current medication:
Highest BP:
Highest Urine Protein:

LFT Result:
Normal
Abnormal:

Coagulopathy

IUGR:

Mode of delivery:

Sex OF Baby:

Outcome of Delivery:

Birth weight:

Apgar Score:

Imin:
5min:

Uric Acid:
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Table 5.1 Clinical and demographic data for the healthy control patients

Patient Age FHPE HSBP/mmHg HDBPmMmHg Protein ONSETPE GAD/weeks Sex of baby  Birth weight/g
PC1 19 no 131 81 2+ n/a 40 female 2620
PC2 30 NO 136 76 1+ n/a 40 male 3600
PC3 24 NO 111 74 0 n/a 41 female 3220
PC7 35 no 142 90 2+ n/a 41 female 4138
PC8 21 yes 130 68 0 n/a 31 male 1980
PC9 19 no 120 65 0 n/a 39 female 2849

PC10 22 yes 130 80 0 n/a 37 male 2721
PC11 28 no 120 78 0 n/a 40 male 3480
PC12 24 no 112 68 0 n/a 39 male 3218
PC13 30 yes 126 76 0 n/a 40 male 3162
PCO002 20 no 115 82 0 n/a 38 female 2640

FHPE=family history of Pre-eclampsia
HSBP=highest systolic blood pressure
HDBP=highest diastolic blood pressure
Protein= Urine protein-Random or 24hour in g/l
ONSETPE=Gestation age at onset on PE
GAD =Gestational age at delivery
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Table 5.2: Clinical and demographic data for the mild pre-eclamptic patients

Patient  Agel/years FHPE HSBP/mmH HDBP/mmH Protein ONSETPE GAD/week Birth weight/
PE4 27 no 145 101 2+ 39 female 3146
PE7 29 no 149 100 3+ 37+0 38 male 3090
PE8 17 no 146 105 3+ 39 male 3400
PE10 28 no 151 109 3+ 40 male 3033
PE15 31 no 155 104 3+ 37 female 2720
PE17 30 no 151 93 3+ 38 female 2976
PE19 23 no 157 100 1.8g/l 3445 37 female 2636
PE23 26 no 154 96 1.769/1-3+ 38+3 39 female 4110
PE002 29 yes 147 101 0.91 40 male 3920
PE25 30 no 151 108 1+ or 38+1 38 female 2976
0.63¢/l

FHPE=family History of Pre-eclampsia
HSBP=highest systolic blood pressure
HDBP=highest diastolic blood pressure
Protein= Urine protein-Random or 24hour in g/l

ONSETPE=Gestation age at onset on PE

GAD =Gestational age at delivery
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Table 5.3: Clinical and demographic data for the severe pre-eclamptic patients

Patient  Agel/years FHPE HSBP Protein ONSETPE GAD/weeks Sex of baby  Birth weight/g IUGR
PE2 17 no 170 111 3+ 35 male 1880
PE6 23 no 166 100 3+ 39 female 3628
PE9 17 no 155 109 3.19/3+ 32 32 female 1480
PE11 20 no 154 110 9.73g/3+ 36 female 2069
PE14 30 no 155 106 0.61g 33+0 37 male 2409 PE14
PE20 22 no 163 118 5g/l 36+2 38 male 2863 yes
PE21 27 no 180 115 11.97/3+ 30 31 female 1020
PE22 30 no 172 106 0.769/24hrs 34+6 35 female 1820 yes
PE28 23 no 156 112 3.07g/24hrs 32 33 male 1080
PE27 23 no 162 108 3+ 35 female 1878
PE26 20 yes 172 112 4.129/3+ 32 female 1920

FHPE=family History of Pre-eclampsia
HSBP=highest systolic blood pressure
HDBP=highest diastolic blood pressure
Protein= Urine protein-Random or 24hour in g/l
ONSETPE=Gestation age at onset on PE
GAD =Gestational age at delivery
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Table 5.4: An example of the raw data for control patient: PC2B

END TPB(UM) AV(um) NS(um)
371.78 88.15 98.91 45.09
61.16 48.8 39.52 46.99
85.75 43.08 23.18 2591
44.12 240.57 31.71 87.32

23.44 296.47 66.05
327.33 118.55 17.97
218.51 318.3 30.72
336.38 86.66 161.68
41.96 89.16 97.59
43.82 49.04 119.72
187.69 350.45 58.74
214.55 93.22 230.52
79.61 128.32 312.06
340.34 126.2 30.12
82.7 46.51 23.02
55.54 90.38 41.61
161.41 93.77 89.52
96.65 219.06 17.91
338.89 40.05

44.6 70.52

217.19 53.95
86.97 115.6
330.25
398.74
184.19
154.56
113.29
Total 4641.42 2806.81 193.32 1502.54

Length 50.76 30.7 211 16.43
percent
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Table 5.5: An example of the raw data for mild pre-eclamptic patient: PE25

END(um) TPB AV(um)  NS(um)
o (@m
402.42 200.15 100.9 311.46

356.92 508.16 294.46
422.39 654.14 116.4
591.68 428.16 24.1

656.18 295.71 268.7
658.03 96.17 252.22
580.47 240.6 198.32
73.41 102.08 245.75
696.64 443.47 126.89
217.39 440.99 175.31

117.48 205.05
677.34 956.44
318.87 109.65

300.89
437.3
Total 6507.41 4680.77 100.9 2013.61
Length 48.92 35.18 0.76 15.14

percent
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Table 5.6: An example of the raw data of severe preclamptic patient: PE27

END(um) TPB(um) AV(um) NS(um)
215.42 76.59 36.17 143.5

374.98 30.59 67.39 97.36

22.94 179.92 44.28 30.72

150.08 69.86 38.64 79.64

61.87 156.35 7.28
260.08 236.17 20.47
164.2 25.91 19.6
131.7 383.25 46.49
347.1 104.87 26.51
385.48 85.46 51.64
64.99 83.84 172.22
179.47 41.68 95.33
42.74 69.36 127.61
92.93 164.56 64.29
156.94 174.91 95.86
45.8 302.34 50.79
52.5 168.36 118.94
110.88 195.2 38.86
41.68 314.13 117.63
48.23 29.58 160.61
90.72 100.57 51.26
101.82 81.8 78.38
55.19 13.74 170.07

25.95 116.35

23.57 302.23

62.9 46.04

324.41 85.44

31.52 99.17

165.88 69.28

70.2 31.42
290.4 70.52
46.08
Total 419257 395557 186.48 1865.06
Length 41.1 38.78 1.83 18.29

Percent
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Table 5.7: Length percent data for healthy control (1), mild pre-eclampsia (2) and severe pre-
eclampsia (3) pateints

Patient code Patientgroup END(%) TPB(%) AV(%) NS(%)

PC1 1 69.96 21.78 0.65 7.99
PC2 1 50.76 30.7 2.11 16.43
PC3 1 30.68 59.04 2.69 7.59
PC7 1 73.29 14.21 3.07 9.43
PC8 1 63.49 28.71 4.89 291
PC9 1 59.41 31.38 4.89 4.32
PC10 1 86.8 7.98 0.66 4.56
PC11 1 78.46 15.72 3.69 2.13
PC12 1 47.61 44.11 6.16 2.12
PC13 1 55.08 35.98 5.44 3.5
PC002 1 75.57 14.41 5.82 4.2
PE4 2 49.41 41.71 4.5 4.38
PE7 2 76.81 13.21 0.28 9.7
PE8S 2 53.54 31.76 5.04 9.66
PE10 2 67.36 21.4 2.61 8.63
PE15 2 90.53 7.07 1.14 1.26
PE17 2 73.46 14.94 0.28 11.32
PE19 2 68.47 26.51 0.93 4.09
PE23 2 78.87 11.36 1.43 8.34
PE25 2 48.92 35.18 0.76 15.14
PE002 2 90.5 5.16 2.5 1.84
PE2 3 50.99 38.47 2.52 8.02
PE6 3 74.49 7.96 241 15.14
PE9 3 72.16 16.92 1.38 9.54
PE11 3 78.85 20.03 0.27 0.85
PE14 3 17.57 63.21 5.93 13.29
PE21 3 64.13 26.1 2.11 7.66
PE26 3 73.45 20.66 1.24 4.65
PE28 3 60.94 34.84 0.27 3.95
PE27 3 41.1 38.78 1.83 18.29
PE20 3 12.25 60.66 4.99 221
PE22 3 17.55 61.98 1.62 18.85

END = Endothelium; TPB = trophoblast; AV = Anchoring villous;

NS = Fibrin/fibrinoid
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Table 5.8: Transformed data

Patient group END/TPB NS-AV AV/NS
1 3.212121 7.34 0.081352
1 1.65342 14.32 0.128424
1 0.519648 4.9 0.354414
1 5.157635 6.36 0.325557
1 2.211425 -1.98 1.680412
1 1.893244 -0.57 1.131944
1 10.877193 3.9 0.144737
1 4.991094 -1.56 1.732394
1 1.079347 -4.04 2.90566
1 1.53085 -1.94 1.554286
1 5.244275 -1.62 1.385714
2 1.184608 -0.12 1.027397
2 5.814534 9.42 0.028866
2 1.685768 4.62 0.521739
2 3.147664 6.02 0.302433
2 12.804809 0.12 0.904762
2 4913712 11.04 0.024735
2 2.582799 3.16 0.227384
2 6.942782 6.91 0.171463
2 1.390563 14.38  0.050198
2 17.53876 -0.66 1.358696
3 1.325448 5.5 0.314214
3 9.35804 12.73 0.159181
3 4.264775 8.16 0.144654
3 3.936595 0.58 0.317647
3 0.277962 7.36 0.4462
3 2.457088 5.55 0.275457
3 3.555179 341 0.266667
3 1.749139 3.68 0.068354
3 1.059825 16.46  0.100055
3 0.201945 17.11 0.225792
3 0.283156 17.23 0.085942

END/TPB = endothelium to trophoblast ratio, NS-AV =Length percent fibrin minus length

percent anchoring villi, AV/NS = ratio of length anchoring villi to length percent fibrin; 1=

control. 2 = mild pre-eclampsia; 3 = severe pre-eclampsia
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APPENDIX 5: STATISTICAL ANALYSIS

Histogram for control patients
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Fig. 5.1:A histogram of length proportion of the endothelium,trohpoblast and fibrin/fibrinoid

lining the intervillous space border of the basal plate of healthy control patients placentae.
The graph shows a higher proportion of endothelium than trophoblast and fibrin/fibrinoid
except the placenta of patient PC3 in which there is more trophoblast than endothelium

Histogram for the mild pre-eclamptic patients
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Fig. 5.2: A histogram of length percent of the endothelium, trophoblast and fibrin/fibrinoid

lining the intervillous space border of the basal plate of placentae of mild pre-eclamptic

patients. The graph shows that the proportion of the surface lined by endothelium is higher

than that of trophoblast, and fibrin/fibrinoid. END= endothelium, TPB= trophoblast, NS=

fibrin/fibrinoid.
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Histogram for the Severe pre-eclamptic patients

Histogram for severe pre-
eclamptic patients data
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Fig. 5.3: A histogram of length percent of the endothelium, trophoblast and fibrin/fibrinoid
lining the intervillous space border of the basal plate of placentae of severe pre-eclamptic
patients. The graph shows that the proportion of the surface lined by endothelium is higher
than that of trophoblast, and fibrin/fibrinoid except for three patiect placentae (PE14, PE20,
and PE22) where trophoblast lined a larger proportion to the basal plate linig. END=
endothelium, TPB= trophoblast, NS= fibrin/fibrinoid.
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Table 5.9: Test of normality of the demographic data of the study groups

Tests of Normality

Test
Patient group Kolmogorc?v--Smirnova Shapir_o-YViIk
Statistics Statistics

Statistic df Sig. Statistic df Sig.

maternal age(years) Healthy Control 191 11 200" .908 11 233
Mild pre-eclamptic .206 10 2007 .823 10 .028

Severe pre-eclamptic] .219 11 146 912 11 .259

Gestational age at Healthy Control .266 11 .029 719 11 .001
delivery(weeks) Mild pre-eclamptic 178 10 200" 907 10 258
Severe pre-eclamptic|] .164 11 200" .953 11 .684

Birthweight (grams) Healthy Control 135 11 200" 979 11 .958
Mild pre-eclamptic .245 10 .090 .883 10 140

Severe pre-eclamptic] .193 11 2007 .926 11 374

a. Lilliefors Significance Correction

*. This is a lower bound of the true significance.

This is a table showing the test of normality for maternal age, gestational age at delivery and the birth weight for the study groups. The test is
not significant in all but for gestational age distribution in the healthy control group. The distribution of the data therefore fits normal
distribution in all but the healthy control group. The test statistics employed was ANOVA.
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Table 5.10: Oneway ANOVA result of the clinical characteristics of the groups.

ANOVA

Source=Between
Groups

Sum of

Squares df Mean Square F Sig.
Maternal age(years) 87.784 2 43.892 1.967 158
Gestational age at 104,557 2 52278 | 9576 | .001
delivery(weeks)
Birthweight (grams) 9182698.684 2 4591349.342| 11.912 .000
Sex of the baby .202 2 101 .382 .686

This is a table of the test statistic result of the between groups analysis of variance. The

means of gestational age at delivery and the birth weight are significantly different between

the groups (P = 0.001 for GAD and p = 0.000 for birthweight). Means of maternal ages are

not significantly different between the groups.
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Patient group: Healthy Control

Sex of the
baby

M female
M male

Fig. 5.4: A pie chart showing sex of the babies born to healthy mothers in the study
population.

Patient group: Mild pre-eclamptic

Sex of the
baby

M female
Mzl

Fig. 5.5: Sex distribution of the babies born to mothers who suffered mild pre-eclampsia
during pregnancy in the study population.
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Patient group: Severe pre-eclamptic

Sex of the
baby

M female
M male

Fig. 5.6: Sex distribution of the babies born to mothers whose pregnancies were complicated
by severe pre-eclampsia in the study population.
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Table 5.11: Descriptive statistics of the length percent endothelium data for the patient groups.

Dependent Variables=Length percent endothelium

Descriptives

Statistic Std. Error
Statistics Patient group Patient group
Healthy Mild pre- Severe pre- Healthy Mild pre- Severe pre-
Control eclamptic eclamptic Control eclamptic eclamptic
Mean 62.8282 69.7870 51.2255 4.88464 4.86125 7.61925
95% Confidence Interval Lower Bound 51.9445 58.7901 34.2487
for Mean Upper Bound 73.7118 80.7839 68.2022
5% Trimmed Mean 63.2824 69.7939 51.8561
Median 63.4900 70.9650 60.9400
Variance 262.456 236.318 638.583
Std. Deviation 16.20051 15.37263 25.27020
Minimum 30.68 48.92 12.25
Maximum 86.80 90.53 78.85
Range 56.12 41.61 66.60
Interquartile Range 24.81 29.27 55.88
Skewness -513 -111 -.603 661 687 661
Kurtosis .032 -1.172 -1.363 1.279 1.334 1.279

It shows the means and trimmed means are almost equal for each group and Skewness and kurtosis are close to 1, indicating the data fits a

normal distribution for the groups




Table 5.12: Descriptive statistics of the length percent trophoblast within the groups.

Dependent Variables=Length percent trophoblast

Descriptives

Statistic Std. Error
Statistics Patient group Patient group
Healthy Mild pre- Severe pre- Healthy Mild pre- Severe pre-
Control eclamptic eclamptic Control eclamptic eclamptic
Mean 27.6382 20.8310 35.4191 4.54234 3.95974 5.85707
95% Confidence Interval Lower Bound 17.5172 11.8735 22.3687
for Mean Upper Bound 37.7591 29.7885 48.4695
5% Trimmed Mean 26.9858 20.5417 35.4007
Median 28.7100 18.1750 34.8400
Variance 226.961 156.795 377.358
Std. Deviation 15.06523 12.52178 19.42570
Minimum 7.98 5.16 7.96
Maximum 59.04 41.71 63.21
Range 51.06 36.55 55.25
Interquartile Range 21.57 22.33 40.63
Skewness 782 .396 361 661 687 661
Kurtosis 406 -1.174 -1.209 1.279 1.334 1.279

Tthe means and trimmed means are almost equal for each group and Skewness and kurtosis are close to 1, indicating the data fits a normal

distribution for the groups.
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Table 5.13: Descriptive statistics of length percent of anchoring villi within the study groups.
Descriptives
Dependent Variables=Length percent anchoring villi

Statistic Std. Error
Statistics Patient group Patient group
Healthy Mild pre- Severe pre- Healthy Mild pre- Severe pre-
Control eclamptic eclamptic Control eclamptic eclamptic
Mean 3.6427 1.9470 2.2336 59436 53489 53391
95% Confidence Interval Lower Bound 2.3184 7370 1.0440
for Mean Upper Bound 4.9670 3.1570 3.4233
5% Trimmed Mean 3.6691 1.8678 2.1374
Median 3.6900 1.2850 1.8300
Variance 3.886 2.861 3.136
Std. Deviation 1.97127 1.69146 1.77077
Minimum .65 .28 27
Maximum 6.16 5.04 5.93
Range 551 4.76 5.66
Interquartile Range 3.33 2.44 1.28
Skewness -.352 977 1.198 661 .687 661
Kurtosis -1.208 -.252 976 1.279 1.334 1.279

It shows the means and trimmed means are almost equal for each group and Skewness and kurtosis are close to 1, indicating the data fits a
normal distribution for the groups.
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Table 5.14: Descriptive statistics table for length percent fibrin for the patients groups.

Dependent Variables=Length percent fibrin/fibrinoid

Descriptives

Statistic Std. Error
Statistics Patient group Patient group
Healthy Mild pre- Severe pre- Healthy Mild pre- Severe pre-
Control eclamptic eclamptic Control eclamptic eclamptic
Mean 5.9255 7.4360 11.1218 1.28255 1.40137 2.07892
95% Confidence Interval Lower Bound 3.0678 4.2659 6.4897
for Mean Upper Bound 8.7831 10.6061 15.7540
5% Trimmed Mean 5.5533 7.3511 11.0826
Median 4.3200 8.4850 9.5400
Variance 18.094 19.638 47.541
Std. Deviation 4.25373 443151 6.89501
Minimum 2.12 1.26 .85
Maximum 16.43 15.14 22.10
Range 14.31 13.88 21.25
Interquartile Range 5.08 6.58 13.64
Skewness 1.671 102 .160 .661 .687 661
Kurtosis 3.060 -.688 -1.182 1.279 1.334 1.279

The table shows the means and trimmed means are almost equal for each group indicating that the data is normally distributed.
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Fig. 5.7: Distribution of the length percent endothelium in the 3 patient groups showing mild
pre-eclamptic patients have a larger median of endothelium (70.97) than those with healthy
(63.49) and severe preclamptic (60.94) pregnancies.
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Fig. 5.8: Boxplot of length percent trophoblast against patient groups. The 50" percentile is
represented by the thick line in the middle of the box. The ends of the whisker represent the
lowest and the highest values for the groups.
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Fig. 5.9: Boxplot of length percent anchoring villi data for the study groups showing the
median (line across the middle of the boxes) for each group, the range (the ends of the
whiskers) and two outliers (0) for the severe pre-eclamptic patient data.
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Fig. 5.10: Boxplot of length percent fibrin data for the study groups showing the median (line
across the middle of the boxes) for each group, the range (the ends of the whiskers) and one

outlier (o) for the control patient data.
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Table 5.15: Test of normality of the measured data

Tests of Normality

Dependent Variables Kolmogorov-Smirnov® Shapiro-Wilk
Statistics Statistics

Patient group Statistic df Sig. Statistic df Sig.
Length percent Healthy Control 125 11 200" 976 11 939
endothelium Mild pre-eclamptic 155 10 200" 918 10 338
Severe pre-eclamptic| .195 11 2007 .861 11 .060
Length percent Healthy Control 149 11 200" 942 11 549
trophoblast Mild pre-eclamptic 181 10 200 943 10 588
Severe pre-eclamptic| .176 11 200" .908 11 228
Length percent Healthy Control 191 11 2007 .924 11 .350
anchoring villi Mild pre-eclamptic 220 10 186 865 10 .088
Severe pre-eclamptic] .254 11 .046 .864 11 .065
Length percent Healthy Control .262 11 .033 822 11 .018
fibrin/fibrinoid Mild pre-eclamptic 181 10 200" 948 10 645
Severe pre-eclamptic| .136 11 200" .960 11 770

a. Lilliefors Significance Correction

*, This is a lower bound of the true significance.
This is a table showing the results of Kolmogorov-Smirnov and Shapiro-Wilk’s tests of normality for the length percent of the basal plate
component data for each group. The test is not significant for all the components in all the groups except the length percent fibrin data for the
control. Hence the distribution of the endothelial, trophoblast and anchoring villi data fit normal distribution. The fibrin data is normally
distributed for the mild and severe pre-eclamptics but is asymmetrically distributed (highlighted) in the control patient group.
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Table 5.16: Comparison of the means of the length percent of the basal plate components

between the groups

ANOVA
Source=Between
Groups
_ Sum of

Dependent Variable Squares df Mean Square = Sig.
Length p.ercent 1859.831 2 929.915 2.421 107
endothelium
Length percent 1119.755 | 2 550.878 | 2178 | 1181
trophoblast
Length percent 17.675 2 8837 | 2671 | 1086
anchoring villi
Length percent 156.645 2 78.322 2.726 .082

fibrin/fibrinoid

Analysis of variance results of the length percent of the basal plate

components.

It shows that the differences between the means of the length
percent of the components are not statistically significant between the groups
as the p values (highlighted column) are > 0.05.
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Dependent Variables=Difference between Length percent fibrin and length percent anchoring villi

Table 5.17: Descriptive statistics of difference between length percent fibrin and length percent anchoring villi.

Statistic Std. Error
Patient group Patient group
Mild pre- Severe pre- Mild pre- Severe pre-
Healthy Control eclamptic eclamptic Healthy Control eclamptic eclamptic

Mean 2.2827 5.4890 8.8882 1.68058 1.60518 1.81139
95% Confidence Interval for Lower Bound -1.4618 1.8578 4.8521
Mean Upper Bound 6.0273 9.1202 12.9242
5% Trimmed Mean 1.9653 5.3367 8.8863
Median -.5700 5.3200 7.3600
Variance 31.068 25.766 36.093
Std. Deviation 5.57384 5.07602 6.00772
Interquartile Range 8.30 9.76 12.78
Skewness 1.001 .383 .376 .661 .687 .661
Kurtosis .533 -.815 -1.411 1.279 1.334 1.279
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Dependent Variables=length percent anchoring villi to length percent fibrin ratio

Table 5.18: Table of descriptive statistics of length percent anchoring villi to length percent of fibrin ratio within the patient groups showing the
means and trimmed mean are about equal indicating that the transformed data fits normal distribution.

Statistic

Std. Error

Patient group

Patient group

Mild pre- Severe pre- Mild pre- Severe pre-
Healthy Control eclamptic eclamptic Healthy Control eclamptic eclamptic
Mean 1.0386 4618 .2186 .27460 .15043 .03562
95% Confidence Interval for Lower Bound 4268 1215 1392
Mean Upper Bound 1.6505 8021 2979
5% Trimmed Mean .9881 4362 .2143
Median 1.1319 .2649 .2258
Variance .829 .226 .014
Std. Deviation .91075 47570 .11814
Interquartile Range 1.54 .89 .21
Skewness .689 921 440 .661 .687 .661
Kurtosis -.095 -.507 -.460 1.279 1.334 1.279




Table 5.19: Table of descriptive statistics of length percent endothelium to length percent of trophoblast ratios within the patient groups showing
the means and trimmed means are about 0.2- 0.4 different for each group. Skewness and Kurtosis are also greater than 1 indicating that the data

may not be normally distributed

Stat Type
Statistic Std. Error
Patient group Patient group
Mild pre- Severe pre- Mild pre- Severe pre-
Statistics Healthy Control eclamptic eclamptic Healthy Control eclamptic eclamptic

Mean 3.4882 5.8006 2.5881 .89843 1.71275 .81123
95% Confidence Interval for Lower Bound 1.4864 1.9261 .7806
Mean Upper Bound 5.4900 9.6751 4.3956
5% Trimmed Mean 3.2426 5.4049 2.3446
Median 2.2114 4.0307 1.7491
\Variance 8.879 29.335 7.239
Std. Deviation 2.97976 5.41618 2.69056
Interquartile Range 3.63 6.80 3.65
Skewness 1.649 1.448 1.719 .661 .687 .661
Kurtosis 3.158 1.410 3.566 1.279 1.334 1.279
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Fig. 5.11: A box plot of the NS-AV data against the patient groups showing an increase in the
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Fig. 5.12: A box plot of AV to NS ratio in the three patient groups showing a lower median
of the ratio in the mild and severe pre-eclamptic groups than the control group.
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Fig. 5.13: A box plot showing the distribution of the END to TPB ratio in three patient
groups. The median is slightly higher in the mild pre-eclamptic patients than the mild pre-
eclamptic and the healthy controls. It also shows one outlier each for each group.
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Table 5.20: Test of normalityfor the transformed data

Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Patient group Statistic df Sig. Statistic df Sig.
Difference between Length Healthy Control 241 11 .074 .883 11 114
percent fibrin and length Mild pre-eclamptic 155 10 200" 946 10 620
percent anchoring vill Severe pre-eclamptic .185 11 200" .895 11 .160
length percent anchoring villi  Healthy Control .228 11 114 .884 11 .118
to length percent fibrinratio  \jg pre-eclamptic 231 10 139 859 10 075
Severe pre-eclamptic 147 11 200 944 11 573
Endothelium to trophoblast Healthy Control 211 11 .183 .827 11 .022
ratio Mild pre-eclamptic 216 10 200" 822 10 .027
Severe pre-eclamptic .188 11 200" .821 11 .018

a. Lilliefors Significance Correction

*. This is a lower bound of the true significance.

This is a table showing the results of Kolmogorov-Smirnov and Shapiro-Wilk tests of normality for the transformed data (NS-AV, AV to NS
ratio and END to TPB ratio) for each group. The K-S test is not significant for all the data in all the groups. The Shapiro-Wilk test is not
significant for the NS-AV and AV to NS ratio in all the groups. It is however significant for END to TPB ratio in all the groups. Hence the
distribution of the NS-AV and AV to NS ratio data fit normal distribution. The END to TPB ratio data is not normally distributed.
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Comparison of the means of the NS-AV and AV to NS ratio data between the groups

Since the data for the above are parametric, ANOVA was performed.

Table 5.21: Test of homogeneity for the length percent fibrin minus the length percent

trophoblast (NS-AV) and the ratio of length percent anchoring villi to length percent fibrin

ratio (AV: NS).

Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.
Difference between Length
percent fibrin and length .362 2 29 .
percent anchoring villi
length percent anchoring villi
o ] 13.715 2 29 .000
to length percent fibrin ratio

The results show that the variation of the mean for the AV: NS is not equal across the groups
as test is not significant ( p < 0.000). This violates the assumption of ANOVA but ANOVA is

robust against this violation. The mean variance for the NS- AV data is equal across the

group as the p = 0.699.

Table 5.22: Analysis of variance for NS-AV and AV: NS ratio

ANOVA
Sum of
Squares df Mean Square F Sig.
Difference between Length Between Groups 240.040 2 120.020 3.852 .033
percent fibrin and length  \within Groups 903.497 29 31.155
percent anchoring villi
Total 1143.538 31
length percent anchoring  Between Groups 3.890 2 1.945 5.387 .010
villi to length percent fibrin Within Groups 10.471 29 361
ratio
Total 14.361 31

ANOVA results shows that the means of the data are significantly different between the

control, mild and severe pre-eclmapsia groups as indicated by the p values (highlighted) <

0.05.
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PostHoc comparison of the means of the three groups

Table 5.23: Patient group=Severe pre-eclamptic

Multiple Comparisons

Tukey HSD
Dependent Variable Mean Difference 95% Confidence Interval

(J) Patient group ((EN)) Std. Error Sig. Lower Bound Upper Bound
Healthy Control Difference between Length *

percent fibrin and length 6.60545 2.38003 .025 .7276 12.4833

percent anchoring villi

length percent anchoring villi .

-.82007 .25622 .009 -1.4528 -.1873

to length percent fibrin ratio

Mild pre-eclamptic Difference between Length
percent fibrin and length 3.39918 2.43881 .357 -2.6238 9.4222

percent anchoring villi

length percent anchoring villi
o ) -.24321 .26255 .628 -.8916 4052
to length percent fibrin ratio

*. The mean difference is significant at the 0.05 level.

Multiple comparison of the severe pre-eclamptic group to the control and the mild pre-eclamptic patients shows that the means of the AV to NS
ratio and NS-AV for the severe pre-eclamptics are significantly different from the healthy control group (p= 0.025 and p=0.009). The means of
the severe patient group is not different from the mild patient group (p=0.357 and 0.628)
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Table 5.24: Patient group=Mild pre-eclamptic

Multiple Comparisons

Tukey HSD
Dependent Variable Mean Difference 95% Confidence Interval
(J) Patient group (1-9) Std. Error Sig. Lower Bound Upper Bound
Healthy Control Difference between Length
percent fibrin and length 3.20627 2.43881 .399 -2.8167 9.2293
percent anchoring villi
length percent anchoring villi
o ) -.57686 .26255 .089 -1.2253 .0715
to length percent fibrin ratio
Severe pre-eclamptic Difference between Length
percent fibrin and length -3.39918 2.43881 .357 -9.4222 2.6238
percent anchoring villi
length percent anchoring villi
o ) 24321 .26255 .628 -.4052 .8916
to length percent fibrin ratio

Comparing the means of the NS-AV data and the AV to NS ratio data of the mild group to the control and the severe patients groups show that
there is no difference between the means as the p values are greater than 0.05.
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Non-parametric analysis of the Endothelium to trophoblast ratio

Since the distribution of the END to TPB ratio does not fit a normal distribution a

nonparametric analysis was applied for this data.

Table 5.25 A and B: Nonparametric analysis of endothelium to trophoblast ratio

Ranks
Patient group N Mean Rank
Endothelium to trophoblast  |Healthy Control 11 16.73
ratio Mild pre-eclamptic 10 20.40
Severe pre-eclamptic 11 12.73
Total 32
A
Test Statistics®”
Endothelium to
trophoblast ratio
Chi-Square 3.514
df 2
Asymp. Sig. 173
B

a. Kruskal Wallis Test
b. Grouping Variable: Patient
group

This is the result of the Kruskal-Wallis test of the END to TPB ratio. It shows that the

median of the END to TPB ratio data is not significantly different between the three patient

groups as the p value of 0.173 > 0.05.

164



REFERENCES

ACOG, 2002. ACOG practice bulletin. Diagnosis and management of preeclampsia and
eclampsia. Number 33, January 2002. American College of Obstetricians and
Gynecologists. International Journal of Gynecology and Obstetrics, 77, 67-75.

Acolet, D., Elbourne, D., Mcintosh, N., Weindling, M., Korkodilos, M., Haviland, J.,
Modder, J., Macintosh, M. & Confidential Enquiry into Maternal and Child, H., 2005.
Project 27/28: inquiry into quality of neonatal care and its effect on the survival of
infants who were born at 27 and 28 weeks in England, Wales, and Northern Ireland.
Pediatrics, 116, 1457-65.

Agrawal, S. & Pandey, M.K., 2003. The Potential Role of HLA-G Polymorphism in Maternal
Tolerance to the Developing Fetus. Journal of Hematotherapy and Stem Cell
Research, 12, 749-756.

Aherne, W. & Dunnill, M.S., 1966. Quantitative aspects of placental structure. The Journal of
pathology and bacteriology, 91, 123-139.

Alexander, J.M., Mcintire, D.D., Leveno, K.J. & Cunningham, F.G., 2006. Selective
Magnesium Sulfate Prophylaxis for the Prevention of Eclampsia in Women With
Gestational Hypertension. Obstetrics and Gynecology, 108, 826-832.

Amorim, M.M.R., Santos, L.C. & Faundes, A., 1999. Corticosteroid therapy for prevention of
respiratory distress syndrome in severe preeclampsia. American Journal of Obstetrics
and Gynecology, 180, 1283-1288.

Aplin, J. & Foden, L.J., 1982. A cell spreading factor, abundant in human placenta, contains
fibronectin and fibrinogen. Journal of Cell Science, 58, 287-302.

Aplin, J.D., 1993. Expression of integrin [alpha]6[beta]4 in human trophoblast and its loss
from extravillous cells. Placenta, 14, 203-215.

Apps, R., Gardner, L., Sharkey, A.M., Holmes, N. & Moffett, A., 2007. A homodimeric
complex of HLA-G on normal trophoblast cells modulates antigen-presenting cells
via LILRB1. European Journal of Immunology, 37, 1924-1937.

Askie, L.M., Duley, L., Henderson-Smart, D.J. & Stewart, L.A., 2007. Antiplatelet agents for
prevention of pre-eclampsia: a meta-analysis of individual patient data. Lancet, 369,
1791-1798.

Astedt, B., Hagerstrand, |. & Lecander, 1., 1986. Cellular localisation in placenta of placental
type plasminogen activator inhibitor. Thrombosis and Haemostasis, 56, 63-65.

Astedt, B., Lecander, I. & Brodin, T., 1985. Purification of a specific placental plasminogen
activator inhibitor by monoclonal antibody and its complex formation with
plasminogen activator. Thrombosis and Haemostasis, 53, 122-125.

Augustin, H.G., Kozian, D.H. & Johnson, R.C., 1994. Differentiation of endothelial cells:
Analysis of the constitutive and activated endothelial cell phenotypes. BioEssays, 16,
901-906.

Autio-Harmainen, H., Hurskainen, T., Niskasaari, K., Hoyhtya, M. & Tryggvason, K., 1992.
Simultaneous expression of 70 kilodalton type IV collagenase and type IV collagen
?1(IV) chain genes by cells of early human placenta and gestational endometrium.
Laboratory Investigation, 67, 191-200.

Azab, 1., Okamura, H. & Beer, A., 1972. Decidual Cell Production of Human Placental
Fibrinoid. Obstetrics and Gynecology, 40, 186-193.

165



Babawale, M.O., Van Noorden, S., Stamp, G.W.H., Pignatelli, M., Elder, M.G. & Sullivan,
M.H.F., 1995. n vitro invasion of first trimester human trophoblast: Localisation of E-
cadherin and MMP-9. Placenta, 16, A5.

Bahado-Singh, R.O., Oz, A.U., Kingston, J.M., Shahabi, S., Hsu, C.D. & Cole, L., 2002. The
role of hyperglycosylated hCG in trophoblast invasion and the prediction of
subsequent pre-eclampsia. Prenatal Diagnosis, 22, 478-481.

Balducci, J., Weiss, P., M., Atlas, R.O., . Pajarillo, M.F., Dupree, W.B. & Klasko, S.K.,
1997. Preeclampsia: Immunologic alteration of Nitabuch's membrane? Clinical
sequelae. Journal of Maternal-Fetal and Neonatal Medicine, 6, 324-328.

Bancroft, J.D. & Stevens, A., 1982. Theory and practice of histological techniques 2nd ed.
Edinburgh: Churchill Livingstone.

Banks, R.E., Forbes, M.A., Searles, J., Pappin, D., Canas, B., Rahman, D., Kaufmann, S.,
Walters, C.E., Jackson, A., Eves, P., Linton, G., Keen, J., Walker, J.J. & Selby, P.J.,
1998. Evidence for the existence of a novel pregnancy-associated soluble variant of
the vascular endothelial growth factor receptor, Flt-1. Molecular Human
Reproduction, 4, 377-386.

Bardawil, W.A. & Toy, B.L., 1959. The natural history of choriocarcinoma: Problems of
immunity and spontaneous regression. Ann N Y Acad Sci, 80, 197-261.

Barron, W.M., Heckerling, P., Hibbard, J.U. & Fisher, S., 1999. Reducing unnecessary
coagulation testing in hypertensive disorders of pregnancy. 94, 364-70.

Barton, J.R., Istwan, N.B., Rhea, D., Collins, A. & Stanziano, G.J., 2006. Cost-savings
analysis of an outpatient management program for women with pregnancy-related
hypertensive conditions. Disease Management, 9, 236-41.

Barton, J.R., Stanziano, G.J. & Sibai, B.M., 1994. Monitored outpatient management of mild
gestational hypertension remote from term. 170, 765-9.

Barton, J.R.M., Witlin, A.G.D. & Sibai, B.M.M., 1999. Management of Mild Preeclampsia.
Clinical Obstetrics & Gynecology, 42, 455.

Bass, K.E., Morrish, D., Roth, 1., Bhardwaj, D., Taylor, R., Zhou, Y. & Fisher, S.J., 1994,
Human cytotrophoblast invasion is up-regulated by epidermal growth factor:
Evidence that paracrine factors modify this process. Developmental Biology, 164,
550-561.

Beevers, G., Lip, G.Y. & O'brien, E., 2001. ABC of hypertension. Blood pressure
measurement. Part I-sphygmomanometry: factors common to all techniques. BMJ,
322, 981-5.

Belin, D., 1993. Biology and facultative secretion of plasminogen activator inhibitor-2.
Thrombosis and Haemostasis, 70, 144-147.

Bellamy, L., Casas, J.-P., Hingorani, A.D. & Williams, D.J., 2007. Pre-eclampsia and risk of
cardiovascular disease and cancer in later life: systematic review and meta-analysis.
BMJ, 335, 974-.

Benedetti, T.J., Kates, R. & Williams, V., 1985. Hemodynamic observations in severe
preeclampsia complicated by pulmonary edema. 152, 330-4.

Benirschke, K. & Kaufman , P., 2000. Pathology of the Human Placenta, 4th ed. New York:
Springer-Verlag New York Inc.

Bertolini, R., Reissig, D. & Schippel, K., 1969. Electron microscopic findings in the cells in
the chorionic membrane of the full term human placenta | Elektronenmikroskopische
Befunde an den Zellen in der Chorionplatte der reifen menschilichen Plazenta.
Zeitschrift fur Mikroskopisch-Anatomische Forschung - Abteilung 2, 80, 358-368.

Birken, S., Kovalevskaya, G. & O'connor, J., 2001. Immunochemical measurement of early
pregnancy isoforms of hCG: Potential applications to fertility research, prenatal
diagnosis, and cancer. Archives of Medical Research, 32, 635-643.

166



Bischof, P., Friedli, E., Martelli, M. & Campana, A., 1991. Expression of extracellular
matrix-degrading metalloproteinases by cultured human cytotrophoblast cells: effects
of cell adhesion and immunopurification. Am J Obstet Gynecol, 165, 1791-801.

Bischof, P. & Martelli, M., 1992. Proteolysis in the penetration phase of the implantation
process. Placenta, 13, 17-24.

Blankenship, T.N., Enders, A.C. & King, B.F., 1993. Trophoblastic invasion and the
development of uteroplacental arteries in the macaque: Immunohistochemical
localization of cytokeratins, desmin, type IV collagen, laminin, and fibronectin. Cell
and Tissue Research, 272, 227-236.

Blankenship, T.N. & King, B.F., 1994a. Developmental expression of Ki-67 antigen and
proliferating cell nuclear antigen in macaque placentas. Developmental Dynamics,
201, 324-333.

Blankenship, T.N. & King, B.F., 1994b. Identification of 72-kilodalton type IV collagenase at
sites of trophoblastic invasion of macaque spiral arteries. Placenta, 15, 177-187.

Blaschitz, A., Hutter, H. & Dohr, G., 2001. HLA Class I protein expression in the human
placenta. Early pregnancy (Online), 5, 67-69.

Borzychowski, A.M., Sargent, I.L. & Redman, C.W.G., 2006. Inflammation and pre-
eclampsia. Seminars in Fetal and Neonatal Medicine, 11, 309-316.

Bourne, G.L., 1960. The microscopic anatomy of the human amnion and chorion. American
Journal of Obstetrics and Gynecology, 79, 1070-1073.

Bourne, G.L., 1962. The Human Amnion and Chorion.

Bourne, G.L., 1966. The anatomy of the human amnion and chorion. Proceedings of the
Royal Society of Medicine, 59, 1127-1128.

Boyd, J.D. & Hamilton, W.J., 1970. The human placenta Cambridge: W.Heffer and Son

Boyd, P.A., 1984. Quantitative structure of the normal human placenta from 10 weeks of
gestation to term. Early Human Development, 9, 297-307.

Brosens, 1., Dixon, H.G. & Robertson, W.B., 1977. Fetal growth retardation and the arteries
of the placental bed. British Journal of Obstetrics and Gynaecology, 84, 656-63.

Brosens, 1., Robertson, W.B. & Dixon, H.G., 1967. The physiological response of the vessels
of the placental bed to normal pregnancy. The Journal of pathology and bacteriology,
93, 569-579.

Brosens, I.A., Robertson, W.B. & Dixon, H.G., 1972. The role of the spiral arteries in the
pathogenesis of preeclampsia. Obstetrics and Gynecology Annual, 1, 177-91.

Brown, M.A., Zammit, V.C. & Lowe, S.A., 1989. Capillary permeability and extracellular
fluid volumes in pregnancy-induced hypertension. 77, 599-604.

Brown, M.A., Zammit, V.C. & Mitar, D.M., 1992. Extracellular fluid volumes in pregnancy-
induced hypertension. Journal of Hypertension, 10, 61-68.

Brownbill, P., Edwards, D., Jones, C., Mahendran, D., Owen, D., Sibley, C., Johnson, R.,
Swanson, P. & Nelson, D.M., 1995. Mechanisms of alphafetoprotein transfer in the
perfused human placental cotyledon from uncomplicated pregnancy. Journal of
Clinical Investigation, 96, 2220-2226.

Brownbill, P., Mahendran, D., Owen, D., Swanson, P., Thornburg, K.L., Nelson, D.M. &
Sibley, C.P., 2000. Denudations as paracellular routes for alphafetoprotein and
creatinine across the human syncytiotrophoblast. American Journal of Physiology -
Regulatory Integrative and Comparative Physiology, 278.

Bryant-Greenwood, G.D. & Yamamoto, S.Y., 1995. Control of peripartal collagenolysis in
the human chorion-decidua. American Journal of Obstetrics and Gynecology, 172,
63-70.

167



Bulmer, J.N., Morrison, L. & Johnson, P.M., 1988. Expression of the proliferation markers
Ki67 and transferrin receptor by human trophoblast populations. Journal of
Reproductive Immunology, 14, 291-302.

Burgio, V.L., Zupo, S., Roncella, S., Zocchi, M., Ruco, L.P. & Baroni, C.D., 1994.
Characterization of EN4 monoclonal antibody: A reagent with CD31 specificity.
Clinical and Experimental Immunology, 96, 170-176.

Burrows, T.D., King, A. & Loke, Y.W., 1993. Expression of integrins by human trophoblast
and differential adhesion to laminin or fibronectin. Hum. Reprod., 8, 475-484.

Burrows, T.D., King, A. & Loke, Y.W., 1994. Expression of adhesion molecules by
endovascular trophoblast and decidual endothelial cells: Implications for vascular
invasion during implantation. Placenta, 15, 21-33.

Burton, G.J. & Hung, T.H., 2003. Hypoxia-reoxygenation; a potential source of placental
oxidative stress in normal pregnancy and preeclampsia. Fetal and Maternal Medicine
Review, 14, 97-117.

Burton, G.J. & Jauniaux, E., 2004. Placental Oxidative Stress: From Miscarriage to
Preeclampsia. Journal of the Society for Gynecologic Investigation, 11, 342-352.

Burton, G.J., Jauniaux, E. & Watson, A.L., 1999. Maternal arterial connections to the
placental intervillous space during the first trimester of human pregnancy: The Boyd
Collection revisited. American Journal of Obstetrics and Gynecology, 181, 718-724.

Burton, G.J. & Jones, C.J.P., 2009. Syncytial knots, sprouts, apoptosis, and trophoblast
deportation from the human placenta. Taiwanese Journal of Obstetrics and
Gynecology, 48, 28-37.

Byrne, S., Challis, E., Williams, J.L.R., Pringle, J.H., Hennessy, J.M. & Ockleford, C.D.
(eds.) (2006) In-situ hybridisation using y-chromosome specific probes to establish
the origins of basal plate cells. EMBIC Handbook “Embryo implantation: from
basics to clinics” Rijeka: University of Rijeka Press.

Byrne, S., Cheent, A., Dimond, J., Fisher, G. & Ockleford, C.D., 1998. Immunocytochemical
localisation of caveolin-1 in human term extra-embryonic membranes using confocal
laser scanning microscopy. J.Anat., 193, 312-313.

Byrne, S., Cheent, A., Dimond, J., Fisher, G. & Ockleford, C.D., 2001. Immunocytochemical
localization of a caveolin-1 isorform in human term extra-embryonic membranes
using confocal laser scanning microscopy: Implications for the complexity of the
materno-fetal junction. Placenta, 22, 499-510.

Campbell, D.M., Macgillivray, I. & Carr-Hill, R., 1985. Pre-eclampsia in second pregnancy.
British Journal of Obstetrics and Gynaecology, 92, 131-40.

Carine, M., 2003. Endothelial cell functions. Journal of Cellular Physiology, 196, 430-443.

Carson, S.D. & Ramsey, C.A., 1985. Tissue factor (coagulation factor I11) is present in
placental microvilli and cofractionates with microvilli membrane proteins. Placenta,
6, 5-12.

Castellucci, M., Crescimanno, C., Schroter, C.A., Kaufman , P. & Muhlhauser, J., 1993.
Extravillous trophoblast: Immunohistochemical localization of extracellular matrix
molecules. Frontiers in Gynecologic and Obstetric Investigation, 19-25.

Chaiworapongsa, T., Romero, R., Espinoza, J., Bujold, E., Mee Kim, Y., Goncalves, L.F.,
Gomez, R. & Edwin, S., 2004. Evidence supporting a role for blockade of the
vascular endothelial growth factor system in the pathophysiology of preeclampsia:
Young Investigator Award. American Journal of Obstetrics and Gynecology, 190,
1541-1547.

Chang, E.Y., Menard, M.K., Vermillion, S.T., Hulsey, T. & Ebeling, M., 2004. The
association between hyaline membrane disease and preeclampsia. American Journal
of Obstetrics, 191, 1414-7.

168



Chi, J.T., Chang, H.Y., Haraldsen, G., Jahnsen, F.L., Troyanskaya, O.G., Chang, D.S., Wang,
Z., Rockson, S.G., Van De Rijn, M., Botstein, D. & Brown, P.O., 2003. Endothelial
cell diversity revealed by global expression profiling. Proceedings of the National
Academy of Sciences of the United States of America, 100, 10623-10628.

Chiaffarino, F., Parazzini, F., Paladini, D., Acaia, B., Ossola, W., Marozio, L., Facchinetti, F.
& Giudice, A.D., 2004. A small randomised trial of low-dose aspirin in women at
high risk of pre-eclampsia. European Journal of Obstetrics Gynecology and
Reproductive Biology, 112, 142-144.

Chua, S., Wilkins, T., Sargent, . & Redman, C., 1991. Trophoblast deportation in pre-
eclamptic pregnancy. British Journal of Obstetrics and Gynaecology, 98, 973-979.

Chumbley, G., King, A., Robertson, K., Holmes, N. & Loke, Y.W., 1994. Resistance of
HLA-G and HLA-A2 transfectants to lysis by decidual NK cells. Cell Immunol, 155,
312-22.

Clark, D.E., Smith, S.K., He, Y., Day, K.A., Licence, D.R., Corps, A.N., Lammoglia, R. &
Charnock-Jones, D.S., 1998. A Vascular Endothelial Growth Factor Antagonist Is
Produced by the Human Placenta and Released into the Maternal Circulation. Biology
of Reproduction, 59, 1540-1548.

Coetzee, E.J., Dommisse, J. & Anthony, J., 1998. A randomised controlled trial of
intravenous magnesium sulphate versus placebo in the management of women with
severe pre-eclampsia. British Journal of Obstetrics, 105, 300-3.

Colbern, G.T., Chiang, M.H. & Main, E.K., 1994. Expression of the nonclassic
histocompatibility antigen HLA-G by preeclamptic placenta. American Journal of
Obstetrics and Gynecology, 170, 1244-1250.

Cole, L.A., 1987. The O-linked oligosaccharide structures are striking different on pregnancy
and choriocarcinoma hCG. Journal of Clinical Endocrinology and Metabolism, 65,
811-813.

Cole, L.A., 2008. Hyperglycosylated human chorionic gonadotropin and human chorionic
gonadotropin free T2-subunit: Tumor markers and tumor promoters. Journal of
Reproductive Medicine for the Obstetrician and Gynecologist, 53, 499-512.

Cole, L.A,, Dai, D., Butler, S.A., Leslie, K.K. & Kohorn, E.I., 2006a. Gestational
trophoblastic diseases: 1. Pathophysiology of hyperglycosylated hCG. Gynecologic
Oncology, 102, 145-150.

Cole, L.A,, Khanlian, S.A., Riley, J.M. & Butler, S.A., 2006b. Hyperglycosylated hCG in
gestational implantation and in choriocarcinoma and testicular germ cell malignancy
tumorigenesis. Journal of Reproductive Medicine for the Obstetrician and
Gynecologist, 51, 919-929.

Cole, L.A., Khanlian, S.A., Sutton, J.M., Davies, S. & Stephens, N.D., 2003.
Hyperglycosylated hCG (Invasive Trophoblast Antigen, ITA) a key antigen for early
pregnancy detection. Clinical Biochemistry, 36, 647-655.

Colonna, M., Borsellino, G., Falco, M., Ferrara, G.B. & Strominger, J.L., 1993. HLA-C is the
inhibitory ligand that determines dominant resistance to lysis by NK1- and NK2-
specific natural killer cells. Proceedings of the National Academy of Sciences of the
United States of America, 90, 12000-12004.

Condie, R.G., 1976. Plasma fibrinolytic activity in pregnancy with particular reference to pre
eclampsia. Australian and New Zealand Journal of Obstetrics and Gynaecology, 16,
18-23.

Condie, R.G. & Ogston, D., 1976. Sequential studies on components of the haemostatic
mechanism in pregnancy with particular reference to the development of pre
eclampsia. British Journal of Obstetrics and Gynaecology, 83, 938-942.

Cook, H.C., 1974. Manual of Histological Demonstration Techniques London Butterworths.

169



Correa, R.R.M., Gilio, D.B., Cavellani, C.L., Paschoini, M.C., Oliveira, F.A., Peres, L.C.,
Reis, M.A., Teixeira, V.P.A. & Castro, E.C.C., 2008. Placental morphometrical and
histopathology changes in the different clinical presentations of Hypertensive
Syndromes in Pregnancy. Archives of Gynecology and Obstetrics, 277, 201-206.

Cronier, L., Defamie, N., Dupays, L., Theveniau-Ruissy, M., Goffin, F., Pointis, G. &
Malassine, A., 2002. Connexin expression and gap junctional intercellular
communication in human first trimester trophoblast. Molecular Human Reproduction,
8, 1005-1013.

Cunnane, S.C., Harbige, L.S. & Crawford, M.A., 1993. The importance of energy and
nutrient supply in human brain evolution. Nutrition and health (Berkhamsted,
Hertfordshire), 9, 219-235.

Cunningham, F.G., Fernandez, C.O. & Hernandez, C., 1995. Blindness associated with
preeclampsia and eclampsia. 172, 1291-8.

Currie, G.A. & Bagshawe, K.D., 1967. The masking of antigens on trophoblast and cancer
cells. Lancet, 1, 708-710.

Damsky, C.H., Fitzgerald, M.L. & Fisher, S.J., 1992. Distribution patterns of extracellular
matrix components and adhesion receptors are intricately modulated during first
trimester cytotrophoblast differentiation along the invasive pathway, in vivo. Journal
of Clinical Investigation, 89, 210-222.

Damsky, C.H., Librach, C., Lim, K.H., Fitzgerald, M.L., Mcmaster, M.T., Janatpour, M.,
Zhou, Y., Logan, S.K. & Fisher, S.J., 1994. Integrin switching regulates normal
trophoblast invasion. Development, 120, 3657-3666.

De Boer, K., Ten Cate, J.W., Sturk, A., Borm, J.J.J. & Treffers, P.E., 1989. Enhanced
thrombin generation in normal and hypertensive pregnancy. American Journal of
Obstetrics and Gynecology, 160, 95-100.

De Swiet, M., 2000. Maternal mortality: confidential enquiries into maternal deaths in the
United Kingdom. American Journal of Obstetrics, 182, 760-6.

De Wolf, F., De Wolf Peeters, C. & Brosens, 1., 1973. Ultrastructure of the spiral arteries in
the human placental bed at the end of normal pregnancy. American Journal of
Obstetrics and Gynecology, 117, 833-848.

Demir-Weusten, A.Y., Seval, Y., Kaufmann, P., Demir, R., Yucel, G. & Huppertz, B., 2007.
Matrix metalloproteinases-2, -3 and -9 in human term placenta. Acta Histochemica,
109, 403-12.

Demir, R., Kosanke, G., Kohnen, G., Kertschanska, S. & Kaufmann, P., 1997. Classification
of human placental stem villi: Review of structural and functional aspects.
Microscopy Research and Technique, 38, 29-41.

Douglas, J.T., Shah, M. & Lowe, G.D.O., 1982. Plasma fibrinopeptide A and beta-
thromboglobulin in pre-eclampsia and pregnancy hypertension. Thrombosis and
Haemostasis, 47, 54-55.

Drake, T.A., Morissey, J.H. & Edgington, T.S., 1989. Selective cellular expression of tissue
factor in human tissues. Implications for disorders of hemostasis and thrombosis.
American Journal of Pathology, 134, 1087-1097.

Duckitt, K. & Harrington, D., 2005. Risk factors for pre-eclampsia at antenatal booking:
systematic review of controlled studies. BMJ, 330, 565.

Duello, T.M., Bertics, P.J., Fulgham, D.L. & Van Ess, P.J., 1994. Localization of epidermal
growth factor receptors in first- and third- trimester human placentas. Journal of
Histochemistry and Cytochemistry, 42, 907-915.

Duley, L., 1992. Maternal mortality associated with hypertensive disorders of pregnancy in
Africa, Asia, Latin America and the Caribbean. British Journal of Obstetrics, 99, 547-
53.

170



Duley, L. & Gulmezoglu, A.M., 2001. Magnesium sulphate versus lytic cocktail for
eclampsia. Cochrane Database Syst Rev.

Duley, L., Gulmezoglu, A.M. & Henderson-Smart, D.J., 2003. Magnesium sulphate and other
anticonvulsants for women with pre-eclampsia. Cochrane Database Syst Rev.

Duley, L. & Henderson-Smart, D., 2003a. Magnesium sulphate versus diazepam for
eclampsia. Cochrane Database Syst Rev.

Duley, L. & Henderson-Smart, D., 2003b. Magnesium sulphate versus phenytoin for
eclampsia. Cochrane Database of Systematic Reviews, CD000128.

Durnwald, C. & Mercer, B., 2003. A prospective comparison of total protein/creatinine ratio
versus 24-hour urine protein in women with suspected preeclampsia. American
Journal of Obstetrics and Gynecology, 189, 848-852.

Dvorak, H.F., Senger, D.R. & Dvorak, A.M., 1983. Fibrin as a component of the tumor
stroma: origins and biological significance. CANCER AND METASTASIS REVIEW, 2,
41-73.

Dye, Jablenska, R., Donnelly, J.L., Lawrence, L. & Leach, L., 2001. Phenotype of the
endothelium in the human term placenta. Placenta, 22, 32-43.

Ebrashy, A., Ibrahim, M., Marzook, A. & Yousef, D., 2005. Usefulness of aspirin therapy in
high-risk pregnant women with abnormal uterine artery Doppler ultrasound at 14-16
weeks pregnancy: Randomized controlled clinical trial. Croatian Medical Journal, 46,
826-831.

Edstrom, C.S., Calhoun, D.A. & Christensen, R.D., 2000. Expression of tissue factor pathway
inhibitor in human fetal and placental tissues. Early Human Development, 59, 77-84.

Eldar-Geva, T., Rachmilewitz, J., De Groot, N. & Hochberg, A., 1993. Interaction between
choriocarcinoma cell line (JAr) and human cytotrophoblasts in vitro. Placenta, 14,
217-223.

Elliott, M.M., Kardana, A., Lustbader, J.W. & Cole, L.A., 1997. Carbohydrate and Peptide
Structure of the ?- and ?-Subunits of Human Chorionic Gonadotropin from Normal
and Aberrant Pregnancy and Choriocarcinoma. Endocrine, 7, 15-32.

Ellis, S.A., Palmer, M.S. & Mcmichael, A.J., 1990. Human trophoblast and the
choriocarcinoma cell line BeWo express a truncated HLA class | molecule. Journal of
Immunology, 144, 731-735.

Emonard, H., Christiane, Y., Smet, M., Grimaud, J.A. & Foidart, J.M., 1990. Type IV and
interstitial collagenolytic activities in normal and malignant trophoblast cells are
specifically regulated by the extracellular matrix. Invasion and Metastasis, 10, 170-
177.

Eremina, V., Sood, M., Haigh, J., Nagy, A., Lajoie, G., Ferrara, N., Gerber, H.-P., Kikkawa,
Y., Miner, J.H. & Quaggin, S.E., 2003. Glomerular-specific alterations of VEGF-A
expression lead to distinct congenital and acquired renal diseases. Journal of Clinical
Investigation, 111, 707-716.

Estelles, A., Gilabert, J., Aznar, J., Loskutoff, D.J. & Schleef, R.R., 1989. Changes in the
plasma levels of type 1 and type 2 plasminogen activator inhibitors in normal
pregnancy and in patients with severe preeclampsia. Blood, 74, 1332-1338.

Estelles, A., Gilabert, J., Grancha, S., Yamamoto, K., Thinnes, T., Espana, F., Aznar, J. &
Loskutoff, D.J., 1998. Abnormal expression of type 1 plasminogen activator inhibitor
and tissue factor in severe preeclampsia. Thrombosis and Haemostasis, 79, 500-508.

Estelles, A., Gilabert, J., Keeton, M., Eguchi, Y., Aznar, J., Grancha, S., Espafia, F.,
Loskutoff, D.J. & Schleef, R.R., 1994. Altered expression of plasminogen activator
inhibitor type 1 in placentas from pregnant women with preeclampsia and/or
intrauterine fetal growth retardation. Blood, 84, 143-150.

171



Farmer, D.R. & Nelson, D.M., 1992. A fibrin matrix modulates the proliferation, hormone
secretion and morphologic differentiation of cultured human placental trophoblast.
Placenta, 13, 163-177.

Farquhar, M., 1959. Review of normal and pathological glomerular ultrastructures.
Proceedings of the Tenth Annual Conference on the Nephrotic Syndrome, 2-29.

Fawthrop, R.K. & Ockleford, C.D., 1994. Cryofracture of human term amniochorion. Cell
and Tissue Research, 277, 315-323.

Fazel, A., Vincenot, A., Malassine, A., Soncin, F., Gaussem, P., Alsat, E. & Evain-Brion, D.,
1998. Increase in expression and activity of thrombomodulin in term human
syncytiotrophoblast microvilli. Placenta, 19, 261-268.

Feinberg, R.F., Kao, L.C., Haimowitz, J.E., Queenan, J.T., Jr., Wun, T.C., Strauss, J.F., 3rd &
Kliman, H.J., 1989. Plasminogen activator inhibitor types 1 and 2 in human
trophoblasts. PAI-1 is an immunocytochemical marker of invading trophoblasts.
Laboratory Investigation, 61, 20-6.

Feinberg, R.F., Kliman, H.J. & Lockwood, C.J., 1991. Is oncofetal fibronectin a trophoblast
glue for human implantation? American Journal of Pathology, 138, 537-543.

Fernandez, P.L., Merino, M.J., Nogales, F.F., Charonis, A.S., Stetler-Stevenson, W. & Liotta,
L., 1992. Immunohistochemical profile of basement membrane proteins and 72
kilodalton type IV collagenase in the implantation placental site: An integrated view.
Laboratory Investigation, 66, 572-579.

Fisher, S.J., Cui, T., Zhang, L., Hartman, L., Grahl, K., Guo-Yang, Z., Tarpey, J. & Damsky,
C.H., 1989. Adhesive and degradative properties of human placental cytotrophoblast
cells in vitro. Journal of Cell Biology, 109, 891-902.

Fletcher, A.P., Alkjaersig, N.K. & Burstein, R., 1979. The influence of pregnancy upon blood
coagulation and plasma fibrinolytic enzyme function. American Journal of Obstetrics
and Gynecology, 134, 743-751.

Fox, H., 1967. Perivillous fibrin deposition in the human placenta. American Journal of
Obstetrics and Gynecology, 98, 245-251.

Fox, H., 1975. Morphological pathology of the placenta. The Placenta and its Maternal
Supply Line: Effects of Insufficiency on the Fetus, 197-220.

Frank, H.G., Huppertz, B., Kertschanska, S., Blanchard, D. & Roelcke, D., 1995. Anti-
adhesive glycosylation of fibronectin-like molecules in human placental matrix-type
fibrinoid. Histochemistry, 104, 317-29.

Frank, H.G., Malekzadeh, F., Kertschanska, S., Crescimanno, C., Castellucci, M., Lang, 1.,
Desoye, G. & Kaufmann, P., 1994. Immunohistochemistry of two different types of
placental fibrinoid. Acta Anatomica, 150, 55-68.

Friedman, S.A., Schiff, E., Emeis, J.J., Dekker, G.A. & Sibai, B.M., 1995. Biochemical
corroboration of endothelial involvement in severe preeclampsia. American Journal of
Obstetrics and Gynecology, 172, 202-203.

Funai, E.F., Friedlander, Y., Paltiel, O., Tiram, E., Xue, X., Deutsch, L. & Harlap, S., 2005.
Long-term mortality after preeclampsia. Epidemiology, 16, 206-15.

Gaber, L.W., Spargo, B.H. & Lindheimer, M.D., 1994. Renal pathology in pre-eclampsia.
Bailliere's Clinical Obstetrics and Gynaecology, 8, 443-468.

Gibbons, A., 1998. Solving the brain's energy crisis. Science, 280, 1345-1347.

Gilstrap, L.C., Cunningham, F.G. & Whalley, P.J., 1978. Management of pregnancy-induced
hypertension in the nulliparous patient remote from term. Seminars in Perinatology,
2, 73-81.

Ginsberg, J.M., Chang, B.S., Matarese, R.A. & Garella, S., 1983. Use of single voided urine
samples to estimate quantitative proteinuria. New England Journal of Medicine, 309,
1543-6.

172



Goldenberg, R.L., Cliver, S.P., Bronstein, J., Cutter, G.R., Andrews, W.W. & Mennemeyer,
S.T., 1994. Bed rest in pregnancy. 84, 131-6.

Goldman-Wohl, D. & Yagel, S., 2008. NK cells and pre-eclampsia. Reproductive
BioMedicine Online, 16, 227-231.

Goswami, D., Tannetta, D.S., Magee, L.A., Fuchisawa, A., Redman, C.W.G., Sargent, I.L. &
Von Dadelszen, P., 2006. Excess syncytiotrophoblast microparticle shedding is a
feature of early-onset pre-eclampsia, but not normotensive intrauterine growth
restriction. Placenta, 27, 56-61.

Graham, C.H. & Lala, P.K., 1992. Mechanisms of placental invasion of the uterus and their
control. Biochemistry and cell biology = Biochimie et biologie cellulaire, 70, 867-
874.

Gribble, R.K., Fee, S.C. & Berg, R.L., 1995. The value of routine urine dipstick screening for
protein at each prenatal visit. American Journal of Obstetrics and Gynecology, 173,
214-217.

Hall, D.R., Odendaal, H.J. & Smith, M., 2000. Is the prophylactic administration of
magnesium sulphate in women with pre-eclampsia indicated prior to labour? BJOG:
An International Journal of Obstetrics and Gynaecology, 107, 903-908.

Hall, D.R., Odendaal, H.J., Steyn, D.W. & Grove, D., 2002. Urinary protein excretion and
expectant management of early onset, severe pre-eclampsia. International Journal of
Gynecology & Obstetrics, 77, 1-6.

Hamada, A.L., Nakabayashi, K., Sato, A., Kiyoshi, K., Takamatsu, Y., Laoag-Fernandez,
J.B., Ohara, N. & Maruo, T., 2005. Transfection of antisense chorionic gonadotropin
? gene into choriocarcinoma cells suppresses the cell proliferation and induces
apoptosis. Journal of Clinical Endocrinology and Metabolism, 90, 4873-4879.

Hamilton, W.J. & Boyd, J.D., 1960. Development of the human placenta in the first three
months of gestation. J Anat, 94, 297-328.

Handschuh, K., Guibourdenche, J., Tsatsaris, V., Guesnon, M., Laurendeau, I., Evain-Brion,
D. & Fournier, T., 2007a. Human Chorionic Gonadotropin Expression in Human
Trophoblasts from Early Placenta: Comparative Study Between Villous and
Extravillous Trophoblastic Cells. Placenta, 28, 175-184.

Handschuh, K., Guibourdenche, J., Tsatsaris, V., Guesnon, M., Laurendeau, I., Evain-Brion,
D. & Fournier, T., 2007b. Human chorionic gonadotropin produced by the invasive
trophoblast but not the villous trophoblast promotes cell invasion and is down-
regulated by peroxisome proliferator-activated receptor-? Endocrinology, 148, 5011-
50109.

Harris, JW.S. & Ramsey, E.M., 1966. The morphology of human uteroplacental vasculature.
Contrib Embryol, 38, 43-58.

Hauth, J.C., Ewell, M.G., Levine, R.J., Esterlitz, J.R., Sibai, B., Curet, L.B., Catalano, P.M.
& Morris, C.D., 2000. Pregnancy outcomes in healthy nulliparas who developed
hypertension. Obstetrics and Gynecology, 95, 24-28.

Heard, A.R., Dekker, G.A., Chan, A., Jacobs, D.J., Vreeburg, S.A. & Priest, K.R., 2004.
Hypertension during pregnancy in South Australia, part 1. pregnancy outcomes.
Australian, 44, 404-9.

Hein, K., 1971. Light and electron microscopic investigations on the basal plate of the human
placenta at term | Licht- und elektronenmikroskopische Untersuchungen an der
Basalplatte der reifen menschlichen Plazenta. Zeitschrift fiir Zellforschung und
Mikroskopische Anatomie, 122, 323-349.

Hellmann, P., Winterhager, E. & Spray, D.C., 1996. Properties of connexin40 gap junction
channels endogenously expressed and exogenously overexpressed in human

173



choriocarcinoma cell lines. Pflugers Archiv European Journal of Physiology, 432,
501-500.

Hesse, M., Magin, T.M. & Weber, K., 2001. Genes for intermediate filament proteins and the
draft sequence of the human genome: Novel keratin genes and a suprisingly high
number of pseudogenes related to keratin genes 8 and 18. Journal of Cell Science,
114, 2569-2575.

Hesse, M., Zimek, A., Weber, K. & Magin, T.M., 2004. Comprehensive analysis of keratin
gene clusters in humans and rodents. European Journal of Cell Biology, 83, 19-26.

Hiby, S.E., King, A., Sharkey, A. & Loke, Y.W., 1999. Molecular studies of trophoblast
HLA-G: polymorphism, isoforms, imprinting and expression in preimplantation
embryo. 53, 1-13.

Hiby, S.E., Walker, J.J., O'shaughnessy, K.M., Redman, C.W.G., Carrington, M., Trowsdale,
J. & Moffett, A., 2004. Combinations of Maternal KIR and Fetal HLA-C Genes
Influence the Risk of Preeclampsia and Reproductive Success. Journal of
Experimental Medicine, 200, 957-965.

Hofmann, G.E., Drews, M.R., Scott, R.T., Jr., Navot, D., Heller, D. & Deligdisch, L., 1992.
Epidermal growth factor and its receptor in human implantation trophoblast:
immunohistochemical evidence for autocrine/paracrine function. J Clin Endocrinol
Metab, 74, 981-988.

Hofmann, G.E., Glatstein, 1., Schatz, F., Heller, D. & Deligdisch, L., 1994.
Immunohistochemical localization of urokinase-type plasminogen activator and the
plasminogen activator inhibitors 1 and 2 in early human implantation sites. American
Journal of Obstetrics and Gynecology, 170, 671-676.

Hormann, G., 1965. Fibrinoidization of the chorion epithelium as a constructive principle of
the human placenta. Die Fibrinoidisierung des Chorionepithels als
Konstruktionsprinzip der menschlichen Plazenta., 164, 263-269.

Horn, E.H., Cooper, J., Hardy, E., Heptinstall, S. & Rubin, P.C., 1991. A cross-sectional
study of platelet cyclic AMP in healthy and hypertensive pregnant women. 80, 549-
58.

Hsu, C.D., Iriye, B., Johnson, T.R.B., Witter, F.R., Hong, S.F. & Chan, D.W., 1993. Elevated
circulating thrombomodulin in severe preeclampsia. American Journal of Obstetrics
and Gynecology, 169, 148-149.

Hsu, C.K., Chida, S., Geraghty, D.E. & Dupont, B., 2002. The killer cell immunoglobulin-
like receptor (KIR) genomic region: gene-order, haplotypes and allelic polymorphism.
Immunological Reviews, 190, 40-52.

Hu, Z., Feng, Q., Gao, H., Ockleford, C.D. & Liu, Y., 2000. Localization and the possible
role of plasminogen activators and inhibitors in early stages of placentation. Chinese
Science Bulletin, 45, 2056-2062.

Hu, Z.Y., Liu, Y.X., Liu, K., Byrne, S., Ny, T., Feng, Q. & Ockleford, C.D., 1999.
Expression of tissue type and urokinase type plasminogen activators as well as
plasminogen activator inhibitor type-1 and type-2 in human and rhesus monkey
placenta. Journal of Anatomy, 194, 183-195.

Huber, A.V., Saleh, L., Bauer, S., Husslein, P. & Knoéfler, M., 2006. TNFo-mediated
induction of PAI-1 restricts invasion of HTR-8/SVneo trophoblast cells. Placenta, 27,
127-136.

Hui, K.Y., Haber, E. & Matsueda, G.R., 1983. Monoclonal antibodies to a synthetic fibrin-
like peptide bind to human fibrin but not fibrinogen. Science, 222, 1129-1132.

Hung, T.H. & Burton, G.J., 2006. Hypoxia and reoxygenation: A possible mechanism for
placental oxidative stress in preeclampsia. Taiwanese Journal of Obstetrics and
Gynecology, 45, 189-200.

174



Hung, T.H., Skepper, J.N. & Burton, G.J., 2001. In vitro ischemia-reperfusion injury in term
human placenta as a model for oxidative stress in pathological pregnancies. American
Journal of Pathology, 159, 1031-1043.

Hung, T.H., Skepper, J.N., Charnock-Jones, D.S. & Burton, G.J., 2002. Hypoxia-
reoxygenation: A potent inducer of apoptotic changes in the human placenta and
possible etiological factor in preeclampsia. Circulation Research, 90, 1274-1281.

Huppertz, B., Frank, H.G., Kingdom, J.C.P., Reister, F. & Kaufmann, P., 1998a. Villous
cytotrophoblast regulation of the syncytial apoptotic cascade in the human placenta.
Histochemistry and Cell Biology, 110, 495-508.

Huppertz, B., Kertschanska, S., Demir, A.Y., Frank, H.G. & Kaufmann, P., 1998b.
Immunohistochemistry of matrix metalloproteinases (MMP), their substrates, and
their inhibitors (TIMP) during trophoblast invasion in the human placenta. Cell and
Tissue Research, 291, 133-148.

Huppertz, B., Kertschanska, S., Frank, H.G., Gaus, G., Funayama, H. & Kaufmann, P., 1996.
Extracellular matrix components of the placental extravillous trophoblast:
immunocytochemistry and ultrastructural distribution. Histochemistry and Cell
Biology, 106, 291-301.

Huppertz, B., Kingdom, J., Caniggia, I., Desoye, G., Black, S., Korr, H. & Kaufmann, P.,
2003. Hypoxia favours necrotic versus apoptotic shedding of placental
syncytiotrophoblast into the maternal circulation. 24, 181-90.

Hustin, J., Schaaps, J.P. & Lambotte, R., 1988. Anatomical studies of the utero-placental
vascularization in the first trimester of pregnancy. Trophoblast Res, 3, 49-60.

Irgens, H.U., Reisaeter, L., Irgens, L.M. & Lie, R.T., 2001. Long term mortality of mothers
and fathers after pre-eclampsia: population based cohort study. BMJ, 323, 1213-7.

Ishitani, A., Sageshima, N., Lee, N., Dorofeeva, N., Hatake, K., Marquardt, H. & Geraghty,
D.E., 2003. Protein expression and peptide binding suggest unique and interacting
functional roles for HLA-E, F, and G in maternal-placental immune recognition.
Journal of Immunology, 171, 1376-1384.

Jamieson, M.J., Webster, J., Philips, S., Jeffers, T.A., Scott, A.K., Robb, O.J., Lovell, H.G. &
Petrie, J.C., 1990. The measurement of blood pressure: sitting or supine, once or
twice? Journal of Hypertension, 8, 635-40.

Janes, S.L. & Goodall, A.H., 1994. Flow cytometric detection of circulating activated
platelets and platelet hyper-responsiveness in pre-eclampsia and pregnancy. Clinical
Science, 86, 731-739.

Jauniaux, E., Poston, L. & Burton, G.J., 2006. Placental-related diseases of pregnancy:
Involvement of oxidative stress and implications in human evolution. Human
Reproduction Update, 12, 747-755.

Jauniaux, E., Watson, A.L., Hempstock, J., Bao, Y.P., Skepper, J.N. & Burton, G.J., 2000.
Onset of maternal arterial blood flow and placental oxidative stress: A possible factor
in human early pregnancy failure. American Journal of Pathology, 157, 2111-2122.

Jokhi, P.P., Chumbley, G., King, A., Gardner, L. & Loke, Y.W., 1993. Expression of the
colony stimulating factor-1 receptor (c-fms product) by cells at the human
uteroplacental interface. Laboratory Investigation, 68, 308-320.

Jokhi, P.P., King, A. & Loke, Y.W., 1994. Reciprocal expression of epidermal growth factor
receptor (EGF-R) and c-erbB2 by non-invasive and invasive human trophoblast
populations. Cytokine, 6, 433-442.

Jonasson, A., Larsson, B., Lecander, I. & Astedt, B., 1989. Placental and decidual u-PA, t-
PA, PAI-1 and PAI-2 concentrations, as affected by cervical dilatation with laminaria
tents or hegar dilators. Thrombosis Research, 53, 91-97.

175



Jones, C.J. & Jauniaux, E., 1995. Ultrastructure of the materno-embryonic interface in the
first trimester of pregnancy. Micron, 26, 145-73.

Kam, E.P., 1999. The role of trophoblast in the physiological change of decidual spiral
arteries. Hum Reprod, 14, 2431-2438.

Kanfer, A., Bruch, J.F., Nguyen, G., He, C.J., Delarue, F., Flahault, A., Nessmann, C. &
Uzan, S., 1996. Increased placental antifibrinolytic potential and fibrin deposits in
pregnancy-induced hypertension and preeclampsia. Laboratory Investigation, 74,
253-258.

Karumanchi, S.A. & Bdolah, Y., 2004. Hypoxia and sFlt-1 in Preeclampsia: The "Chicken-
and-Egg" Question. Endocrinology, 145, 4835-4837.

Kaufmann, Huppertz, B. & Frank, H.G., 1996a. The fibrinoids of the human placenta: origin,
composition and functional relevance. Annals of Anatomy, 178, 485-501.

Kaufmann, P., Black, S. & Huppertz, B., 2003. Endovascular Trophoblast Invasion:
Implications for the Pathogenesis of Intrauterine Growth Retardation and
Preeclampsia. Biology of Reproduction, 69, 1-7.

Kaufmann, P. & Castellucci, M., 1997. Extravillous trophoblast in the human placenta: A
review. Placenta, 18, 21-65.

Kaufmann, P., Huppertz, B. & Frank, H.G., 1996b. The fibrinoids of the human placenta:
origin, composition and functional relevance. Ann Anat, 178, 485-501.

Kendall, R.L. & Thomas, K.A., 1993. Inhibition of Vascular Endothelial Cell Growth Factor
Activity by an Endogeneously Encoded Soluble Receptor. Proceedings of the
National Academy of Sciences, 90, 10705-10709.

Khong, T.Y., De Wolf, F., Robertson, W.B. & Brosens, I., 1986. Inadequate maternal
vascular response to placentation in pregnancies complicated by pre-eclampsia and by
small-for-gestational age infants. British Journal of Obstetrics and Gynaecology, 93,
1049-59.

King, A., Allan, D.S.J., Bowen, M., Powis, S.J., Joseph, S., Verma, S., Hiby, S.E.,
Mcmichael, A.J., Loke, Y.W. & Braud, V.M., 2000a. HLA-E is expressed on
trophoblast and interacts with CD94/NKG2 receptors on decidual NK cells. European
Journal of Immunology, 30, 1623-1631.

King, A., Boocock, C., Sharkey, A.M., Gardner, L., Beretta, A., Siccardi, A.G. & Loke,
Y.W., 1996. Evidence for the expression of HLA-C class | mRNA and protein by
human first trimester trophoblast. Journal of Immunology, 156, 2068-2076.

King, A., Burrows, T., Verma, S., Hiby, S. & Loke, Y.W., 1998. Human uterine
lymphocytes. Human Reproduction Update, 4, 480-485.

King, A., Burrows, T.D., Hiby, S.E., Bowen, J.M., Joseph, S., Verma, S., Lim, P.B., Gardner,
L., Le Bouteiller, P., Ziegler, A., Uchanska-Ziegler, B. & Loke, Y.W., 2000b. Surface
expression of HLA-C antigen by human extravillous trophoblast. 21, 376-87.

King, A., Kalra, P. & Loke, Y.W., 1989. Human trophoblast resistance to decidual NK lysis
is due to lack of NK cell target. Placenta, 10, 492-492.

King, A., Kalra, P. & Loke, Y.W., 1990. Human trophoblast cell resistance to decidual NK
lysis is due to lack of NK target structure. Cellular Immunology, 127, 230-237.

King, A. & Loke, Y.W., 1988. Differential expression of blood-group-related carbohydrate
antigens by trophoblast subpopulations. Placenta, 9, 513-521.

King, B.F. & Blankenship, T.N., 1995. Neural cell adhesion molecule is present on macaque
intra-arterial cytotrophoblast. Placenta, 16, A36.

Kirby, D.R.S., Billington, W.D., Bradbury, S. & Goldstein, D.J., 1964. Antigen Barrier of the
Mouse Placenta. Nature, 204, 548-549.

176



Kisalus, L.L. & Herr, J.C., 1988. Immunocytochemical localization of heparan sulfate
proteoglycan in human decidual cell secretory bodies and placental fibrinoid. Biology
of Reproduction, 39, 419-430.

Knight, M., Redman, C.W.G., Linton, E.A. & Sargent, I.L., 1998. Shedding of
syncytiotrophoblast microvilli into the maternal circulation in pre-eclamptic
pregnancies. British Journal of Obstetrics and Gynaecology, 105, 632-640.

Koga, K., Osuga, Y., Yoshino, O., Hirota, Y., Ruimeng, X., Hirata, T., Takeda, S., Yano, T.,
Tsutsumi, O. & Taketani, Y., 2003. Elevated Serum Soluble Vascular Endothelial
Growth Factor Receptor 1 (SVEGFR-1) Levels in Women with Preeclampsia. Journal
of Clinical Endocrinology and Metabolism, 88, 2348-2351.

Koizumi, N., Inatomi, T., Quantock, A.J., Fullwood, N.J., Dota, A. & Kinoshita, S., 2000.
Amniotic membrane as a substrate for cultivating limbal corneal epithelial cells for
autologous transplantation in rabbits. Cornea, 19, 65-71.

Konijnenberg, A., Stokkers, E.W., Van Der Post, J.A.M., Schaap, M.C.L., Boer, K., Bleker,
O.P. & Sturk, A., 1997. Extensive platelet activation in preeclampsia compared with
normal pregnancy: Enhanced expression of cell adhesion molecules. American
Journal of Obstetrics and Gynecology, 176, 461-4609.

Kovalevskaya, G., Birken, S., Kakuma, T., Ozaki, N., Sauer, M., Lindheim, S., Cohen, M.,
Kelly, A., Schlatterer, J. & O'connor, J.F., 2002a. Differential expression of human
chorionic gonadotropin (hCG) glycosylation isoforms in failing and continuing
pregnancies: Preliminary characterization of the hyperglycosylated hCG epitope.
Journal of Endocrinology, 172, 497-506.

Kovalevskaya, G., Genbacevl, O., Fisher, S.J., Caceres, E. & O'connor, J.F., 2002b.
Trophoblast origin of hCG isoforms: Cytotrophoblasts are the primary source of
choriocarcinoma-like hCG. Molecular and Cellular Endocrinology, 194, 147-155.

Kovats, S., Main, E.K., Librach, C., Stubblebine, M., Fisher, S.J. & Demars, R., 1990. A
class I antigen, HLA-G, expressed in human trophoblasts. Science, 248, 220-223.

Kratzsch, E. & Grygiel, 1.-H., 1972. About the existence of a specific enzyme for the
synthesis of glucuronic acid in the human amnion [Uber das Vorkommen eines
spezifischen Enzyms der Glucuronsaurebildung im menschlichen Amnion].
Zeitschrift fur Zellforschung und Mikroskopische Anatomie, 123, 566-571.

Krikun, G., Lockwood, C.J., Wu, X.X., Zhou, X.D., Guller, S., Calandri, C., Guha, A.,
Nemerson, Y. & Rand, J.H., 1994. The expression of the placental anticoagulant
protein, annexin V, by villous trophoblasts: Immunolocalization and in vitro
regulation. Placenta, 15, 601-612.

Lain, K.Y. & Roberts, J.M., 2002. Contemporary Concepts of the Pathogenesis and
Management of Preeclampsia. JAMA, 287, 3183-3186.

Lakasing, L., Campa, J.S., Poston, R., Khamashta, M.A. & Poston, L., 1999. Normal
expression of tissue factor, thrombomodulin, and annexin V in placentas from women
with antiphospholipid syndrome. American Journal of Obstetrics and Gynecology,
181, 180-189.

Lang, I., Hartmann, M., Blaschitz, A., Dohr, G. & Kaufmann, P., 1994. Differential lectin
binding to the fibrinoid of human full-term placenta: correlation with a fibrin antibody
and the PAF-Halmi method. Acta Anatomica, 150, 170-7.

Lanir, N., Aharon, A. & Brenner, B., 2003. Haemostatic mechanisms in human placenta. Best
Practice and Research: Clinical Haematology, 16, 183-195.

Larsen, J.F. & Knoth, M., 1971. Ultrastructure of the anchoring villi and trophoblastic shell
in the second week of placentation. Acta Obstetricia et Gynecologica Scandinavica,
50, 117-28.

177



Lei, Z.M., Taylor, D.D., Gercel-Taylor, C. & Rao, C.V., 1999. Human chorionic
gonadotropin promotes tumorigenesis of choriocarcinoma JAr cells. Placenta, 20,
147-159.

Lendrum, A.C., Fraser, D.S., Slidders, W. & Henderson, R., 1962. Studies on the character
and staining of fibrin. J Clin Pathol, 15, 401-413.

Levine, R.J., Ewell, M.G., Hauth, J.C., Curet, L.B., Catalano, P.M., Morris, C.D., Choudhary,
G. & Sibai, B.M., 2000. Should the definition of preeclampsia include a rise in
diastolic blood pressure of >15 mm Hg to a level <90 mm Hg in association with
proteinuria? American Journal of Obstetrics and Gynecology, 183, 787-792.

Levine, R.J., Maynard, S.E., Qian, C., Lim, K.-H., England, L.J., Yu, K.F., Schisterman, E.F.,
Thadhani, R., Sachs, B.P., Epstein, F.H., Sibai, B.M., Sukhatme, V.P. & Karumanchi,
S.A., 2004. Circulating Angiogenic Factors and the Risk of Preeclampsia. New
England Journal of Medicine, 350, 672-683.

Librach, C.L., Werb, Z., Fitzgerald, M.L., Chiu, K., Corwin, N.M., Esteves, R.A., Grobelny,
D., Galardy, R., Damsky, C.H. & Fisher, S.J., 1991. 92-kD type IV collagenase
mediates invasion of human cytotrophoblasts. Journal of Cell Biology, 113, 437-449.

Lister, U.M., 1968. Ultrastructure of the human amnion, chorion and fetal skin. The Journal
of obstetrics and gynaecology of the British Commonwealth, 75, 327-341.

Livingston, J.C., Livingston, L.W., Ramsey, R., Mabie, B.C. & Sibai, B.M., 2003.
Magnesium Sulfate in Women With Mild Preeclampsia: A Randomized Controlled
Trial. Obstetrics and Gynecology, 101, 217-220.

Loke, Y.W. & King, A., 1997. Immunology of human placental implantation: Clinical
implications of our current understanding. Molecular Medicine Today, 3, 153-159.

Loke, Y.W., King, A., Burrows, T., Gardner, L., Bowen, M., Hiby, S., Hewlett, S., Holmes,
N. & Jacobs, D., 1997. Evaluation of trophoblast HLA-G antigen with a specific
monoclonal antibody. Tissue Antigens, 50, 135-146.

Lucas, M.J., Leveno, K.J. & Cunningham, F.G., 1995. A comparison of magnesium sulfate
with phenytoin for the prevention of eclampsia. New England Journal of Medicine,
333, 201-5.

Maccalman, C.D., Omigbodun, A., Bronner, M.P. & Strauss, J.E., 1995. Identification of the
cadherins present in the human placenta. J. Soc. Gynecol. Invest, 2, 146.

Mackay, A.P., Berg, C.J. & Atrash, H.K., 2001. Pregnancy-related mortality from
preeclampsia and eclampsia. Obstetrics, 97, 533-8.

Magpie Trial Collaboration, G., 2002. Do women with pre-eclampsia, and their babies,
benefit from magnesium sulphate? The Magpie Trial: a randomised placebo-
controlled trial. The Lancet, 359, 1877-1890.

Malak, T.M., Ockleford, C.D., Bell, S.C., Dalgleish, R., Bright, N.A. & Macvicar, J., 1993.

Confocal immunofluorescence localization of collagen types I, 111, IV, V and VI and
their ultrastructural organization in term human fetal membranes. Placenta, 14, 385-
406.

Mandelboim, O., Reyburn, H.T., Vales-Gomez, M., Pazmany, L., Colonna, M., Borsellino,
G. & Strominger, J.L., 1996. Protection from lysis by natural killer cells of group 1
and 2 specificity is mediated by residue 80 in human histocompatibility leukocyte
antigen C alleles and also occurs with empty major histocompatibility complex
molecules. Journal of Experimental Medicine, 184, 913-922.

Marchand, A., Galen, R.S. & Van Lente, F., 1980. The predictive value of serum haptoglobin
in hemolytic disease. JAMA, 243, 1909-11.

Martin, A.M., Freitas, E.M., Witt, C.S. & Christiansen, F.T., 2000. The genomic organization
and evolution of the natural killer immunoglobulin-like receptor (KIR) gene cluster.
Immunogenetics, 51, 268-80.

178



Martin, R.D., 1981. Relative brain size and basal metabolic rate in terrestrial vertebrates.
Nature, 293, 57-60.

Martin, R.D., 1996. Scaling of the mammalian brain: The maternal energy hypothesis. News
in Physiological Sciences, 11, 149-156.

Maruyama, I., Bell, C.E. & Majerus, P.W., 1985. Thrombomodulin is found on endothelium
of arteries, veins, capillaries, and lymphatics, and on syncytiotrophoblast of human
placenta. Journal of Cell Biology, 101, 363-371.

Maston, G.A. & Ruvolo, M., 2002. Chorionic gonadotropin has a recent origin within
primates and an evolutionary history of selection. Molecular Biology and Evolution,
19, 320-335.

Matijevic, R. & Johnston, T., 1999. In vivo assessment of failed trophoblastic invasion of the
spiral arteries in pre-eclampsia. 106, 78-82.

Matsumura, G. & England, M.A. (eds.) (1992) Embryology colouring book London: Wolfe
Publishing.

Mayhew, T.M. & Barker, B.L., 2001. Villous trophoblast: Morphometric perspectives on
growth, differentiation, turnover and deposition of fibrin-type fibrinoid during
gestation. Placenta, 22, 628-638.

Mayhew, T.M., Bowles, C. & Orme, G., 2000. A Stereological Method for Testing Whether
or Not There is Random Deposition of Perivillous Fibrin-type Fibrinoid at the Villous
Surface: Description and Pilot Applications to Term Placentae. Placenta, 21, 684-692.

Mayhew, T.M. & Sampson, C., 2003. Maternal diabetes mellitus is associated with altered
deposition of fibrin-type fibrinoid at the villous surface in term placentae. Placenta,
24, 524-31.

Maynard, S.E., Min, J.Y., Merchan, J., Lim, K.H., Li, J., Mondal, S., Libermann, T.A.,
Morgan, J.P., Sellke, F.W., Stillman, I.E., Epstein, F.H., Sukhatme, V.P. &
Karumanchi, S.A., 2003. Excess placental soluble fms-like tyrosine kinase 1 (sFlt1)
may contribute to endothelial dysfunction hypertension, and proteinuria in
preeclampsia. Journal of Clinical Investigation, 111, 649-658.

Mccormick, J.N., Faulk, W.P., Fox, H. & Fudenberg, H.H., 1971. Immunohistological and
elution studies of the human placenta. Journal of Experimental Medicine, 133, 1-18.

Mcmaster, M., Zhou, Y., Shorter, S., Kapasi, K., Geraghty, D., Lim, K.H. & Fisher, S., 1998.
HLA-G isoforms produced by placental cytotrophoblasts and found in amniotic fluid
are due to unusual glycosylation. Journal of Immunology, 160, 5922-5928.

Mcmaster, M.T., Librach, C.L., Zhou, Y., Lim, K.H., Janatpour, M.J., Demars, R., Kovats,
S., Damsky, C. & Fisher, S.J., 1995. Human placental HLA-G expression is restricted
to differentiated cytotrophoblasts. Journal of Immunology, 154, 3771-3778.

Mcparland, P.C., 2000. Myofibroblast differentiation in the connective tissues of the amnion
and chorion of term human fetal membranes - Implications for fetal membrane
rupture and labour. Placenta, 21, 44-53.

Medawar, P.B., 1953. Some immunological and endocrinological problems raised by the
evolution of viviparity in vertebrates. Symp Soc Exp Biol, 7, 320-338.

Meekins, J.W., Pijnenborg, R., Hanssens, M., Mcfadyen, I.R. & Van Asshe, A., 1994. A
study of placental bed spiral arteries and trophoblast invasion in normal and severe
pre-eclamptic pregnancies. 101, 669-74.

Mercelina-Roumans, P.E.A.M., Ubachs, J.M.H. & Van Wersch, J.W.J., 1996. Coagulation
and fibrinolysis in smoking and nonsmoking pregnant women. British Journal of
Obstetrics and Gynaecology, 103, 789-794.

Meyer, N.L., Mercer, B.M., Friedman, S.A. & Sibai, B.M., 1994. Urinary dipstick protein: A
poor predictor of absent or severe proteinuria. American Journal of Obstetrics and
Gynecology, 170, 137-141.

179



Mise, H., Sagawa, N., Matsumoto, T., Yura, S., Nanno, H., Itoh, H., Mori, T., Masuzaki, H.,
Hosoda, K., Ogawa, Y. & Nakao, K., 1998. Augmented placental production of leptin
in preeclampsia: Possible involvement of placental hypoxia. Journal of Clinical
Endocrinology and Metabolism, 83, 3225-3229.

Moe, N., 1969. Histological and histochemical study of the extracellular deposits in the
normal human placenta. Acta Pathologica et Microbiologica Scandinavica, 76, 419-
3L

Moffett-King, A., 2002. Natural Killer cells and pregnancy. NAture Review Immunology, 2,
656-63.

Moll, R., Franke, W.W. & Schiller, D.L., 1982. The catalog of human cytokeratins: Patterns
of expression in normal epithelia, tumors and cultured cells. Cell, 31, 11-24.

Moll, U.M. & Lane, B.L., 1990. Proteolytic activity of first trimester human placenta:
Localization of interstitial collagenase in villous and extravillous trophoblast.
Histochemistry, 94, 555-560.

Moore, K.L., Persaud, T.V.N. & Torchia, M.G., 2008. The developing human : clinically
oriented embryology 8th ed. ed.: Saunders/Elsevier: Philadelphia, Pa.

Moran, P., Lindheimer, M.D. & Davison, J.M., 2004. The renal response to preeclampsia. 24,
588-95.

Moretta, A., Sivori, S., Vitale, M., Pende, D., Morelli, L., Augugliaro, R., Bottino, C. &
Moretta, L., 1995. Existence of both inhibitory (p58) and activatory (p50) receptors
for HLA-C molecules in human natural killer cells. J Exp Med, 182, 875-84.

Morgan, B.M., 1991. Physiology of pregnancy. Current Anaesthesia and Critical Care, 2,
68-72.

Muhlhauser, J., Crescimanno, C., Kasper, M., Zaccheo, D. & Castellucci, M., 1995.
Differentiation of human trophoblast populations involves alterations in cytokeratin
patterns. Journal of Histochemistry and Cytochemistry, 43, 579-589.

Muhlhauser, J., Crescimanno, C., Kaufmann, P., Hofler, H., Zaccheo, D. & Castellucci, M.,
1993. Differentiation and proliferation patterns in human trophoblast revealed by c-
erbB-2 oncogene product and EGF-R. Journal of Histochemistry and Cytochemistry,
41, 165-73.

Muttukrishna, S., Knight, P.G., Groome, N.P., Redman, C.W.G. & Ledger, W.L., 1997.
Activin A and inhibin A as possible endocrine markers for preeclampsia. Lancet, 349,
1285-1288.

Nagamatsu, T., Fujii, T., Matsumoto, J., Yamashita, T., Kozuma, S. & Taketani, Y., 2006.
Human leukocyte antigen F protein is expressed in the extra-villous trophoblasts but
not on the cell surface of them. American Journal of Reproductive Immunology, 56,
172-177.

Nanaev, A.K., Kosanke, G., Kemp, B., Frank, H.G., Huppertz, B. & Kaufmann, P., 2000. The
human placenta is encircled by a ring of smooth muscle cells. Placenta, 21, 122-125.

Neithardt, A.B., Dooley, S.L. & Borensztajn, J., 2002. Prediction of 24-hour protein
excretion in pregnancy with a single voided urine protein-to-creatinine ratio.
American Journal of Obstetrics, 186, 883-6.

Nelson, D., Crouch, E.C., Curran, E.M. & Farmer, D.R., 1990. Trophoblast interaction with
fibrin matrix. Epithelialization of perivillous fibrin deposits as a mechanism for
villous repair in the human placenta. American Journal of Pathology, 136, 855-65.

Nelson, D.M., 1996. Apoptotic changes occur in syncytiotrophoblast of human placental villi
where fibrin type fibrinoid is deposited at discontinuities in the villous trophoblast.
Placenta, 17, 387-391.

180



Ness, R.B. & Roberts, J.M., 1996. Heterogeneous causes constituting the single syndrome of
preeclampsia: a hypothesis and its implications. American Journal of Obstetrics and
Gynecology, 175, 1365.

Nevo, O., Soleymanlou, N., Wu, Y., Xu, J., Kingdom, J., Many, A., Zamudio, S. & Caniggia,
., 2006. Increased expression of sFlt-1 in in vivo and in vitro models of human
placental hypoxia is mediated by HIF-1. American Journal of Physiology - Regulatory
Integrative and Comparative Physiology, 291.

Nicholson, J.M., Kellar, L.C. & Kellar, G.M., 2006. The impact of the interaction between
increasing gestational age and obstetrical risk on birth outcomes: evidence of a
varying optimal time of delivery. 26, 392-402.

North, R.A., Taylor, R.S. & Schellenberg, J.C., 1999. Evaluation of a definition of pre-
eclampsia. British Journal of Obstetrics, 106, 767-73.

Norwitz, E.R. & Repke, J.T., 2007. Management of pre-eclampsia. UpToDate.com.

Norwitz, E.R., Schust, D.J. & Fisher, S.J., 2001. Implantation and the survival of early
pregnancy. New England Journal of Medicine, 345, 1400-1408.

O'brien, E., Asmar, R., Beilin, L., Imai, Y., Mancia, G., Mengden, T., Myers, M., Padfield,
P., Palatini, P., Parati, G., Pickering, T., Redon, J., Staessen, J., Stergiou, G.,
Verdecchia, P. & European Society of Hypertension Working Group on Blood
Pressure, M., 2005. Practice guidelines of the European Society of Hypertension for
clinic, ambulatory and self blood pressure measurement. Journal of Hypertension, 23,
697-701.

O’guin, W.M., Schermer, A., Lynch, M. & Sun, T.T., 1990. Differentiatio-specfic expression
of keratin pairs. In Cellular and Molecular Biology of Intermediate Filaments. In R.D.
Goldman & P.M. Sternert (eds.) New York: Plenum Publishing.

Ockleford, C., Malak, T.M., Hubbard, A., Bracken, K., Burton, S., Bright, N., Blakey, G.,
Goodliffe, J., Garrod, D. & D'lacey, C., 1993a. Confocal and conventional
immunofluorescence and ultrastructural localisation of intracellular strength-giving
components of human amniochorion. Journal of Anatomy, 183, 483-505.

Ockleford, C.D., 1993. Micro-trabeculae, macro-plaques or mini-basement membranes in
human term fetal membranes? Philosophical Transactions of the Royal Society B:
Biological Sciences, 342, 121-136.

Ockleford, C.D., Dearden, L. & Badley, R.A., 1984. Syncytioskeletons in choriocarcinoma in
culture. Journal of Cell Science, 66, 1-20.

Ockleford, C.D., Malak, T., Hubbard, A., Bracken, K., Burton, S.A., Bright, N., Blakey, G.,
Goodliffe, J., Garrod, D. & D'lacey, C., 1993b. Confocal and conventional
immunofluorescence and ultrastructural localisation of intracellular strength-giving
components of human amniochorion. Journal of Anatomy, 183, 483-505.

Ockleford, C.D., Smith, R.K., Byrne, S., Sanders, R. & Bosio, P., 2004. Confocal laser
scanning microscope study of cytokeratin immunofluorescence differences between
villous and extravillous trophoblast: cytokeratin downregulation in pre-eclampsia.
Microscopy Research & Technique, 64, 43-53.

Ockleford, C.D., Wakely, J. & Badley, R.A., 1981. Morphogenesis of human placental
chorionic villi: cytoskeletal, syncytioskeletal and extracellular matrix proteins.
Proceedings of the Royal Society of London - Biological Sciences, 212, 305-316.

Odegard, R.A., Vatten, L.J., Nilsen, S.T., Salvesen, K.A. & Austgulen, R., 2000.
Preeclampsia and fetal growth. 96, 950-5.

Odendaal, H.J., Pattinson, R.C., Bam, R., Grove, D. & Kotze, T.J., 1990. Aggressive or
expectant management for patients with severe preeclampsia between 28-34 weeks'
gestation: a randomized controlled trial. Obstetrics, 76, 1070-5.

181



Oian, P., Maltau, J.M., Noddeland, H. & Fadnes, H.O., 1986. Transcapillary fluid balance in
pre-eclampsia. British Journal of Obstetrics and Gynaecology, 93, 235-239.

Olah, K.S., Gee, H., Rushton, I. & Fowlie, A., 1987. Massive subchorionic
thrombohaematoma presenting as a placental tumour. Case report. British Journal of
Obstetrics and Gynaecology, 94, 995-997.

Oliver, R.D., Patterson, B.B. & Puls, J.L., 1976. Thrombin clottable determination of plasma
fibrinogen in pregnancy. Obstetrics and Gynecology, 47, 299-303.

Ortmann, R., 1955. [Histochemical studies on the human placenta with special consideration
of nuclear globes (nuclear inclusions) and plasma lipoid inclusions.]. Zeitschrift fur
Anatomie und Entwicklungsgeschichte, 119, 28-54.

Page, N.M., Woods, R.J., Gardiner, S.M., Lomthaisong, K., Gladwell, R.T., Butlin, D.J.,
Manyonda, I.T. & Lowry, P.J., 2000. Excessive placental secretion of neurokinin B
during the third trimester causes pre-eclampsia. Nature, 405, 797-800.

Parham, P., 2005. MHC class | molecules and KIRs in human history, health and survival. 5,
201-14.

Perkins, A.V., Linton, E.A., Eben, F., Simpson, J., Wolfe, C.D.A. & Redman, C.W.G., 1995.
Corticotrophin-releasing hormone and corticotrophin-releasing hormone binding
protein in normal and pre-eclamptic human pregnancies. British Journal of Obstetrics
and Gynaecology, 102, 118-122.

Pickering, T.G., Hall, J.E., Appel, L.J., Falkner, B.E., Graves, J., Hill, M.N., Jones, D.W.,
Kurtz, T., Sheps, S.G. & Roccella, E.J., 2005. Recommendations for Blood Pressure
Measurement in Humans and Experimental Animals: Part 1: Blood Pressure
Measurement in Humans: A Statement for Professionals From the Subcommittee of
Professional and Public Education of the American Heart Association Council on
High Blood Pressure Research. Circulation, 111, 697-716.

Pijnenborg, R., 1996. The placental bed. Hypertension in Pregnancy, 15, 7-23.

Pijnenborg, R., Anthony, J., Davey, D.A., Rees, A., Tiltman, A., Vercruysse, L. & Van
Assche, A., 1991. Placental bed spiral arteries in the hypertensive disorders of
pregnancy. British Journal of Obstetrics, 98, 648-55.

Pijnenborg, R., Bland, J.M., Robertson, W.B. & Brosens, I., 1983. Uteroplacental arterial
changes related to interstitial trophoblast migration in early human pregnancy.
Placenta, 4, 397-413.

Pijnenborg, R., Dixon, G., Robertson, W.B. & Brosens, I., 1980. Trophoblastic invasion of
human decidua from 8 to 18 weeks of pregnancy. Placenta, 1, 3-19.

Polette, M., Nawrocki, B., Pintiaux, A., Massenat, C., Maquoi, E., Volders, L., Schaaps, J.P.,
Birembaut, P. & Foidart, J.M., 1994. Expression of gelatinases A and B and their
tissue inhibitors by cells of early and term human placenta and gestational
endometrium. Laboratory Investigation, 71, 838-846.

Poston, L., Briley, A., Seed, P., Kelly, F. & Shennan, A., 2006. Vitamin C and vitamin E in
pregnant women at risk for pre-eclampsia (VIP trial): randomised placebo-controlled
trial. Lancet, 367, 1145-1154.

Rajotte, D., Arap, W., Hagedorn, M., Koivunen, E., Pasqualini, R. & Ruoslahti, E., 1998.
Molecular heterogeneity of the vascular endothelium revealed by in vivo phage
display. Journal of Clinical Investigation, 102, 430-437.

Rand, J.H., Wu, X.X., Guller, S., Gil, J., Guha, A., Scher, J. & Lockwood, C.J., 1994.
Reduction of annexin-V (placental anticoagulant protein-I) on placental villi of
women with antiphospholipid antibodies and recurrent spontaneous abortion.
American Journal of Obstetrics and Gynecology, 171, 1566-1572.

Rand, J.H., Wu, X.X., Guller, S., Scher, J., Andree, H.A.M. & Lockwood, C.J., 1997.
Antiphospholipid immunoglobulin G antibodies reduce annexin-V levels on

182



syncytiotrophoblast apical membranes and in culture media of placental villi.
American Journal of Obstetrics and Gynecology, 177, 918-923.

Rebmann, V., Pfeiffer, K., Paller, M., Ferrone, S., Maier, S., Weiss, E. & Grosse-Wilde, H.,
1999. Detection of soluble HLA-G molecules in plasma and amniotic fluid. Tissue
Antigens, 53, 14-22.

Red-Horse, K., Zhou, Y., Genbacev, O., Prakobphol, A., Foulk, R., Mcmaster, M. & Fisher,
S.J., 2004. Trophoblast differentiation during embryo implantation and formation of
the maternal-fetal interface. Journal of Clinical Investigation, 114, 744-754.

Redman, C.W., 1992. Pre-eclampsia : the facts : the hidden threat to pregnancy: Oxford
University press.

Redman, C.W. & Sargent, I.L., 2005. Latest Advances in Understanding Preeclampsia.
Science, 308, 1592-1594.

Redman, C.W.G., 1991. Current topic. Pre-eclampsia and the placenta. Placenta, 12, 301-
308.

Redman, C.W.G., Bonnar, J. & Beilin, L., 1978. Early platelet consumption in pre-eclampsia.
British Medical Journal, 1, 467-4609.

Redman, C.W.G., Sacks, G.P. & Sargent, I.L., 1999. Preeclampsia: An excessive maternal
inflammatory response to pregnancy. American Journal of Obstetrics and
Gynecology, 180, 499-506.

Redman, C.W.G. & Sargeant, I.L., 2003. Preeclampsia, the Placenta and The Maternal
Systemic Inflammatory Respose. Placenta, 24 Supplimentary, Trophoblast Research,
17, S21-S27.

Redman, C.W.G. & Sargent, I.L., 2008. Circulating Microparticles in Normal Pregnancy and
Pre-Eclampsia. Placenta, 29, 73-77.

Redman, C.W.G. & Sargent, I.L., 2009. Placental Stress and Pre-eclampsia: A Revised View.
Placenta, 30, 38-42.

Reverdiau, P., Jarousseau, A.C., Thibault, G., Khalfoun, B., Watier, H., Lebranchu, Y.,
Bardos, P. & Gruel, Y., 1995. Tissue factor activity of syncytiotrophoblast plasma
membranes and tumoral trophoblast cells in culture. Thrombosis and Haemostasis,
73, 49-54,

Richani, K., Romero, R., Soto, E., Nien, J.K., Cushenberry, E., Kim, Y.M., Espinoza, J. &
Kim, C.J., 2007. Genetic origin and proportion of basal plate surface-lining cells in
normal and abnormal pregnancies. Human Pathology, 38, 269-275.

Richards, A., Graham, D. & Bullock, R., 1988. Clinicopathological study of neurological
complications due to hypertensive disorders of pregnancy. 51, 416-21.

Risau, W., 1995. Differentiation of endothelium. FASEB Journal, 9, 926-933.

Roberts, D. & Schwartz, R.S., 2002. Clotting and hemorrhage in the placenta - A delicate
balance. New England Journal of Medicine, 347, 57-59.

Roberts, J.M., 1998. Endothelial dysfunction in preeclampsia. Seminars in Reproductive
Endocrinology, 16, 5-15.

Roberts, J.M., 1999. Objective evidence of endothelial dysfunction in preeclampsia. 33, 992-
7.

Roberts, J.M., Taylor, R.N., Musci, T.J., Rodgers, G.M., Hubel, C.A. & Mclaughlin, M.K.,
1989. Preeclampsia: An endothelial cell disorder. American Journal of Obstetrics and
Gynecology, 161, 1200-1204.

Roberts, J.M., Villar, J. & Arulkumaran, S., 2002. Preventing and treating eclamptic seizures.
BMJ, 325, 609-610.

Robertson, W.B., Brosens, I. & Dixon, H.G., 1967. The pathological response of the vessels
of the placental bed to hypertensive pregnancy. The Journal of pathology and
bacteriology, 93, 581-592.

183



Robertson, W.B., Brosens, I. & Landells, W.N., 1985. Abnormal placentation. Obstetrics and
Gynecology Annual, 14, 411-426.

Robillard, P.Y., Chaline, J., Chaouat, G. & Hulsey, T.C., 2003a. Preeclampsia/eclampsia and
the evolution of the human brain. Current Anthropology, 44, 130-134.

Robillard, P.Y., Hulsey, T.C., Dekker, G.A. & Chaouat, G., 2003b. Preeclampsia and human
reproduction. An essay of a long term reflection. Journal of Reproductive
Immunology, 59, 93-100.

Roccella, E.J., 2000. Report of the National High Blood Pressure Education Program
Working Group on High Blood Pressure in Pregnancy. American Journal of
Obstetrics and Gynecology, 183, S1-S22.

Rodesch, F., Simon, P., Donner, C. & Jauniaux, E., 1992. Oxygen measurements in
endometrial and trophoblastic tissues during early pregnancy. Obstetrics and
Gynecology, 80, 283-285.

Rodriguez-Thompson, D. & Lieberman, E.S., 2001. Use of a random urinary protein-to-
creatinine ratio for the diagnosis of significant proteinuria during pregnancy.
American Journal of Obstetrics and Gynecology, 185, 808-811.

Rogers, M.A., Edler, L., Winter, H., Langbein, L., Beckmann, I. & Schweizer, J., 2005.
Characterization of new members of the human type Il keratin gene family and a
general evaluation of the keratin gene domain on chromosome 12g13.13. Journal of
Investigative Dermatology, 124, 536-544.

Rogers, M.A., Winter, H., Langbein, L., Bleiler, R. & Schweizer, J., 2004. The human type I
keratin gene family: Characterization of new hair follicle specific members and
evaluation of the chromosome 17921.2 gene domain. Differentiation, 72, 527-540.

Rooney, I.A. & Morgan, B.P., 1992. Characterization of the membrane attack complex
inhibitory protein CD59 antigen on human amniotic cells and in amniotic fluid.
Immunology, 76, 541-547.

Ruck, P., Marzusch B, K., Horny, H.P., Dietl, J. & Kaiserling, E., 1996. The distribution of
tissue inhibitor of metalloproteinases-2 (TIMP-2) in the human placenta. Placenta,
17, 263-266.

Sadler, J.E., 1998. Biochemistry and genetics of von Willebrand factor. Annual Review of
Biochemistry, 67, 395-424.

Sadler, T.W., 2006. Langman's medical embryology, 10th ed. ed.: Philadelphia, Pa. ; London
: Lippincott Williams & Wilkins.

Saftlas, A.F., Olson, D.R., Franks, A.L., Atrash, H.K. & Pokras, R., 1990. Epidemiology of
preeclampsia and eclampsia in the United States, 1979-1986. American Journal of
Obstetrics & Gynecology, 163, 460-5.

Salafia, C.M., 1997. Placental pathology of fetal growth restriction. Clinical Obstetrics and
Gynecology, 40, 740-749.

Salem, H.H., Maruyama, I., Ishii, H. & Majerus, P.W., 1984. Isolation and characterization of
thrombomodulin from human placenta. Journal of Biological Chemistry, 259, 12246-
12251.

Schiff, E., Friedman, S.A., Kao, L. & Sibai, B.M., 1996. The importance of urinary protein
excretion during conservative management of severe preeclampsia. American Journal
of Obstetrics and Gynecology, 175, 1313-1316.

Selvakumar, A., Steffens, U. & Dupont, B., 1997. Polymorphism and domain variability of
human killer cell inhibitory receptors. Immunological Reviews, 155, 183-196.

Shanklin, D.R. & Scott, J.S., 1975. Massive subchorial thrombohaematoma (Breus' mole).
Brit.J.Obstet.Gynaec., 82, 476-487.

Shaper, A.G., Macintosh, D.M., Evans, C.M. & Kyobe, J., 1965. Fibrinolysis and
Plasminogen levels in pregnancy and the puerperium. The Lancet, 286, 706-708.

184



Sharkey, A.M., Jokhi, P.P., King, A., Loke, Y.W., Brown, K.D. & Smith, S.K., 1994.
Expression of C-kit and kit ligand at the human maternofetal interface. Cytokine, 6,
195-205.

Sheehan, H.L. & Lynch, J.B., 1973. Pathology of Toxaemia of Pregnancy. London:
Churchill, Livingstone.

Shilling, H.G., Young, N., Guethlein, L.A., Cheng, N.W., Gardiner, C.M., Tyan, D. &
Parham, P., 2002. Genetic Control of Human NK Cell Repertoire. J Immunol, 169,
239-247.

Sibai, B.M., 1990. The HELLP syndrome (hemolysis, elevated liver enzymes, and low
platelets): much ado about nothing? Am J Obstet Gynecol, 162, 311-6.

Sibai, B.M., 1996. Treatment of hypertension in pregnant women. New England Journal of
Medicine, 335, 257-65.

Sibai, B.M., 2003. Diagnosis and Management of Gestational Hypertension and
Preeclampsia. Obstetrics and Gynecology, 102, 181-192.

Sibai, B.M., 2004. Diagnosis, controversies, and management of the syndrome of hemolysis,
elevated liver enzymes, and low platelet count. Obstetrics and Gynecology, 103, 981-
91.

Sibai, B.M., 2007. Imitators of severe preeclampsia. Obstetrics, 109, 956-66.

Sibai, B.M. & Barton, J.R., 2007. Expectant management of severe preeclampsia remote
from term: patient selection, treatment, and delivery indications. American Journal of
Obstetrics, 196, 514-9.

Sibai, B.M., Barton, J.R., Akl, S., Sarinoglu, C. & Mercer, B.M., 1992a. A randomized
prospective comparison of nifedipine and bed rest versus bed rest alone in the
management of preeclampsia remote from term. American Journal of Obstetrics, 167,
879-84.

Sibai, B.M., EI-Nazer, A. & Gonzalez-Ruiz, A., 1986. Severe preeclampsia-eclampsia in
young primigravid women: subsequent pregnancy outcome and remote prognosis.
American Journal of Obstetrics & Gynecology, 155, 1011-6.

Sibai, B.M., Gonzalez, A.R., Mabie, W.C. & Moretti, M., 1987. A comparison of labetalol
plus hospitalization versus hospitalization alone in the management of preeclampsia
remote from term. Obstetrics, 70, 323-7.

Sibai, B.M., Mercer, B. & Sarinoglu, C., 1991. Severe preeclampsia in the second trimester:
recurrence risk and long-term prognosis. American Journal of Obstetrics &
Gynecology, 165, 1408-12.

Sibai, B.M., Mercer, B.M., Schiff, E. & Friedman, S.A., 1994. Aggressive versus expectant
management of severe preeclampsia at 28 to 32 weeks' gestation: a randomized
controlled trial. 171, 818-22.

Sibai, B.M., Sarinoglu, C. & Mercer, B.M., 1992b. Eclampsia. VII. Pregnancy outcome after
eclampsia and long-term prognosis. American Journal of Obstetrics, 166, 1757-61;
discussion 1761-3.

Sinha, A.A., 1971. Ultrastructure of human amnion and amniotic plaques of normal
pregnancy. Zeitschrift fir Zellforschung und Mikroskopische Anatomie, 122, 1-14.

Smith, G.C., Pell, J.P. & Walsh, D., 2001. Pregnancy complications and maternal risk of
ischaemic heart disease: a retrospective cohort study of 129,290 births. Lancet, 357,
2002-6.

Smith, R.K., Ockleford, C.D., Byrne, S., Bosio, P. & Sanders, R., 2004. Healthy and pre-
eclamptic placental basal plate lining cells: quantitative comparisons based on
confocal laser scanning microscopy. Microscopy Research & Technique, 64, 54-62.

185



Soderstrom-Anttila, V., Tiitinen, A., Foudila, T. & Hovatta, O., 1998. Obstetric and perinatal
outcome after oocyte donation: comparison with in-vitro fertilization pregnancies. 13,
483-90.

Spanner, R., 1935. Mutterlicher und kindlicher Kreislauf der menschlichen Placenta und
seine Strombahnen - Mit Unterstiitzung aus Mitteln der deutschen
Forschungsgemeinschaft. Zeitschrift flir Anatomie und Entwicklungsgeschichte, 105,
163-242.

Spargo, B.H., Mccartney, C. & Winemiller, R., 1959. Glomerular capillary endotheliosis in
toxemia of pregnancy. Arch Pathol, 68, 593-599.

Stark, J. & Kaufman , P., 1974. Origin of placental infarcts. Archiv fur Gynakologie, 217,
189-208.

Sugimoto, H., Hamano, Y., Charytan, D., Cosgrove, D., Kieran, M., Sudhakar, A. & Kalluri,
R., 2003. Neutralization of Circulating Vascular Endothelial Growth Factor (VEGF)
by Anti-VEGF Antibodies and Soluble VEGF Receptor 1 (sFlt-1) Induces
Proteinuria. Journal of Biological Chemistry, 278, 12605-12608.

Sutcliffe, R.G., Davies, M., Hunter, J.B., Waters, J.J. & Parry, J.E., 1982. The protein
composition of the fibrinoid material at the human uteroplacental interface. Placenta,
3, 297-308.

Sutton-Riley, J.M., Khanlian, S.A., Byrn, FW. & Cole, L.A., 2006. A single serum test for
measuring early pregnancy outcome with high predictive value. Clinical
Biochemistry, 39, 682-687.

Takashima, S., Ise, H., Zhao, P., Akaike, T. & Nikaido, T., 2004. Human amniotic epithelial
cells possess hepatocyte-like characteristic and functions. Cell Structure and
Function, 29, 73-84.

Taylor, R.N., Crombleholme, W.R., Friedman, S.A., Jones, L.A., Casal, D.C. & Roberts,
J.M., 1991. High plasma cellular fibronectin levels correlate with biochemical and
clinical features of preeclampsia but cannot be attributed to hypertension alone. 165,
895-901.

Teasdale, F., 1985. Histomorphometry of the human placenta in maternal preeclampsia.
American Journal of Obstetrics and Gynecology, 152, 25-31.

Teasdale, F., 1987. Histomorphometry of the human placenta in pre-eclampsia associated
with severe intrauterine growth retardation. Placenta, 8, 119-128.

Trelford, J.D. & Trelford-Sauder, M., 1979. The amnion in surgery, past and present.
American Journal of Obstetrics and Gynecology, 134, 833-845.

Trundley, A. & Moffett, A., 2004. Human uterine leukocytes and pregnancy. Tissue Antigens,
63, 1-12.

Trupin, L.S., Simon, L.P. & Eskenazi, B., 1996. Change in paternity: a risk factor for
preeclampsia in multiparas. 7, 240-4.

Tsatsaris, V., Goffin, F., Munaut, C., Brichant, J.-F., Pignon, M.-R., Noel, A., Schaaps, J.-P.,
Cabrol, D., Frankenne, F. & Foidart, J.-M., 2003. Overexpression of the Soluble
Vascular Endothelial Growth Factor Receptor in Preeclamptic Patients:
Pathophysiological Consequences. Journal of Clinical Endocrinology and
Metabolism, 88, 5555-5563.

Udagawa, K., Miyagi, Y., Hirahara, F., Miyagi, E., Nagashima, Y., Minaguchi, H., Misugi,
K., Yasumitsu, H. & Miyazaki, K., 1998. Specific expression of PP5/TFPI-2 mRNA
by syncytiotrophoblasts in human placenta as revealed by in situ hybridization.
Placenta, 19, 217-223.

Vainio, M., Kujansuu, E., Iso-Mustajarvi, M. & Maenpa, J., 2002. Low dose acetylsalicylic
acid in prevention of pregnancy-induced hypertension and intrauterine growth

186



retardation in women with bilateral uterine artery notches. BJOG: An International
Journal of Obstetrics and Gynaecology, 109, 161-167.

Van Walraven, C., Mamdani, M., Cohn, A., Katib, Y., Walker, M. & Rodger, M.A., 2003.
Risk of subsequent thromboembolism for patients with pre-eclampsia. BMJ, 326, 791-
2.

Venkatesha, S., Toporsian, M., Lam, C., Hanai, J.I., Mammoto, T., Kim, Y.M., Bdolah, Y.,
Lim, K.H., Yuan, H.T., Libermann, T.A., Stillman, |.E., Roberts, D., D'amore, P.A.,
Epstein, F.H., Sellke, F.W., Romero, R., Sukhatme, V.P., Letarte, M. & Karumanchi,
S.A., 2006. Soluble endoglin contributes to the pathogenesis of preeclampsia. Nature
Medicine, 12, 642-649.

Vilches, C. & Parham, P., 2002. KIR: diverse, rapidly evolving receptors of innate and
adaptive immunity. 20, 217-51.

Villar, J., Purwar, M., Merialdi, M., Zavaleta, N., Thi Nhu Ngoc, N., Anthony, J., De Greeff,
A., Poston, L. & Shennan, A., 2009. World Health Organisation multicentre
randomised trial of supplementation with vitamins C and e among pregnant women at
high risk for pre-eclampsia in populations of low nutritional status from developing
countries. BJOG: An International Journal of Obstetrics and Gynaecology, 116, 780-
788.

Walker, J.J., 2000. Pre-eclampsia.(Seminar). The Lancet, 356, 1260.

Walsh, S.W., 1985. Preeclampsia: An imbalance in placental prostacyclin and thromboxane
production. American Journal of Obstetrics and Gynecology, 152, 335-340.

Wanner, A., 1966. Is, in the full-term placenta, the Basal plate covered by trophoblast cells or
cells of maternal origin. Acta Anatomica, 63, 545-558.

Waugh, J.J., Clark, T.J., Divakaran, T.G., Khan, K.S. & Kilby, M.D., 2004. Accuracy of
urinalysis dipstick techniques in predicting significant proteinuria in pregnancy.
Obstetrics, 103, 769-77.

Wentworth, P., 1965. Some anomalies of the foetal vessels of the human placenta. J Anat, 99,
273-282.

Weser, H. & Kaufman , P., 1978. Lightmicroscopical and histochemical studies on the
chorionic plate of the mature human placenta [Lichtmikroskopischeund
histochemische untersuchungen an der chorionplatte der reifen menschlichen
placenta] Archiv fir Gynakologie, 225, 15-30.

Who, 1988. Geographic variation in the incidence of hypertension in pregnancy. World
Health Organization International Collaborative Study of Hypertensive Disorders of
Pregnancy. American Journal of Obstetrics & Gynecology, 158, 80-3.

Wiese, K.H., 1975. Light and electron microscopic investigations on the chorionic plate of
the human placenta at term[Licht- Und Elektronenmikroskopscheuntersucgungenan
Der ChorionPlatte Der Reifen Menschlichen Plazenta] Archiv fur Gynakologie, 218,
243-259.

Wiese, K.H., 1976. The trophoblasts of the chorionic plate of mature human placentas [Uber
dentrophoblasten der chorionplatte Reifermenschlicher plazenten] Vol. 70 11, 863-
867.

Winterhager, E., Kaufmann, P. & Gruemmer, R., 2000. Cell-cell-communication during
placental development and possible implications for trophoblast proliferation and
differentiation. Placenta, 21.

Witlin, A.G., Friedman, S.A. & Sibai, B.M., 1997. The effect of magnesium sulfate therapy
on the duration of labor in women with mild preeclampsia at term: a randomized,
double-blind, placebo-controlled trial. American Journal of Obstetrics, 176, 623-7.

187



Wright, J.K., Dunk, C.E., Perkins, J.E., Winterhager, E., Kingdom, J.C.P. & Lye, S.J., 2006.
EGF Modulates Trophoblast Migration through Regulation of Connexin 40. Placenta,
27, 114-121.

Wynn, R., 1967. Fetomaternal cellular relations in the human basal plate: an ultrastructural
study of the placenta. American Journal of Obstetrics, 97, 832-50.

Xiong, X., Fraser, W.D. & Demianczuk, N.N., 2002. History of abortion, preterm, term birth,
and risk of preeclampsia: a population-based study. American Journal of Obstetrics,
187, 1013-8.

Yinon, Y., Nevo, O., Xu, J., Many, A., Rolfo, A., Todros, T., Post, M. & Caniggia, I., 2008.
Severe intrauterine growth restriction pregnancies have increased placental endoglin
levels: Hypoxic regulation via transforming growth factor-123. American Journal of
Pathology, 172, 77-85.

Yoshimura, T., Yamashita, J. & Ito, M., 1985. Placental plasminogen activator activity in
pre-eclampsia. International Journal of Gynecology and Obstetrics, 23, 311-314.

Young, R.A., Buchanan, R.J. & Kinch, R.A.H., 1996. Use of the protein/creatinine ratio of a
single voided urine specimen in the evaluation of suspected pregnancy-induced
hypertension. Journal of Family Practice, v42, p385(5).

Zakariah, A.Y., Alexander, S., Roosmalen, J.V. & Yao Kwawukume, E., 2006. Maternal
mortality in the Greater Accra region in Ghana: Assessing completeness of
registration and data quality. Acta Obstetricia et Gynecologica Scandinavica, 85,
1436-1441.

Zhou, Y., Damsky, C.H., Chiu, K., Roberts, J.M. & Fisher, S.J., 1993. Preeclampsia is
associated with abnormal expression of adhesion molecules by invasive
cytotrophoblasts. Journal of Clinical Investigation, 91, 950-960.

Zhou, Y., Damsky, C.H. & Fisher, S.J., 1997. Preeclampsia is associated with failure of
human cytotrophoblasts to mimic a vascular adhesion phenotype: One cause of
defective endovascular invasion in this syndrome? Journal of Clinical Investigation,
99, 2152-2164.

Zhou, Y., Mcmaster, M., Woo, K., Janatpour, M., Perry, J., Karpanen, T., Alitalo, K.,
Damsky, C. & Fisher, S.J., 2002. Vascular Endothelial Growth Factor Ligands and
Receptors That Regulate Human Cytotrophoblast Survival Are Dysregulated in
Severe Preeclampsia and Hemolysis, Elevated Liver Enzymes, and Low Platelets
Syndrome. American Journal of Pathology, 160, 1405-1423.

188



