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ABSTRACT 
IgG is found bound to the maternal surface of human placental microvesicles, and can be eluted 

between pH 6 and pH3. Some is bound to Fc receptors, but that which only elutes below pH 4.0 

appears to be bound to a syncytiotrophoblast antigen. When IgG antibody was eluted at pH3 and 

reacted with its own acidified vesicles or those from other placentae, the alloantibody always bound 

to the preparation from which it was obtained, but only to about 16.7% of preparations from other 

placentae. Similarly it did not bind to the native vesicle unless IgG was first removed using acid. 

The antigen thus appeared to be polymorphic, and further investigation showed that it was an 80 kDa 

surface protein of the trophoblast. A similar polymorphic protein in term equine placentae was also 

found to have bound IgG antibody. It showed similar cross reactivity, with other equine, but not 

with human, microvesicles. 

Using binding of labelled antibody, complement dependent cytotoxicity and FACS two-colour 

analysis, the human polymorphic antigen was detected on peripheral blood monocytes and B-

lymphocytes. The antigen (R8OK) was a 80kDa protein on microvesicles protected from trypsin 

digestion until the antibody was removed by acidification, when trypsin released a soluble 50 kDa 

fragment which reacted with the acid-eluted IgG antibody and thus contained the polymorphic 

domain. Some of the eluted antibodies inhibited NK killing of K562 target cells by human NK cells. 

Of three murine monoclonal antibodies raised against the R8OK antigen, only one clone, BA 1 1, 

bound to the 50 kDa trypsin fragment and also inhibited the killing of K562 cells by human NK 

cells. This antibody cross reacted with mouse trophoblast, and inhibited NK killing of mouse 

trophoblast. This monoclonal antibody proved to be very efficient at preventing abortion in the three 

mouse abortion models, namely the genetic, endotoxin induced and sonic stress induced models. All 

three are NK mediated and it appears that antibody bound to R8OK is able to inhibit NK killing of 

targets. In the absence of antibody, NK attack on the placenta might cause pregnancy loss, and my 

data suggest that there is an active role for antibody to R8OK in preventing NK cell damage to the 

placenta in successful pregnancy. 
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1. INTRODUCTION 

The process of reproduction is an exciting multifactorial issue, which has attracted the 

attention of many researchers to this field. In mammals, pregnancy represents a mature 

intimate coexistence between a developing immature semiallogeneic conceptus, (or fully 

allogeneic conceptus if achieved through embryo transfer) and its mother (Medawar 1953, 

Hunziker et al 1986). Genetic characteristics are inherited from both father and mother to 

form the final antigenic make-up of the fetus. In spite of this dissimilarity the fetus survives 

the period of gestation. This paradox appears in its most striking form in the placenta, the 

crucial tissue for understanding the immunological relationship between the pregnant female 

and fetus as it is the barrier between the mother and the developing fetus. The identification, 

purification and characterisation of the placental components are essential to the 

understanding of materno-fetal relationships. 

1.1 Human placenta 

The placenta is essentially a biological membrane involved in bi-directional transportation of 

all molecules entering or leaving the fetal circulation in the placenta and is involved in the 

active transport of molecules to the fetus. It is capable of self-renewal and shields the 

developing fetus from harmful maternal immunological effectors. It is involved in transport 

of water and nutrients to the fetus, removal of waste products and exchange of gases. It also 

actively secretes steroids and acts as a barrier to many infections. 

The human placenta is discoid and of deciduated type (Amoroso 1952) with a diameter of 

about 20cm, a weight of 600g and a surface area of 25m2  (Aherne & Dunnill 1966). It is a 

haemochorial type of placenta, in which all layers of maternal tissue are absent. On the fetal 

side the placenta is bordered by the chorionic plate, on its maternal side by the decidua 
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basalis, of which the decidual plate is most intimately in contact with the placenta. At the 

junctional zone, which is characterised by decidual and syncytial giant cells, the trophoblast 

and decidual cells intermingle. Between the chorion and decidual plates are the intervillous 

spaces which are filled with maternal blood. The trophoblast tissue at term is organised on a 

branching basis and has formed a chorionic villous tree; the sub-units of this structure are the 

chorionic villi, hollow, finger shaped structures. These projections of fetal tissue are covered 

by trophoblast cells. They are usually bathed in maternal blood flowing from uterine spiral 

arterioles. The trophoblast has differentiated into two layers, an inner layer of mononucleated 

cells, the cytotrophoblasts and an outer multinucleated layer, without distinct cell boundaries, 

the syncytiotrophoblast (Damsky et al 1992). The syncytiotrophoblast is a non-mitotic 

covering of individual trophoblast cells, which have matured into a cellular syncytium, which 

lines the intervillous blood space. 

Beneath the syncytiotrophoblast are the villous cytotrophoblasts, also called Langhans cells, 

which are more metabolically active than the syncytiotrophoblast. Some cytotrophoblast cells 

push through the syncytiotrophoblast to make extravillous cytotrophoblast columns that help 

to anchor the villi to the maternal tissue. Furthermore, some cytotrophoblasts invade the 

spiral arteries of the uterus and come to line them as endovascular trophoblast (Loke & Whyte 

1983). 

1.1.1 Placental formation in man 

After fertilisation and the first cleavage, the morula passes from the fallopian tube and enters 

the uterine cavity. The embryo at this time has two parts; the inner cell mass which will form 

the embryo and the outer cell mass which will form trophoblast. In the human, the trophoblastic 

cells covering the embryoblast pole of the embryo begin to penetrate (implant) between the 

epithelial cells of the uterine mucosa by the end of the first week (Sadler 1995). At the eighth 
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day of development, in the area over the embryoblast, the trophoblast differentiates into two 

layers, an inner layer of cytotrophoblast, and an outer, multinucleated zone without distinct 

boundaries, the syncytiotrophoblast. Mitotic figures are usually found in the cytotrophoblast, but 

never in the syncytium, yet the thickness of the latter increases considerably. This suggests that 

cytotrophoblast cells divide and migrate into the syncytiotrophoblast, where they fuse and lose 

their individual dividing cell membrane. (Syncytiotrophoblasts are said to be at the end of 

mitotic division and very difficult to grow in-vitro). At the same time, the cells of the inner mass 

differentiate into two layers; hypoblast which will form ectoderm and epiblast which will form 

epiderm. These two together are known as the bilaminar germ disc (Sadler 1995). 

By the 1 1 th to 12th day of development, the embryo is completely embedded in the endometrial 

stroma, and the surface epithelium covers almost entirely the original defect in the uterine wall. 

The trophoblast is characterised by lacunar spaces in the syncytium, which forms an 

intercommunicating network. This is particularly evident at the embryonic pole; however, the 

trophoblast still consists mainly of cytotrophoblastic cells. Concurrently, the syncytial cells 

penetrate deeper into the stroma and erode the endothelial lining of the maternal capillaries. 

These capillaries become congested and dilated and are known as sinusoids. The syncytial 

lacunae then become continuous with the sinusoids and maternal blood enters the lacunar 

system. As the trophoblast continues to erode more and more sinusoids, maternal blood begins 

to flow through the trophoblastic system, thus establishing the uteroplacental circulation. The 

growth of the bilaminar germ disc is relatively slow compared with that of trophoblast and 

consequently the disc remains very small (0.1 to 0.2 mm). The cells of the endometrium, 

meanwhile, become polyhedral and loaded with glycogen and lipids; the intercellular spaces are 

filled with extravasate and the tissue is oedematous. These changes, known as the decidual 

reaction, are first confined to the area immediately surrounding the implantation site, but soon 

occur throughout the endometrium (Loke & King 1995). 
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By the 13th day of development, the surface defect in the endometrium has usually healed and 

villi develop. The cells of the cytotrophoblast proliferate locally and penetrate into the 

syncytiotrophoblast, thus forming cellular columns surrounded by syncytium. The cellular 

columns with the syncytial covering become known as the primary stem villi. By the beginning 

of the third week, the trophoblast is characterised by primary stem villi, which consist of a 

cytotrophoblastic core covered by a syncytial layer. During further development, mesodermal 

cells penetrate the core of the primary villi and grow in the direction of the decidua. The newly 

formed structure is known as a secondary stem villous. By the end of the third week, the 

mesodermal cells in the core of the villous begin to differentiate into blood cells and small blood 

vessels, thus forming the villous capillary system. The villous is now known as the tertiary stem 

villous. The capillaries in the tertiary villi make contact with capillaries developing in the 

mesoderm of the chorionic plate and in the connecting stalk. These vessels in turn establish 

contact with the intraembryonic circulatory system, thus connecting the placenta and the 

embryo. Hence, as the heart begins to beat in the fourth week of development, the villous 

system is ready to supply the embryo proper with the necessary nutrients and oxygen. 

Meanwhile, the cytotrophoblastic cells in the villi penetrate progressively into the overlying 

syncytium until they reach the maternal endometrium. A trilaminar germ disc will also appear at 

the same period (Moore, 1982). 

By the beginning of the second month, the trophoblast is characterised by a great number of 

secondary and tertiary villi, which give it a radial appearance. The villi are anchored in the 

mesoderm of the chorionic plate and are attached peripherally to the maternal decidua by way of 

the outer cytotrophoblast shell. The surface of the villi is formed by the syncytium, resting on a 

layer of cytotrophoblastic cells, which in turn covers a core of vascular mesoderm. The capillary 

system developing in the core of the villous stems soon comes into contact with the capillaries 

of the chorionic plate and connecting stalk, thus giving rise to the extra-embryonic vascular 
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system (Steven, 1975). 

During the following months, numerous small extensions sprout from the existing villous stems 

into the surrounding lacunar or intervillous spaces. These newly formed villi are initially 

primitive, but by the beginning of the fourth month the cytotrophoblastic cells, as well as some 

of the connective tissue cells, disappear. The syncytium and the endothelial walls of the blood 

vessels are the only layers which separate the maternal and fetal circulation. Frequently the 

syncytium becomes very thin and large pieces containing several nuclei may break off and drop 

into the intervillous blood lakes. These pieces, known as syncytial knots, enter the maternal 

circulation and usually degenerate without causing any symptoms. The disappearance of the 

cytotrophoblastic cells progresses from the smaller to the large villi, although some always 

persist in the large villi. The latter, however, do not participate in the exchange between the two 

circulations (Yeh & Kurman 1989). 

In the early weeks of development, the villi cover the entire surface of the chorion. As 

pregnancy advances the villi on the embryonic pole continue to grow and expand, thus giving 

rise to the chorionic frondosum (bushy chorion). Villi on the (embryonic ) abembryionic pole 

degenerate, and by the third month this side of the chorion is smooth and is known as the 

chorion laevae. The chorion laevae consists of a layer of cytotrophoblasts two to ten cells thick 

(Billington 1992). It is a source of extravillous cytotrophoblast (Caulfield et al 1992) that forms 

part of the amniochorionic membrane at the non-placental region of the implantation site 

(Billington 1992). Amniochorion consists, antigenically, of three different populations of cells, 

while all expressing cytokeratin, the cells on the maternal aspect are more W6/32 positive and 

the cells on the fetal aspect are more PLAP positive (Bulmer & Johnson 1985, Caulfield et al 

1992). The difference in the embryonic and abembryonic poles of the chorion is also reflected 

in the structure of the decidua. The decidua over the chorion frondosum, the decidua basalis, 
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consists of a compact layer of large cells with abundant amount of lipids and glycogen. This 

layer, the decidual plate, is tightly connected to the chorion. The decidual layer over the 

abembryonic pole is known as the decidua capsularis. With increase in the size of the chorionic 

vesicle, this layer becomes stretched and degenerates. Subsequently, the chorion laevae comes 

into contact with the uterine wall (decidua parietalis) on the opposite side of the uterus and the 

two fuse. The lumen of the uterus is then obliterated. The villi and syncytiotrophoblast 

represent the only area of exchange with maternal nutrients (Yeh & Kurman 1989). 

By the beginning of the fourth month, the placenta has two components: 1) a fetal portion 

formed by the chorion frondosum, and 2) a maternal portion formed by the decidua basalis. On 

the fetal side the placenta is bordered by the chorionic plate; on the maternal side by the decidua 

basalis, of which the decidual plate is most intimately incorporated into the placenta. In the 

junctional zone the trophoblast and decidua cells intermingle. This zone is characterised by 

decidual and syncytial giant cells and is rich in amorphous mucopolysaccharide material. Most 

of the cytotrophoblast cells have degenerated. Between the chorionic and decidual plates are the 

intervillous spaces, which are filled with maternal blood. They are derived from the lacunae in 

the syncytiotrophoblast and are lined with the syncytium of fetal origin. The villous trees grow 

into the intervillous blood lakes (Romanes 1972). 

As a result of the continuous growth of the fetus and expansion of the uterus, the placenta also 

enlarges. Its increase in surface area roughly parallels that of the expanding uterus and 

throughout pregnancy it covers approximately 25 to 30 percent of the internal surface of the 

uterus. The increase in the thickness of the placenta results from the arborization of existing 

villi and is not caused by further penetration into the maternal tissue (Shorter et al 1993). 
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1.1.2 Microvilli 

The surface of the syncytium is covered with microvilli (MV). They are just visible at the 

light microscope level and were described as brush border by Katachenko (1885). Early in 

pregnancy, at 10 weeks, these MV are approximately 1.5µm long (Tighe et al 1967) and 

positioned close together. As pregnancy progresses they become thinner and some break off 

and are released into the maternal circulation. At term they are 0.81.1m long (Tighe et al 

1967). 

1.1.3 Comparative placentation 

Several forms of classification have been used to classify mammalian placentae. The most 

commonly used are those involving shape and structure. (Steven, 1975). 

Based on shape, placentae can be divided into diffused, cotyledonary and zonary or discoid. 

Diffused placentae are characterised by small folds of villi over most of the outer surface of 

the chorion and interdigitate closely with accommodating depressions or crypts in the 

endometrial surface. This kind of placenta can be found in the mare and the sow. 

Cotyledonary placentae have chorionic villi restricted to well defined circular areas on the 

chorionic sac called cotyledons; this type is found in most ruminants such as cows, sheep and 

goats. Zonary placentae are those that have chorionic villi confined and concentrated into an 

equatorial band around the chorionic sac. This type is found in omnivores. Finally discoid 

placentae are those in which chorionic villi are arranged in a central plate and are found in 

primates and rodents (Amoroso 1952). 

The number of layers of tissue that separates the fetal and maternal blood circulation differs 

between species. These layers are fetal endometrium, mesenchyme and trophoblast plus 

maternal endometrial epithelium, stromal connective tissue and endothelium. The number of 
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separating layers ranges between six and one, where the trophoblast is bathed in maternal 

blood. 

Based on degree of fetomaternal separation structural classification of the placenta can be 

divided into four types; these are epitheliochorial, syndesmochorial, endotheliochorial and finally 

haemochorial. In epitheliochorial placentation no erosion of tissue occurs and definitive 

placenta is formed by increasingly complex folds of the allantochorion which forms a 

microvillous attachment to the endometrial epithelium. This type is found in the sow. In 

contrast the mare placenta is classified as epitheliochorial. However it differs from the truly 

epitheliochorial since for a transitory period the annuate portion of the trophoblast invades the 

maternal endometrium and destroys endometrial epithelium and stromal tissue. This process 

lasts between 40-80 days within the 11 months of the gestation period and therefore the 

allantochorion is non invasive and forms epitheliochorial interdigitation with endometrium 

(Samuel, Allen & Steven, 1975). 

All forms of placentae possess two distinct type of trophoblast, one of which erodes one or 

more layers of maternal tissue during implantation while the other remains non-invasive. In 

syndesmochorial placentation specialised binucleated trophoblastic cells migrate from the 

trophoblast and become fused with endometrial epithelium cells to form trinucleated cells. 

This continues until the syncytium is bounded by fetal mesenchyme and maternal mesoderm. 

(Wooding, 1982; King et al 1982). The trophoblast in the non-caruncular areas becomes 

closely apposed to, but does not interdigitate with, the maternal endometrial epithelium (King 

et al 1982). These types of placentae can be found in ruminants like sheep. 

In carnivores the placentae are of endotheliochorial placental type. Endotheliochorial 

placentae are the result of invasive trophoblast which can be divided into syncytiotrophoblast 

16 



and cytotrophoblast forms. Syncytiotrophoblast destroys maternal epithelium and connective 

tissue so that it comes to lie adjacent to maternal endothelium. The vascular channels within 

the remaining cytotrophoblast-covered villi eventually coalesce to form vascular labyrinths 

(Amoroso, 1952). 

In the haemochorial placentae of man and rodents, columns of specialised cytotrophoblast 

cells invade into the decidualised maternal endometrium and destroy all three layers of the 

maternal tissue, which leaves the trophoblast cells bathed in maternal blood. 

In rodents the above process results in the formation of the so-called spongy trophoblast and 

labyrinthine trophoblast layers which, together with an outer layers of giant cells, 

differentiate from the ectoplacental cone. The remainder of the trophoblast forms numerous 

branching villi with an exterior layer of syncytiotrophoblast that covers the cytotrophoblast. 

These villi interdigitate with maternal endothelial epithelium. 

1.2 Immunology and characteristics of trophoblast 

The human placenta is a unique and distinct tissue in the sense that it appears, grows, and 

disappears, playing a transient role in the process of human development. It also, probably, does 

not leave any trace after it has been expelled. Trophoblastic cells, accordingly, have very 

specific characteristics enabling them to carry out this function (Faulk & Johnson 1977, Faulk et 

al 1978). A variety of antigens and antigenic systems have been identified on placenta. Many 

of these antigens are of great interest when studying the immunology of pregnancy. These 

antigens would naturally include those which are polymorphic (MHC and others). Their 

existence allows the possibility of allogeneic differences between mother and fetus, and the 

consequence of such allogeneic encounters may be important for the success of pregnancy 

itself. There are also antigens that may not invoke an immune response, but, identified by 
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marker antibodies, are important in the study of cell receptors and targets for immunological 

reactions. 

1.2.1 HLA Expression on the trophoblast 

Major Histocompatibility Complex (MHC) Class I antigens serve as recognition molecules 

involved with the immune system and are expressed on the majority of nucleated cells. The 

MHC Class I molecule known, in the human, as Human Leukocyte Antigen (HLA) is made 

up of a transmembrane class I heavy chain whose extracellular domains forms a stable 

association with a 132-microglobulin ((32m), a short peptide. 

No trophoblasts express HLA Class II antigens, but some cytotrophoblast populations express 

Class I antigens. Villous syncytiotrophoblasts do not express HLA. 	Extravillous 

cytotrophoblasts (mesenchymal) are the only trophoblast cells which express HLA, e.g. in the 

amniochorion HLA may be detectable and are expressed in up to 88% of cells (Calaminus et al 

1979). Table I shows the differential expression of HLA Class I antigen by human 

trophoblast. 

Table I Differential expression of HLA Class I antigen by human trophoblast populations 

(Loke & King 1995) 

mRNA 	Protein 

Villous syncytiotrophoblast 

Villous cytotrophoblast 

Extravillous Trophoblast 

Trophoblast cells show three different types of HLA Class I gene expression using DNA 

probes. First transcription of all of the Class I heavy-chain genes is prevented in the 

syncytiotrophoblast and this is said to be due to hypermethylation of DNA associated with a 
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closed chromatin configuration. Secondly, control of translation appears to operate in human 

villous cytotrophoblastic cells, which, in first trimester placentae contain mRNA but do not 

express detectable levels of the protein. This is said to be due to post-transcriptional events or 

other regulatory mechanisms. Third, cytotrophoblastic cells, external to the villi, select a 

specific member of the Class I gene family, for transcription and translation. It is also known 

that the HLA Class I region contains genes that are specifically expressed during 

embryogenesis (Hunt & Orr 1992). 

In 1986-87 it was discovered that the region of the sixth chromosome that contained MHC 

Class-I genes had more genes than those responsible for the known HLA-A, B, and C. In 

1989, Ellis and co-workers supplied the first evidence that Class I gene products in 

trophoblastic cells were transcribed from the non-classical gene, HLA-G (Ellis et al 1989). 

The so-called non-classical Class I genes include HLA-E, -F, -G, -H, -J and possibly others. 

The HLA-G gene is located within the MHC region on chromosome 6p 21.3 and has been 

mapped therein (Schmidt & Off 1991, 1993). Basically all these atypical genes have a very 

high homology with classical HLA Class I genes but the cytoplasmic tail is truncated (Ellis 

1990). The HLA-G protein contains both heavy chain and 132_microglobulin. HLA-G is 

expressed on extravillous cytotrophoblast cells and some choriocarcinoma, in contrast to 

classical Class I genes which are expressed on almost all cells (Kovats et al, 1990). HLA-G 

exon / intron organisation is identical to that of the HLA-A, -B, -C genes except that an in-

frame termination codon prevents translation of the majority of the cytoplasmic region, so that 

this gene encodes for a protein with a shortened cytoplasmic segment designated 

HLA-6.0, now HLA-G (Geraghty et al, 1987). There is a highly polymorphic region between 

the HLA-A and HLA-G genes. This region appears to be deleted in certain HLA haplotypes, 
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shortening the distance between HLA-A and HLA-G by more than 50 kilobase pairs 

(Geraghty et al, 1992). In a study in which three new allelic forms of the HLA-G DNA 

sequence were identified, the human HLA-G locus was found to be polymorphic but with 

markedly limited variability. Nucleotide variations in the HLA-G alleles known so far are 

limited to silent substitutions or conservative amino acid changes, but all of them are located 

upstream of the functional region. Thus HLA-G nucleotide variations have little or no effect 

on the protein sequence, HLA-G is operationally invariant (Morales et al, 1993). This lack of 

polymorphism could be a feature of MHC genes in functional decline but it has been argued 

that this state has arisen as a result of strong evolutionary pressures, such as those required for 

reproduction when allorecognition may need to be kept to a minimum. 

Trophoblasts are the only nucleated diploid cells in the body that do not express HLA Class I 

(classical type). It is assumed that about 5% of them may express HLA although this is mainly 

the non-classic monomorphic type Class I HLA, i.e. HLA-G (Douglas & King 1989) 

The exact function of HLA-G is not known. The restricted tissue distribution of non classical 

HLA Class I could be reflecting decline of their function as molecules, left behind through the 

evolutionary process (Parham 1995), or they may be an example of the genes like non - 

classical Class I genes, that evolved from a gene which was previously functional and served 

their purpose but has been replaced by other new genes. 

It has been reported that HLA-G transfectants are adherent to CD8+  transfectants (Sanders et 

al 1991). As CD8 functions as a co-receptor for the T-cell receptor in interactions with MHC 

and peptide, it was postulated that HLA-G could serve as a recognition molecule for CD8+  

suppressor T cells and thus downregulate the immune response to trophoblast (King & Loke 

1991,1993). They also suggested that the HLA-G interaction, not with T cells but a 
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population of decidual NK cells, will result in a signal, either positive or negative, to regulate 

trophoblast behaviour during implantation. However, if functional activities could be 

presumed for these molecules, as non-classical HLA Class I molecules, HLA-G is relatively 

oligomorphic and has a low capacity to present antigen, unlike the classical highly 

polymorphic HLA Class I molecules (Stroyonwski & Lindhal 1994). 

As other species do not express HLA-G, it is difficult to assume a fundamental role for this 

molecule. However, it might be that there are equivalent molecules that perform the same 

role in other species, such as the paternally derived Class I antigens reported in rat (Billington 

& Burrows 1986) and horses (Donaldson et al 1994). 

The sensitivity of lymphoid cells to lysis by human NK cells is increased when the amount of 

Class I expression on the surface of the target cell is reduced or absent. The lack of 

expression of polymorphic HLA-A, -B, molecules specifically in cytotrophoblast cells, whilst 

permitting the expression of invariant HLA-G molecules in those cells, suggests that HLA-G 

has a function. An invariant HLA Class I molecule on cytotrophoblasts would not stimulate 

cytotoxic T lymphocytes (CTL) and may also have the protective property of Class I in 

resisting NK-mediated lysis (Kovats et al, 1990; Kovats et al, 1991). 

The lymphocyte differentiation marker CD8 acts as a co-receptor with the T cell receptor 

(TCR) during recognition of peptides presented by MHC Class I molecules. Using a transient 

cell-cell adhesion assay it was demonstrated that CD8 binds to HLA-G but it is unclear 

whether binding is similar to that of CD8 to HLA Class I molecules such as HLA-A2. It is 

suggested that HLA-G could serve as a recognition element by CD8+ suppressor T cells, thus 

causing inhibition of the response of other cells (Sanders et al, 1991). As HLA-G is invariant, 

CTL attack is unlikely to occur as it is triggered by non-self MHC antigens. 
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By in situ hybridisation, Hunt et al (1990) identified HLA Class I mRNA in first trimester 

extravillous cytotrophoblast and villous cytotrophoblast cells, but it was not expressed on the 

cell surface of the latter. In an earlier study the authors suggest that the HLA Class I mRNA 

and Class I antigen expressed external to the placenta in the chorion membrane (but not in the 

syncytiotrophoblast) of term placentae may migrate from the placental villi in first trimester 

tissues (Hunt et al, 1988). In contrast, Kovats et al (1991) found the HLA-G a chain was 

expressed on the cytotrophoblasts isolated from chorionic villi. As was mentioned 

previously, first trimester villous cytotrophoblasts were found to contain HLA-G and the a 

chain was associated with 13-2 microglobulin. HLA-G a chains were also observed in second 

trimester (18 weeks) villous cytotrophoblast but were greatly reduced or undetectable in third 

trimester (term) cytotrophoblasts, suggesting that the amount of HLA-G a chain present is 

regulated according to gestational age. 

1.2.1.1 HLA-C 

When Grabowska et al (1990) immunoprecipitated the trophoblast with W6/32 monoclonal 

antibody they found two Class I heavy chains in their precipitation, a 39 kDa HLA-G, and a 

45 kDa subtype of Cw4. Others found the same results when they used JEG-3 or BeWo 

choriocarcinoma cell lines (de Wit et al 1990; Loke et al 1995b). Loke & King (1995b) 

reported that they got positive staining of trophoblast cells with monoclonal antibodies 

against HLA-C. Their findings suggest that there is expression of a second HLA antigen, C, 

on extravillous cytotrophoblasts. The HLA-C antigen on the surface of first trimester human 

cytotrophoblast cells is mainly in the form of free heavy chains. Confirmation by 

identification of HLA-C mRNA would be valuable. The presence on extravillous 

cytotrophoblast may represent a resistance of this cell type to NK attack, despite a lack of 

polymorphism of the antigen. 
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1.2.2 Immunoglobulin gamma receptor (FcR) 

An important function of the placenta is the active transport of material from mother 

to fetus (Nervard et al 1990). The syncytiotrophoblast membrane of human placenta is in 

direct contact with maternal blood and therefore participates in placental transport (Whitsett 

& Lessard 1978). The transport of maternal IgG across the syncytiotrophoblast has been 

suggested to use specific IgG receptors (Brambell 1966). 

The immunoglobulin receptors are membrane bound proteins that interact with the Fc region 

of immunoglobulins. They may act as a biological switch, a means of transport or an anchor 

for immunoglobulins (Ravetch 1994). A group of Fc receptors transport immunoglobulin 

across epithelial tissue to their main site of action. An example is the neonatal Fc receptor 
the 

(FcRn) which transports IgG from small intestine across the cells toxbasolateral membrane 

that faces the serosal fluid in rat ( Rodewald 1976). Another example of receptor for IgG is 

FcyR which is present on the surface of the effector cells of the immune system and is 

involved in the biological response when binding antigen-antibody complexes (Raghavan et 

al 1995). 

The identity of the receptor that carries IgG across the human placenta is not known. 

However, recent observations suggest that an FcRn-like receptor plays an active role in this 

process. The transport of IgG and the role of FcRn have been studied in neonatal rats and 

mice (Rodewald & Karaehenbuhl 1984, Ahouse et al 1993). Binding of FcRn and IgG is pH 

dependent. The affinity between this receptor and IgG is high at pH 6.4, similar to the 

environment of the small intestinal lumen and is not as efficient at pH 7.4 as found in blood. 

Adult rat milk contains a high concentration of IgG. When ingested by the neonatal rat the 

milk passes through the stomach without digestion and reaches the small intestine. The 
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enterocytes in the small intestine express an FcRn on their apical surface which binds to the 

IgG at pH 6.4; the pH of the lumen of intestine of a suckling rat. The FcRn and ligand are 

endocytosed and transferred to the basolateral site. There the IgG is dissociated, due to the 

higher pH (7.4) and released into the circulation of the animal (Burmeister et al 1994b). This 

system provides a convenient means for transport of IgG in the suckling mouse and rat. On 

the other hand it has also been shown that FcRn is present on the fetal yolk sack of rats and 

mice (Ahouse et al 1993) and on the human placenta (Story et al 1994). The proposed 

phenomenon is that the IgG is pinocytosed within vesicles that are acidic. The presence of 

these vesicles has been shown in human placentae. This provides the environment for the 

IgG to bind to the FcRn. Later, when it is transported across placenta it would dissociate at 

the fetal circulation environment where the pH is 7.4. 

The FcRn is a heterodimer and structurally similar to class I major histocompatibility 

complex molecules (Kandil et al 1996, Simister et al 1997). It has a heavy and a light chain. 

The light chain is 132  microglobulin the same as that which is associated with class I MHC 

(Raghavan & Bjorkman 1996). The heavy chain of human and rodent FcRn is similar to that 

of the class I MHC molecule, consisting of three domains al, a2, a3 and is non-covalently 

bound to P2-microglobulin (Kandil et al 1996). Using cDNAs, human and rat FcRn have been 

shown to have 65% similarity in al, 64% in a2, 73% in a3 and 63% in the transmembrane 

region and 55% in the cytoplasmic tail (Burmeister et al 1994). Several groups have shown 

the presence of FcRns within the syncytiotrophoblast (Leach et al 1996, Simister et al 1996). 

Syncytiotrophoblast is commonly said not to express f32-microglobulin. However, 132 

microglobulin has been shown to be critical for the FcRn-IgG complex in the rat and has been 

shown to be an integral element of the ligand binding site for this complex (Burmeister et al 

1994). Therefore it would seem logical that the 132 in the human (hFcRn) would play an 

essential role but there is no evidence of 132 microglobulin expression on syncytiotrophoblast 
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where the hFcRn has been suggested to be localised. The proposed explanation is that the 132 

microglobulin is not expressed by syncytiotrophoblast but it is possible that it is pinocytosed 

from maternal plasma into acidic endosomes and there it complexes the FcRn to form a 

functional hFcRn (Leach et al 1996). 

FcRn have functions other than ferrying IgG across the placenta. It has been suggested that the 

FcRn may divert IgG from its normal catabolic fate by transporting and recycling it in many 

organs of the body (Mariani & Strober, 1990). 

1.2.3 Placental alkaline phosphatase (PLAP) 

Mammalian alkaline phosphatases are membrane bound glycoproteins, bound to cell 

membranes through a glycolipid anchor (Low & Saltiel 1988). Alkaline phosphatases (ALP) 

in humans are highly polymorphic, some are tissue specific and some are not. Tissue non-

specific ALPs include those found in liver, bone and kidney encoded by genes located on the 

short arm of chromosome 1 (Stigbrand et al 1992). The tissue specific ALP family include 

placental alkaline phosphatase (PLAP), PLAP-like germ cell alkaline phosphatase, (GCALP), 

testis expressed ALP and intestinal ALP (IALP). These enzymes possess different 

characteristics by which they are identified. A gene cluster located at chromosome 2 q34 

encodes tissue specific ALPs (Griffin et al 1987, McLaughlin et al 1984, Millan & Manes 

1988, Martin et al 1989). Griffin et al (1987) hybridised PLAP and IALP tritium labelled 

probes to human metaphase chromosome preparations made from the short-term culture of 

peripheral lymphocytes of normal males and to DNA from a somatic-cell hybrid panel. They 

showed specific hybridisation to chromosome 2 in the region q 34- 37. 

Martin et al (1989) isolated a PLAP cDNA cloned from a tumour cell line (HEP2) and 

showed that it was closely related or identical to a PLAP cDNA from placenta. They used 

different restriction enzymes for culturing a panel of random human DNAs. In situ 
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hybridisation confirmed that the genes are located on chromosome 2q37. Later they obtained 

clones from the cosmid library. The clones were purified, mapped and correlated with maps 

of the clones from genomic DNA 	using sequence comparison with promoter region 

and RFLP information. They showed that the PLAP related gene family contains a gene 

located at chromosome 2q 37 (Martin et al 1989). 

PLAP is synthesised in the microvilli of the syncytiotrophoblast from 12 weeks of pregnancy 

to term (Fishman et al 1976). This isoenzyme shows one of the highest degrees of allelic 

variation among human enzymes. Both electrophoretic and immunological variants have 

been found. Western blotting using a polyclonal anti PLAP antibody has shown it to have a 

molecular weight of 70 kDa (Costa et al 1993). It has been shown that PLAP has 

approximately 50% sequence similarity with non-specific tissue ALPs, but IALP was 90% 

identical to PLAP and GCALP. PLAP and GCALP have 98% homology and they differ at 

only 12 of their amino acid residues (Millan & Manes 1988). Weiss et al (1986) showed 86% 

homology of amino acid sequences of PLAP and IALP. 

McLaughlin et al (1983) identified fetal differentiation antigens expressed on the membranes 

of normal trophoblast and of certain tumour cell lines using different mAbs. Specific binding 

of ALP was noted only for mAb H317. Using different preparations as a source of ALP, they 

showed H317 bound to this enzyme, when it was purified from human term placentae, or 

solubilised from syncytiotrophoblast. 

Holmgren and Stigbrand (1976) purified the two most common variants of the enzyme, i.e. F 

and S, using n-butanol extraction followed by ion exchange column chromatography. They 

measured the enzyme activity of the eluted fraction and concentrated samples with high 

activity. These samples were subjected to SDS PAGE and isoelectric focusing. The 
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molecular weights of the two variants were almost identical, 11,800 for F and 11,900 for the 

S, and amino acid composition were similar. The specific activity of the variants was 

however different (160u/mg for F and 250 u/mg for S). The isoelectric point for F was 4.5 and 

for S was 4.7. They conceded that the structural differences observed for these enzyme 

variants seem to affect specific activity at both the active site and protein concentration. 

Costa et al (1993) purified PLAP in four steps. They extracted basic fibroblast growth factor 

(bFGF) first, then extracted PLAP from the second cellular mass left after bFGF extraction 

using butanol- 1 -ol. PLAP was further sequentially purified by Q- sepharose, concanavalin A-

sepharose and Q-sepharose chromatography. 

Synthesised PLAP is released into the maternal circulation during pregnancy. Brock and 

Barron (1988) examined the value of maternal plasma ALP levels in predicting infants of low 

birth weight, using mAbs H17E2 with specificity for PLAP. Their result indicated that 

samples from women who subsequently were delivered of an infant of low birthweight 

(2.5Kg) had increased levels of PLAP in comparison with normal controls. They suggested 

that the use of a PLAP assay in combination with an alpha-fetoprotein (AFP) assay could 

contribute to the detection of low birthweight babies. It is of interest that the concentration of 

PLAP in pregnancy serum in Down's syndrome is less than in normal pregnancy (Brock et al 

1990). 

Ind et al (1994) measured second trimester amniotic PLAP immunoreactivity in normal 

pregnancy, Down's syndrome and pregnancy associated with other chromosomal 

abnormalities. Their results showed that PLAP levels were significantly reduced in the case 

of Down's syndrome. It is interesting that Down's syndrome neonates have fewer 

deficiencies in some subclasses of IgG, e.g. the concentration of IgG is highly reduced 

(Anneren et al 1992). 
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Makiya and Stigbrand (1992) coupled PLAP to a sepharose column and then applied human 

plasma. Protein fractions were subjected to SDS-PAGE. Analysis of gel bands and western 

blotting revealed two clear bands under reducing conditions with 55 and 25 kDa molecular 

weights. The aminoterminal sequence of the 55kDa sub-unit showed 83% similarity with 

sequence of the immunoglobulin gamma chain. They concluded that the IgG binds the Fc-

receptor on the fully exposed domain of the plasma membrane anchored PLAP. In other 

words PLAP is a carrier protein responsible for transport of human IgG from the mother to 

the fetus. However, its exact role is not still clear. 

1.2.4 Other antigens 

Trophoblast cells express other antigenic markers that can be detected by specific antibodies. 

There are also some antigenic markers that are not expressed by these cells. Some of the main 

antibodies used in research with their specificity are summarised in Table H. 
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Table II Antigenic expression of trophoblastic cells and their specificity 

Antigen mAb Specificity 
Cytokeratin JMB2, CAM5.2, 

LE61 
Epithelial cells, trophoblasts 

Vimentin V9, VAM Mesenchymal cells, fetal stroma & endothelial 
cells & lymphomyeloid 

PLAP, Placental- 
type alkaline 

• phosphatase* 

NDOG2, H315, 
H315 

Trophoblast 

Hyaluronic acid NDOG1 Villous syncytiotrophoblast & chorionic 
villous mesenchyme in early pregnancy 

NDOG5 NDOG5 Extravillous cytotrophoblast 
HLA-class 1 W6/32 Extravillous trophoblasts 
CD9 CD9 Endothelial cells, lymphocytes, fibroblasts 

coexpress with HLA class 1 on mesenchymal 
cells. other sources: thrombocytes, monocytes, 
basophils, eosinophils, lymphocytes 

HLA-B 4E HLA-B 
HLA-D CR3/43 HLA-DP, DQ, DR 
HLA-B, C MHM.5, B23.1 HLA-B, C 
LCA, Leukocyte 
common antigen 

CD45, H316 All leukocytes, lymphocytes & monocytes 

Human chorionic 
gonadotropin 

p-HCG +/- villous syncytiotrophoblast 

Human placental 
lactogen 

HPL +/- trophoblast 

Pregnancy-specific 
beta-glycoprotein 

SP1 +/- cytotrophoblast 

Transferrin receptor CD53, OKT9 Villous syncytiotrophoblast, nucleated RBCs 
Human milk fat 
globule protein 

HMFG1 Endometrial epithelial cells 

Factor VIII Endothelial 

Bischof et al 1991, Bulmer & Johnson 1985, Butterworth & Loke 1985, Caulfield et al 1992, Douglas & King 

1989, Ellis et al 1986, Kliman et al 1986, Shorter et al 1990, Shorter et al 1993, Wells & Bulmer 1988, Yui et al 

1994. Sunderland et al 1981, Johnson et al 1981, Barnstable et al 1979. 

H317 & NDOG2, which are directed against placental-type alkaline phosphatase are rarely reactive before mid-

gestation, whereas H315 is sometimes reactive with first trimester tissues. +71.1 and 18B/A5 are antibodies, which 

reacted strongly with subsyncitial cytotrophoblast. 
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1.3 Decidual leukocytes cell 

The lining of the uterus, like other mucosal surfaces, is capable of an immune response, 

although this immune response is affected by hormones when the uterus undergoes cyclic 

proliferation and shedding during the menstrual cycle. Three types of antigen usually come 

into contact with the uterus: pathogenic organisms, seminal antigens and trophoblast. 

The immunohistology of the uterus has been studied. Table III shows a summary of the cells 

found in uterine endometrium (Loke & King 1995) 

Table III Leukocytes in nonpregnant endometrium and decidua. 

Non-pregnant endometrium 	 Early decidua 
Proliferative Secretory 	Basalis 	Parietalis  

(Trophoblast+) (Trophoblast+) 
Granulocytes 

Neutrophils — 4+ 4+ — 
Eosinophils — — — — 
Basophils — — — — 

Lymphocytes 
B cells —(+) —(+) —(+) —(+) 
T cells + + + + 
NK cells(LGL) + +++ ++++ +++ 

Macrophages + + +++ + 
Reproduced from Human Implantation Cell Biology and Immunology Loke & King 1995.(page 103) 

In the endometrium before pregnancy and in the early decidua, the most abundant cells are of 

bone marrow origin. They are CD2+, CD3" large granulated lymphocytes that express the 

CD56 marker characteristic of natural killer (NK) cells. Only a minority express the CD16 

antigen that is expressed on most peripheral blood NK cells (see section 1.3.2). CD3+(TCR) T 

lymphocytes and small numbers of B-lymphocytes and HLA Class 11+  cells of the monocyte / 

macrophage lineage are also present. 
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1.3.1 T- and B-lymphocytes 

The number of CD3+  cells (a common marker for T cells) remains constant throughout the 

menstrual cycle and during early pregnancy and there are very few B cells and plasma cells in 

the normal uterus. CD3+  cells account for about 10% (5%-25%) of the leukocyte population 

(Starkey et al. 1988; Nishikawa et al. 1991). The majority of CD3+  cells express c43 T cell 

receptors and there are few y6 T cell present (Chernyshov et al. 1993; Morii et al 1993) and 

less than 5% of decidual lymphocytes co-express CD56 and CD3. The CD56 and CD3 

positive cells have a low expression of CD56 and may represent the small y6 T cells 

population. The TCR expression by y6 clones from decidua parietalis was found to be 

heterogeneous in different areas of the decidua (Chernyshkov et al 1993). 

The relative proportion of cci3 T cells and y6 T cells is similar to the cells circulating in the 

blood. The number of y6 T cells increases during the pregnancy. The above studies shows 

that there are some T cells and very few B cells present in decidua. The phenotypic 

characteristics of the T cell suggests that these cells are active (Halstensen and Brandtzaeg 

1994). However as there is no proliferation of these cells during the first trimester, the 

classical immune response does not seem to be generated. On the other hand there is an 

accumulation of innate effector cells, NK cells, and macrophages in the implantation site. 

1.3.2 Natural killer cells 

NK cells constitute a small population of lymphocytes that have large, granular morphology 

(LGL). NK cells arise from precursors in the bone marrow and exist in normal numbers in 

individuals lacking T and/or B-lymphocytes. NK cells were initially defined by their ability 

to kill certain tumour and virally infected cells but not normal cells, thus participating in host 

defence against malignancy and viral invasion. When it became possible to identify B and T 

lymphocytes on the basis of surface markers, NK cells were found to differ from both of these 
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lymphocyte subsets, expressing a characteristic set of surface markers, but lacking B and T 

cell antigen receptors. After stimulation with IL-2 or IFNa, NK cells demonstrate a broader 

spectrum of cytotoxic activity and lyse most tumours and certain normal tissues (Whiteside et 

al, 1990; Lanier & Phillips, 1992; Yokoyama & Seaman, 1993). 

The maternal uterine leukocytes, which are prominent during early pregnancy, are granulated 

CD 56+  NK-like cells (King & Loke 1991). These cells express CD45, a common leukocyte 

antigen and also early T-lineage antigens, CD2, CD7, CD38 but not the mature T cell markers 

CD3, CD5, CD8 (Bulmer & Sunderland 1984; Bulmer & Johnson 1985,1986). Although 

human uterine granulated cells have a distinctive surface phenotype reminiscent of CD3-  NK 

cells / LGLs, there are differences between uterine LGLs and peripheral blood NK cells. 

Most circulating NK cells are CD3-  CD2+  CD16 bright  CD56dim  whereas decidual LGL are 

CD3-  CD2+  CD16-  CD56bright. CD16 is the FcyRIII, a low affinity receptor for aggregated IgG 

(section 1.2.1.4). About 1% of peripheral blood NK cells display the decidual phenotype. 

The surface density of CD56 (NCAM) on decidual LGLs is over 20 times that found on 

most circulating NK cells (King & Loke, 1991). CD16 is the Fc receptor of NK cells. Table 

IV shows the phenotypic differences of NK cells in decidua and blood. 

Table IV Phenotypic differences of blood and decidual NK cells. 

Blood 	 Decidua 
NK markers 	 CD56dim 	 CD56brigm  

CD 1 6bright 	 CD16 
CD57± 	 CD57-- 

Cytoplasmic CD3 	cyCD3- 	 cyCD3+  
Activation Markers 	CD69- 	 CD69+  
NK activity 	 High 	 Low 

Respond to high- 	Respond to low- 
dose IL-2 	dose IL-2 

Cytokine production 	GM-CSF- 	 GM-CSF+  
CSF-1- 	 CSF-1+  

Reproduced with permission (Loke & King 1995 ; page119) 
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In an investigation in which flow cytometry was used to characterise cell populations in the 

decidua of first-trimester normal pregnancies, spontaneous abortions, ectopic pregnancies and 

the non-pregnant endometrium, there was a marked increase in the proportion of CD56+  cells 

from the proliferative phase to the secretory phase of the normal cycle and during the first 
the 

trimester of pregnancy. Table V shows the phenotype ofionain population of CD56bright  

decidual cells. These cells expressed both high- and/or intermediate-affinity LL-2 receptors, 

and an early activation antigen, CD69. It is suggested that these cells may have multiple 

functions, not only to survey excessive trophoblast invasion or become non-specific effector 

cells, but also to influence trophoblast and other immunocompetent cells at the fetomaternal 

interface by secreting cytokines needed for maintenance of pregnancy. 

CD 56 is NCAM, the neuronal cell adhesion molecule (Goridis & Brunet 1992). There are 

three different isoforms of NCAM expressed on NK cells (120 kDa, 140kDa, 180kDa). All 

three isoforms are present in blood, although the isoforms of NCAM present in the decidual 

cell population are unknown (Husmann et al 1989). It has been suggested that the three 

different isoforms of NCAM are involved in allorecognition, which would be interesting in 

the recognition of trophoblast (Suzuki et al 1991). As the expression of NCAM is very high 

(CD56bright)  on decidual cells, it might be important in the function of these cells. 

Table V Phenotypes of majority population of CD56bright  decidual cells 

NK cell markers 	 Cytokine receptors 
CD16- 	 IL-2R13+  
CD5T 	 IL-Ra(cd 25)'x+  
CD56bright 	 c-kif 
Early T cell markers 	 IL-7R- 
CD2±  
CD7± 	 11\IF-R- 
CD38± 	 1L-1R- 
Mature T cells markers 	 TFNR 
m CD3- 	 GM-CSFR- 
CD4- 
CD6- 
Activation markers 
CD69+  
Kp43+  
HLA-DR- 

Reproduced with permission (Loke & King 1995 ; page119) 
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1.3.2.1 NK cell function 

NK-mediated cytotoxicity can be divided into four phases. First, the NK cell must bind to the 

target cell via a receptor that recognises structures on the target cells. The second phase 

involves the triggering or activation of intracellular processes in the NK cells, probably 

affecting the cytoplasmic granules and leading to the rearrangement of the granules and other 

cytoplasmic organelles towards the site of binding with the target cell. The third step appears 

to involve the release of some granules or their contents from the NK cell at, or in close 

proximity to, the junction with the target. Molecules of the granule cytolysin would then bind 

to the target cell, presumably at sites separate from those recognised by the NK receptor. The 

soluble NK cytotoxicity factor (NKCF) may be an alternative but less efficient mechanism of 

lysis or it may be related to the granule cytolysin. There is evidence for a binding step in the 

interaction of NKCF with target cells, since NKCF can be absorbed out by susceptible targets, 

and these then lyse without any further exogenous exposure to granules or NKCF. The final 

step in the cytotoxicity pathway is lysis of the target cells (Herberman et al, 1986). 

NK cells recognise target structures that differ from the TCR. This fact is supported by 

marked functional differences between T cells and NK cells in their requirement for major 

histocompatibility complex (MHC) antigens on target cells (Kane 1993). Whereas CTL lyse 

targets that have MHC Class I antigens, NK cells effectively lyse targets that lack MHC Class 

I antigens. Natural killing is often inhibited by the expression of Class I antigens on targets. 

As physical contact between NK cells and target is required for killing, the molecular basis 

for killing and for target specificity very likely involves specific interactions between cell 

surface molecules expressed by the effector and target cells. The inhibitory effect of MHC 

antigens on killing of target cells may be due either to interference with the recognition of 

34 



other target structures, or initiation of inhibitory signals in NK cells (Yokoyama & Seaman, 

1993). 

The "missing self' hypothesis suggests that one function of NK cells is to recognise and 

eliminate cells that fail to express self-MHC Class I molecules. The hypothesis predicts that 

the absence, or reduced expression, of "self' MHC Class I products (whether caused by 

mutation, transformation, arrest in differentiation or viral infection) could be sufficient to 

allow a cell to be recognised and eliminated by NK cells. An induction of "self' MHC Class I 

molecules on such a target should be sufficient to prevent rejection mediated by NK cells. 

Three molecular models have been proposed. In the first, an effector inhibition model, MHC 

Class I molecules could function as a post-binding inhibitory signal for NK cells. In the 

second, a target interference model, MHC Class I antigens could mask or downregulate target 

structures that are responsible for NK cell activation (Ljunggren & Kane, 1990). The third, a 

"multiple choice model" also proposed by Ljunggren and Kane (1990), suggests that 

different structures in the target cells are involved in NK cell-mediated lysis. This has been 

supported experimentally by Solana et al (1991). 

1.3.2.2 NK receptors 

On CD16+  peripheral NK cells, but not decidual LGL, which are virtually all CD16-, the 

CD16 surface marker, which is the Fc7R1II Fc receptor, can bind to IgG antibodies coating a 

target cell. This may lead to NK cell activation and lysis of the target, i.e. ADCC (see section 

1.4.4.). NK cells can also be activated to lyse targets through the CD2 molecule. Neither 

CD16 nor CD2 appear to play an important role in natural killing because NK cells that lack 

either antigen can still be cytotoxic (Yokoyama & Seaman, 1993). Recently, a lectin like 

superfamily of surface proteins have been identified on NK cells. They share a common 

structure, and are genetically linked but they appear to have opposing effects on NK cell 
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activity. They are encoded in a single genetic rejoin called NK complex (NKC). In mouse 

and rat it encodes an inhibitory receptor, Ly-49 and a stimulatory receptor NKR-P 1. In 

human an equivalent region of Ly-49, genes encoding for CD 94 and a stimulatory receptors 

NKG2 is found (Ryan & Seaman 1997). 

NK cells appear to express multiple forms of these molecules and a single NK cell 

simultaneously expresses both inhibitory and stimulatory receptors. However, the inhibitory 

influence of Ly-49 engagement appears to be dominant over any stimulatory signal. It is 

postulated that an NK cell can be activated to kill a target cell if the NK cell expresses an 

appropriate member of the NKR-P 1 receptor family and the target expresses its specific 

putative ligand. It is widely accepted now that major histocompatibility complex (HLA) class 

I molecules are target ligands for NK cells. There is evidence that both HLA-G and HLA-C 

can exist at the trophoblast cell surface in a form not bound to 132-microglobulin, but it is still 

uncertain whether these free heavy chains or B2-microglobulin complex forms are recognised 

by NK cells (King et al, 1997). 

NK cells can also kill targets by ADCC, when the immunoglobulin that recognises a target 

cell binds to Fc receptors on the NK cells. If the inhibitory receptor is also engaged, the 

activation of NK cells, for either cytotoxic pathway, is cancelled. This is most likely to occur 

by abortion of activation signals at a point distal to the ligand binding of NKR-P 1 or Fc 

receptors. If correct, this regulatory mechanism is likely to play a significant role in the NK 

cell's ability to discriminate between normal and diseased cells (Yokoyama & Seaman, 1993). 

1.3.2.3 NK Recognition of target cells 

There has been extensive research in recognition of NK receptors and their ligands on the 

target cells. Researchers have not been able to define them conclusively (Moretta et al 1994, 
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Yokoyama 1995). However, several general principals have emerged. 

A) The heterogeneity of NK cell receptors arises from the combination of several NK 

receptors. 

B) There are both stimulatory and inhibitory receptors that dictate the lytic activity of NK 

cells and the balance between these receptors influence the behaviour of the NK cell. 

C) Proteins of the C-type lectin family have been found to be expressed on NK cells in mice, 

rats and man. They are characterised by the presence of the carbohydrate recognition 

domain (CRD). 

D) It is generally accepted that the function of the NK cells is affected by the presence of 

MHC class I molecules. This is of particular interest as it affects the recognition of 

trophoblast class I molecules. 

TableVl shows human NK cell receptors. 

Table VI Human NK cell receptors 

Name Structure Ligand Comment 

NKB1 70kDa 
glycoprotein 

HLA-B, alleles Bw4 

Kp 43 (CD 94) Disulphide, linked 
homodimer 

HLA-B,alleles Bw6 Structurally related to 
murine Ly-49 family 

P58 P58kDa 
homoheterodimer 
associated, with 

HLA-C alleles Defined by mAbs GL 
183 and EB6 

CD3 chain 

NKG2 C-type lectin ? Defined by cDNA 
cloning only 

NKR-PIA C-type lectin ? Homologous to 
rodent NKRP-1 
which recognises the 
carbohydrates 

CD69 C-type lectin ? Expression is not 
restricted to NK cells 

Loke & King 1995. Yokoyama 1995, Morett 1994 
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1.3.3 Macrophages 

Macrophages are present in decidua and are identified by mAbs to CD14. Decidual 

macrophages show adherence to glass, emission of cell processes, and the ability to 

phagocytose. They express the HLA Class II molecules, HLA-DR and HLA-DP (Loke & 

King 1995). In the normal non-pregnant uterus they are probably involved in scavenging and 

degradative functions associated with menstruation. Decidual macrophages are not under the 

influence of hormones but their numbersincrease in a pregnant uterus. They are in intimate 

contact with the invading trophoblast population and the cytotrophoblast shell. Decidual 

macrophages are capable of alloantigen presentation (Oksenberg et al 1986). They express 

GM-CSF-R, CSF-lr and IFN-SR cytokine receptors (Jokhi et al., 1993, 1994a ,1994b). 

1.4 Lymphokines 

The term "lymphokine" was introduced in 1969 to describe "cell-free soluble factors 

generated by the interaction of sensitised lymphocytes with specific antigen and expressed 

without reference to the immunological specificity". During the 1970s and 80s the term 

lymphokine became more widely used and the various lymphokines were named on the basis 

of the activity they produced (Hamblin, 1988). The term "cytokine" has now been adopted as 

an umbrella term to describe soluble proteins, regardless of their source, which function as 

intercellular signals between various cells of the immune system. They are similar to 

classical hormones in that communication may occur at close range or within a small area of 

immunological tissue and, at times, systemically throughout the whole organism. The 

majority of immune responses are probably local and hence cytokines act, generally, in a 

paracrine or autocrine manner, rather than in an endocrine manner on distant target cells ( 

(Ben-Rafael & Orvieto, 1992). 
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1.4.1 Cytokine structure and binding 

Cytokines are proteins or polypeptides. cDNAs for cytokines predict mature proteins 

of 100-200 amino acids, mostly with a clearly defined hydrophobic signal 

sequence of about 20 amino acids which is cleaved to give the active protein. Many 

cytokines contain cysteine residues, which may be important in the formation of 

intramolecular disulphide bonds. Most cytokines are variably glycosylated (usually N-

glycosylated) and the glycosylated proteins may form oligomers. The function of 

glycosylation is unclear since recombinant non-glycosylated proteins and those with the 

glycosylated side-chains cleaved off have the same biological activity as their glycosylated 

equivalents (Hamblin, 1988). 

Cytokine receptor expression may be induced following stimulation of the target cells. In this 

way, receptors, which are normally absent, or present in low numbers, increase in number 

during cell activation and then return to resting levels. Cytokine receptors consist of 

extracellular domains, which bind the ligand, a hydrophobic transmembrane region and an 

intracellular domain. They can be divided into several groups based on their structure (Taga 

& Kishimoto 1995). It is suggested that cytokines enter the cell by internalisation of the 

cytokine/receptor complex by receptor-mediated endocytosis (Hamblin, 1988). 

There are several cytokine receptors expressed at the placenta and uterine interfaces (Jokhi 

1994a & b). Table VII shows a summary of these receptors on trophoblasts. 
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Table VII. Cytokine receptor expression on trophoblasts. 

Receptor 	 villous CT Villous ST 
CSF-1R (c-fms) 	 +/- 

GM-CSF-Ra 	 +/- 
c-kit 

EGF-R(c-erbB1) 	 ++a 	++ 
c-erbB2 	 +1— 
IGF-IR 	 ++ 

PDGF-Ra 
PDGF-R(3 

IL-2Ra — 
IL-2R(3 
IL-6R 
IL-7R 

IFNy-R 
TNF-R (p80) 

Endoglin 

1.4.2 Cytokines and reproduction 

There has been a report of IL-2 mRNA expression in syncytiotrophoblast of term and preterm 

placenta (Boehman et al 1989), but this has not been confirmed. 11-2 is a potent mitogenic 

agent for decidual NK cells (Starkey 1991). This is significant as this cytokine can transform 

NK cells into LAK cells, which are capable of lysing trophoblast cells in vitro (King & Loke 

1990). However, the production of IL-2 has not been convincingly demonstrated in normal 

implantation sites. It has been shown that IL-15 shares some biological properties with IL-2 
and 

and 1L-15. Receptor mRNA has been detected in placenta (Grabstein et al 1994)this could 

prove that it is of importance in normal implantation. 

Interleukin-1 (IL-1) and IL-6 have been reported to be present in oocytes in the first 24 hours 

before fertilisation in vitro. Production of IL-1 appears to be by the surrounding cumulus 

cells, whereas IL-6 production appears to be embryonic. IL-6 can augment the capacity of 

human blood NK cells and their adhesion characteristics (Luger et al 1989, Rabinowich et al 

1993). IL-15 receptors, however, were not demonstrated in decidual NK cells. Production of 

both IL-1 and IL-6 increases after fertilisation and during cleavage. Colony-stimulating factor 
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(CSF-1) has been shown to be produced by unfertilised oocytes and during early embryo 

development, increasing gradually from the oocyte stage and reaching its peak at the 6-8-cell 

stage. CSF-1 may act in an autocrine or paracrine manner to stimulate embryonic cell 

division. CSF-1 has been found to alter surface MHC expression by extravillous trophoblasts 

(Vario & Hamilton 1991). The discovery of increasing tumour necrosis factor (TNF) activity 

in more advanced (6-8 cell) embryos has led to the proposal that an inflammatory response 

may be mediated by TNF at the implantation site (Zolti et al, 1991). Spontaneous fetal 

resorption in the mouse can be prevented by intraperitoneal injection of granulocyte-

macrophage (GM)-CSF into pregnant mice (Ben-Rafael & Orvieto, 1992). 

A variety of cytokines have been reported to be produced by placental cells, including IL-1, 

IL-2, IL-6, IFNa, IFNy, and TNFa. GM-CSF has been shown to be released from cells of 

murine decidua and to be formed in response to the invading trophoblast. CSF-1 is produced 

by epithelial gland cells in response to luteal hormones and decidualisation. The addition of 

GM-CSF or CSF-1 to cultures of placental cytotrophoblasts from human term pregnancies 

was shown to stimulate both differentiation to syncytium and release of human placental 

lactogen and hCG. GM-CSF can also promote embryonic implantation into uterine 

epithelium cultured in vitro. However, the injection of large amounts of CSF-1 into pregnant 

mice interferes with implantation and results in fetal resorption, suggesting that CSF-1 acts in 

an autocrine or paracrine manner to stimulate or inhibit embryonic development, depending 

on interactions with other cytokines or local factors (Ben-Rafael & Orvieto, 1992). 

1.4.3 Interleukin-2 (IL-2) 

IL-2 RNA transcripts have been detected in human placentae from all three stages of 

gestation. The IL-2 RNA transcripts are localised primarily to the syncytiotrophoblast, 
by 

indicating that the IL-2 gene is expressed human placental syncytiotrophoblast (Boehman et 
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al, 1989). In vitro stimulation of human decidual LGL with recombinant IL-2 generates a 

population of LAK cells with the ability to lyse trophoblasts (King & Loke, 1990). 

1.4.4 Insulin-like growth factor binding proteins (IGFBP) 

There are at least six different types of IGFBP. IGFBP-1 is a —25kDa growth hormone-

independent protein, produced by the secretory and decidual cells of the human endometrium, 

and synthesis is triggered or enhanced by progesterone. As IGFBP-1 inhibits the binding of 

IGF-1 to its endometrial receptor it could be one of the factors, which locally block the 

mitogenic effect of IGF-1, thereby participating in the proliferative/ secretory transition of the 

endometrium. A number of proteins synthesised by the endometrium such as placental 

protein 12 (PP12), which have been independently identified and characterised, have been 

found to be identical to IGFBP-1. IGFBP-2 is a non-glycosylated protein with an apparent 

molecular weight of 3 1 kDa and is the major IGF-binding protein in cerebrospinal fluid. 

IGFBP-2 mRNA has also been detected in the human endometrium. Unlike IGFBP-1 

mRNA, IGFBP-2 transcripts have been detected in both proliferative and secretory 

endometrium with expression being higher in the secretory phase. Endometrial synthesis of 

IGFBP-2 is stimulated by progesterone and synthesis of IGFBP-2 by endometrial stromal 

cells is enhanced by oestradiol and progesterone. IGFBP-3 is the major IGF carrier in serum 

with a molecular weight of 29kDa (which forms a 150kDa complex) and is growth hormone-

dependent. IGFBP-3 is synthesised in the liver and term human placenta. IGFBP-3 is also 

secreted by stromal cells and its synthesis can be enhanced by oestradiol and progesterone, 

though not as markedly as that of IGFBP-2. During pregnancy both IGFBP-2 and IGFBP-3 

are present in the peripheral circulation but in reduced concentration, whereas IGFBP-1 

increases steadily throughout pregnancy (Fay & Grudzinskas, 1991; Seppala et al, 1992). 
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1.4.5 TNF 

TNF appears to be involved in the regulation of growth and differentiation in feto-maternal 

tissues. TNF may have a role in spontaneous abortion since it appears to have a direct effect 

on the placental vasculature, resulting in haemorrhage and necrosis in a similar fashion to the 

observed effects of TNF on tumours (Fay & Grudzinskas, 1991). In the mouse CBA x 

DBA/2 spontaneous resorption model, Chaouat et al (1991) showed that resorptions were due, 

at least in part, to the action of TNF. Treatment with lipopolysaccharide (LPS), a TNF 

inducer, caused an increase in resorption rate, whereas treatment with either rabbit anti-TNF 

antiserum or oxypentifylline (which blocks TNF release) reduced the resorption rate. In 

addition, treatment with anti-asialo GM1, which eliminates NK cell activity, caused a 

reduction in the resorption rate. Thus it can be suggested that NK cells activated by TNF are 

responsible for causing resorption. It is possible that the same system operates in human 

spontaneous abortion. 

1.4.6 Placental protein 14 (PP14) 

PP-14, also known as endometrial protein 15, pregnancy-associated endometrial a2-globulin, 

progesterone-dependent endometrial protein, chorionic a2-microglobulin, placenta-specific 

a2-microglobulin, and human a uterine protein, is a glycosylated f3-lactoglobulin homologue 

which was originally isolated from extracts of term human placenta. Disclosure of the 

complete structure of the PP14 gene has led to the proposal that PP14 is the first 

progesterone-regulated protein identified in the human. 

PP14 represents a major soluble protein produced by decidua in early pregnancy and is not an 

absorbed serum protein. PP14 is confined to the endometrial glands and the highest 

concentrations in endometrial tissue are found at the onset of menstrual bleeding, or in 

decidua after the first trimester of pregnancy. In pregnancy the serum level of PP14 rises until 
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week 10 of gestation, its secretory pattern closely resembling that of hCG, although there is 

no functional relationship or similarity between the two proteins in terms of tissue of origin, 

structure, or immunological properties. 

Purified PP14 inhibits the mixed lymphocyte reaction (MLR) and PHA-induced 

lymphoproliferation. It is this protein in decidual extracts and not the total protein content of 

the extracts which is responsible for the suppression. It is suggested that the protein may act 

at the IL-2 / IL-2 receptor level of the immune response since crude decidual extracts shown 

to contain PP14 inhibited IL-2 production and soluble IL-2 receptor release from PHA-

stimulated lymphocytes. The protein levels at which immunosuppressive activity occurred in 

vitro are similar to the PP levels in uterine luminal fluid and cervical secretions, suggesting 

that this protein could act as a local immunoregulatory factor of cell-mediated immunity in 

vivo (Seppala et al, 1992, Searle, 1993). 

1.4.7 Pregnancy-associated plasma protein A (PAPP-A) 

PAPP-A, a macromolecular glycoprotein of dimeric structure, was first detected in the plasma 

of pregnant women. During pregnancy, PAPP-A levels increase in the maternal circulation to 

reach peak levels at parturition. Direct measurement and immunohistological studies have 

shown this protein to be localised to and synthesised by the decidua and endometrial glands of 

pregnant uteri, as well as by placental trophoblast. PAPP-A is progesterone dependent but is 

neither pregnancy nor decidua-specific as it is present in seminal plasma, preovulatory 

ovarian follicular fluid, and in non-pregnant endometrial glandular and stromal cells. The 

physiological role of the protein is unknown (Searle, 1993). 

1.4.8 Other Endometrial proteins 

These include the extracellular matrix (ECM) proteins, fibronectin, laminin and collagen; 
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immunoregulatory proteins, secretory component and complement factors; mucins, which 

may interact with the blastocyst to facilitate attachment and subsequent implantation; and 

lacto-N-fucopentaose-1 which is involved in vitro blastocyst attachment (Fay & Grudzinskas, 

1991). 

1.5 Alloantibodies in sera of pregnant women 

It is known that maternal responses to fetal and placental alloantigens occur during 

pregnancy. It has been shown that MHC-antigens, some trophoblast cell surface components 

and some molecules present on B-cells and activated T-cells can initiate an immune response 

in the mother (Winchester et al 1975, Davies & Browne 1985a & c, Reed et al 1991, 

Arkwright & Redman 1991, Jalali et al 1989, 1995). The nature of most of these antigens is 

still not well defined. 

Both humoral and cell mediated immunity (CMI) to placental, paternally derived antigens can 

occur in first or subsequent pregnancies(Sargent et al 1982). The maternal immune responses 

to erythrocyte and leukocyte antigens are well known, and have been suggested to have a 

beneficial effect on successful pregnancy by production of plasma factors such as antibodies 

(Pence et al 1975, Rocklin et al 1976). 

1.5.1 HLA Antibodies 

The production of leukocyte specific antibodies during pregnancy was first reported many years 

ago (van Rood et al 1958). The presence of antipaternal lymphocytotoxic alloantibodies (APCA) 

has been demonstrated in the sera of multiparous women who have had successful 

pregnancies (Payne 1962, Doughty & Gelsthorpe 1971). In a study of the time course of 

maternal allosensitisation to fetal HLA antigens it was found that the mother produced 

antibodies against some but not all of the HLA antigens as early as the eighth week of 
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pregnancy (Gilman-Sachs et al 1989). They showed that most of these were against paternal 

T and B cells and were IgG (predominantly IgG1) molecules, but occasional IgM antibodies 

are found. 

Anti Paternal Cytotoxic Antibodies (APCA) are absent in the sera of most women with 

recurrent spontaneous abortion (Mowbray et al 1983, Johnson et al 1984). However, the role 

of antipaternal antibodies in pregnancy is unclear. APCA antibodies are not harmful to the 

trophoblast or fetus and it has been assumed that successful pregnancies may require some of 

them; they may be markedly enhanced by maternal allogeneic recognition (Coulam et al 

1991). Later it was shown that the presence of APCA is associated with fertility rather than 

infertility (Coulam 1992). The primary and secondary recurrent spontaneous aborters and 

infertile women were found to have lymphocytotoxic antibodies less often than fertile 

women. However this could be due to failure to reach a full term pregnancy. 

The incidence of antipaternal antibodies varies in different studies from 6-50% (Jensen 1964, 

Terasaki et al 1970, Tongio et al 1991, Stastny 1972). Regan et al (1991) found that the 

incidence of APCA in 256 normal pregnancies was 32% compared with 10% for 50 

pregnancies, which aborted. It has been speculated that the detection of APCA occurs only 

when the antibodies are not fixed and absorbed onto fetal tissues expressing the relevant 

antigens (Ahrons 1971) or by placenta (Wegmann et al 1979). Gilman-Sachs et al (1989) 

investigated the presence of antipaternal antibodies in women with recurrent spontaneous 

abortion who had been immunised. They detected the antibodies by two-colour flow 

cytometric analysis and standard microcytotoxicity. Two thirds of couples had non-cytotoxic 

antibodies when assayed by flow cytometry, whereas only one third of couples were positive 

when assayed by classical microcytotoxicity. Other investigators reported that HLA-

antibodies (Abl) induced the development of anti-idiotypic antibodies (Ab2) followed by 
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disappearance of Abl (Agrawal et al 1994). 

1.5.2 Mixed Lymphocyte Culture (MLC) blocking antibodies 

The MLC assay has been used as an in vitro model for studying allogeneic reactions between 

individuals. In reproductive immunology the inhibition of the proliferative response of 

maternal lymphocytes to paternal lymphocytes is measured. Non-specific blocking factor(s) 

in the sera of most pregnant women will inhibit the reaction. 

Bissenden et al (1980) using an MLR between mother and father found that sera from 

pregnant women contained immunosuppressive factor(s) which could be detected by 29 

weeks gestation and having a greater effect by 36 weeks of pregnancy. The presence of serum 

blocking factors that may prevent the recognition of the immune response could provide an 

explanation for the apparent lack of maternal reactivity against trophoblast. Later, the 

prevalence of MLC inhibitors to husband's lymphocytes in sera of women was shown to 

increase with the duration of pregnancy (Coulam 1992). In these studies 4% of infertile 

women, 20% of women with recurrent spontaneous abortion and 44% of fertile women had 

an MLC inhibitor. It should be mentioned that of the antibodies detectable at that time, there 

was a correlation between antipaternal cytotoxic antibody production and MLR blocking 

activity (Mowbray et al 1983). The correlation with success was greater with MLR blocking 

antibodies than APCA. 

In investigating blocking factors in sera of women with recurrent spontaneous abortion 

(RSA), the immunologic responsiveness of these women was studied (Unander & Olding 

1983); 75% of them displayed no blocking activity in one way MLR. Cimino et al (1991) 

also studied the activity of the blocking factor in women with at least two consecutive 

abortions. They used a one way MLR and showed that 45.5% of these women lack adequate 
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blocking activity. The blocking activity, however, is not always detected in the sera of 

women who have had normal pregnancies (Rocklin 1982). Bjerk (1994) has claimed that 

MLR assays of peripheral blood lymphocytes do not seem to reflect the local immune state in 

the uterus, either in the pregnant or non-pregnant state. These data suggest that more 

sensitive and specific assays are needed to assess the presence of blocking factor antibodies 

and to identify immunologic causes of reproductive disorders. 

1.5.3 Anti-Idiotypic antibodies 

Antigenic epitopes that occur in the variable region of the Fab portion of an antibody 

molecule are called "idiotypes". The "idiotype" of a particular immunoglobulin is the sum of 

the individual epitopes (Janeway & Travers 1994). If an antibody is used as an immunogen, it 

is possible to induce the production of anti-idiotypic antibodies (Ab2). These antibodies 

structurally resemble the original epitopes of the antigen, which elicited the antibody (Ab 1). 

In fact, individuals make immune responses to their own idiotypes. It has been suggested that 

the resultant idiotypic network regulates the immune response (Jane 1974). 

It has been shown that sera from parous women contained anti-idiotypic antibodies (Suciu-

Foca et al 1983a & b). These antibodies reacted with maternal T lymphocytes that had been 

primed in vitro with HLA-Class II antigens either from the partner or an unrelated donor. 

Agrawal et al (1994) re-tested sera from women who were initially positive for anti HLA 

antibodies in pregnancy 7-9 months after delivery. Ten out of thirty one women were found 

to have lost the antibodies. They tested these sera for the presence of anti-idiotypic antibodies 

by inhibition of complement dependent cytotoxicity (CDC) with the positive sera. All the sera 

contained CDC blocking antibody by this inhibition technique. They assigned the anti-

idiotypic antibody, which was directed against the anti HLA antibody to the CDC blocking 
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factor. 

Behar et al (1991) investigated the role of the idiotypic network in habitual abortion. They 

found 64% of sera from pre-immunised patients did not contain anti-lymphocyte antibodies. 

These sera, however, inhibited the activity of antibodies to the HLA Class I antigens 

expressed by the spouse. This suggested that there were anti-idiotypes for the binding site of 

HLA antibodies. Sera from women who were treated successfully by immunisation with 

paternal cells contained both cytotoxic IgG anti-HLA antibodies and inhibitory IgM anti-

idiotypic antibodies. 

Torry et al (1991) proposed that anti-idiotypes might regulate the production of antipaternal 

antibodies and in normal pregnancy immunoregulatory effects of both antibodies may be 

necessary. Sugi et al (1991) suggested that treatment of women with recurrent spontaneous 

abortion by immunisation using paternal lymphocytes is actually due to the production of 

anti-idiotypic antibodies. 

1.5.4 Anti-trophoblast antibodies 

Different subsets of trophoblast epithelium are exposed to the maternal immune system and 

constitute major elements of allogeneic recognition in pregnant women. The 

syncytiotrophoblast of the chorionic villi, which forms the major fetal interface of the 

placenta, is bathed in maternal blood. This layer does not express MHC-molecules. Some 

investigators have assessed the presence of antigens other than HLA-antigens, which may 

elicit an immune response. Davies (1985a) developed an enzyme linked immunosorbent 

assay (ELISA) for detection of antibodies to syncytiotrophoblast plasma membrane. He used 

sheep anti-human IgG or IgM antiserum conjugated to a bacterial enzyme, urease, and 

showed that antibodies were present in sera of some pregnant women. 
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Davies & Brown (1985a, b & c) and Billington & Davies (1987) attempted to characterise 

these antibodies and the epitopes to which the antibodies are directed. The antibodies were 

predominantly IgG (IgG 1, IgG2 and IgG4 subclasses) and few were IgM. They detected the 

IgG in 77% and IgM in 48% in primiparous pregnancy sera. The IgG response could be 

detected throughout the pregnancy but IgM had declined to background levels by the tenth 

week of the pregnancy. Formation of antibodies was predominantly in a first pregnancy, and 

was found to a lesser degree early in a second pregnancy. Women in their third and 

subsequent pregnancies had only weakly detectable antibodies. The reason for this gradual 

decline remained unclear. They speculated that the allogeneic recognition, which occurs in a 

first pregnancy, generates some form of immunosuppression. Exposure to a pregnancy 

involves the activation of suppressor memory cells. The epitope(s) and their characteristics 

are still unclear. 

MacLeod et al (1989) prepared TLX and TBX ( trophoblast B cell cross-reactive) antisera. 

They used the standard long lymphocytotoxicity assay and showed that antibodies to TBX 

antigens were cytotoxic to B but not to T lymphocytes and they were not directed against 

HLA-DR. Blocking studies showed that activities of TLX antisera against peripheral blood 

lymphocytes (PBL) and TBX antisera against B-cells were not decreased when Class I and II 

antigens were blocked by non-cytotoxic mAbs to human Class I and II antigens. This 

suggests that antibody content in TLX and TBX antisera is not directed towards the classical 

HLA Class I or Class II antigens. 

1.6 Spontaneous abortion 

The World Health Organisation definition of abortion is " the expulsion or extraction from its 

mother of an embryo or fetus weighing 500g or less ". This weight criterion was chosen 

because it corresponded to a gestational age of 20-22 weeks which is considered to be below 
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the minimum for viability (Stirrat, 1990a). Spontaneous abortion is the commonest 

complication of pregnancy. It has been suggested that over 60% of conceptuses will be lost 

before 12 weeks gestation (Stirrat, 1983). 

1.6.1 Causes of RSA 

The commonest direct cause of single abortion is probably sporadic chromosome 

abnormalities, which may occur consecutively and recurrently merely by chance. Other 

potential but rare causes include endocrine factors such as inadequate luteal function, 

hypothyroidism, diabetes mellitus, and carbohydrate intolerance, as well as infective agents 

such as Toxoplasma, Listeria, Brucella, Chlamydia and Mycoplasma, Herpes simplex and 

Cytomegalovirus (Stirrat, 1990b). 

The commonest cause of recurrent abortion is probably immunological. A widely accepted 

hypothesis for this immunological cause of recurrent pregnancy loss suggests that a maternal 

cell-mediated NK response to trophoblast develops in all pregnancies and must be blocked by 

specific antibodies for pregnancy to be successful (Stirrat, 1990b). 

It was initially thought that HLA sharing might explain the unresponsiveness of a woman to 

paternal antigens. Response was required for protection, but this hypothesis of a trophoblast 

lymphocyte cross-reacting (TLX) antigen, which is MHC-linked, has fallen into disrepute. 

However, a large study of HLA sharing has shown only a weak association with recurrent 

abortion, although this is stronger with HLA Class II than Class I (Reznikoff-Etievant et al, 

1987). 

In a recent study, pregnant Danish women with a history of RSA were treated in two placebo-

controlled trials investigating the efficacy of immunisation with paternal or third party 
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leukocytes, or with immunoglobulin (see section 1.6.4.). Those women who had HLA-DR1 

and/or DR3 displayed a poorer pregnancy outcome than those who were negative for these 

types. The authors propose that these HLA types are risk factors, but not essential for 

abortion (Christiansen et al, 1993). 

Studies on the production of anti-paternal lymphocytotoxic antibody (predominantly anti-

HLA Class I) in normal pregnancy show that, in normal women, antibody may be present 

after one pregnancy and with successive pregnancies the antibody usually becomes more 

marked. It has been shown (Taylor & Hancock, 1975) that the cytotoxic effect of maternal 

lymphocytes on cultured trophoblast was completely prevented by maternal serum and that if 

the IgG fraction was removed from the serum, the protective effect was significantly reduced. 

This supports the idea that the presence of anti-paternal antibodies in maternal serum might 

have a protective effect (Beard et al, 1983). Only 8% of women with RSA and no live 

children have detectable anti-paternal lymphocytotoxic antibody compared with 50% of 

women with 3 successful pregnancies. In normal pregnancy serum there are also non-specific 

blocking factors including antibodies to HLA Class I antigens or their receptors. These 

factors have not been found in the serum of most women with RSA (Mowbray & Underwood, 

1985). 

In a study of non-pregnant women undergoing evaluation for recurrent abortion, Hill et al 

(1992) added supernatants generated from the culture of mononuclear cells isolated from the 

women together with either trophoblast antigen extract (derived from the cell lines BeWo and 

JEG-3) or sperm antigen suspension (derived from homogenised normal motile sperm) to two 

cell mouse embryo cultures and trophoblast proliferation assays. It was found that both 

embryo development and trophoblast proliferation were decreased in the presence of 

trophoblast antigen-activated and sperm antigen-activated leukocyte supernatants from 
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women with recurrent abortion, compared with fertile non-pregnant controls. The authors 

suggest that the embryotoxic factor has similarities with IFN7 and propose this as another 

cause of recurrent abortion. 

1.6.2 Treatment of RSA 

Treatment of RSA falls into two main categories, non-immunological including surgical, 

hormonal and psychological treatment, and immunological treatment. A placebo effect 

appears to play a large part in all treatment of RSA, so such treatment may appear useful until 

a properly controlled, double-blind trial has been undertaken. 

1.6.3 Non-immunological treatment of RSA 

Premature labour (the onset of labour with a live fetus) is often confused with abortion so 

RSA women may be offered treatment by cervical cerclage and inhibition of uterine 

contractility. There is a lack of controlled studies to prove the efficacy of the treatment. 

Various abnormalities of the uterine cavity such as double uterus and bicornuate uterus have 

been suggested as causes for RSA. This is an unlikely cause of primary RSA as it is 

improbable that all pregnancies in such a uterus would implant on a thin septum (Underwood 

& Mowbray, 1985; Stirrat 1990b). 

Attempts have been made to treat RSA by giving hCG and progesterone. However, the low 

levels of hCG found before abortion in RSA patients appear to be falling from the normal 

range as a consequence of the abortion, rather than being a causal factor (Underwood & 

Mowbray, 1985). 

There can be no doubt that psychological stress is suffered by couples who have repeated 

spontaneous abortions, but this is different from implicating psychological stress as a cause of 
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the pregnancy loss. It is felt by many obstetricians that appropriate motivation of pregnant 

women, directing them towards a more positive approach to the pregnancy, can be associated 

with prevention of abortion (Underwood & Mowbray, 1985; Stirrat, 1990b). 

1.6.4 Immunological treatment of RSA 

Immunotherapy can be a useful treatment in women in whom no other cause for RSA has 

been ascertained. It has been carried out in two main ways; leucocyte immunotherapy, and 

pooled human intravenous immunoglobulin (IVIG). Two types of leukocyte immunotherapy 

have been used; immunisation with lymphocytes from a pool of unrelated donors, and 

immunisation with paternal lymphocytes. There are several published controlled trials of 

leukocyte immunotherapy and two controlled trials of IVIG are now being carried out, with 

the trial of Coulam (1995) published, which shows a statistically significant higher success 

rate in WIG treated women compared with placebo. Immunotherapy of all kinds must carry 

risks, however, and it has recently been suggested that, since no maternal life-saving 

indication exists in RSA, the psychological factors and possible side-effects of 

immunotherapy should be carefully weighed against the anticipated effects (Jenkins, 1991; 

Nakajima et al, 1991; Marzusch et al, 1992). 

The use of a pool of unrelated cell donors followed the hypothesis that maternal immunisation 

against placental polymorphic determinants cannot occur because of shared TLX antigens 

between the parents. In a study of four primary aborting couples with shared HLA Class I 

antigens, Taylor & Faulk (1981) prepared white cell concentrates from the blood of several 

unrelated donors and each patient was immunised several times over a period ranging from 25 

weeks pre-conception to 26 weeks post-conception. Following treatment, 3 women had 

normal pregnancies and gave birth to healthy babies, and the fourth had a normal ongoing 

pregnancy at the time the paper was published. 
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Mowbray et al (1985) carried out a paired sequential double-blind trial of immunisation with 

paternal lymphocytes. 	Only patients with no detectable antibody against paternal 

lymphocytes were included in the trial. Each patient was given lymphocytes prepared either 

from one unit of the husband's blood or from 20m1 of the wife's blood. Immunisations were 

given intravenously, intradermally, and subcutaneously, on a single occasion. 17 of 22 

women (78%) given paternal cells had a successful pregnancy (continuing beyond 28 weeks) 

compared with 10 / 27 (37%) treated with their own cells. In a further study, overall success 

rates of 77% in women immunised before pregnancy and 71% in those immunised during 

pregnancy were obtained (Mowbray et al, 1987; Mowbray & Underwood, 1987). 

Cauchi et al (1991) undertook a paired sequential trial in which women were immunised with 

either their partner's lymphocytes or saline (control). The result of the sequential analysis 

suggested that there was no significant beneficial effect of the cells compared with control. 

However, lymphocytes were prepared from a volume of blood much smaller than that used by 

Mowbray et al (100-150m1 vs. 400m1). The latter have shown that this dose is, suboptimal for 

protection against RSA (Mowbray, 1987). 

In a study of patients selected from an ethnically homogeneous population of Chinese in 

Taiwan, both primary and secondary aborters were randomly allocated to three groups and 

were immunised with either their own lymphocytes (control group), their husband's 

lymphocytes, or lymphocytes from a third party (normal male). The numbers of recurrent 

abortions, current pregnancies, and babies born were not statistically significantly different 

between the control and immunised groups (Ho et al, 1991). Although an improvement was 

found in the immunised group, the trial had insufficient power to obtain significance at the 

5% level at the time it was published. 
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It is apparent that there has been a great deal of controversy surrounding immunotherapy as a 

treatment for RSA. In a review article, Clark & Daya (1991) suggest that withholding 

treatment on the basis of the results of existing trials was inappropriate. They proposed a 

Consensus Development Conference to study the current published and unpublished trials by 

meta-analysis and to achieve some agreement on the efficacy and side effects of leukocyte 

immunotherapy. Such a conference took place in Washington DC in July 1993. The results 

of trials published and unpublished were studied by an extensive meta-analysis. The data was 

the original data from each participating group, who provided the analysts with the prime data 

of each couple in every trial. The actual analysis was carried out independently by two 

groups, one in Salt Lake City, Utah, and the other in Hamilton, Ontario. The first group were 

against immunotherapy, and the second in favour. Both groups produced virtually identical 

results; paternal cell immunisation was statistically effective over placebo, but 3rd party cells 

failed to gain significance, partly because the effect was smaller, and partly because there 

were smaller numbers in this group. 

The overall effect of paternal cell immunotherapy was to produce one extra child for every 11 

women treated ( only the next pregnancy being considered). It should be remembered that the 

data was mostly several years old, and that results have improved since then, as the groups 

have learned how best to use the treatment, and recognised the need for appropriate cell 

dosage and timing. 

Apart from the published controlled trial of Coulam (1995) and that of Christiansen et al 

(1993) already referred to, an uncontrolled pilot study of IVIG has been reported in RSA 

women in whom chromosomal aberrations, gynaecological malformations and hormonal 

disorders have been excluded. Each woman was given 30g WIG as soon as pregnancy was 
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confirmed, and then 20g every 3 weeks until gestational week 25. The success rate 

(pregnancy beyond week 25) was 75% for primary aborters and 60% for secondary aborters. 

This success rate is similar to that reported for leukocyte therapy and IVIG therapy is thought 

to have several advantages, such as avoidance of the risk of infection (Mueller-Eckhardt et al, 

1991). The success rate of 60% for secondary aborters is close to the control levels obtained 

in trials of lymphocyte immunisation (e.g. Cauchi et al, 1991). 

1.7 Genomic imprinting 

In mammals the expression of some genes varies with the parental origin of the gene. 

Genomic imprinting is the process whereby a gene is chemically modified so that its 

expression is differentially downregulated compared with its partner from the other parent. 

The successful development of the embryo requires the presence of both the paternal and the 

maternal genome. In the mouse, parthenogenetic embryos are capable of producing, at best, 

small somite stage embryos but the development of the extraembryonic tissues is poor. In 

androgenetic embryos the reverse is true; the fetus itself does not develop whilst the 

development of the extraembryonic tissues seems to be normal. The contrasting phenotypes 

of the two types of monoparental embryos suggest complementary roles for the maternal and 

paternal genomes during development (Barton et al, 1984). Further experiments involving 

aggregation chimeras produced between androgenetic, parthenogenetic, and normal embryos 

confirm that there is an inherent tendency of the cells with maternal genome to contribute to 

the embryo and those with paternal genome to the trophoblast, but the yolk sac usually 

contains both cell types (Surani et al, 1987). 

1.8 Animal model of recurrent spontaneous abortion. 

The CBA/J x DBA/2 F1 mouse resorption model has been used to investigate the role of 
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imprinting in the feto-maternal relationship. When CBA/J females were mated to DBA/2 

males, a high proportion of implanted embryos were resorbed due to attack by the maternal 

immune system, stimulated by the expression of unknown DBA/2 antigens at the materno-

fetal interface. When embryos from the reciprocal cross (DBA/2 female x CBA/J male) were 

transplanted to the uteri of pseudopregnant CBA/J recipients, the frequency of resorption was 

lower. Thus F1 embryos whose DBA/2 genome was contributed by the father were resorbed 

more frequently than embryos whose DBA/2 genome was inherited from the mother. Paldi 

(1991) suggests that this may be the consequence of imprinted genes, such that the DBA/2 

specific antigens are not expressed, or expressed to a lesser extent, when inherited from the 

mother. The simpler explanation is merely to point out that the DBA/2 genome will only be 

in the trophoblast, the target of maternal attack, when the DBA/2 genome is transmitted by 

the father, if DBA/2 antigens are the site of maternal attack. 

In an ultrastructural immunocytochemical study of MHC Class I antigens in the placentae 

(gestational day 17) of inbred rats of the WF and DA strains, Kanbour-Shakir et al (1990) 

show that the expression of MHC Class I antigens of maternal origin completely suppressed 

in the placenta. In the placentae of WF x DA and DA x WF natural matings, only paternal 

antigens were expressed. Similarly, when WF x DA or DA x WF embryos were transferred 

to WF recipients, no maternal antigens were expressed in the placentae. The first of these is 

the most interesting, as in this case the recipient female and the female from which embryos 

were obtained were both from the same inbred strain. From these mouse and rat studies, it 

appears that the trophoblast expresses only paternal antigens, at least during early pregnancy. 

If the same is true in the human, this is very important for the observation of Mowbray & 

Underwood (1985) that normal women produced anti-paternal lymphocytotoxic antibody in 

pregnancy. If the trophoblast expresses this paternal antigen, the mother can make antibody 

against it, which might protect the trophoblast from attack by NK cells in the decidua if this 
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antigen were the NK target. This mechanism would only be possible with genomic 

imprinting causing the preferential expression of paternal antigens on the trophoblast. 

Aim of my study: 

To discover which paternal antigens are at the materno-fetal interface and whether there is 

any maternal recognition of such antigens. This is a central matter when interpreting the 

immunological paradox of the survival of a semiallogeneic fetus in an immunocompetent 

mother. Medawar first suggested that protection of the embryo from immunological rejection 

could be accomplished if placental cells failed to express foreign antigens so that there would 

be no immunological reaction directed against the conceptus (Medawar 1966). 

The elements of the immunological response are shown to be present at the materno-fetal 

interface (Whiteside et al, 1990; Lanier & Phillips, 1992; Yokoyama & Seaman; 1993 Loke & 

King 1995). The presence of both humoral and cellular immunological reactions have been 

reported (Sargent et al 1982, Winchester et al 1975, Davies 1985b, Davies & Browne 1994c, 

Reed et al 1991, Arkwright & Redman 1991 and Jalali et al 1989 & 1995). 

Mowbray and Underwood(1985) showed that non-specific blocking factors, including 

antibodies to HLA Class I antigens or their receptor, were absent from the serum of many 

woman with RSA. Mowbray (1986) showed the beneficial effect of immunotherapy, by 

immunisation with paternal cells, in women with RSA. 

A variety of antigens have been found on placentae (Bischof et al 1991, Bulmer & Johnson 

1985, Butterworth & Loke 1985, Caulfield et al 1992, Douglas & King 1989, Ellis et al 1986, 

Kliman et al 1986, Shorter et al 1990, Shorter et al 1993, Wells et al 1988, Yui et al 1994). I 

found many of these antigens to be of great interest when studying the immunology of 
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pregnancy. There are many non-polymorphic surface marker trophoblast proteins, such as 

immunoglobulin receptors, transferrin receptors and the targets for natural killer cell (NK-

cells) which I have studied. Naturally, of special interest would be those which are 

polymorphic (MHC and others), because their existence would allow the possibility of 

allogeneic interaction between mother and fetus, and the consequence of such alloantigen 

encounters or the antibodies produced might be important for the success of pregnancy itself. 

Thus the maternal response to fetal alloantigens in the trophoblast might be damaging and, 

equally, protective maternal responses may prevent such damage to the embryo. 

I set out, therefore, to study the occurrence of maternal responses to some of these antigens 

and the consequences of them. I have concentrated on trophoblast, which represents the fetal 

interface with the mother, studied predominantly in normal term pregnancies. I have tried to 

see what maternal responses there are to trophoblast proteins, and how these, protective or 

damaging, influence the outcome of pregnancy. In this, the role of NK cells in causing 

abortion, as shown by Chaouat and colleagues has been crucial (Chaouat 1994). 
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2. Materials and methods 

2.1 Placenta 

Full term placentae were obtained from the labour ward, St Mary's Hospital London within 

30-120 minutes after delivery, and cooled to 4°C before processing. Frozen placentae were 

obtained from the Rosie Maternity Hospital Cambridge with the help of Dr.Lesley Regan. 

They were stored at -20°C and thawed immediately before processing. 

2.1.1 Microvilli (MV) preparation 

Using the method of Smith, Brush and Luckett (1974) microvesicles (MV) were prepared as 

follows. The placentae were rinsed in cold Barbitone Buffered Saline (CFT), (Complement 

Fixation Test, pH 7.2 Oxoid, Unipath LTD, Hampshire, UK). Blood clots were discarded 

and the superficial portion removed from the fibrous stroma and vessels by scraping with a 

plastic ruler. Material removed was suspended in 400 ml of Phosphate Buffered Saline 

(PBS), (Dulbeco 'A' Oxoid pH 7.3 Unipath LTD, Hampshire, UK) at 4°C and stirred with a 

mechanical agitator (Vibromixer, Chemap AG, Bonn, Germany) for 30 minutes. In later 

experiments the scraping with a plastic ruler was not used, instead the whole placenta was 

suspended in PBS and the fluid was stirred with a mechanical stirrer for a longer period, 45 

minutes at 4°C. The suspension was filtered through a plastic sieve and then centrifuged at 

800g for 30 min at 4°C (MSE mistral 2L), to remove cells and large particles of material. 

The supernatant was removed, and centrifuged at 2400g for 60 min at 4°C (IEC 

International Refrigerated Centrifuge Model B-20). The pellet containing MV was removed 

and re-suspended in 10 ml of cold PBS and centrifuged at 1400g for 30 min at 4°C. The 

supernatant containing MV was dispensed and stored at -70°C (Cliffco deep freeze) in 2 ml 

aliquots. Both fresh and frozen placentae were successfully handled by this technique. 
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2.2 Acid disassociation of IgG 

2 ml aliquots of MV suspension were centrifuged at 2400g for 60 min at 4°C. The pellets 

were then resuspended in 0.5 ml of Glycine-HC1 (BDH Merk LTD, Poole, Dorset, UK), pH 

3.0-7.0 for 60 min at room temperature (RT). 	The acid treated vesicles (Va) were 

neutralised, centrifuged and resuspended in PBS. The Ae (acid eluted antibody) was 

neutralised by dialysis against PBS at 4°C overnight, aliquoted and stored at -70°C until 

used. 

2.2.1 IgG Assay 

Single radial immunodiffusion was done according to the method of Mancini et al (1965). 

1.5g of agarose (Sigma, Poole, Dorset, UK) was dissolved in 150m1 of gel buffer (Appendix 

A) to make a 1% agarose. The solution was placed in a boiling water bath and stirred 

occasionally until the agarose was completely dissolved. 30m1 of 1% agarose was cooled 

down to 60°C and 0.6m1 of rabbit anti-human IgG (Immunopathology Department, St. 

Mary's Hospital Medical School) were added to make a 2% preparation of agarose anti IgG 

mixture. The mixture was mixed as thoroughly as possible and care was taken to avoid 

bubbles. It was poured on to a previously prepared double plate sandwich measuring 100 x 

100mm to give a 2mm gel. This was allowed to solidify (20 min) and then the top plate and 

the rubber frame were removed. Circular wells were punched out in the gel lcm apart using 

a 2mm bore pipette. The small cylinders of gel cut out by the pipette were removed by 

suction. Each well was filled with 5 1.t1 of sample. Three wells were filled with a known 

amount of human IgG. The plates were kept in a strictly horizontal position in a moist box 

and incubated at 37°C for 24 hours. The size of the precipitated ring shape was measured 

carefully and the concentration of IgG was calculated by the following formula: 

2- d2  concentration of IgG = —D 	x S 
S-2  d2  

In which S is concentration of standard IgG, d is diameter of wells (2mm), D = diameter of 
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precipitated ring sample and s is diameter of standard. 

2.2.1.1 Standard curve. 

(RIA) 

25pg of human IgG (Sigma, Poole, Dorset, UK) were coated onto LP3 PVC tubes 

(Luckham, Sussex, UK) in 2m1 of sodium carbonate-bicarbonate buffer 0.05M pH 9.3 

(Appendix A) overnight at 4°C. Tubes were rinsed once with 2m1 of PBS. Subsequently 

unoccupied binding sirkwere blocked in 2% (w/v) Marvel (Cadbury Ltd, Stafford, UK) in 

0.05% (w/v) Tween 20 (BDH, Poole, Dorset, UK) in PBS (TPBS) for 1 hour and washed 

three times using TPBS. Various amounts of radiolabelled protein A (Sigma, Poole, 

Dorset, UK) were added to tubes in duplicate and in 2m1 of 0.1% Marvel in 0.05% TPBS. 

Tubes were incubated for 45 min at RT and then washed 5 times with 0.05% TPBS. The 

radiolabelled protein A bound to equine IgG was measured using a gamma counter (Prias 2, 

United Technologies Packard, Pangbourne, UK). These counts were plotted against 
the 

original counts per min (cpm) of labelled protein G, which were added to,,tubes. In order to 

establish a standard curve, dilutions of a known concentration of human IgG (0-10pg) made 

in 2m1 volumeswith the same Marvel in PBS/Tween buffer were added to tubes. 15000 cpm 

of radiolabelled protein G were added to each tube. Tubes were incubated for 45 minutes at 

RT and then washed 5 times with 0.05% TPBS. The radioactivity was counted and cpm of 

bound-labelled protein G was plotted against known concentrations of human 

immunoglobulin. 

2.2.1.2 Concentration of Samples. 

25 pg of equine IgG were used to precoat tubes as in section 2.5. 22111 of samples and 

15000 cpm of radiolabelled protein A were added simultaneously in 0.1% Marvel in 0.05% 
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TPBS. Tubes were incubated for 45 min at RT and then washed 5 times with 0.05% TPBS. 

The radioactivity (cpm) was counted in the gamma counter. By referring to the standard 

curve the concentration of human IgG antibodies in the acid elution was calculated. 

2.2.2 IgG Purification From Acid Eluted Antibody (Ae) 

To be able to use direct labelled antibodies for a binding assay a protein A column was used 

to purify Ae. Affi-Gell Protein A (Protein A Agarose Bio-Rad Laboratories, Hemel 

Hempstead, UK) was used. A 2 ml syringe packed with 2 ml of Affi Gel was used as a. 

column. Ae aliquots were thawed and were run through the column. The column was then 

washed with PBS until the optical density (OD) at 280,,,n  of the wash-through was zero. 

The bound IgG was eluted with 0.1M citrate buffer pH 3.0. Aliquots of 0.5m1 were 

. a 
collected and the absorbency was measured at 280. mAspectrophotometer (Karl Zeiss 

PMQ11, Germany). Fractions containing IgG were collected, pooled together and dialysed 

overnight against PBS at 4°C. The IgG concentration was then measured and aliquots were 

stored at -70°C until further use. 

2.2.3 Radio Iodination of Proteins 

A) Ae 

Acid eluates were labelled using the technique of Hunter, (1973). 1251 was purchased from 

Amersham (Iodine-125 IMS30, 74MBq, 2mCi, Amersham International, Amersham, UK), 

The protein concentration of samples was adjusted to 1 mg/ml with 0.5 M Phosphate buffer 

pH 7.5. Chloramine T (BDH Merk LTD, Poole, Dorset, UK). and sodium metabisulphate 

were freshly made to the concentration of 25 mg/ml and 20 mg/ml respectively , in 0.5 M 

Phosphate buffer pH 7.5. 1111 of 1251 was added to 20µ1 of the protein sample (13-25pCi/pg 

for IgG). To this 100 of Chloramine T were added and left in a fume cupboard for 45 

seconds. The process was stopped by addition of 1000 of sodium metabisulphate. Labelled 
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materials were diluted with 0.5 M Phosphate buffer pH 7.5 to the volume of 0.5m1 and 

subsequently dialysed against several changes of PBS until the activity of lml of dialysed 

solution contained no radio activity. 

B) Protein A 

Protein A was labelled by the above method. The proportion of chloramine T to the total 

amount of protein was the same except that 2µ1 of 1251 were added per 1µg of protein A(40-

75µCi/ptg for protein A) to give high specific activity. 

2.2.4 Detection Of IgG bound to trophoblast membrane 

IgG eluted from the (Ae) was detected by single radial diffusion using the technique of 

Mancini et al(1965). Rabbit anti human IgG was used as the antiserum (this antibody was 

prepared in the Department of Immunopathology at St. Mary's Hospital Medical School 

and 	it was tested by immunoelecrophoresis for cross-reactivity with other 

immunoglobulins). The amount of IgG which remained bound was either measured by 

secondary acid elution and single radial diffusion, or by measuring the binding of 125I-

streptococcal protein A labelled to microvesicles using the technique of Hunter(1973). 

2.3 Antigen separation from microvesicles 

Several methods were used to extract the antigen from microvesicles. 

2.3.1 Proteolytic Enzymes 

Membrane proteins are usually very difficult to process and investigate. Because of this it 

was decided to prepare a water soluble fraction. 
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2.3.1.1 Trypsinisation of microvesicles 

Microvesicles were centrifuged at 24000g for 20 minutes at 4°C and resuspended in 0.15 M 

Tris-HC1, pH 8.1 plus lmg/m1 trypsin at 37°C for different periods of time 15, 30, 60, 120 

minutes. The reaction was stopped by adding an adequate amount of 0.2 M monosodium 

phosphate to neutralise. Samples were cooled down to 4°C. 

The trypsinisation effect was investigated by measuring the binding of labelled protein A to 

the enzyme treated MV as was explained in section 2.1.6. 

2.3.1.2 Trypsinisation of acidified microvesicles 

Acidified microvesicles were centrifuged at 24000g for 12 minutes at 4°C and resuspended 

in 0.15 M Tris-HC1, pH 8.1 plus lmg/m1 trypsin at 37°C for different periods of time: 15, 

30, 60, 120 minutes. Fifteen minutes incubation at 37°C was found to be adequate for our 

purpose. The reaction was stopped by the addition of 0.2 M monosodium phosphate and 

the suspension was centrifuged at 24000g for 15 minutes at 4°C. The supernatant was 

collected and filtered through a 0.2um pore size disposable filter (Minisart NML, UK) and 

samples were collected in 0.5 ml fractions and used immediately for gel filtration or stored 

at -70°C. 

To separate the trypsin and partially purify proteins, trypsinised supernatants were filtered 

using Fast Protein Liquid Chromatography (FPLC) (Pharmacia, UK). 0.5 ml of trypsinised 

sample were loaded on a 30 ml Superose column(Pharmacia, UK). The column was run at 

the flow rate of 30 ml/h, 1 ml fractions were collected in a LP3 tubes, (2 min/fraction) and 

stored overnight at 4°C. The tubes containing antigen were identified by solid phase radio 

immuno assay (section 2.2.6 ). 
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2.3.1.3 Radio immunoassay of partially purified fractions 

Each fraction was transferred to a new LP3 tube. The tubes were then blocked with 2% 

Marvel (Cadbury. UK) for one hour at room temperature and washed three times with PBS 

Tween (Tween 20, BDH, UK). Labelled Ae was added to each fraction and the total 

volume was made up to 0.5 ml with 0.5% TBS-Tween containing 0.1 percent male NHS 

and was left at RT for 1 hour (5000 c/min /tube). Tubes were then washed three times with 

PBS-tween. Normal male serum was used to block the non-specific binding of Ae to the 

tubes. The tubes were decanted and washed 5 times with PBS-Tween and then counted in a 

gamma counter (Cobra, Hewlett-Packard). This procedure was repeated several times for 

each placental MV, the tubes with high bindings (x+2.SD) were pooled together and 

dialysed against distilled water for three hours and finally each sample was freeze-dried and 

stored at -70°C till they were used. 

2.3.1.4 Reaction of acid eluates with trypsinised fractions 

Trypsinised fractions were prepared as explained in section 2.3.2.2.1. To understand more 

about the polymorphism of the antigen a coated tube assay was set up as was explained in 

section 2.2.4. 2m1 of trypsinised filtered fractions were used to coat LP3 tubes overnight at 

4°C. Tubes were washed 3 times with PBS-Tween and blocked with 2% Marvel in PBS-

Tween. A panel of labelled Aes was used for each trypsinised fraction. 70 ng of 1251 

labelled Aes / per tube were added and incubated at RT for 1 hour. Tubes were then washed 

5 times with PBS-Tween and the radioactivity measured in a gamma counter. 

2. 3.1.5 Gel filtration (SDS gel electrophoresis) 

Isolated material was dissociated by treatment with 1% (w/v) SDS, 5% 2-mercaptoethanol 

(2-ME), in 100mM-Tris HCl pH 6.8,15% glycerol, 0.01% bromophenol blue and heated at 

100°C for 4min before analysis. Electrophoresis of samples was performed on a 10% or 
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12.5% SDS polyacrylamide slab gel using the method of Weber and Osborn(1969) and a 

Bio-Rad apparatus (Bio-Rad, Watford, Herts,UK). 

Unreduced samples were prepared in 1%(w/v)SDS, 100mMTris-HC1 pH 6.8 15% glycerol 

0.01% bromophenol blue immediately before analysis on a 7.5% or 12% polyacrylamide 

gel using the buffer system of Laemli (1970). 

Molecular weight markers were employed at a concentration of 1 mg/ml (Molecular weight 

standard Mixture,Sigma UK or BDH UK). 

2.3.1.6 Implantation 

Gels were run at 60 mA until the marker dye reached the end of the slab and were stained 

with Coomassie brilliant blue stain (Bio- Rad Laboratories, Richmond, Calif, USA). 

2.3.1.7 Immunoblotting of antigen with acid eluates 

Using essentially the method described by Towbin et al (1979) proteins separated on gels 

were 

transferred to a nitrocellulose paper sheet (BA 85,Schleicher and Schuell). The transfer 

was effected in a trans-blot cell (Bio-Rad) with a current of 20mA for eighteen hours and 

then with a current of 100mA for a further hour. The excess protein binding sites on the 

transfer membrane were blocked before further analysis by soaking in TTBS containing 5% 

Marvel for one hour at RT with constant agitation. The conformational configuration was 

restored by incubating the blot at 4°C overnight in TBS solution containing 1% Marvel to 

aid renaturation (Solivan 1989). The nitro-cellulose paper on to which the separated 

materials had been transferred was incubated at 37°C for 2 hours with constant agitation in TBS 

containing 0:1% Marvel and a 1 in 20 dilution of Ae. This was followed by washing 5 
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times in TTBS and then incubating with 1/200 dilution of HRP-conjugated rabbit anti-

human 1.1-chain. The positions of the bands were revealed by incubation with 0.05% 

diaminobenzidine 3,3-diaminobenzidine tetra-hydrochloride, (Sigma, UK) and 0.03% 

H202 in 20 ml of cold PBS. The reaction was then stopped by the addition of 0.1 molar 

HC1. 

2.4 Investigation of binding of eluted antibodies to peripheral blood cells 

The complement dependent cytotoxic antibody test was carried out using the long NIH 

method of Mittal et al (1968). A panel of Ae against peripheral blood cells was used to 

detect the cross reaction of peripheral lymphocyte surface antigens. 

2.4.1 Cells 

Blood was obtained by venepuncture from both male and female volunteers. It was placed 

in 15x110 mm glass tubes containing lml of 3.8% sodium citrate (BDH). Platelets were 

separated by centrifugation at 100g in a bench centrifuge for 15 minutes (Fision, Croydon, 

UK.). The plasma and platelet fractions were removed. The erythrocyte and 

lymphocyte rich portion was diluted 1/2 in PBS, and layered over an equal volume of 

lymphoprep (Nycomed UK, Birmingham, and UK). The tubes were then centrifuged for 15 

minutes at 500g in an MSE bench centrifuge at RT. The supernatant was then removed 

down to the thin layer of cells at the interface and discarded. The cells at the interface were 

removed to 15x110mm tubes and washed twice in PBS, with spinning for 10 minutes at 

700g. Finally the cells were resuspended in Hank's balanced salt solution (BSS)(Flow Labs, 

Ayr, Scotland), and adjusted to the final concentration of 1x106  cells/ml. 

2.4.2 Preparation of T and B-Lymphocyte 

Using the method of Pellegrino, Ferone and Dierich (1975) B-cells were separated. A 
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solution of 2-aminoethylisothiouronium bromide (AET)(Sigma) was prepared (140mM) by 

dissolving 0.5g crystalline AET in 12.5 ml distilled water. The pH was adjusted to 9.0 with 

10 M NaOH. The packed sheep red blood cells (SRBC) from 2-3 ml sheep blood were 

washed 3 times in PBS, resuspended in 10 ml freshly prepared AET-solution and incubated 

at 37°C for 15 minutes in a shaking water bath. The AET-treated SRBCs were then washed 

at least four times, or until the supernatant was clear, free from haemolysis. The 1% 

suspension of AET-treated SRBC (EAET) in Hanks' BSS with 40% heat-inactivated fetal calf 

serum (FCS, Flow Laboratories UK) was made. The suspension of EAET was stored at 4°C 

and used within 15 days. 

One volume of the lymphocyte suspension (approximately 3m1) was mixed with one 

volume EAET. The mixture was centrifuged at 200x g for 5 minutes at RT followed by 

immediate gentle manual tilting to resuspend the cells. The mixture was then layered on 

2.5 ml of Lymphoprep solution in a 15 x110 mm conical bottom tube and centrifuged for 15 

minutes at 700g. The supernatant was removed down to the thin layer of cells at interface 

and discarded. The cells at the interface i.e. the enriched B cells were harvested and washed 

twice in Hanks' BSS; the cell preparation was made up to give 106  cells per ml. The rest of 

the supernatant was removed and the SRBC in the pellet were lysed by adding 3-5 ml 

autologous serum (or fresh AB serum) mixed with an equal quantity of Hanks' BSS and 

incubated for 15 minutes at 372C. T-cells were washed and were resuspended in Hanks' 

BSS to the concentration of 106  cells per ml. 

2.4.3 Preparation of Monocytes 

Using Nycoprep (Nycomed, Birmingham, 	UK) and a modification of the method 

suggested by the manufacturer, monocytes were separated. 5 - 6m1 leukocyte rich plasma, 

from dextran prepared cells (Section 2.8) were layered over 3m1 NycoprepTM 1.068 
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(Nycomed, Oslo, Norway). This was centrifuged at 600g (MSE, bench centrifuge) for 15 

min and then the clear plasma was removed down to about 4 mm above the interface. The 

remainder of the plasma was collected together with all of the NycoprepTM 1.068 solution 

down to just above the erythrocyte pellet. The cell suspension was diluted with 0.9% NaC1 

containing 0.13% (WN) EDTA and 1% fetal calf serum (FCS) to give 6 - 7m1. This was 

centrifuged (MSE, bench centrifuge) at 600g for 7 min. This procedure was repeated twice. 

The cells were resuspended in 5 ml of the same solution and the dilution adjusted to give 5 

x 106  cells/ml. 

2.4.4 Cytotoxic Assay 

Using the modified NIH cytotoxic assay described by Mittal ( Mittal et al 1968 ), separated 

B-Cells were used to screen the cytotoxic activities of Aes. 2µ1 of acid eluate were placed in 

each well of an oiled Terasaki microtiterplate (Flow Labs, Ayr, Scotland) and the plates 

were stored at -70°C. Each plate had two positive and negative controls. An anti-Class I 

antibody was used as a positive control for T-cells and an anti-Class II antibody was used 

when B-cells were screened (Tissue Typing Service of UK Transplant Service, Bristol, 

UK). The negative control was purified male IgG. Cells were prepared as was explained in 

section 2.3 and were diluted to a concentration of lx106. The plates were thawed at RT and 

1µ1 of the cell suspension was added to each well. The plates were incubated for 1.5 hours 

at RT and Sul of rabbit complement (Buxton Rabbits Ltd, East Grinstead, UK) were added 
then 

to each well.The plates wereAincubated for a further two hours. The killing was shown by 
of 

addition,j µI of 2% eosin in tap water. The plates were left for 5 minutes to equilibrate and 

then were read using an inverted microscope (Wild, Switzerland). If they were to be read at 

a later date they were fixed by addition of Sul of 40% buffered formalin (BDH, UK) and 

stored at 4°C. The actual percentage killing was recorded. The plates were always read by 

an independent individual and the results recorded. 
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2.4.5 Reaction of acid eluates with platelets 

The cytotoxic activity of acid eluates was not affected by preincubation of Ae with platelets. 

Reactive Aes (positive in cytotoxic assay) for a panel of four volunteers were selected. 

Cells from each volunteer were prepared using the method explained in section 2.3.1 the 

platelets were removed and washed in PBS twice. B-cells were prepared and stored in 

RAMIE until they were used. Prior to the cytotoxic assay the Aes were incubated with 

platelets, 100111 of 2x 105/m1plus 100111 of Ae for 1 hour at room temperature. The Ae was 

then obtained from the supernatant of the suspension and this was used in the cytotoxic 

assay on the B-Cells. 

2.4.6 Transformed cell lines 

Homozygous cell lines 017B, BIEG, LHM, STR (V), CAA, AVL, COX, and LGYS-A were 

obtained from the U.K. Transplant Service in Bristol. All cells were cultured in RPMI 1640 

medium supplemented with 0.2M/1 L-glutamine, 100 IU/ml penicillin, 1001.1g/m1 

streptomycin, 0.002g/m1 sodium hydrogen carbonate and 10%FCS at 37C, 5%CO2, and 

subcultured twice weekly. The cells were screened with Aes by the method explained in 

section 2.3. 

2.4.7 Flow cytometry 

Flow cytometry was used to investigate further the binding of Ae to the cell surface. The 

cells were washed in PBS and the cell concentration was adjusted to 1x106  per ml. 100µ1 

of cell suspension containing up to lx106  were placed in a FACS tube (Falcon, Flow 

lab,UK) containing 20111 of Aes and incubated for 30 minutes at 4°C. The cells were then 

washed three times with PBS and resuspended in 100µ1 of PBS, 10 µI of fluorescent 

conjugated rabbit anti-human IgG (DAKO Ltd UK) were added to the suspension and 

incubated for 30 minutes on ice. The cells were then washed and resuspended in normal 
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saline (Fluorescence Activated Cell Sorter, FACS Analyser, Becton Dickinson, UK). 

Peripheral blood monocytes and B-lymphocytes were successfully handled with this 

method. 

2.5 Choriocarcinoma cell lines 

JEG-3 and JAR choriocarcinoma cell lines (gifts from Ashley King, Cambridge) were 

maintained in culture in RPMI 1640 medium supplemented with 0.2M/1 L-glutamine, 100 

IU/ml penicillin, 100µg/ml streptomycin, 0.002g,/m1 sodium hydrogen carbonate and 10% 

FCS. The cells were subcultured when nearly confluent and 0.25% trypsin for 1-1.5 minute 

(Sigma .UK) was used to loosen the cells from the side of the flask. Prior to use in the 

assay, cells were removed from the flasks using 0.25% trypsin, and subcultured into a glass 

petri dish containing round plastic coverslips. Cells were then allowed to grow confluently 

over the coverslips. Media from each petri dish was removed and the coverslips were 

washed three times with sterile PBS to remove the fetal calf serum (FCS, Difco 

Laboratories East Molesey Surrey). 	The petri dish was then filled with 1 % 

paraformaldehyde and was left at 4°C for 1 hour. The coverslips were then removed and air 

dried for 30 minutes. The cover slips were then fixed on to microscope slides by adhesive. 

Each slide contained samples from both JEG and JAR cell lines. 

2.6 Natural killer cell assay 

Natural killer cell activity was measured using a chromium release assay and K562 as a 

target (King et al 1988). K562 cells were maintained in suspension and subcultured for 

about 16 hours before labelling (erythroleukemia cells were a generous gift from Dr A King 

, Department of Pathology, University of Cambridge, UK). Preliminary experiments were 

carried out to discover the best time to subculture the K562 cells so that they were in the 

mid-log phase of growth at the time of labelling. 16 hours was chosen as this gave both low 
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background lysis and good lysis by NK cells in the 51Cr. release assay and also meant that 

subculturing could be done at a convenient time. 

The cells were centrifuged at 200g for 10 minutes (BTL bench centrifuge), the supernatant 

was discarded and the cells resuspended in the last drop. 51Cr. as sodium chromate 

(Amersham UK) was added and the cells were incubated at 37°C for 1 hour. The volume of 

chromate added varied with the activity and age of the chromium but was calculated to give 

1-4MBq depending on the size of the cell pellet. After washing twice in PBS and once in 

RAMIE, the cells were resuspended in RAMIE plus supplements and 10% FCS to give the 

concentration of 1 million/ml. 

For the source of NK cells, PBL were prepared from citrated whole blood as described in 

section 2.3.1 and resuspended in culture media at a concentration of at least 5 X 106  /ml. 

The chromium release assay was carried out in LP3 tubes and each assay done in triplicate. 

Each tube contained 10µl 51Cr.-labelled K562. The background release (negative control) 

consisted of K562 with 1000 RAMIE alone and maximum release (positive control) was 

obtained with 100µ1 RAMIE containing 1% Triton X-100. 201.11 of serum - placental eluate 

sample to be tested, or RAMIE medium for control, were added and the 51Cr.-labelled 

K562 and sera - eluates were incubated together for 45 minutes at 37°C. This was to allow 

the antibody in the serum - eluate to bind to the K562 cells before the addition of the PBL. 

Preliminary experiments were carried out to determine whether the eluates had a cytotoxic 

effect on K562. The experimental design was the same as described above but no PBL 

were added. RAMIE medium was added to keep the volume in the tubes constant. The 

chromium release by K562 which had been incubated with eluates was 5.7% or less, a 
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figure comparable with the background release (K562 and RAMIE medium alone). 

1001.11 of PBL were added to each tube containing serum or eluate, and also, for control 

purposes, to tubes containing K562 alone. Preliminary experiments were performed to 

determine the optimum PBL to K562 cell ratio. The mean percentage lysis obtained was 

32% with a ratio of 100:1, 28% with 50:1, and 13% with 10:1. Therefore the PBL to K562 

cell ratio used was between 50:1 and 100:1, depending on the concentration of PBL used. 

A total culture volume of 130121 per tube was found, in preliminary experiments, to give 

better results (i.e. low background lysis and good lysis with PBL). The tubes were 

incubated at 37°C for 31 /2  hours. 

In order to calculate the chromium release in each tube, lml of PBS was added to each tube 

and the tubes were centrifuged at 300g for 15 minutes (Mistral 2L centrifuge). The 

supernatant was decanted into a clean tube and this and the pellet were counted in a gamma 

counter (Multi Prias, Packard). 

2.7 Production of monoclonal antibody 

This experiment was done with the help of Dr Robin Delahay in the Department of 

Bacteriology at St Mary's Hospital Medical School. To raise monoclonal antibody to the 

placental antigen two 2 weeks old BALB/c female mice were immunised on day 0 with 

0.2m1 of acidified vesicles (Va + Freund's complete adjuvant). A second inoculation was 

given on day 14 with 0.2m1 of emulsion, prepared by mixing equal volumes of Va 

suspension in Freund's incomplete adjuvant. On day 28 the mice were tail-bled and their 

serum tested for antibody to Av using a radioimmunoassay technique as was explained 

before. The serum from mice 1 and 2 were found positive. The mouse with the highest anti-

Va activity (mouse 1) was given an intraperitoneal boost of 0.2 ml Va three days prior to 
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cell fusion. 

On the day of fusion, mouse no 1 was killed by cervical dislocation and soaked in 70% 

(v/v) ethanol. The peritoneum was exposed and the spleen removed aseptically in a laminar 

air flow cabinet. The spleen was immediately transferred into a sterile, loose-fitting glass 

homogeniser and gently homogenised in 5m1 serum-free RAMIE-1640 growth medium 

(Flow Laboratories Ltd, Rickmansworth, Herts, UK) and washed twice (300 g for 10 min at 

4°C) with 50 ml volumes of serum-free RAMIE-1640 medium. The spleen cells were than 

resuspended in 10 ml serum-free tissue culture medium and the number of viable lymphoid 

cells/ml determined by counting in a haemocytometer using 0.1% (w/v) trypan blue. The 

cell number was adjusted to 2 x 108  cells/ml. 

2.7.1 Cell fusion 

NSO / I myeloma cells which do not express the intracellular mouse immunoglobulin light 

chain (Galfre and Milstein 1981) were used for fusion. NSO / I is a subline of NS1 / 1.Ag 

4.1g a BALB/c myeloma line of MOPC-21 origin (Kohler & Milstein, 1976, Kohler et al 

1976). 2 x 107  NSO / I cells (grown at 105  cell/ ml in RAMIE-1640 supplemented with 

10% (VN) fetal calf serum (FCS; Difco Laboratories East, Molesey, Surrey, UK) were 

harvested and washed twice in 50m1 serum-free RAMIE-1640 medium for 10 mins at 250 g 

at room temperature. The cells were than resuspended in 10m1 serum-free RAMIE-1640 

medium. NSO / I cells and total spleen cells were mixed in a ratio of 1 : 10. The myeloma-

spleen cell mixture was centrifuged for 10 minutes at 300 g. The supernatant was removed 

by aspiration with a pipette. The pellet was loosened by tapping the tube gently. 2 ml of 

42% (v/v) polyethylene glycol (molecular weight 1500) in serum free RAMIE-1640 

medium containing 15% (v/v) dimethyl sulphoxide (Galfre & Milstein 1981; Norwood et al 

1976) were added drop by drop onto the pellet and the suspension was mixed gently with a 
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5m1 pipette by drawing it up and down. This phase was kept strictly to one minute. 

Immediately over the next minute 10m1 of serum-free RAMIE-1640 were added dropwise, 

which was followed by adding 20 ml of the same medium over a period of next 2 minutes. 

The cells were centrifuged at 300 g for 10 minutes at room temperature. The supernatant 

was carefully aspirated and the pellet gently resuspended in 60 mls RAMIE-1640 selective 

medium containing 10% (v/v) heat inactivated and mycoplasma screened FCS, 2mM L-

Glutamine, 100 units m1-1  penicillin, 100m m1-1  streptomycin, plus 13.6pg m1-1  

hypoxanthine (H), 0.19µg m1-1  aminopterin (A) and 3.8pig m1-1  thymidine (T). The cell 

suspension was then dispensed drop by drop (50111 per well) using a multichannel pipette 

into six 96 well plates. The plates were placed at 37°C in a humidified, 5% CO2 in an air 

incubator and inspected initially for sterility on days 1, 3 and 7. 

2.7.2 Screening of culture supernatants 

Supernatants were screened for mouse immunoglobulin by a dot blot assay (Bio Rad Dot 

System Bio Rad. UK), after the appearance of macroscopically visible colonies 0.1 to 0.2 

mm in size (Engvall & Perlman 1971). Ten microlitre aliquots of neat culture supernatant 

were measured and added to wells of a 96-well cell cassette (Falcon MicrotiterIII. Beckton 

& Dickinson, UK). 40 Ill of .05M carbonate bicarbonate buffer were added to each well and 

the mixture was incubated overnight at 4°C. An ELISA was performed the next day, 

D8 hybridoma supernatant was used as a positive control (D8 was raised in the 

Department of Immunopathology against the VP1 antigen of enteroviruses) and culture 

medium was used as a negative control. The culture supernatant was considered positive 

for antibody when staining was demonstrated in the wells. The positive wells were then 

tested for trophoblast antibodies using a dot blot technique. Nitrocellulose membrane 

was coated with 100 pi of 1/100 dilution of Av and the dot blot was performed. D8 
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hybridoma supernatant was used as a negative control. 

The positive dot blot wells were then tested for specific binding to antigen in an ELISA 

system. 96 well microtiter plates were coated with 50µ1 of 20µg/m1 of Protein G (Sigma 

UK) overnight at 4°C. The coated plates were then washed with PBS-Tween and blocked 

with 2% Marvel in PBS-Tween for one hour at RT. 20 ptl of Ae were added to each well 

and the plate was left for one hour at RT. The plates were then washed 3 times with PBS-

Tween and 50 µ1 of 1% NRS was added to each well and incubated for a further 30 

minutes. After x3 wash with PBS-Tween120µ1 of solubilised autologus Av plus 30 µI of 

1% NRS in PBS-Tween were added to each well and incubated at RT for 1.5 hours. Plates 

were then washed and used to screen hybridoma supernatants. 100 of hybridoma plus 40µ1 

of 1% of NMS in PBS-Tween were added to each well, and were incubated for one hour at 

RT. Plates were then washed and positive wells were detected by a rabbit anti-mouse 

peroxidase conjugated immunoglobulin (Dako Ltd, UK). 

2.7.3 Selection and maintenance of antibody-secreting Cells 

Discrete colonies contained in 2000 of culture medium were picked from primary wells 

judged to be positive by ELISA and transferred to flat bottomed 96-well plates containing 

200111 RAMIE-1640 selective medium (without aminopterin ) per well. The medium was 

retested for antibody activity after 2-4 days of incubation, and the cells from antibody 

positive wells cloned by limiting dilution. The remainder of the cells were transferred and 

expanded to secondary, 48 well)  plates each with a capacity of 2m1 (Costar; 

Northumberland Biologicals LTD, Cramlington, Northumbria) containing 1 ml RAMIE / 

FCS / antibiotics / HT (no aminopterin) plus 50 µ1 of hybridoma growth factor 

(Northumbria Biologicals LTD). (Hybridoma growth factor is a factor secreted by Ewings 

sarcoma cell line, which enhances the growth of the hybridoma). After the development of 
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a confluent growth, the medium was tested again by ELISA and the positive suspensions 

were gradually expanded in 24 well plates, each well with a capacity of 3 ml containing 2 

ml of medium per well before freezing down all the cell cultures for storage in liquid 

nitrogen. 

2.7.4 Preservation of cells for storage in liquid nitrogen. 

Cells were prepared for storage in liquid nitrogen in the following manner. Healthy cells 

growing in the mid-exponential phase with high viability (approximately 6 x 105  cells ml-

1) were harvested and centrifuged at 300 g for 10 minutes at 4°C. The supernatant was 

discarded and the pellet resuspended at 5 x 105  cell m1-1  in cold FCS containing 7.5% 

(V/V) dimethyl sulphoxide. The cell suspension was dispensed as 1 ml aliquots into sterile 

freezing ampoules (Sterilin Ltd; Feltham, Middlesex, UK) and immediately transferred to - 

70°C. After 24 hours at -70°C, the ampoules were transferred into a vapour phase liquid 

nitrogen refrigerator. 

To reconstitute, an ampoule was removed from liquid nitrogen storage, rapidly thawed at 

37°C and resuspended drop by drop in 5m1 of serum free RAMIE-1640 and left in this 

medium for a period of 6 minutes. The pellet was then resuspended at 2 x 105  cell/ml in 

normal growth medium ready for culture. 

2.7.5 Cloning of hybridoma cells by limiting dilution. 

Cloning of hybridoma cells by limiting dilution was carried out in the following manner. 

Antibody positive cells were cloned at an earlier stage by plating into RAMIE-1640 

containing hybridoma growth factor and HT at limiting dilutions. To these 100 gl volumes 

of hybridoma cells were added in 3-fold dilutions of 100, 33.3, 11.1, 3.7, cells per well , 

using half a plate per dilution. After 10-14 days, medium from wells containing single 
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colonies were screened for antibody production by ELISA. Those supernatants which had 

shown an antibody activity by an ELISA technique were further tested on Av in a dot blot 

system. The cloned cells were expanded into 24 well platesIthen into a 25 cm2  flask and 

eventually into a 75 cm2  flask. A sample of cells from each stage was kept as a reserve. 

Cloned hybridomas 

were allowed to grow to stationary phase in mass culture (250 ml flasks) and the maximum 

growth medium (MGM) containing monoclonal antibody harvested and stored at 4°C. 

2.8 Study of the monoclonal antibody (mAb) BA11, DG9 and EG9 

2.8.1 NK inhibition assay of mAb 

The selected hybridomas were screened for their ability to inhibit the killing of the K562 

cell line. Target (K562) and effector cells (PBL) were prepared as was explained in section 

2.6. 

2.8.2 Murine trophoblast NK assay of mAb 

Cultured 51  Cr-labelled murine cytotrophoblast cells were plated out at a concentration of 2 

x 104  cells/well in flat bottomed microtiter plates. Mouse spleen NK cells were added at an 

effector to target ratio of 25:1. After incubation, the cells were harvested and the released 

label measured. Results were expressed as the % release of the total, the latter determined 

as that releasable by detergent lysis of the cells. Quadruplicate wells were used for each 

sample. 

2.9 Animal models for recurrent spontaneous abortion 

2.9.1 Abortion /resorption model 

DBA/2J and BALB/k male mice and CBA/J and BALB/k females were purchased from Iffa 
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Credo, L'Arbresle, France, and housed in a conventional breeding facility. The animals 

were maintained on a 12 h light/dark cycle with food and water ad libitum. Female CBA/J 

mice were mated to DBA/2J males and the BALB/k females and males were mated 

together. The morning of sighting the vaginal plug was designated as day 0.5 of pregnancy. 

The mice were killed on day 13.5 of pregnancy, and the number of healthy and resorbing 

implants recorded. The above experiments were done by Dr G Chaouat in Paris (Chaouat & 

Clark 1986). 

2.9.2 Endotoxin induced abortion/ resorption model 

Female mice, as above, were treated by intraperitoneal injection of 100 µg E Coli 

lipopolysaccharide (LPS, Sigma) on days 6.5, 8.5,and 10.5 days of pregnancy. The above 

experiments were done by Dr G Chaouat in Paris (Chaouat et al 1991). 

2.9.3 Sonic stress abortion/resorption model 

Male DBA/2J, BALB/c and CBA/J mice were purchased from Jackson Laboratories, Bar 

Harbour, ME and housed in a clean cage facility. Animal care and experiments followed 

institutional ethical guidelines. After overnight cohabitation of CBA/J females with DBA2/J 

males, those females with vaginal plugs (day 0.5 of pregnancy were segregated and 

randomised to the treatment groups. One group of females were exposed to ultrasonic 

stress from a rodent repellent device (BRC Rongelec, France) for 24 hours beginning at 

1000 hours on day 5.5 of pregnancy. Mice were killed on days 9.5, 10.5 or 13.5 of 

pregnancy, and the total number of healthy and of resorbing sites recorded. Antibody treated 

mice were injected i.p. with 5µg of hybridoma supernatant of clone BAll on days 4.5, 5.5 

and 6.5 of pregnancy The above experiments were done by Dr G Chaouat in Paris (Chaouat 

et al 1991). 
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3. Results 

3.1 Preparation of microvesicles 

3.1.1 Old method 

Syncytiotrophoblast microvesicles were prepared from term placenta. Plate I.a shows an 

electron micrograph of a microvesicle preparation made from a term placenta. The 

predominant vesicle is a plasma membrane one, containing fragments of cytoplasm. There is 

visible contamination with intracellular particles, mitochondria, and multilamellar liposomes. 

There are also ferritin particles present. The multilamellar liposomes have probably occurred 

as a result of scrubbing the placenta with a plastic ruler and the use of mechanical stirring 

during micro vesicle preparation from the microvillous syncytiotrophoblast plasma membrane 

(magnification x 12,000). Because of this I tried to improve on this procedure. 

3.1.2 Improved method 

Later a less vigorous method was used for the preparation of microvesicles. We found that 

after removing the debris and blood clots the microvilli would be broken and released in the 

7  solution by just a constant flow of the cold PBS on the surface of the placentae at 4C, as was 

explained in section 2.1 and there was no need to use the plastic ruler. The stirring time at 4.0 

had to be increased by 35 to 40 minutes and a larger volume of PBS had to be used to 

increase the flow of the fluid over the placenta. The preparation was a great improvement not 

only macroscopically with less debris and less red blood cells but also showed improvement 

when examined by electron microscopy. Plate lb shows an increase in predominant plasma 

membrane vesicles and less contamination with subcellular particles. The number of RBC 

was measured in 1 ml of final microvillous preparation. 
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Figure 1. Plate I Electron microscopy photographs of syncytiotrophoblast microvesicles 

prepared from normal term placenta. Plate IA is a preparation by the old method 

(magnification x 32630). Contaminating subparticles are present. Plate IB shows the 

electron microscopy photograph of a preparation obtained by the new method of preparation. 

A typical preparation by old methods showed a contamination of 0.01 x 1012/ RBCs/ litre and 

With the new method any such contamination was below the level of detection. 
A 

The department of haematology at University of Newcastle Upon Tyne did the RBCs count. 
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3.2 Acid Dissociation of IgG from microvesicles 

3.2.1 Effect of pH on elution of IgG from microvesicles 

In this experiment microvesicles from normal term placenta were treated with citrate buffer 

solutions at different pH. The remains of the surface bound IgG was shown by the addition of 

labelled Protein A to the acidified microvesicles Va. Figure a shows a bimodal pattern of 

elution of IgG from the membrane. There are two zones of elution. The major portion with 

strong binding eluted at pH 3.0 and the rest)with weaker bindingleluted at pH 5.0. 

IgG remaining on vesicle 

Elution pH 

Figure 2. Effect of pH on elution of IgG from microvesicles. The elution profile shows two 

zones of elution, the major portion eluted (Ae) at pH 3.0 and the rest at pH 5.5. The results 

shown are the mean of duplicates. The IgG on microvesicles is shown by the binding of  125 I 
 

labelled Protein A. 

84 



3.2.2 Assay of IgG bound to microvesicles 

Microvesicles were prepared from normal term placentae. When these microvesicles are 

treated with citrate buffer at pH 3.0 the bound IgG is separated from its binding site. All the 

microvesicles from 57 placentae were found to have IgG bound to an epitope of an antigen on 

the microvesicles of the syncytiotrophoblast. There was a wide variation in the amount of 

IgG eluted from the placentae (Jalali et al 1989), with the more standardised method of 

preparation the variation became less. In this study the microvilli prepared from normal term 

placenta showed that IgG could be eluted under acid conditions (Table VIII). It will be seen 

that although there was a considerable variation in the absolute amount found, there was no 

placenta without detectable IgG. Using similar techniques, no other immunoglobulin or serum 

proteins except transferrin were found in the preparation. 

The amount of IgG elutable from 57 human microvesicle preparations was measured. The 

wet weight of the vesicles was also measured. The mean ± SD detectable IgG eluted from the 

vesicles was 394.9 ± 202.3 nig of wet vesicles. 

85 



TABLE VIII. Yield of microvesicles and IgG from individual term placentae. 
Table VIII. Trophoblast bound IgG 

Placenta WEIGHT OF 
VESICLES 

(mg) 

IgG ON 
VESICLES 

()tg/g) 
1 0.029 220 
2 0.018 332 
3 0.040 116 
4 0.038 375 
5 0.043 412 
6 0.068 443 
7 0.068 931 
8 0.013 407 
9 0.024 171 
10 0.027 293 
11 0.010 484 
12 0.046 240 
13 0.013 950 
14 0.027 814 
15 0.009 369 
16 0.045 358 
17 0.017 358 
18 0.013 415 
19 0.033 497 
20 0.014 702 
21 0.037 752 
22 0.102 276 
23 0.056 517 
25 0.018 240 
26 0.058 407 
27 0.082 252 
28 0.026 320 
29 0.038 307 
30 0.029 205 
31 0.038 184 
32 0.029 450 
33 0.045 177 
34 0.018 252 
35 0.042 717 
36 0.032 306 
37 0.061 375 
38 0.015 572 
39 0.057 271 
40 0.001 205 
41 0.013 280 
42 0.097 310 
43 0.028 283 
44 0.037 261 
45 0.013 813 
46 0.009 413 
47 0.045 145 
48 0.028 232 
49 0.035 405 
50 0.033 293 
51 0.022 322 
52 0.047 612 
53 0.024 174 
54 0.017 312 
55 0.018 401 
56 0.057 239 
57 0.011 267 
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3.2.3 Subclass of IgG in the acid eluates 

The IgG eluted from four normal term placentae was assayed for the subclasses of IgG, and 

the amount of these IgG subclasses in both maternal and fetal serum was also measured. A 

coated tube radio immunoassay was used to measure the concentration of each sub-class 

shown. Table IX shows the result. All samples were tested in duplicate, and the value shown 

is the mean of the two samples. There is no significant difference in IgG sub-classes between 

the mother and child. 

Table IX Subclasses of IgG in maternal and cord blood citrated plasma. 

Sample 
No. 

IgG-1 
mg/ml 

IgG-2 
mg/ml 

IgG-3 
mg/m 

IgG-4 
mg/ml 

355 B 9.4 2.2 .34 .19 
M 8.2 2.2 .21 .10 

356 B 5.9 2.4 .34 .20 
M 5.9 2.2 .34 .48 

360 B 12 2.3 .42 1.9 
M 12 2.7 .26 1.9 

363 B 4.7 3.3 .44 .92 
M 4.7 3.5 .39 .58 

367 B 7.1 3.5 .42 1.3 
M 7.1 3.7 .65 1.2 

B = cord plasma 	 M = mother's plasma 

The study on subclasses of IgG was carried out further to determine the sub-classes of IgG in 

Ae. Four normal term placentae were prepared and the Ae and maternal IgG was collected. 

Using a radiolabelled antigen coated tube assay the sub-classes of IgG in both maternal 

serum and Ae were measured. Table X indicates that there is no difference in the 

distribution of sub-classes of IgG in placenta and cord blood. 
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Table X Subclasses of IgG in acid eluates (Ae) and cord plasma 

sample IgG-1 
mg/ml 

IgG-2 
mg/ml 

IgG-3 
mg/ml 

IgG-4 
mg/ml 

375 B 14 2.7 0.5 o.19 
375 Ae 0.07 <.0.03 0.02 0.01 

376 B 11 3.7 0.03 0.48 
376 Ae 0.07 0.03 0.02 0.02 

378 B 12 2.2 0.03 1.7 
378 Ae 0.07 <0.01 0.04 0.01 

390 B 9.4 3.5 0.03 1.8 
390 Ae 0.19 <0.01 0.02 0.02 

B = cord plasma 	 Ae = Eluted antibody 

3.3 Reaction of eluted IgG 

3.3.1 With microvesicles and acidified microvesicles 

Preliminary studies on microvesicles prepared from term placentae showed that the IgG 

present could be eluted under acid conditions; 'table I shows that the IgG on the vesicles could 

be eluted at pH 3.0. 

Attempts were made to rebind the eluted IgG at neutrality to native vesicles and to those 

from which the IgG was eluted with acid. The eluted IgG was labelled with 125  I. Table XI shows 

that no binding occurred to untreated vesicles, but it did bind to Va from which the antibody 

had been first eluted. It was clear from this experiment that the eluted IgG could bind to its 

own microvesicles, after the IgG was eluted by acid, but not usually to another Va. This 

demonstrates the specificity of the ligand, but does not show whether it behaves as an antigen 

or anFc receptor. 
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Table XI Antibodies (Ae) were eluted from 10 placental microvesicles, and the eluted IgG 

radiolabelled and incubated at neutrality for 30 min with its own acidified vesicles (Va) and 

untreated vesicles (V). Negligible binding occurred to V but the Va could rebind the eluted 

Ae. Equivalent amount of vesicles and IgG were used and the results are of ten antibodies 

tested. 

SAMPLE Labelled Ae Binding 
(cpm) 

V unacidified micro vesicles 210 + 61 
Va 198 + 88 

Va + isologous Ae 1010 + 77 
Va + Ae absorbed with tryptic digestion of the 

same placentae 
233 + 44 

Va + Ae adsorbed with tryptic digest of other 
placentae 

940 + 41 

The results are means of ten antibodies tested. 

3.3.2 Reaction of acid eluted IgG with other acidified microvesicles 

I found that Ae not only bound to the Va, which was eluted, but would also bind to acid 

treated microvesicles of a few other placentae. Va were prepared from 10 V preparations. 

The cross reaction of different Va (isologous and heterologous) were examined. Human Ae 

were exposed to isologous or untreated Va, and antibody binding was measured by 1251-

labelled Protein A binding. Each Ae preparation bound back to the Va from which it was 

eluted and in eight out of forty eight (16.7%) neutralised Ae bound to the Va preparations 

from other placentae (Table XII). This indicated considerable alloantigenic polymorphism. It 

also shows that the eluted IgG binds to antigen and not to anFc receptor because if it was 

binding to an FcR on the vesicles, the same amount of IgG should have bound from each 

preparation, instead, high binding was observed with only eight of the preparations. 
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Table XII Reaction of ten Ae preparations with ten Va from which they were removed. The 

results shown are the means of duplicate estimations. The low level of binding to other Va, 

or to unacidified vesicles, was presumably to non-specific Fc receptors. It represented only a 

small fraction of the Protein A which could bind to the IgG absorbed onto the isologous 

vesicles. 

Binding of eluted antibodiesAet-Aelo  (vertical rows) to 
acidified microvesicles Va l -Va io  horizontal rows 

Val  Vat  Va3  Va4  Vas  Va6  Val  Vag  Vag  Vaio 

Aei  2.16 1.41 2.06 1.09 0.88 0.71 0.79 0.87 0.90 0.74 

Ae2  1.61 2.45 1.17 1.94 0.91 2.27 1.88 0.75 0.56 2.40 

Ae3  1.38 1.04 1.82 0.74 1.60 0.65 0.46 0.78 0.54 0.5 

Ae4  0.90 0.47 0.57 1.67 0.89 0.96 0.64 1.18 1.27 1.01 

Ae5  1.03 1.09 1.14 1.07 2.40 0.86 0.95 2.43 0.72 0.79 

Ae6  1.52 1.06 1.00 1.09 1.48 3.02 1.02 1.08 1.64 1.06 

Ae7  0.38 0.70 0.56 1.05 0.90 0.55 1.24 0.33 0.79 0.29 

Ae8  1.06 2.09 1.26 1.05 1.16 1.56 2.32 3.46 1.57 1.43 

Ae9  0.65 0.55 0.50 0.29 0.70 0.62 0.38 0.92 3.42 0.73 

Aelo  0.42 0.56 0.69 0.69 0.43 0.79 0.56 0.64 0.99 2.88 

Significant binding of eluted IgG (Ae) to the acidified vesicles (Va) is shown in bold and shaded. 

It will be seen that all self-reactions are high, and 8/48' non self reactions are also high. 

Results are the mean % of duplicate estimations. For calculation of significance see below. 

To assess the results statistically two steps were undertaken. Firstly, all the cross reaction 

binding values from one batch of vesicles from one placenta were averaged and each 

individual value divided by the mean. These are the values shown in "fable XII. This 
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compensates for differences in the amount of vesicles in each preparation, the amounts of 

antibody being adjusted to be the same in all preparations. 

With compensation for variation between microvesicle preparations, it is possible to combine 

all the cross reaction values in a study. To find the true cross reactions, the standard deviation 

of the low, presumed negative values was calculated by calculating the median, which is 

higher than the true mean of negative samples, and subtracting each sample below the mean 

from it. This produces a set of values for deviation from the median, and the root mean 

square of these is calculated. This represents the standard deviation of the samples in the 

lower,  part of the distribution. An upper limit of negative cross reactions was then taken as 

the median + 2SD. Eight of forty-eight (16.7%) samples were above this upper limit of 1.84. 

Similar results have been obtained with horse peripheral blood cells. Horse Ae reacted with 

the horse peripheral blood cells and binding measured by exposure to 1251-labelled protein G 

(Table XIII). No cross species binding was detected in this experiment. This experiment was 

a collaborative study with Dr. Abbas Rezai. 
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Table. XIII Reaction of Acidified vesicles (Va) from 12 horse placentae with 12 horse 

placentae eluted antibodies (Ae) from the same placentae. Results are expressed as counts 

bound in sample/counts bound with isologus Va. There is a strong reaction with their own 

acidified vesicles, but only 18/132 (13.6%) reactions are seen with those of another placenta. 

The upper limit of non-specific binding of normal male horse IgG was 0.6 of the isologous 

value, and reactions above this level were considered positive. 

Binding of eluted antibodiesAe1-Ae19  (vertical rows) to 
acidified microvesicles Val-Vaio  horizontal rows 

Val  Vat  Va3  Val  Vas  Va6  Vag  Va8  Vag Val() Vail Va12 
Aei  

1.0 0.5 0.0 0.0 0.1 0.4 1.3 0.4 0.1 0.0 0.0 0.1 

Ae 2 04 1.0 0.6 0.6 0.4 0.8 0.6 0.7 0.0 0.1 0.5 0.3 

Ae3  1.2 0.6 1.0 0.1 12 0.4 0.6 0.4 0.0 1.0 0.0 0.4 

Ae4  0.3 0.4 0.5 1.0 0.2 0.3 0.3 0.2 0.1 0.0 0.4 0.4 

Ae5  0.3 0.3 0.2 0.0 1.0 0.0 0.2 0.2 0.0 0.4 0.1 0.3 

Ae6  .0.0 1.0 0.6 0.0 0.0 1.0 0.9 0.5 0.2 0.0 0.2 1.2 

Ae7  0.0 0.1 0.1 0.1 0.2 0.4 1.0 0.3 0.1 0.1 0.1 0.1 

Ae8  0.9 0.8 0.7 0.9 0.0 0.1 0.2 1.0 0.8 0.2 0.5 0.3 

Ae, 0.3 0.0 0.9 1.0 0.6 0.3 0.9 0.5 1.0 0.2 0.5 1.2 

Aelo 0.3 0.1 0.3 0.6 0.0 0.6 0.3 0.0 0.8 1.0 0.4 0.01 

Ael 1  0.9 0.2 0.2 0.0 1.2 0.4 0.1 0.0 0.3 0.0 1.0 0.0 
Aen  

0.1 0.3 0.4 0.0 0.4 0.4 0.2 0.8 0.0 0.1 0.1 1.0 

Significant bindings of Ae are shaded. 

Horizontal rows are different acidified microvesicles and vertical rows are the eluted 

antibodies from placentae. 

3.4 Binding of acid eluted antibody to peripheral mononuclear cells 

3.4.1 Binding of Ae to T-and B-Lymphocyte 

In this experiment I attempted to study antibody and its distribution in other tissues, The 

cytotoxic effect of 10 Ae against lymphocytes of a single male donor was measured in a 
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complement dependant cytotoxic assay (figure 3). Each eluate was tested in duplicate and the 

highest kill was only about 50% with T + B-Lymphocytes using the method explained in 

section 2.3. Some higher kills were observed with purified B lymphocyte from the same donor 

and no significant killing was observed when cells depleted of B-lymphocytes were tested 

using a defibrinated preparation (Figure 3). This suggested that the antigen is present on B 

but not T lymphocytes. 

Binding of Ae to T-Lymphocytes and B-Lymphocytes 
120 

100 

80 

% Kill 

40 

20 

-20 - 

Figure 3. Reaction of ten Ae with PBL of a normal male donor. Three cell fractions were 

tested, T + B (Lymphoprep cells), B-lymphocytes, and B depleted T lymphocytes 

(Lymphoprep cells from defibrinated blood). Higher percentage kills were shown with B than 

with T + B-lymphocytes, and the B depleted cells did not show any reactions. 

3.4.2 Binding of Ae To monocytes 

Preparations of peripheral cells by dextran and Lymphoprep sedimentation were used along 

with pure monocyte preparations made with Nycoprep. Radiolabelled Protein A was used to 

detect eluted antibody binding to the dextran or Lymphoprep prepared cells. The antibody 

used was that eluted from the placenta of the child born to his wife, who had already had one 
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successful pregnancy. Measurement of bound IgG showed that the antibody binding to dextran 

prepared cells was much greater than to lymphoprep prepared cells (Figure 4). The extra binding was 

probably to monocytes, but there were some polymorphs present in the dextran preparation.  

When purified monocytes (Nycoprep cells) were used in a FACS analysis of cells there was 

binding of the antibody obtained from the wife to all of the Nycoprep cells, unlike that found 

with Lymphoprep cells, where only a minority bound the antibody (Figure 4). 

Quantitative binding studies with these cell fractions showed that the binding of the B 

lymphocytes in the Lymphoprep fraction and the monocytes in the Nycoprep fraction 

accounted for all of the total binding found with the starting dextran prepared cells. 

Binding of Ae to peripheral blood 
leuckocytes 

Dextran prepared cells 

Ae 

Figure 4. Reaction of peripheral WBC with Ae. '25I-labelled Protein A detection of binding 

of Ae to dextran or Lymphoprep prepared cells. Four different Ae were reacted with their 

own isologous dextran or Lymphoprep prepared cells. Binding of radiolabelled Protein A was 

used to measure the bound IgG. Results are the means of duplicate counts of labelled Protein 

A to the cells after background subtraction. These indicate that the antibody binds to 

lymphocytes and probably also to some other cells present in the dextran preparation. 
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Figure FACS analysis of human dextran prepared PBL fractions stained with two Ae preparations, 

one reacting specifically and one control. T+B lymphocytes were made with Lymphoprep, 

and monocytes with Nycoprep. FITC-labelled anti-human IgG was used to identify bound 

Ae. Only B-lymphocytes in the Lymphoprep cells show binding of the positive antibody, but 

virtually all monocytes in the Nycoprep preparation are stained. The number of the events 

recorded was 4000. 

3.5 Investigation into the binding of eluted IgG to EBV transformed cell 

lines 

3.5.1 Complement dependent cytotoxicity 

As the eluted antibody was found to bind to B-lymphocytes it was possible to see if there was 

an HLA association of the polymorphism of this antigen with the polymorphic HLA genes. 

The use of EBV transformed cell lines, which are B lymphoblasts, and eluted antibodies from 

many placentae enabled me to type the cell lines for the placental antigen polymorphism. Six 

EBV transformed lymphoblastoid cell lines, all of which were homozygous for the HLA Al - 

B8-Dr3 haplotype (a gift from Professor Ben Bradley and UKTS) were used in a complement 

dependent cytotoxic assay. Table XIV shows the phenotypes of the homozygous cell lines 

used (U.K.T.S.S. cell line catalogue, 1991). All six cell lines were homozygous for the 

extended haplotype Al, B8, Cw7, Dr3. 
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TABLE XIV Extended haplotypes of lymphoblastoid cell lines. 

Cell line HLA-A HLA-B HLA-Cw HLA-DR HLA-DQ HLA-Dw HLA-DP 

017B 1,1 8,8 7,7 3(17), 3(17) 2,2 --,-- --,-- 

BIEG 1,1 8,8 7,7 3,3 --,-- --,-- 

CAA 1,1 8,8 3(17), 3(17) 2,2 --,-- --,-- 

COX 1,1 8,8 7,7 3(17), 3(17) 2,2 3,3 3,3 

LHM 1,1 8,8 7,7 3(17), 3(17) 2,2 3,3 

STR(V) 1,1 8,8 --,-- 3(17), 3(17) 2,2 3,3 --,-- 

If the trophoblast antigen were MHC related, identical reactions would be expected for each 

cell line 

Cytotoxicity of eluted antibody on lymphoblastoid B cell lines was tested in a complement 

dependent cytotoxicity assay (Table XV), of Ae which reacted with at least one of six human 

lymphoblastoid cell lines. A panel of 25 Ae from different human placentae were tested for 

cytotoxic activity against four different EBV transformed lymphoblastoid cell lines, all of 

which were homozygous for the HLA Al -B8-Dr3 haplotype. . From Table XV it can be seen 

that there is, in contrast, a pattern of different reactivity for different cell lines, making an 

MHC association very improbable. 
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Table XV Cytotoxicity of eluted antibody on six lymphoblastoid B cell lines The mean value 

of the duplicate estimations was considered positive if it was more than 20% above the 

background control kill with normal male human serum. Cytotoxicity is shown as mean 

percentage kill of duplicates 

Table XV, L m hoblastoi d cell lines 

Acid eluate BIEG LHM 017B COX STR(V) CAA 

641 80 10 10 15 10 10 

352 100 10 10 15 10 10 

2 15 100 10 15 10 10 

317 100 100 10 15 10 10 

692 10 100 25 15 10 75 

398 10 100 80 15 10 10 

348 10 70 70 25 10 10 

350A 10 10 100 15 10 10 

324 12.5 10 80 15 10 10 

307 10 10 70 15 10 10 

637 10 10 10 70 10 10 

609 10 10 10 100 10 10 

328 10 10 10 70 10 10 

339A 15 15 15 15 80 15 

325A 10 10 10 10 80 10 

340 20 10 20 -15 10 90 

345 10 10 10 15 10 75 

312 10 100 10 15 10 100 

325B 10 10 10 15 80 10 

323A 15 10 10 15 41 10 

323B 10 10 10 15 20 10 

342A 10 10 10 15 10 10 

342B 10 10 10 15 10 10 

346 10 10 10 15 10 10 

350B 10 10 10 15 10 10 

neg. control 10 10 10 15 10 10 

pos. control 90 100 85 100 100 100 
Significant results are in bold. 24/112 tests (21%) were positive, and showed no association with HLA. 
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These experiments showed that some eluted antibodies reacted with one or two cell lines, but 

none reacted with all. Since the extended haplotype of each was the same, one would have 

expected any antibody showing association with HLA to type all the cells the same way. 

Clearly that is not the case and the polymorphic antigen system detected by the eluted 

antibodies is not HLA associated. 

3.5.2. Radiolabelled antibody assay 

The choriocarcinoma cell lines JAR and JEG-3 were used as models to study binding of 

eluted antibody to trophoblast. JAR and JEG-3 are long term cultures and hence have lost 

any IgG originally bound to the cell surface antigen. Eluted antibodies could then bind to free 

125 antigen on the cell surface. Figure 6 shows the ability of IgG in I-labelled eluates prepared 

from seven placentae to bind to both JAR and JEG-3 cells. 

counts 
per 

minute 
(values are 
cpm minus 
cpm with 
no cells) 

800 — 

700 — 

600 — 

500 — 

400 — 

300 — 

200 — 

100 — 

o JAR 
OJEG-3 

381 	393 	394 	395 	398 	399 
-100 — 

-200 — 
eluates 

FIGURE 6. Binding of radiolabelled acid eluates to JAR and JEG-3 cells. Most of the 

eluates bind to the cells at a low level but there are some which bind strongly. 1 x 106  cells 

were incubated with 60p,1 of Ae for 60 min at 37C. Results are the means of triplicate 

estimates of bound radioactivity. There was significant binding of Ae 395 to JAR, Ae 398 to 

JEG-3, and Ae 399 to both cell lines. Error bars are ±SE. 
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3.6 Binding of pregnancy serum antibody to microvesicles 
were 

MicrovesiclesAprepared from four normal term placentae of patients who were immunised 

with paternal cells for treatment of recurrent spontaneous abortion. These placentae came 

from women immunised in Cambridge by Lesley Regan, and were used because serum 

samples were available both before and after immunisation to accompany the placentae. The 

presence of peripheral IgG throughout gestation was thus studied. The patients were selected 

for treatment by lack of cytotoxic antibody against their partner's lymphocytes and were 

subsequently immunised with their partner's leukocytes. 

Acidified microvesicles (Va) were prepared from the four placentae. Samples of each Va 

were then incubated with isologous serum samples. The binding of serum IgG to 

microvesicles was measured by the binding of Labelled Protein A to each preparation (Figure 

7). It is interesting that the patient 4 has IgG antibody present in serum samples before 

immunisation. This is probably because the selection of patients was based on the absence of 

complement dependent cytotoxic antibody to paternal lymphocytes rather than antibody to 

placental antigen. A positive cytotoxic antibody test implied that there was a high kill of 

cells, and this would not be of the placental antibody type, which reacts with B-lymphocytes 

and monocytes. 
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Figure 7. Four Va prepared and reacted with serum samples collected during the pregnancy. 

The bound IgG on the native vesicle (V) and serum or eluted antibody (Ae) to acidified 

vesicles (Va) was detected by the binding of 125  I labelled Protein A. The results are means of 

duplicates. The serum samples are represented as Si which is the serum before immunisation 

and the successive serum samples are labelled as S2, S3 etc 

3.7 	Blocking effect of eluted antibody on NK killing of K562 cells 

3.7.1 Cytotoxicity of normal human serum IgG to K562 cells 

Various dilutions of eluted IgG and pooled normal human male serum, both heat inactivated 

and not heat inactivated, were tested for cytotoxicity to K562. The mean percentage of dead 

cells per well was scored. The IgG and serum dilutions were the same as those used as 
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controls in the 51Cr release assay. The percentages were scored as shown below and the 

scores are shown in Table XVI. 

Negative results (._15% dead) are shown as - 

Positive results (15% - 51% kill) are shown as ± inconclusive results 

Positive results (51-100% dead) are shown as + 

TABLE XVI. Cytotoxicity of normal human serum and pooled IgG to K562 cells in the 

presence of rabbit serum as a complement source. 

IgG / serum K562 

0.21.1g IgG as pooled IgG ± 

0.15ttg IgG as pooled IgG ± 

0.065ug IgG as pooled IgG + 

0.01pg IgG as pooled IgG + 

0.2ug IgG as NMS ± 

0.15ug IgG as NMS + 

0.065ttg IgG as NMS + 

0.01ttg IgG as NMS + 

0.2pg IgG as inactivated NMS ± 

0.1514 IgG as inactivated NMS + 

0.065m IgG as inactivated NMS + 

0.01ptg IgG as inactivated NMS + 

negative control - 

positive control + 

Similarly, the mean percentage of dead cells per well was estimated when 27 samples of 
their 

eluted placental antibody were tested forAcytotoxic effect on K562. The percentages were 

converted into scores. 
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3.7.2 Cytotoxicity of eluted antibody to K562 cells 

Cytotoxicity of acid eluted antibody from microvesicles to K562 was studied using rabbit 

complement. Figure 8 shows the results. Seven of the 27 samples were cytotoxic above the 

upper limit of normal and assumed to be cytotoxic for K562. 
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Figure 8. Cytotoxicity of eluted antibody to K562 cells in the presence of rabbit serum as 

complement source. The same calculation of SD of the positive and negative for the test used 

was as before (see 3.4.1). Median of 27 samples = 32.5 'SD' from lower 13 samples =5.0, 

median + 2 'SW = 42.5. Horizontal dash line is the upper limit of normal, median+2 SD. 

3.7.3 Blocking effect of human serum on NK killing of K562 cells 

Normal human serum may contain small amounts of blocking antibody. Initial experiments 

suggested that blocking of NK killing of K562 occurred with certain sera. Therefore the 

effect of normal serum was studied in a dose dependent 51  Cr release assay. Five normal 

individuals were selected randomly and serum samples prepared from each individual. The 

graph (Figure 9) shows none of the sera had a blocking effect on NK killing of the K562 cell 

line, except perhaps serum N at low concentrations. 
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Figure 9. Effect of human sera on NK killing of K562. K562 cells were incubated with a 

different dilution of each serum sample in a constant volume of 200µ1. Each test was carried 

out in triplicate. The 100% kill is the maximum release of 51  Cr. And the 0.0% value is the 

background 51  Cr release. Values are means of triplicates. Error bars are ± SE. 

3.7.4 Blocking effect of eluted antibody on NK killing of K562 cells 
the 

The Ae which showed positive binding byAcytotoxic assay were selected and further studied 
the 

for their effect inA  NK cell assay. The graph (Figure 10) shows the effect of IgG eluted (Ae) 

on NK killing of K562 target cells. The IgG concentration of each eluate was measured by 

single radial immunodiffusion and the volume of eluate added to each tube was adjusted to 

give 0.21.1g, IgG per tube. 
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Figure 10. Blocking effect of placental eluates on NK killing of K562. Only eluates 343A 

and 336 inhibit killing. Tests were done in triplicate Values are means of triplicates. Error 

bars are ± SE. 

Eluates 336 and 343A strongly inhibit NK killing ("efficient blockers"), whereas the other 

thirteen eluates tested show only a small amount of inhibition ("inefficient blockers"). 

Figure 11 shows the dose response for four eluates, the two efficient blockers, 336 and 343A, 

and two inefficient blockers, 384 and 390. When tested for complement-dependent 

cytotoxicity against K562, eluates 384 and 390 were negative but eluates 336 and 343A were 

positive with 50% and 80% killing respectively (Figure 10). Neither pooled normal human 

male serum nor control IgG blocked the killing of K562 by NK cells. 

Figure 12 shows the effect of IgG eluted from placental microvesicles on NK killing of 

K562 target cells. The blocking effect of the two efficient blockers, 336 and 343-A, increases 

with increasing IgG concentration. The blocking effect of the two inefficient blockers 

increases slightly at higher IgG concentrations. 
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Figure 11. Effect of Ae on NK killing of K562. Inhibition of NK killing of K562 at a ratio 

by eluted IgG at 50:1 target effector ratio. Values are means of triplicates. Error bars are ± 

SE. The IgG concentration of each eluate was measured by single radial immunodiffusion, 

and the volume of eluate added to each tube was adjusted to give 0.2µg IgG per tube. 

Figure 12 compares the blocking effect of 0.2µg IgG as a single eluate with the same 

concentration of IgG from a mixture of two eluates (0.1µg IgG from each eluate), or from a 

single eluate mixed with pooled normal IgG. This was done to investigate whether the 
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blocking effect of an efficient blocker could be affected by mixing with an inefficient blocker, 

or with non-specific IgG in the form of pooled normal human IgG. 

(A) 
120 

100 — 

mean 	80 — 
percentage 

of PBL 60 — 
release- 

able counts 40 — 

20 — 

0 
	

I 	I 	I 	I 

336 343A 328 384 390 336 & 336 & 343A 
alone alone alone alone alone 	343A 328 & 328 

eluate 
total IgG concentration per tube is 0.2 micrograms 

(B) 
120 

100 

mean 	80 — 
percentage 

of PBL 60 
release- 

able counts 40 — 

20 — 

0 	I 	1 	i 	I 	I 
336 	343A 328 384 390 	336 & 343A 328 & 

	

alone alone alone alone alone 	IgG & IgG IgG 
eluate 

total IgG concentration per tube is 0.2 micrograms 

Figure 12. Inhibition effect of Ae 336 and NIgG. Blocking effect of (A) mixed eluates, and 

(B) eluates mixed with pooled normal IgG on NK killing of K562, compared with the effect 

of a single eluate. The effect of an efficient blocker is not affected by mixing with an 

inefficient blocker (A) or by mixing with IgG (B), whereas the blocking effect of an 

inefficient blocker is increased by mixing with IgG (B). Values are means of triplicates. 

Error bars are ± SE. 
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3.7.5 Blocking effect of patients' serum before and after immunisation on 

NK killing of k562 

The graph (Figure 13) shows the difference in blocking effect after immunisation, compared 

with that before immunisation, of sera from nine patients with recurrent spontaneous 

abortion. 

The blocking effect was greater after immunisation in all patients except MH and, to a very 

small extent (1%), JP. All values were greater than or equal to 60% of PBL releaseable 

counts, indicating that none of these sera contains an efficient blocker of NK killing of K562, 

except for patient AS. 

-40 	-30 	-20 	-10 	0 	10 	20 	30 	40 

percentage difference in PBL releaseable counts (post-immunisation - 
pre-immunisation) 

Figure 13. Difference in blocking effect of patient serum on NK killing of K562 after 

immunisation. Patients are coded by initials and a number. The suffix B indicates the serum 

sample taken following the first immunisation, suffixes C and D are for samples taken 

following subsequent immunisations or pregnancies. Values are calculated from means of 

triplicates. Error bars are ± SE. 
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3.8 Antigen purification 

3.8.1 Partial purification of the 80kDa antigen by affinity chromatography 
a 

To study the binding site of antibody (Ae), microvesicles were prepared fromAnormal term 

placenta, The deoxycholate-solubilised crude microvesicle preparation from whole placenta 

was applied to a Protein A-Sepharose affinity FPLC column and eluted with 0.2M sodium 

citrate pH 3.0. The eluted fraction was subjected to SDS-PAGE electrophoresis in 10 % gels. 

Heavy and light chains of IgG and an 80 kDa band are shown (figure 14). The latter band is 

evident in all the experiments with a number of different placental preparations, the measured 

size varying from 76-82 kDa in different preparations. The protein has thus been designated 

R8OK. 
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Figure 14. SDS-PAGE electrophoresis of deoxycholate solubilised V proteins affinity 

purified by chromatography on Protein A-Sepharose. Heavy and light chain bands of IgG, 

and a prominent 80kDa band are visible. The fainter band at 721(13a represents an impurity, 

not present in most preparations of the affinity purified antigen. Track A is human IgG. 

Tracks B and C are two preparations from different placentae. 

3.8.2 Release of a polymorphic fragment of the antigen by trypsin digestion 

As the R8OK is a membrane protein, attempts were made to prepare a hydrophilic fraction, so it 

would be more manageable when used for studying the antigen. Figure 15 shows that trypsin 

digestion of the microvesicles to which IgG was still bound did not release an antigenic 

fragment. However when acid treated vesicles were treated with trypsin a fragment reacting 

specifically with the eluted antibody was released. 
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Trypsin digestion of untreated vesicles (V) and acid treated 
vesicles (Va) 
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Figure 15. Trypsin digestion of microvesicles. There was no release of IgG from untreated 

vesicles incubated with trypsin, as shown by the binding of 125I-Protein A with acid treated 

vesicles tested by incubating with the antibody eluted from them, Protein A binding was 

virtually abolished after 15 mins incubation with trypsin, showing loss of the surface R8OK 

antigen. It appears that R8OK covered with IgG antibody is resistant to cleavage by trypsin. 

Although the deoxycholate-solubilised material from acidified microvesicles appeared as a 

band at 80 kDa, the trypsin eluted fragment which could be stained by Ae was at the 50 kDa 

position. This fragment did not show aggregation or a tendency to bind to hydrophobic 

surfaces of the detergent solubilised molecule and remained dispersed in solution in the 

absence of detergent. It was stable on freezing and thawing, and could be stored for long 

periods at -70C without loss of antigenicity. Fractionation by FPLC of the trypsin solubilised 

material resolved four protein peaks. The antigenic material reacting with the Ae lay between 

the third and fourth peaks. Figure 16 shows the Western blots of this area stained with 

isologous Ae revealing a single 50 kDa protein. The staining of a very low molecular weight 

band in the track which is tube 21, is probably artefactual. The fragment was capable of 

110 



absorbing out the specific antibody, and preventing it binding to its target Va  (Table XI, page 

89). 
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Figure 16. Western blot of fractions obtained by gel filtration of the trypsin digest of 

acidified microvesicles. The blots were exposed to the acid-eluted antibody from the 

vesicles, and then to peroxidase labelled anti human IgG. The track numbers correspond to 

the column fraction numbers shown in the chromatogram tracing. 

3.8.3 Cross reaction of the polymorphic fragment (50kDa) 

The tryptic fragment was prepared from five sets of normal placental microvesicles as 

explained in section 3.8.3. The cross-reactivity of the tryptic fragments of the antigen were 

then studied by a solid-phase RIA. Table XVII shows the reaction of the 50kDa fragment of 

the five Ae with five tryptic fragments. The fragment did not show binding to any antibodies 

except the isologous eluted antibody. 
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Table XVII Reaction of five Ae preparations with five tryptic fragments (TF) prepared from 

five placentae. The antigen was prepared from Va by digestion with trypsin, followed by gel 

filtration and was used to coat each tube. The binding of Ae to the coated tubes was 

measured by addition of radiolabelled Protein A (8000 cpm/tube). Results are the mean of 

duplicates and background values are subtracted. 

Binding of five eluted antibodies (*Ae) to five tryptic fragment TFi-TF5 
TF1  TF2  TF3  TF4  TF5  

Aei 1469 548 825 200 733 
Ae2 759 1548 851 209 690 
Ae3  725 591 1152 346 455 
Ae4 190 188 284 969 126 
Ae5  1107 841 633 397 1667 

Binding of Radiolabelled eluted antibody (*Ae) to its own trypsin released fragment (TF) is shown shaded. 

Results are shown as cpm / tube. Binding of the *Ae to self TF was shown to be statistically significant by 

Students T-test since it was considered that the distribution is normal. 

Non self binding ; 	mean = 534.5 SD = 282.52 	n = 20 

Self binding; 	 mean = 1361 	SD = 290.52 	n = 5 

t = 5.819 (23 degree of freedom) and is significant at .0005 probability. 

3.9 Attempts at sequencing the R8OK antigen 

3.9.1 Antigen preparation 

Pooled microvesicles were prepared from 14 placentae. The microvesicles were acidified and 

tryptic fragments were prepared (section 32.3.2). The tryptic digestion was performed in 1/4 

volume of the original procedure with a 2mg/m1 of trypsin. Figure 17 shows the 

polyacrylamide gel stained with Coomassie blue. Several proteins are present. The Western 

blot shows a clear band at 50kDa reacting with the antibody. However, as a concentration of 

1-2 p.g antigen per track was needed for sequencing analysis, the sample had to be 

concentrated by Dr J Hsuan at the Ludwig Institute, Middlesex Hospital. During this process 
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unfortunately the wrong band was sequenced. The sequenced material showed homology with 

placental alkaline phosphatase (PLAP). Subsequent studies showed that the sequenced band 

was a contamination. 

50 kDa 

Figure 17. SDS-PAGE electrophoresis of the supernatant of trypsinised acidified 

microvesicles. This was a 10% gel run under reduced condition. The band visible at 50 kDa 

was subsequently used for analysis. 
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3.10.1 Preparation of antigen and hybridoma production 

Microvesicles were prepared from normal term placenta. Acidified microvesicles were 

prepared (2.2.1). Two male mice, A and B were immunised with Va. All mice received 

boosts on days 10 and 15. Serum samples were obtained on day 15 and 21. Serum samples 

were screened by dot blot for the presence of antitrophoblast antibody (Table XVIII). Mouse 

A showed a positive reaction on samples from day 21. Mouse B was preserved as the backup 

and mouse C was used as a negative control. 

Table XVIII A dot blot system was used to screen serum samples from the immunised 

mouse. 100µ1 of Va were added, the wells were blocked with the .1% Marvel and 15 µI of 

test serum were added to each well. The bound mouse antibodies were detected by a rabbit 

antimouse peroxidase conjugate. 

_ serum 
sample 

Va 
1/200 

Va 
1/400 

day 15 + -/+ 
day 21 ++ + 
day 15 -/+ - 
day 21 + + 

- - 
- - 

Mouse A 

Mouse B 

Mouse C 

The + sign is equal to the binding of 10111 of Ae to 10111 of coated Va on nitro-cellulose paper. 

The serum sample from mouse A showed higher and increased binding to Va and 

subsequently mouse A was chosen for the fusion and hybridoma cells were prepared 

3.10.2 Screening of the clones 

Hybridoma supernatants were screened for the presence of the immunoglobulins by a dot blot 

technique. Because of the variation in immunoglobulin secretion of clones a positive was 
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considered when any change of the colour above the background was seen, the negative 

control was culture medium and the positive control was mouse immunoglobulin. The dot 

blot was performed at room temperature. Mouse immunoglobulins with dilutions 	of 

1/500, 1/1000 and 1/1500 were used as positive controls and culture media was used as 

negative control. 

3.10.3 Selection of clones 

Immunoglobulin secreting hybridomas were selected. Pooled Va were prepared from 12 

placentae and exposed to the selected hybridoma supernatants in a dot blot assay. 48 

hybridoma supernatants showed positive binding to the pooled Va. These were tested against 

the R8OK antigen using the capture assay explained in section 3.10.3. It must be pointed out 

that to be able to select hybridomas to a monomorphic epitope a pooled selection of samples 

of different placentae was used in the capture assay. The three clones BAll, DG9 and EG9 

showed positive binding to the R8OK antigen (Figure 18). When unacidified microvesicle were 

used the three clones gave the same results. 
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Figure 18 Binding of BAIA , DG9 and EG9 to native and acidified microvesicles. The 

immunoglobulin secreting clones that showed binding to pooled Va (a) and V (b) were 

selected and tested against R8OK antigen. ELISA plates were coated with Protein A. A 

mixture of 12 Ae were added to each well and a soup of Va from 12 Placentae was added 

(the Va were from the same Ae and V as were used for plate b). The hybridoma supernatant 

was then added and lastly a peroxidase labelled rabbit anti mouse immunoglobulin was 

added. A positive value for the reaction was considered as more than the mean + 2SD. The 

three positive hybridomas were BA11, DG9 and EG9. b) shows the same experiment but 

using unacidified microvesicles instead of Va. 

The BAll monoclonal antibody was of the IgM class, and the DG9 and EG9 monoclonal 

antibodies were IgG1 . This was measured by the Department of Bacteriology at St Mary's 

Hospital Medical School in London. 
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3.10.4 Detection of tryptic fragment by mAbs BA11,DG9 and EG9 

To verify the reaction of the three mAbs on the antigen tryptic digest prepared from seven 

vesicles, the tryptic digest was stopped by adding PMSF and the supernatant was separated 

(tryptic digest). The tryptic digests were then subjected to unreduced PAGE electrophoresis 

and a western blotting using mAbs was done to detect the reactive bands. The BA11 reacted 

with a 50 kDa band on the blot and DG9 recognised a smaller fragment of approximately 12 

±2.5 Wa fragment (figure 19). The smaller fragment is the cleaved part of the whole 

molecule. As a pooled tryptic fragments were used in this experiment it was concluded that 

BAll binds to a common epitope on the polymorphic fragment. 

3.11 Blocking effects of the monoclonal antibodies 

3.11.1 Effect on NK killing of K562 cell line 

Since the monoclonal antibodies were selected as those reacting with monomorphic sites on 

the FMK antigen, all would bind to the K562 which expresses the same antigen. In a dose 

dependent inhibition of 51Cr release by PBL the effects of BA11, DG9 and EG9 were studied. 

Of the three clones, only BAll showed dose dependent inhibition of NK killing (Figure 20). 

The BA11 did produce a dose dependent inhibition but the other two monoclonal antibodies 

DG9 and EG9 did not. When BA1 1 was used in a reduced (monomer form), it did not in 

inhibit the killing of K562. 
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Figure 19. Western blot of the tryptic digested fragment using mAbs. Tryptic fragments 

were prepared from seven placentae and were subject to electrophoresis. The binding of the 

hybridomas revealed by a peroxidase labelled anti mouse immunoglobulin. The 

electrophoresis was performed under unreduced conditions followed by overnight transfer to 

nitro-cellulose paper. The molecular weight markers were stained with amidoblack and 

other tracks were blocked. The bands were identified using mAbs. The mAbs were detected 

by a peroxidase conjugated rabbit anti-immunoglobulin. BAll recognised a band at 50 kDa 

and the DG9 bound to smaller bands at 12±2.5.kDa. 
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Figure 20. The effect three hybridoma supernatants, DG9, EG9 and BAll (reduced and 

unreduced) on NK killing of K562 cell lines. The K562 cells were labelled with 51  Cr. 

Human peripheral blood mononuclear cells were used at a 50:1 target ratio. The results are 

expressed as the mean per cent inhibition of triplicates. The immunoglobulin concentration 

required to produce 50% inhibition was comparable with that found for eluted IgG in Figure 

11. Results are significant by the Student's t-test: paired two sample for means: 

BA11 BA I 1 monomeric DG9 EG9 
Mean 34.507 10.228 12.551 12.676 
Variance 329.217 6.142 25.650 73.719 
Observation 12 12 12 12 
Pearson Correlation 0.204 0.117 0.830 
t Stat 4.529 3.976 6.008 
p(1- .t) one tail 0.0004 0.001 4.41 E-05 
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3.11.2 Mouse trophoblast NK inhibition 

Cultured 51  Cr-labelled murine cytotrophoblast cells were plated out, mouse spleen NK cells 

were added at an effector: target ratio of 25:1. After incubation the cells were harvested and 

the released label measured. Figure 21 shows the results of adding different amounts of 

BA11 or DG9 to cultures of murine NK cells with murine trophoblast targets. Complete 

inhibition of NK activity occurred with BAIA at a dose of 2.5 µg/well, whereas no inhibition 

of chromium release was found with DG9. When the effector to target ratio was 100:1, BA11 

reduced lysis from 46.6 ± 4.3 % to 12.2 ± 1.9 %, and DG9 reduced lysis from 46 ± 3.5 % to 

30.6 ± 3.1. % By Student's t test this difference is significant (p = 9.3 x 10-5). This was a 

collaborative experiment performed in Professor Clark's laboratory at McMaster University 

Canada. 

0 	0.62 	1.25 	2.5 

microg rams/well 

Figure 21. Effect of addition of BA11 or DG9 to cultures of murine trophoblast cells and 

murine spleen cells as a source of NK cells. Results are release of label, as % of the 

maximum released by detergent, less the background release. By Student's t-test the 

reductions in cytotoxicity with BA11, compared with DG9, at 1.25[tg and 2.5 Itg are 

significant (p =0.015 for 1.25[1z/well and p = 0.005 at 2.5n). 
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Results were expressed as the % release of the total, the latter determined as that releasable by 

detergent lysis of the cells. Quadruplicate wells were used for each sample. 

3.11.3 Mouse abortion models 

The BAll monoclonal antibody, which was able to inhibit NK activity, was then tested in the 

mouse abortion models, using murine IgM or DG9 as controls. DBA/2J and BALB/k male 
were 

mice and CBA/J and BALB/k femalesAhoused in a conventional breeding facility. The 

animals were maintained on a 12h light/dark cycle with food and water ad libitum. Female 

CBA/J mice were mated to DBA/2J males and the BALB/k females and males were mated 

together. The morning of sighting the vaginal plug was designated as day 0.5 of pregnancy. 

The mice were killed on day 13.5 of pregnancy, and the number of healthy and resorbing 

implants recorded. This was a collaborative 	experiment done in Gerard Chaouat's 

laboratory at Batiment de Gynaecology/Obstetrics, Hopital Baudelogue, Paris, France. Figure 

22 shows the effect of BA 11 and normal mouse IgM on resorption rates in CBA x DBA2 

matingsand BALB/k x BALB/k matings. 
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Figure 22. Effect of injection of BAll or normal mouse IgM on resorption rates in CBA x 
matings. 

DBA2 matings and BALB/k x BALB/k,. Error bars indicate + one SD. Without treatment 

resorption occurred in 16/39 implants (41%). With BA11 3/43 implants resorbed, and with 

the control injection 14/36 implantations resorbed. Injection BA1 1 was significantly 

different from no injection or control injection, by x 2 analysis (p < 10 "6). Each pregnant 

mouse was given 250 ng of BA11 or control intraperitoneally on days 6, 8 & 10 of pregnancy. 

3.11.4 Endotoxin induced abortion/ resorption model 

Female mice, as above, were treated by intraperitoneal injection of 100 lig E Coli 

lipopolysaccharide on days 6.5, 8.5 and 10.5 days of pregnancy. Figure 23 shows a high rate 

of resorption was induced by injection of LPS on days 6.5, 8.5 and 10.5. Treatment with 

BA11 resulted in a resorption rate less than 5% for both strain combinations, compared with 

rates of more than 80% for untreated or control injection groups. 
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Figure 23. Effect of 10 tg injections of BAll or control mouse IgM on days 4.5,5.5 and 6.5 

on the resorption of implants in CBA x DBA/2 and BALB/k x BALB/k matings. Treatment 
of 

with BA 11 resulted in a resorption rateAless than 5% for both strain combinations, compared 

with the rates of more than 80% for untreated or control injection groups. The difference for 

both groups is significant by x 2 analysis ( p < 10 -6  for both CBA x DBA/2 and BALB/k x BALB/k). 

This was a collaborative experiment done in Gerard Chaouat's laboratory in Paris. 

3.11.5 Sonic stress abortion / resorption 

Male DBA/2J, BALB/c and CBA/J mice were housed in a clean cage facility. After 

overnight cohabitation of CBA/J females with DBA2/J males, those females with vaginal 

plugs (day 0.5 of pregnancy were segregated and randomised to the treatment groups. One 

group of females were exposed to ultrasonic stress from a rodent repellent device for 24 hours 

beginning at 1000 hours on day 5.5 of pregnancy. Mice were killed on days 9.5, 10.5 or 13.5 

of pregnancy, and the total number of healthy and of resorbing sites recorded. Antibody 

treated mice were injected intraperitoneal with 51.ig of hybridoma supernatant of clone BAll 
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on days 4.5, 5.5 and 6.5 of pregnancy. Figure 24 shows the elevation of the fraction from 

implants in unstressed animals from 10.2% to 38%. The resorption reduced by 5.1% in 
was 

control animals and to 5.7% in stressed animals when BAH treatment,introduced. This was a 
and 

collaborative experiment „was done in Professor Clark's laboratory at McMaster University 

Canada. 
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Figure 24. Sonic stress was used to induce a high resorption rate in CBA x DBA/2 matings. 

Pregnant mice were injected with 10 p,g of BAll or control saline on days 4.5, 5.5 and 6.5. 

The sonic stress elevated the resorption fraction from 14/137 implants in unstressed animals 

(10.2%) to 46/120 (38%). BAll treatment reduced the resorption fraction in unstressed 

controls to 2/39 (5.1%) and to 6/105 (5.7%) in stressed animals. By Fisher's exact test 

p=0.0006 and p = 0.0003 respectively. 

Figures 21, 22 and 23 show that very effective suppression of abortion occurred in all three 

models with this murine antibody, although it was raised against a human trophoblast 

protein, R8OK. 
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It is thus clear that the monoclonal was able to block NK killing of K562, similar to that 
that 

found with the acid eluted human maternal alloantibody, butt,it was binding to a different site, 

since the 'sandwich' assay used to detect it had the alloantibody bound to another site. It 

was able to block the killing of murine trophoblast by murine NK, presumably because it was 

directed against a similar epitope on murine trophoblast. Both the alloantibodies and BAll 

antibodies are expected to react with sites close to each other, in order that either could inhibit 

the reaction of the NK cell with the target molecule on the K562 cell. A tryptic fragment was 

prepared as explained in section 3.8.3. Western blotting of the tryptic fragment with the 

monoclonals showed that the BA1 1 ligand was on the same fragment as that which bound 

human IgG antibody, whereas the other two monoclonals reacted with a smaller fragment of 

the R8OK protein. 

The sandwich procedure used to screen the hybridoma supernatant needed the human IgG 

antibody and the monoclonal to react with different epitopes of the R8OK protein; and they 

therefore react with adjacent sites on the 50kDa fragment and not with the same epitope. In 

addition BAll reacts with both V and Va. 
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4. Discussion 

4.1 Recurrent pregnancy loss 

Recurrent pregnancy loss occurs in approximately 1 in 500 couples trying to achieve a 

family. It can occur for a number of reasons. There is a major group amongst those 

suffering from first trimester loss, where all pregnancies are lost (80%), or all after a first 

successful pregnancy (20%). There is a less common group in which about 50% of 

pregnancies are lost. In these a family history of similar losses is common. It seems 

probable that most of these may be due to inherited genetic faults in one or other parent. 

Another group of abortions occur with growth retardation and placental scarring in the 

second trimester. This group is often associated with high levels of antiphospholipid 

antibodies, and the basic lesion is failure of invasion of the uterine arteries with trophoblast, 

and a subsequent arteriosclerotic occlusion of the arteries supplying the placental bed, by 

mural platelet thrombi. This group is distinct and responds well to heparin and aspirin. My 

work has been centred on the first group, with loss of all or all but the first pregnancy, and 

in which it is possible to prevent further abortion very efficiently by immunisation with 

paternal cells. The World Consensus Meeting report of the metaanalysis of all trials of 

immunisation showed that this was a statistically effective treatment, which, in the hands of 

those using paternal cell immunisation, was claimed to reach a success rate of up to 80% 

compared with a background rate of 35-40% (Immunotherapy for recurrent miscarriage 

1994). This suggests strongly that there is some degree of homogeneity in the group, in 

order for one treatment to be so effective. There is good evidence for very early pregnancy 

loss in this group. After immunotherapy there is an increased frequency of fraternal twins, 

and increased fertility (Mowbray et al 1993). Thus the development of immunity against 

paternally derived antigens may prevent very early recurrent miscarriage. My interest has 
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been in the antibodies against paternal antigens on trophoblast in normal pregnancies. The 

questions of interest that I have attempted to address are as follows: 

1. Is there an immunological response directed against placentae in normal term delivery? 

2. What is the immune response directed against? 

3. What is the possible effect of this immune response? 

4.2 IgG antibody on trophoblast 

If an immunological phenomenon is responsible for prevention of abortion, then the most 

prominent site for the effect of this process must be the materno-fetal interface. In this 

study I have shown that there are antibodies bound to the maternal surface of all term 

placentae studied. The majority of the antibody is bound to an 801(Da protein molecule 

(R8OK) which is a component of the human syncytiotrophoblast plasma membrane and 

antigenically is highly polymorphic (Jalali et al 1989). The antibody eluted from 

microvesicles which can be prepared from trophoblast is capable of inhibiting the lysis of 

the K562 cell line by NK killer cells. I have raised monoclonal antibodies against a 

common epitope of this antigen, R8OK. This monoclonal antibody inhibits the killing of the 

K562 cell line by NK cells, and has also been found to be very effective in prevention of 

pregnancy loss in the three mouse models of recurrent spontaneous abortion. This antibody 

thus appears to protect the conceptus from maternal attack and to prevent subsequent 

abortion (section 3.10). This suggests that the anti-trophoblast antibody may be essential 

for a successful pregnancy, inhibiting NK attack on the trophoblast. 

127 



4.2.1 The effect of pH on elution of IgG from microvesicles 

All term placentae examined had IgG bound. The bimodal shape of the elution curve shows 

two obvious patterns of binding and all IgG being totally eluted at pH 3. The majority of 

bound IgG was eluted between pH 4.5 and 3.0. It is likely that the IgG eluted at higher pH 

was that bound by its Fc portion to the FcR on the trophoblast; however, I have no direct 

evidence for this. It is well known that in a normal pregnancy, maternal IgG crosses the 

placenta and provides passive immunity for the fetus. The definitive receptor responsible 

for ferrying IgG across the placental barrier has not yet been identified (Simister et al 1996), 

although a heterodimer molecule with a pH dependant IgG affinity with structural similarity 

to class I molecule has been proposed as a candidate (Leach et al 1996). This receptor has 

shown similarity to the rat and mouse FcRn. In mice FcRn is essential for the transport of 

maternal IgG to the fetus and neonates (Jeffrey et al 1994). Certainly the polymorphic 

binding evidence applies only to the IgG eluted at low pH. and it is unlikely that the binding 

I measured during my experiments would have been due to a monomorphic FcRn. 

It might have been that only some classes of antibody would effectively protect, and a 

difference in subclasses bound to the placenta would be found. In fact there was not a 

preferential presence of a particular sub-class of bound IgG on the placentae and the IgG 

sub-classes had the same proportional concentrations as in the maternal serum. 

4.2.2 Assay of IgG bound to microvesicles 

IgG antibodies could be dissociated from microvesicles under acid conditions and 

reassociated at neutrality. The eluted IgG did not bind to unacidified microvesicles or most 

other acidified microvesicles. This indicates that eluted IgG binding is specific even though 

Fc binding may also occur to the FcR on trophoblast. It has also been shown that the 
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specific binding of IgG to the placenta FcRn is greater at pH 6.0 than 7.0 (Story et al 1994), 

however non specific binding due to other FcRs ( FcR I, FcR II, FcRIII) was blocked in all 

binding experiments where 1% normal male serum was used to eliminate the non specific 

binding to microvesicles. We have shown the presence of IgG on horse placentae (Rezai et 

al 1995) but as there is no transport of IgG across the placenta in the horse, and hence 

presumably no Fc receptors, all the microvesicle IgG in the horse placenta should be 

bound to alloantigen on the trophoblast, the equine analogue of the R8OK antigen in the 

human. 

4.3 Reaction of eluted IgG with microvesicles of other placentae 

In humans the IgG antibody from the placenta will reassociate with the microvesicles from 

which it was eluted, but cross-reacts with about 16.7% of other treated vesicles. This shows 

that this antigen is highly polymorphic. Small variations in protein sequences are common, 

but antigenic variation to this degree is unusual, the MHC antigens being the best known 

examples. This molecule shows antigenic polymorphism of a degree comparable with that 

of the MHC complex gene. As a fetus inherits its genetic make up from both father and 

mother the paternal antigen is thus dissimilar to the maternal antigen most of the time, and 

is therefore capable of eliciting a maternal IgG antibody response. The majority of human 

placentae, all of which have detectable bound antibody, have been derived from first 

pregnancies so that the immunogenicity of this antigen is much higher than that of MHC 
specific 

antigens. In human and murine pregnancies it is difficult to find MHC,antibodies in first or 

second pregnancies (van Rood et al 1958, Voisin et al 1974), but antibody to R8OK has 

been found on all term placentae even those from first pregnancies. It is of great interest 

that no term placenta has yet been found without the antibody. About 10% might be 

expected not to have antibody on the antigen, as the mother would have an identical antigen 
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to those of the father, preventing her from making an antibody response. It is possible that 

the failure to find such examples in nearly 700 human placentae and similarly in horses 

(Rezai et al 1995) means that such antibody negative pregnancies fail to survive and the 

pregnancy would be lost early. 

4.4 Binding of eluted antibody to peripheral blood mononuclear cells 

As the alloantibodies eluted from the microvesicles show binding to other cell types, there 

is at least a limited distribution of the antigen on other cells, in particular B lymphocytes 

and monocytes. There was no indication that this antigen is related to HLA proteins. 

Studies on HLA homozygous lymphoblastoid cell lines were made to investigate a possible 

HLA association. Individual eluted antibodies reacted with one, or at most two, of the 

lymphoblastoid B cell lines. Different eluates, each reacting with other cell lines, reacted 

together with one cell, so that at least one of the four lines has two detectable antigenic 

specificities present. These make an association between the antigen molecule and human 

MHC very unlikely. In addition, R8OK is composed of a single chain, quite unlike any 

known MHC molecules. 

4.5 Binding of peripheral IgG to the placenta during gestation 

It is important to establish how early in gestation the antibody appears, and how soon the 

antibody is made. When I studied four placentae and serum samples from women with 

recurrent miscarriage, immunised with paternal cells by Miss, now Professor, Lesley Regan, 

one had antibody before immunisation, but those that did not have any detectable antibody, 

developed it afterwards. This was the first demonstration that antibody to R8OK occurred 

by immunisation with paternal peripheral blood mononuclear cells. In the light of the study 

of antibodies in a bigger group of recurrent aborting women by Abbas Rezai, it would seem 
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that a woman who had antibody before immunisation was not one who would be helped by 

immunotherapy (Rezai 1996). 

4.6 Protein A and G in radioimmunoassays 

In these experiments radiolabelled protein A was used to measure the binding of IgG to 

microvesicles and other cells. The value of Staphylococcus protein A and Streptococcus 

protein G (used later for detection of mouse immunoglobulin G and M) as successful 

laboratory reagents has been well documented. It has been shown that protein A binds with 

high affinity to the Fc portion of human IgG1 , 2 and 4 subclasses (Kronvall 1973; 

Akerstrom et al 1985). In general IgG1 , 2 and 4 account for 92% of human IgG, therefore 

these characteristics make these reagents very useful. In all experiments for detection of 

human IgG, I have used 125I-labelled protein A but in the experiments to detect equine IgG 

or mouse mAb, radiolabelled protein G has been used. This technique provides exquisite 

sensitivity, compared with other methods. The biohazard of this assay, however, makes an 

argument for not using it, but can be overcome by following the rules which have been 

formulated for protection from the hazards of radiation. 

During the labelling process using chloramine T, oxidative alteration of protein 

conformation is well known, and can result in loss of binding efficiency. Detailed attention 

was paid to the radioiodination of proteins using the well established chloramine T method 

of Greenwood et al (1963) and the manufacturer's guide (Amersham 1993). Precautions 

were taken to minimise the exposure of the proteins to oxidising agents. In order to know 

the yield and specific activity of binding, experiments were done to calculate the exact 

amount of chloramine T needed for optimal labelling. It was found that a molar ratio of 1:1 

of protein A or G to chloramine T was optimal for the detection of antibody bound to 
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vesicles. With these conditions the efficiency of labelling was about 50%. 

4.7 R8OK antigen 

4.7.1 Antigen purification (R8OK fragment) 

In the attempt to identify the antigen to which the antibody is bound on microvesicles, a 

protein A column was used. The microvesicles were treated with DOC and loaded to a 

protein A column. The acid eluted material from the protein A column always contained three 

major bands; 501cDa and 25kDa bands corresponding to the IgG heavy and light chain. 

These two bands were positively identified by Western blotting. The strength of the third 

major band in the preparation corresponded to the concentration of IgG in the sample and 

was an 801cDa band. This was identified in all placental preparations eluted from the 

protein A column but not in control IgG purified, using the same column or other cellular 

preparations. However, I was unable to show the binding of eluted IgG to this molecule by 

immunoblotting after I had excluded the effects of heat and other reducing agents such as 

mercaptoethanol. Hence I assumed that the most probable cause for the failure of 

immunoblotting was self aggregation of the 80 kDa during the process of transfer from the 

gel to the NC paper, a common phenomenon when transferring such a large molecule 

(Sullivan 1989). 

To overcome this problem and make a smaller water-soluble fraction the antigen was 

digested with a proteolytic enzyme. Trypsin digestion of the microvesicles to which IgG 

was still bound did not release an antigenic fragment. However, when acid treated vesicles 

were treated with trypsin a fragment reacting specifically with the eluted antibody was 

released. It appears that R8OK covered with IgG antibody is resistant to cleavage by trypsin 

(section 3.8.2). Although the deoxycholate-solubilised material from microvesicles 

appeared as a band at 80 kDa, the trypsin eluted fragment which could be stained by Ae was 
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at the 50 kDa position, Figure 16;section 3.8.2). This fragment did not show aggregation or 

a tendency to bind to hydrophobic surfaces of the detergent solubilised molecule and 

remained dispersed in solution in the absence of detergent. It was stable on freezing and 

thawing, and could be stored for long periods at -70C without loss of antigenicity. The 50 

kDa fragment was shown to contain the polymorphic region of the antigen. Because of the 

problem explained above it was not possible to digest a pure 80 kDa fraction and get a 50 

kDa fraction, although, indirect experiments were used to achieve this. The t tic fragment 

was capable of absorbing out the specific antibody from its own microvesicle and 

preventing rebinding to its own target Va  (section 3.3.1, Table XI). When the cross-

reactivity of the 50 kDa tryptic fragments was studied it showed the same polymorphic 

feature of the antigen (section 3.8.3, table XVII) as of the original. 

The fraction was only released by trypsin when the IgG was first removed by acidifying the 

microvesicles. This was interesting in the sense that it shows the masking effect of the 

antibody; i.e. when the antibody is bound to the protein, trypsin is unable to fragment it. 

This may be analogous to the action of antibody in preventing NK action on K562 cells. 

Davies and Browne (1985) claimed to find IgG and some IgM antibody in the serum of 

pregnant women directed against a syncytiotrophoblast antigen. Their test system showed 

that the antibody was not polymorphic and reacted with most other placentae. 

Another group, Crainie and Stimson (1987), have described the isolation of an 80 kDa 

protein from human placentae bound to IgG antibody using a system similar to that initially 

employed by us, that is solubilising the membrane proteins from microvesicles, and using a 

protein A affinity column to adsorb the IgG and the antigen to which it was bound. 
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Although it is very likely that they were dealing with R8OK, they did not appreciate that the 

antigen was polymorphic. I had found this initially when testing reassociation of the acid 

eluted antibody with acid treated microvesicles of other placentae, experiments that they 

had not conducted. 

The antigenic R8OK protein is saturated with IgG antibody in all term placentae studied. 

This implies two things, not only is it very immunogenic, as this is true of first pregnancies 

as well as later ones, but also it would appear to be important that it is covered with 

antibody in successful pregnancies. 

4.7.2 Blocking effect of eluted antibody on NK killing of K562 cells 

The outermost layer of the human placenta is devoid of classical HLA class I and class II 

proteins (Faulk & Temple 1976, Redman et al 1984). This prevents recognition by maternal 

T lymphocytes. Studies using a mouse model of recurrent spontaneous abortion (RSA) 

have led to speculation that an activation of natural killer (NK) cells induces fetal resorption 

in pregnant mice and treatment with anti-NK antibodies decreases the number of 

spontaneous abortions (de Fougerolles and Baines, 1987; Kinsky et al 1990). The 

lymphocytes in the human decidua during the first trimester of the pregnancy have the 

morphology of large granular lymphocutes (LGL) and have cell markers compatible with 

those of NK cells (Starkey et al 1988). NK cells are present during early gestation, 

particularly at the site where fetal trophoblast cells invade the maternal uterine lining (Head 

et al 1996, 1997). They are readily activated by interleukin 2 (IL-2) and can kill trophoblast 

cells (King et al 1989; King et al 1997). The lack of class I alleles leaves these cells 

susceptible to attack by NK cells. Invading human trophoblast cells express at least two 

HLA class I molecules, HLA C and HLA G (Loke & King 1995). The tissue distribution of 
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HLA G proteins appears limited to extravillous trophoblast and if there is a bare NK cell 

target then in the absence of an HLA class I inhibitor of NK lysis, placental, damage would 

be expected to supervene. Our co-workers (Chaouat et al 1986) showed that NK activity 

was an essential part of the resorption/absorption events in the CBA x DBA/2 mouse model. 

Therefore it was logical to study the inhibitory effect of this antibody and I looked to see if 

the antibody might be bound to an NK target molecule on the cell surface. K562 is an 

erythroleukamic cell line and lacks the expression of MHC molecules. It has been shown 

that the decidual CD56+  cells do kill K562 cells (King et al 1989, Ferry et al 1990). 

In the study of crossreaction of the eluted antibody with K562, the target for human NK 

cells, I found that two of the eluted antibodies (anti R8OK antibodies) showed binding to 

K562 cells. Both eluted antibodies inhibited the killing of the K562 cell line by NK cells in 

a dose dependant cytotoxic assay. My result suggests that the R8OK antigen is present on 

K562. 

Another group detected a similar protein on the surface of YAC, the standard cell line target 

for the mouse natural killer cells and also on a parasitic worm of fish. They raised a 

monoclonal antibody against this antigen (Harris et al 1992, 1993). The antibody was able 

to inhibit killing of the target cells and was also shown to prevent adherence of the NK cells 

to their target. 

It is known that one of the adhesion molecules of NK cells is NCAM, the neuronal cell 

adhesion molecule (CD56). The protein is highly glycosylated on NK cells and this 

prevents homoadhesion (King et al 1993). It appears that the adhesion molecule, at least to 

some target cells, is the 80kDa protein of Crainie and Stimson (1987) and is almost 
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certainly the molecule which we have called R8OK (Jalali et al 1996). The evidence for this 

lies in my finding that the IgG antibody eluted from R8OK binds to K562, and prevents NK 

killing in a dose dependent fashion. It is of some interest that both this antibody, which 

would react with only 16.7% of allotypes of the protein, bound to an epitope which 

inhibited NK killing of the target cell. The monoclonal antibody, BA11, when bound to 

another adjacent monomeric determinant, also inhibited NK killing. 

Kinsky and co-workers (1990) showed that in the Fl fetus of the CBA/DBA2 mouse model, 

the mechanism that produces damage is based on natural killer cell activity. Tumour 

necrosis factor (TNF) is also required for resorption of the embryo, probably more as an 

activator of the NK cells than as a mediator of NK killing at the target cell surface, but this 

is indirect (Chaouat 1994). Resorption may be triggered in inbred strains by administration 

of endotoxin, but this is more difficult to achieve in the interstrain combinations (Chaouat et 

al 1990). It could be suggested that the relative inefficiency of endotoxin in this situation 

may be related to the normal development of maternal alloimmunity to the fetal 

alloantigens. In support of this are the experiments which show that immunisation with 

allogeneie: lymphocytes protects the NK mediated resorption of F1 embryos of interstrain 

matings. 

4.8 Monoclonal antibodies to the R8OK protein 

4.8.1 Production of monoclonal antibodies to the R8OK protein 

To study the NK killing inhibitory effect of the bound IgG to microvesicles I tried to make a 

monoclonal antibody to the R8OK antigen. The monoclonal antibodies have been selected 

as those reacting with a conserved epitope on R8OK. Acidified microvesicles from one 

placenta were used for the initial immunisation of the mouse. A pooled selection of 12 
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Monoclonal antibody 

monoclonal epitope 

human epitope 

human IgG 

R8OK 

Protein A 

different acidified microvesicle was used in a capture assay to select hybridomas that react 

with the monomorphic epitope. As was shown in section 3.10, three monoclonal antibodies 

that reacted with the R8OK protein were produced. I intended to select a mAb recognising a 

conserved cross reacting epitope of R8OK antigen, other than the one recognised by human 

IgG. Therefore a capture assay was used for this purpose in which an R8OK protein was 

bound simultaneously by the monoclonal and the human IgG antibody which it had bound 

before (figure 25). 

solid phase 

Figure 25. Schematic illustration of the ELISA capture assay. Acid eluted antibody is 

bound to a solid phase and this was used to capture the R8OK antigen. The hybridoma 

supernatants that detected this complex were selected. 

All three selected clones are reactive with untreated vesicles. The western blot study of the 

antigen (3.10) showed that BAIL binds to a 50 kDa fraction of the trypsin product of the 
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antigen while the other hybridoma, D09, binds to smaller fragments in the region of 12 

kDa. For hybridoma EG9, if any,there is a binding at the region of 50 kDa. 

In the ELISA system designed for the selection of the hybridomas, the first layer used for 

the capture assay was eluted antibody (Ae). The second layer was the tryptic supernatant of 

acidified microvesicles. The hybridoma was selected where those that bound to the 

complex of eluted antibody and antigen bound to it. Therefore it was assumed that the 

hybridoma and the Ae recognise the same antigen, but different epitopes. The more 

conclusive evidence would be to use the hybridoma to purify the antigen and then prepare 

the 50 kDa from this preparation and show the binding of the Ae to it. 

4.8.2 Blocking effects of monoclonal antibody 

In the study of NK killing of the K562 cell line only BAll antibody was able to inhibit the 

killing. The effect was measured in a dose response curve which showed that monoclonal 

antibody has an effect similar to the human acid eluate of IgG, within a similar range of 

concentrations. The other clones DG9 and EG9 did not show inhibition. BAl l is an IgM 

but normal mouse IgM did not show any inhibition. When monomeric BAll was prepared 

by reduction with mercaptoethanol it lost its effect on NK killing. This suggests the 

possibility that steric effects on the `NK site' may not be possible with a 7s sub-unit. Since 

the BAll antibody and the human IgG antibody react at different sites on the 50kDa tryptic 

fragment, it seems that the NK site can be masked by IgM on one site or by IgG on another. 

This suggests the NK site is within 20-50 nm of the antibody binding sites. 
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There have been suggestions that the activity of NK cells might be affected by binding to 

the Fcy receptor on the peripheral blood NK cells (Solana et al 1991). That the inhibition of 

NK killing in these studies is not by this mechanism is shown by the fact that the BAll 

monoclonal is an IgM and the ineffective monoclonals are IgG. In addition, in the 

endometrium the predominant human NK cell is CD56+  CD16" unlike the PBMC NK cell 

which is CD56+  CD 16+, although which populations may be effective in causing 

resorption/abortion is not known. Early abortion could occur by NK cells in the decidua 

attacking the trophoblast. This could occur also later after about 6 weeks of gestation, when 

the developing villi are bathed in maternal blood. Thus either CD16+  or CD16" NK cells 

could be attacking the trophoblast in different sites and at different times. It is just possible 

that the lack of invasion of arteries and veins by trophoblast in the abnormal pregnancy 

might be hindered by the development of NK attack on the trophoblast, unprotected by 

antibody to R8OK. This might explain those women who appear to have both a first 

trimester recurrent abortion associated with a second trimester loss of the kind associated 

with failure of trophoblast invasion of the arteries. 

4.8 3 Mouse trophoblast NK inhibition 

It was fortunate that when we screened the monoclonals produced in mice against human 

antigens these mouse monoclonals crossreacted with the mouse R8OK equivalent, while not 

reacting with horse antigens. This made it possible to check the effect of the monoclonal on 

human NK cells, and murine abortion models. Gerard Chaouat found that the monoclonal 

antibodies reacted with mouse trophoblast; evidence for inhibition of murine killing of 

mouse trophoblast by NK cells was also obtained by David Clark's group (Cadavid et al 

1997). This meant that it was possible to test the anti-human monoclonals directly in three 
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mouse abortion models and to look at inhibition of murine NK activity as well. 

4.8.4 Mouse Abortion Models 

In all three mouse models of abortion BA1 I showed an excellent effect in prevention of 

abortion/resorption. The three models are the genetic F1 abortion model in CBA x DBA2, 

the endotoxin induced abortion and the sonic stress model. As the BAH monoclonal 

proved very effective at preventing the abortion/resorption in these three models, it suggests 

strongly that it acts at the same point in each model. It has been shown that the mechanism 

of abortion in the CBA x DBA2 model is by NK killing, following TNFct activation of NK 

cells. It is preventable with immunisation or passive transfer of antibody, by depletion of 

the effector cells, or by prevention of TNF release from macrophages by administration of 

pentoxyphylline (Kinsky et al 1990). Similarly in the endotoxin-induced model the LPS 

activates macrophages to produce TNF, and the TNF activated NK cells in the endometrium 

then cause the abortion (Chaouat 1994). The uterine mechanism for sonic stress induced 

abortion is not fully evaluated, but, as the monoclonal BAH inhibits all the models 

extremely effectively, it would seem likely that there is a final common pathway in all three 

models. It is attractive to assume from the above that the monoclonal antibody is 

preventing the final NK attack on the trophoblast. 

Cadavid et al (1997) have tried to absorb out the protective effect of BA11 and DG9 by 

human or murine cells. They found a somewhat weaker effect with DG9 when compared 

with BAll in the inhibition of murine NK cell killing of BeWo choriocarcinoma cells. As 

discussed above it may be that the effect they found with DG9 was due to some 

contamination with another clone, possibly BAH. Nevertheless the absorption experiments 

with both suggest that the protective activity can be absorbed out by BeWo or mouse 
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trophoblast, but poorly by human NK cells. In addition they found that, when using an NK 

cell line, there was significant absorption of the protective activity. Although other 

explanations are possible, it does seem possible that the R8OK protein is not only a 

molecule present on the target cell, but may also be on the NK cell. The possibility that 

homoadhesion of this molecule may be important in the activity of NK cells deserves 

further study. The molecule may be present on several other PBMC subsets, and also on the 

NK line, but they do have some evidence that the NK cells pre-treated with the monoclonal 

were not able to kill target cells, supporting the first hypothesis. 

In experiments in which the inhibitory effect of BAll and DG9 was studied on murine NK 

models, similar results were observed. BAH was quite effective in reducing the killing 

activity of murine NK cells but DG9 was ineffective. 

4.8.5 Antibodies to R8OK and protection of human pregnancy 

All of 700, predominantly first pregnancy, term placentae had IgG antibody bound to the 

placenta (Jalali et al 1995), whereas unpublished data shows that most women with 

recurrent early pregnancy loss do not have antibody against R8OK. Studies of immunisation 

with paternal cells show definite protection against recurrent spontaneous abortion 

(Consensus Conference 1994), and more recently Coulam (Coulam et al 1994) has shown 

statistically significant protection produced by passive transfer of large amounts of normal 

human IgG. As roughly half of all blood donors are female, and many are parous, there 

should be small amounts of antibody to all the paternal R8OK allotypes in the large pool of 

blood donors used to make the IgG preparations. Both alloantibody against the 

alloantigenic sites of the R8OK molecule and monoclonal antibodies against the conserved 

site to which BAll binds, effectively prevent NK killing of K562 and abortion in the 
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mouse models. This suggests further that the mode of action in preventing abortion in the 

murine model may also result from inhibition of NK killing. The BAll monoclonal is a 

very useful tool for further study of the phenomenon, as it reacts in both murine and human 

systems. 

5. CONCLUSIONS 

This thesis demonstrates that there is a protein, R8OK, present on trophoblast and it is 

covered with maternal antibody in all successful pregnancies when studied at term. The 

protein R8OK is highly polymorphic. We have shown that a similar antigen is present in 

horses. The distribution of antigen on B lymphocytes and monocytes as a polymorphic 

antigen is novel, although other groups have discussed a polymorphic B lymphocyte 

alloantibody in pregnancy (Winchester et al 1975). 

In the study of crossreaction of the eluted antibody with K562, the eluted antibodies (anti 

R8OK antibodies) showed binding to K562 cells. Eluted antibodies inhibited the killing of 

K562 cell line by NK cells in a dose dependant cytotoxic assay. My results suggest that 

R8OK antigen is present on K562 cells. If there is a bare NK cell target, which is what 

membrane bound syncytiotrophoblast R8OK appears to be, then in the absence of HLA class 

I inhibition of NK lysis (Pazmany et al 1996) placental damage would be expected to 

supervene. The IgG antibody covers it and protects it from NK attack; this was shown by 
was 

inhibition of lysis when the antibodyA  bound to K562 cells. It is now generally believed 

that NK cells play an important role in placentation. Therefore there must be recognition of 

the semiallogenic fetal trophoblast (King et al 1997). The alloantigen, R8OK system 
the 

appears to be involved inAmaternal immune response during human pregnancy. This 

immunological response may lead to protective reactions, and an insufficient or 
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inappropriate response may contribute to recurrent spontaneous abortion. 

The development of the mAb, BAH , has meant that a reagent is now available that blocks 

NK killing of K562 and murine trophoblast cells as well as NK susceptible choriocarcinoma 

cell lines BeWo (Cadavid et al 1997). The monoclonal antibody BAll was selected for its 

ability to bind to the R8OK antigen. The other clones DG9 and EG9 did not show inhibition 

of the killing of K562. When monomeric BA11 was prepared by reduction with 

mercaptoethanol it lost its effect on NK killing. This suggests the possibility that steric 

effects on the `NK site' may not be possible with a 7s sub-unit. The BA11 antibody and the 

human IgG antibody react at different sites on the R80k antigen and on the tryptic fragment 

(50 kDa). It seems that the NK site can be masked by the IgM on one site or by IgG on 

another site. This suggests that the NK site is within 20-50 nm of the antibody binding 

sites. BAH can bind to R8OK; whilst binding to acid eluted antibody and immunoblotting 

of a tryptic digest of acidified microvesicles using BAH revealed a 50 kDa fragment. 

Therefore it was assumed that the 50 kDa tryptic digest fragment contains the polymorphic 

region of the R8OK antigen. 

The monoclonal antibody BA11 has similar properties to the naturally occurring antibody. 

Nevertheless, it is able to prevent NK killing of targets and NK induced abortion in rodents. 

These results show that this antibody could be used, therapeutically, as a treatment of 

immunologically mediated recurrent abortion. Using genetic engineering this monoclonal 

could be humanised for the treatment of recurrent abortion. 

Kwak et al (1996) showed evidence of elevated blood natural killer cells and the beneficial 

effect of intravenous immunoglobulin (IVIg) treatment in women with RSA. In a study of 
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the mechanism of the treatment with IVIg Ruiz and co-workers showed evidence that IVIg 

binds to both effector and target cell (Ruiz et al 1996). Although the triggering or inhibitory 

mechanisms of NK cell have not yet been fully elucidated, my data and that from other 

groups such as Ruiz and co-workers (1996) suggests that the suppression of cytotoxicity of 

NK cells with IVIg, BAl l or naturally occurring antibody, may help to tilt a deleterious 

TH1 response towards a TH2 response at the maternal-fetal interface, leading to a 

successful pregnancy. 
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Appendices 

APPENDIX A 

PREPARATION OF REAGENTS USED 

AET solution. 

200mg 2-Aminoetylisothiouronium Bromide (AET) was dissolved in 5m1 distilled water. 

The pH was adjusted to 8.0 using sodium hydroxide. 

0.2 M stock phosphate buffer . 

A. 0.2 M solution of monobasic sodium phosphate. 

B. 0.2 M solution of dibasic sodium phosphate. 

290 ml solution A added to 710 ml solution B. 

Eosin solution for tissue typing. 

2% solution in tap water. 

Complement fixation test diluent tablets & Phosphate buffered saline tablets. 

These were purchased from Oxoid Ltd, Basingstoke, Hampshire, UK 

Each tablet was dissolved in 100 ml distilled water with stirring. 

0.1 M Sodium carbonate bicarbonate buffer. 

A. 28.62g of Na2CO3  .10 H2O dissolved in 1000m1 of distilled water. 

B. 8.40g of NaHCO3  dissolved in 1000m1 of distilled water. 

300m1 solution A added to 700 ml solution B. 
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0.1 M Citrate buffer. 

A. 0.1 M solution of citric acid (21.01 g in 1000 ml). 

B. 0.1 M solution of sodium citrate (29.41 g C6H507  Na3.2H20 in 1000 ml). 

46.5 ml solution A added to 3.5 ml solution B and the volume adjusted to 100m1. 

EDTA Saline buffer. 

74.48 g EDTA was dissolved in 800m1 distilled water and pH adjusted to 7.6 using lON 

NaOH and made up to 1000m1 with distilled water as 200mM stock buffer. 72 g NaCl was 

added to 200m1 of the stock buffer and volume was adjusted to 7800m1 with distilled 

water(DW). 

Gel buffer for Mancini plate. 

A. 85 g NaC1, 3.75 g Sodium Barbitone and 5.75 g Barbituric acid were dissolved in 1500 

ml distilled water and pH was adjusted to 7.4 using 15 ml 10N NaOH. The volume was 

adjusted to 2000m1 using distilled water. 

B. 0.2 M EDTA pH 7.6. 

40m1 of A and 50 ml of B added to 160m1 distilled water. 
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Appendix B  
REAGENTS USED FOR SDS PAGE ELECTROPHORESIS 

Sample buffer 

Distilled Water 	 4.0m1 

0.5M Tris - Hcl pH6.8 	 1.0m1 

Glycerol 	 0.8ml 

10% (WN)SDS 	 1.6m1 

Mercaptoethanol 
	

0.4m1 

0.05% (W/V) Bromophenol blue 	0.4ml 

Acrylamide 30% 

60 gram acrylamide 

1.6 gram NN'- Methylenebisacrylamide 

make up to 200m1 with D.W. 

10% SDS 

10 gram SDS in D.W. with gentle stirring and bring to 100m1 with D.W. 

Ammonium persulfate (AMPS) 

0.05 gram in .5m1D.W. 

Stacking gel buffer 0.5 M Tris - HC1, pH 6.8 

6 gram Tris base 

60m1 D.W. 

Adjust to pH 6.8 with 1N HC1. Made to 100m1 with D.W. 
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Separating gel buffer 1.5 M Tris - HC1, pH 8.8 

54.45g Tris base (18.15g / 100m1) 

150m1 D.W. 

Adjusted to pH 8.8 with 1 N HC1. made up to 300m1 with D.W. 

Electrode buffer pH8.3 

Tris base 	 9g 

Glycine 	 43.2g 

SDS 	 3g 

Adjusted to 3 litres with D.W. 

Stain (working solution) 

62.5 ml stock stain (0.125% Coomassie blue R-250), 250 ml methanol (50% methanol) and 

50 ml (10% acetic acid) were used and made up to 500m1 with H2O. 

TBS 

4.84g Tris 

58.48g NaC1 

made up in 2 litres D.W. and pH adjusted to 7.5 

Separating gel preparation 0.375M Tris, pH 8.8 for 10% gel 

Acrylamide stock 	 16.7m1 

Tris buffer 1.5 M, pH8.8 	8.4m1 

D.W. 	 15.9m1 

Degassed for 20 min before addition of 
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10% SDS 417 u1 

TEMED 25 IA 

AMPS 208 µ1 

Stacking gel preparation 4.0% gel, 0.125Tris, pH 6.8 for 10% gel 

Acrylamide stock 2.9m1 

Tris buffer 0.5 M, pH 6.8 1.67m1 

D.W. 12m1 

Degassed for 20 min before addition of: 

10% SDS 	 167 pi 

TEMED 	 16.6 jAl 

AMPS 	 83.4 pl. 
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