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1.  Introduction 
 

1.1  Uncomplicated Pregnancy 
 

1.1.1   Fertilisation and early development 

 

Following fusion of the maternally-derived ovum and paternally-derived sperm, a newly 

fertilized zygote is formed. During the pursuing hours, each parental pronucleus is replicated and 

the nuclei unite to undergo mitosis which finalises fertilisation. 

 

The zygote traverses along the uterine tube for the following three to four days and undergoes 

repeated mitotic divisions without any cell growth. This repetitive cleavage produces the thirty-

two-cell totipotent conceptus that reaches the uterus where it remains for another three days, all 

the while undergoing further cell divisions until it forms the blastocyst in which the cells begin to 

differentiate. The blastocyst consists of an outer trophoectodermal cell layer which gives rise to 

the trophoblast involved in implantation (the process attaching the placenta to the uterus), an 

inner cell mass, which will subsequently develop into the embryo/fetus, and a central fluid filled 

cavity which subsequently forms the amniotic sac (Vander et al., 1998). Seven days post 

ovulation, the blastocyst begins to embed itself into the endothelial layer of the uterine wall. 

 

1.1.2   Implantation 

 

Trophoblast invasion and the implantation process require complex interactions between cells 

and tissues of maternal and fetal origin. A brief outline follows: 

 

Successful implantation requires the blastocyst to imbed itself in the endometrium, however, a 

natural barrier of anti-adhesion molecules is found on the endometrial epithelial surface, which 

needs to be infiltrated. This is facilitated by integrin and mucins which activate endometrium cell 

adhesion molecules (CAMs) (Dominguez et al., 2002). This integrin-mediated cell adhesion to 

the extracellular matrix (ECM) subsequently induces the production of the metalloproteinases 

(MMPs) which have a significant function in trophoblast invasion (Burrows et al., 1996). 
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1.1.3   Trophoblast Invasion 

 

The outer layer of the blastocyst consists of trophoblast cells which are the placenta’s specialised 

epithelial cells, the cytotrophoblast stem cells. They can differentiate into different cell types to 

facilitate the various functional changes needed for optimal utero-placental blood flow. Two main 

differentiation pathways exist for cytotrophoblast stem cells, they can either: 

 

• Fuse to form a multinucleate syncytiotrophoblast layer which envelops the cytotrophic 

“floating” villi surface and is in contact with the maternal blood or 

• Rupture the syncytium at certain sites to aggregate into multilayered columns of non-

polarised extra-villous cytotrophoblast cells which then facilitate invasion to form a 

bridge between the placenta and uterine wall. 

 

Two types of invasion occur in the maternal tissues, viz, interstitial and endovascular. Interstitial 

invasion is characterised by the movement of extra-villous cytotrophoblast through the uterine 

wall decidual tissue into the superficial layer of the myometrium so as to anchor the placenta to 

the uterine wall and to prepare the spiral arteries for endovascular cytotrophoblast invasion 

(Baker and Kingdom, 2004). Perivascular trophoblast cells derived from interstitial 

cytotrophoblastic cells surround the spiral arteries at this time (Lyall, 2002). In contrast, vascular 

transformation is facilitated by endovascular cytotrophoblast invasion which aims to substitute 

the epithelial lining of arteries with its own cells. This arterial remodelling converts the narrow 

arteries into large blood filled cavities with an absence of maternal vasomotor control ensuring an 

adequate blood supply for the developing fetus (Baker and Kingdom, 2004). Both interstitial and 

endovascular invasion reach the myometrium at 10 weeks of gestation (Lyall, 2002) and a 

schematic representation of the two processes is shown in Figure 1. 

 

The mechanism of invasion is important in the context of this study. Invasive cytotrophoblast 

cells need to be able to attach to cells of the ECM, digest them locally (with proteases) and then 

migrate through that area without causing necrosis. This is facilitated by inducing genes involved 

in digesting the ECM to secrete proteases. The three main enzyme groups degrading the major 

components of the ECM are the MMPs, the plasminogen activators (PA) and their inhibitors 

(plasminogen activators inhibitors (PAI) and tissue inhibitors (TIMPs)) (Baker and Kingdom, 

2004). 
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Figure 1: Diagram of structures involved in implantation (Picture from Zhou et al., 1998). 
A. Syncytiotrophoblast surrounds the floating villi (FV) which are bathed in the maternal blood. The anchoring 
villus (AV) bridges the maternal and fetal compartments. The cytotrophoblast in AV (Zone I) form cell 
columns (Zone II and III). Interstitial (Zone IV) and endovascular invasion of the maternal vasculature occurs 
(Zone V). B. Endovascular invasion in a maternal spiral artery occurs progressively. In fully modified regions 
(a), vessel diameter is large and cytotrophoblasts occupy the entire vessel wall surface. Vessel segments in 
the myometrium that are as of yet unmodified (b + c), will be modified when endovascular invasion reaches 
its fullest extent (by 22 weeks gestation). 

 

 

The MMPs are subdivided into 4 groups depending on their structure and substrate specificity; 

the gelatinases (MMP-2 and -9), collagenases (MMP-1, -8 and -13), stromalysins (MMP-3, -7, -

10, -11 and -12) and the membrane bound MMPs (MMP-14, -15 and -16) (Bischof et al., 2000). 

During the first trimester of pregnancy MMP-9 production is highest, secreted by the 
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cytotrophoblast so as to digest its immediate environment (Librach et al., 1991; Burrows et al., 

1996). MMP-9 is regulated by autocrine activity of human chorionic gonadotrophin (hCG) and 

leptin secreted from the cytotrophoblast cells or by the paracrine integrins secreted from the 

maternal tissues (Bischoff, 2001). 

  

Once invasion is complete and utero-placental blood-flow established, fetal growth and 

development can occur. 

 

1.2   Pre-eclamptic Pregnancy  

 

1.2.1   Hypertensive disorders in Pregnancy 

 

Hypertension in pregnancy is the second highest cause of maternal death (20.7%) in South 

Africa, with non-pregnancy related infections (primarily the Acquired Immune Deficiency 

Syndrome (AIDS)) taking the lead (Saving Mothers Report 1999-2001). Hypertensive disorders 

of pregnancy include pre-existing essential chronic hypertension and pregnancy-induced 

hypertension (PIH). The latter includes eclampsia, pre-eclampsia and HELLP (haemolysis, 

elevated liver enzymes and low platelet) syndrome and are all due to the pregnant state of the 

individual. 

 

Pre-eclampsia is a reversible multisystemic disorder only described in humans. The clinical 

definition is hypertension with a blood pressure exceeding 140/90mmHg measured on two 

separate occasions at least four hours apart (after 20 weeks of pregnancy), coupled with 

significant proteinuria (defined as measurements of >300mg protein/l in a 24 hour urine specimen 

or at least +2 on a diagnostic strip on two separate occasions, at least four hours apart) (Davey 

and MacGillivray, 1988). Early onset of the disease tends to have a more severe outcome and is 

recognised between 20 and 34 weeks of gestation. With modern technology and improving 

patient care, mortality rate of this disease is lowering (~5.7% of all maternal deaths in South 

Africa), but death is usually due to neurological, cardiac or respiratory failure (Saving Mothers 

Report 1999-2001).  

 

Pre-eclampsia can be complicated by the co-existence of HELLP syndrome or abruptio placentae 

or it can be superimposed over pre-existing essential hypertension. For the purpose of genetic 

studies, diagnosis must be strict and primigravidae patient cohorts should be confined to the 
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early-onset of the disease without any additional complications so as to obtain the clearest 

aetiological picture of the disease.  

 

The incidence of pre-eclampsia varies in differing populations and although many studies have 

been performed, comparisons are difficult to make since these are population-based figures and 

may reflect varying clinical diagnosis (Baker and Kingdom, 2004). A summary of some of the 

larger population-based studies is indicated in Table 1.  

 

Table 1: Incidence of pre-eclampsia in different populations (selection of large studies). 

 

Population No of 
Deliveries 

Study 
timespan Risk of PE Reference 

Norwegian 12 804 1993-1995 2.5% Odegard et al., 2000 
Ukrainian 78 311 1962-1964 6.9% Davies, 1971 

Israeli 5878 n/a 2.8% Seidman et al., 1989 
Scottish 6637 1967-1978 5.8% Campbell et al., 1985 

Australian 2434 n/a 9.7% Long and Oats, 1987 
Canadian 140 773 1993-1999 2.9% Xiong et al., 2002 

MFMN 1500 n/a 5.3% Sibai et al., 1995 
MFMN = Maternal Fetal Medicine Network trial control group (American)  
No          = number    
n/a      = not applicable    

 

 

Ethnic risk differences and gravidity risks have been described for pre-eclampsia (Savitz and 

Zhang, 1992; Irwin et al., 1994; Knuist et al., 1998), but are controversial as standards of health 

care vary for each race, even in the same country. Incidence for all forms of pre-eclampsia (late 

and early onset; mild and severe) at the Tygerberg referral hospital in the Western Cape is ~6-8% 

for non-Caucasian expectant mothers. Specifically, early onset severe pre-eclampsia has an 

incidence of ~3.6% (Hall et al., 2005; conference output). 

 

1.2.2   Pathophysiology 

 

The reversible nature of pre-eclampsia with delivery of the placenta implicates this organ in the 

pathogenesis of the disorder. Studies have shown that pre-eclamptic placentas are characterised 

by shallow decidual layer endovascular trophoblast invasion with only 50 to 70% of the spiral 

arteries being invaded and transformed (Meekins et al., 1994). The reduction in invasion potential 

is not due to a decrease in the number of interstitial trophoblast cells, but due to the inability of 

endovascular trophoblast cells to enter and transform spiral arteries successfully (Baker and 
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Kingdom, 2004). These arteries, which should have their maternally vasomotor controlled cells 

replaced by endovascular trophoblast cells to create low pressure, high flow sinusoidal blood 

sacs, are now left anatomically unchanged, undilated and under nervous control (Dekker and 

Sibai, 1998). They are therefore responsive to vasopressors such as angiotensin II, causing a 

lower flow, high pressure placental circulation as revealed by the clinical symptoms. This 

reduced blood flow to the fetus causes transient placental hypoperfusion which initiates the 

release of oxygen free radicals and cytokines. These molecules cause widespread endothelial 

dysfunction, which is the central theme of pre-eclampsia (Dekker and Sibai, 1998). The placental 

hypoperfusion also induces hypoxia and this decrease in oxygen availability has been shown to 

change trophoblast function from invasion to proliferation (Baker and Kingdom, 2004). The 

proteinuria evident as a clinical symptom of pre-eclampsia is caused by inflammation in the 

glomeruli of the kidneys (Cross 2003). 

 

1.2 .3   Aetiology 

 

The aetiology of pre-eclampsia remains elusive. A comparison can be made to the age-old 

“chicken/egg” theory of what is cause and what is effect? Various hypotheses have been 

proposed, but rather than one of the theories being true, the reality is that the aetiology is most 

likely to be a combination of them all: 

 

i.   Placental ischemia 

 

This theory proposes that placental ischemia increases syncytiotrophoblast shedding into the 

maternal circulation in pre-eclamptic patients, which inhibits and alters optimal functioning of the 

endothelium (de Jager et al., 2003). This trophoblast deportation occurs spontaneously, but to a 

lesser degree in normal pregnancy. A problem with this theory is that supporting studies have 

been performed on patients with established disease and therefore the excessive shedding may 

only be a feature of end-stage disease (Dekker and Sibai, 1998). 

 

ii.   Lipoproteins versus toxicity- preventing activity 

 

During pregnancy there is a higher energy demand to ensure adequate nutrition for the fetus, and 

therefore there is a release of nonesterified free fatty acids. However, women with low albumin 

concentrations struggle to transport these circulating fatty acids from adipose to the liver and 
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therefore have a reduction in albumins antitoxic actions leading to the expression of very-low 

density lipoprotein toxicity, which damages the endothelium (Dekker and Sibai, 1998). 

 

iii.   Immune maladaptation 

 

Immunity seems to play an important role in pre-eclampsia since the elevated risk in primiparous 

women is well-documented with first time pregnancies accounting for 75% of all pre-eclampsia 

cases (Chesley, 1984) and nulliparous women are five to ten times more likely to develop pre-

eclampsia than multiparous women (Eskenazi et al., 1991). A previous pregnancy (even if not 

carried to term) provides a reduction in risk, if the partner remains the same. A new pregnancy 

with a change of partner returns the risk to similar levels as with primiparous women (Robillard 

et al., 1993). The length of cohabitation with a partner inversely influences pre-eclamptic risk 

(Robillard et al., 1994). This evidence strongly implicated molecules involved in immunity in 

pre-eclampsia aetiology. 

 

Invading trophoblast cells and the maternal decidual tissue major histocompatibility complex 

(human leukocyte antigens, in the case of pregnancy) need to interact for successful invasion. 

Immune maladaptation may cause the increased release of cytokines (interleukins (ILs) and 

tumour necrosis factor (TNF)), proteolytic enzymes (such as the MMPs) and oxygen free radicals 

(which induce lipid peroxidation) which all contribute to endothelial cell dysfunction (Dekker 

and Sibai, 1998; Baker and Kingdom, 2004). 

 

iv.   Inadequate invasion 

 

A possible explanation for affected endothelial proliferation and decreased invasive potential is 

that enzymatic digestion of the ECM by the trophoblast is defective, because MMP-9, PA and 

PAI expression are altered (de Jager et al., 2003; Baker and Kingdom, 2004).  

 

1.3  Pre-eclampsia as a genetic disease 

 

1.3.1   Familial disposition 

 

First degree relatives of women with a pre-eclamptic history are up to four times more likely to 

develop the disorder. Offspring from a pre-eclamptic pregnancy (both genders) are also more 

likely to develop the disorder or father a child from a pregnancy complicated by it (Esplin et al., 
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2001). However, although a definite predisposition to pre-eclampsia exists, the disorder is 

complex and multifactorial, thereby implicating more than one gene to confer susceptibility.  

 

1.3.2  Genetic investigations 

 

Genetic mapping of a disorder is usually performed either by positional cloning, functional 

cloning, linkage studies or candidate gene searching. Positional cloning identifies genes using 

markers without knowing their function, whereas functional cloning relies on knowing the 

biological basis of the disease. Both these strategies are seldom successful in complex disease 

mapping. Linkage studies identify chromosomal regions of interest and are based on the 

combined inheritance of loci closely positioned to each other on a chromosome. However this 

approach has had limited success in pre-eclampsia (Baker and Kingdom, 2004), most likely since 

the mode of inheritance is complex and most studies have assumed models which may be 

incorrect and therefore could lead to inaccurate analysis. Additionally, pre-eclampsia is 

multifactorial, implicating many genes working together in the aetiology of the disease. 

 

In contrast, the candidate gene strategy allows investigation of genes thought to play a role in the 

pathogenesis of the disorder, by comparing the allele and genotype frequencies of the gene in 

affected and control populations (Baker and Kingdom, 2004). This is the strategy followed by 

this study due to the potential high throughput and relative simplicity of the method. Various 

mutation detection techniques can be used to screen genes for sequence variants (novel and 

documented) and include single strand conformation polymorphism (SSCP, Orita et al., 1989), 

heteroduplex analysis (HD, Keen et al., 1991), Multiphor SSCP/HD gel electrophoresis (Liechti-

Gallati et al., 1999), denaturing high performance liquid chromatography (dHPLC; Oefner and 

Underhill, 1995) and automated sequencing (Myers et al., 1985). SSCP and dHPLC have a high 

through-put potential, but are not 100% sensitive, whereas sequencing is more accurate and 

sensitive in revealing variants. Restriction Enzyme Analysis (REA) can be used to characterise 

sequence variants which create or abolish specific enzyme restriction sites; however no novel 

variants can be screened with this technique. 

 

1.3.3   Candidate genes and association studies 

 

The search for maternal and fetal pre-eclampsia candidate genes thus far, has proven limited. 

Some previously investigated genes are introduced below and summarised in Table 2. 
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i.   Haemodynamic candidate genes 

 

In normal pregnancy the spiral artery epithelial cells are replaced with endovascular trophoblast 

cells to convert the maternal vasculature to a high cardiac output, low pressure and high flow 

system no longer under maternal control. Pre-eclamptic patients however, have clinical features 

of a decreased cardiac output with an increase in total peripheral resistance (TPR) with vessels 

sensitive to pressor activity. This leads to the elevated blood pressure and hypoperfusion evident 

in pre-eclamptic patients (Baker and Kingdom, 2004). 

 

Angiotensinogen (AGT) is important in the regulation of body-fluid volume and the association 

demonstrated between pre-eclampsia and variants Met235Thr and 573c/t in several studies has 

been contradicted in others (Table 2). Variant 573c/t, in its homozygous state, confers higher 

levels of angiotensin II platelet binding and is transmitted to the fetus more often in pre-

eclampsia than in controls (Morgan et al., 1998). 

 

Endothelium derived nitric oxide is a strong vasodilator that is produced by the nitric oxide 

synthase (NOS3) gene. The gene variant Glu298Asp has been shown to be associated with pre-

eclampsia, but these results could not be confirmed consistently and may even be refuted in other 

studies (Table 2). A likely explanation for the varying results is that NOS3 expression differs 

depending on the population it which it is studied (Lachmeijer et al., 2002a).  

 
ii.   Thrombophilia candidate genes 

 

Pre-eclamptic placentas are characterised by thrombotic lesions and patients have increased 

coagulation ability. Platelets are an integral part of the coagulation cascade and show decreased 

levels in full blood counts of pre-eclamptic patients (Lachmeijer et al., 2002a).  

 

Genes involved in thrombophilia and coagulation pathways have thus, been likely candidates for 

pre-eclampsia susceptibility. 

 

Methylenetetrahydrofolate reductase (MTHFR) variants 677c/t and 1298a/c and factor V Leiden 

(FVL) variant 1691g/a have been extensively studied although results have proved contradictory, 

with the majority of the evidence indicating a lack of association with pre-eclampsia (Lachmeijer 

et al., 2002a). These inconsistent results could be due to the differing diagnostic criteria used for  
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Table 2: A selection of candidate gene studies investigated thus far   (adapted from Lachmeijer et 
al., 2002a). 
 

References Implicated in Gene 
Association No Association 

Haemodynamics AGT Ward et al., 1993 Morgan et al., 1995 

    Arngrímsson et al. 1993 Wilton et al., 1995 

    Takimoto et al., 1996 Guo et al., 1997 

    Kobashi et al., 1999 and 2001a Harrison et al., 1997 

    Morgan et al., 1999a+b Arngrímsson et al., 1999 

    Hefler et al., 2001b Suzuki et al., 1999 

      Moses et al., 2000 

      Curnow et al., 2000 

      Lachmeijer et al.,2001a 

      Bashford et al., 2001 

  NOS3 Arngrímsson et al. 1997 Harrison et al., 1997 

    Guo et al., 1999 Lewis et al., 1999 

    Yoshimura et al., 2000 Arngrímsson et al., 1999 

    Bashford et al., 2001 Lade et al., 1999 

    Hefler et al., 2001b   

    Savvidou et al., 2001   

    Kobashi et al., 2001   

    Tempfer et al., 2001   

Thrombophillia MTHFR Gandone et al., 1997 Powers et al., 1999 

    Sohda et al., 1997 Chikosi et al.,1999 

    Kupferminc et al., 1999 O'Shaughnessy et al., 1999 

      de Groot et al., 1999 

      Kaiser et al., 2000 

      Laivuori et al., 2000b 

      Kobashi et al., 2000 

      Rajkovic et al., 2000 

      Raijmakers et al., 2001 

      Kim et al., 2001b 

      Lachmeijer et al.,2001b 

      Livingston et al., 2001a 

      Ozcan et al., 2001 

      Kaiser et al., 2001 

  FVL Dizon-Townson et al., 1996 Lindqvist et al., 1998 and 1999 

    Brenner et al., 1996 O'Shaughnessy et al., 1999 

    Nagy et al., 1998 de Groot et al., 1999 

    Mimuro et al., 1998 Van Pampus et al., 1999 

    Krauss et al., 1998 Kim et al., 2001 

    Kupferminc et al., 1999 Livingston et al., 2001a 

    Rigo et al., 2000 Hillermann et al., 2002 

    Ozcan et al., 2001   

    Watanabe et al., 2002   
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Table 2: continued: 

 
References Implicated in Gene 

Association No Association 

Thrombophillia F2 Kupferminc et al., 1999 Higgins et al., 2000 

 (continued)     Livingston et al., 2001a 

      Ozcan et al., 2001 

      Hillermann et al., 2002 

Oxidative stress LPL Hubel et al., 1999 Kim et al., 2001a 

    Kim et al., 2001a   

  GST Zusterzeel et al., 2000  - 

Immunogenetics IL-1   Hefler et al., 2001a 

      Lachmeijer et al.,2002b 

  HLA-G O'Brien et al., 2001 Humphrey et al., 1995 

     Aldrich et al., 2000 

      Bermingham et al., 2000 

  TNF Chen et al., 1996 Dizon-Townson et al., 1998 

     Lachmeijer et al.,2001c 

      Livingston et al., 2001b 
 

defining pre-eclampsia, combining late and early onset forms of the condition and the inclusion 

or exclusion of patients with HELLP syndrome (Baker and Kingdom, 2004). 

 

Plasminogen activator inhibitor-I (PAI-I), prothrombin (F2) variant 20210g/a, cystathionine β-

synthetase (CBS) and thrombomodulin (THBD) have also been investigated due to their role in 

coagulation and thrombophilia, but thus far no compelling evidence has been provided for any 

significant associations, between these genes and the pathogenesis of pre-eclampsia. 

 

iii.   Oxidative stress candidate genes 

 

One hypothesis for the pathogenesis of pre-eclampsia is that shallow invasion by the 

cytotrophoblast cells during implantation leads to an increase in lipid peroxidation with the 

release of pro-oxidants (oxygen free radicals), which, among other functions, activate the 

production of cytokines (ILs and TNF) aggravating the endothelium dysfunction (Dekker and 

Sibai, 1998; Serdar et al., 2002; Baker and Kingdom, 2004).  

 

Maternal dyslipidemia (decreased high density lipoprotein cholesterol (HDL) and elevated low 

density lipoprotein (LDL)) may induce oxidative stress (Hubel et al., 2000). Variants 

(Asn291Ser; Asp9Asn; Thr93Gly) in the lipoprotein lipase (LPL) gene which predispose women 

to dyslipidaemia and cardiovascular disease (Hubel et al., 1999) are thought to confer a risk for 
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development of pre-eclampsia although confirmation has not been provided. However, an 

increase in risk for the development of HELLP syndrome was demonstrated for variant 

Asn291Ser (Kim et al., 2001a). 

 

Zusterzeel and colleagues (2000) studied the glutathionine -S-transferase gene (GST) in a Dutch 

population and found the P1b-1b genotype to be more frequent in pre-eclamptic patients than in 

controls. Mutations in the GST gene could affect the ability of the enzyme it encodes to carry out 

detoxification of oxidative molecules. 

 

iv.   Immunological candidate genes 

 

Nulliparous women are up to ten times more likely to develop pre-eclampsia with their first 

pregnancy than multiparous women (Eskenazi et al., 1991). Second pregnancy with a new partner 

and short sexual cohabitation periods (under six months) increase the risk for development of the 

disease (Robillard et al., 1993 and 1994). Therefore immunological genes are of definite interest 

for studies relating to the pathogenesis of pre-eclampsia. 

 

Human leukocyte antigen-G (HLA-G) is expressed by the fetal cytotrophoblast cells which may 

provide the relative immune-tolerance apparent between maternal tissues and fetal ‘foreign’ 

tissue (half of fetal genome is paternally derived). Transcription of this antigen was thought to be 

decreased in pre-eclampsia (O’Brien et al., 2001) although other studies have not concurred 

(Humphrey et al., 1995; Aldrich et al., 2000; Bermingham et al., 2000).  

 

Immune maladaptation and oxidative stress (via lipid peroxidation) induce the release of 

cytokines (ILs and TNF) as well as proteolytic enzymes (MMPs), which all contribute to 

endothelial cell dysfunction (Dekker and Sibai, 1998; Baker and Kingdom, 2004). However, 

results regarding IL-1 and TNF-α association with pre-eclampsia have been inconclusive (Table 

2). 

 

v.   Pre-eclamptic susceptibility profile? 

  

Despite numerous candidate gene studies no concrete evidence is available for the establishment 

of a genetic susceptibility profile for the development of pre-eclampsia. It may be more 

rewarding to study genes involved in implantation and placentation, since these processes occur 
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early in pregnancy and may reflect the “initiating event” that underlies pre-eclampsia 

(Arngrimsson et al., 1994). 

 

1.3.4   Microarray analysis 

 

DNA (deoxyribonucleic acid) microarray analysis is useful in determining up- and down-

regulated gene expression. To date, three studies have been reported on pre-eclamptic placental 

transcripts; 

 

One study revealed that the glycogen phosphorylase muscle isoform (GP-M) gene is expressed at 

higher levels that in normal placentas. This gene is implicated in anaerobic glycolysis in the 

placenta and up-regulation of GP-M would increase the availability of pyruvate for glucose 

consumption (Tsoi et al., 2003). 

 

Pang and Xing (2003) studied 221 cytokine-receptor genes in pre-eclamptic human placentas and 

found that, by microarray analysis, 162 of these were upregulated at least twice as much as in 

normal placentas.  These genes included interleukin receptor and tumour necrosis factor receptor 

gene families. Both these gene families have been implicated in the incomplete trophoblast 

invasion characteristic of pre-eclampsia (Dekker and Sibai, 1998). 

 

Reimer and colleagues (2002) performed a microarray study using pre-eclamptic tissue and 

identified nine groups of differentially expressed genes of which the cell adhesion-related protein, 

integrin α1 subunit, and obesity-related protein, leptin, were up-regulated by 43.7 and 43.6 fold, 

respectively. Microarray data were verified by real-time PCR (Polymerase Chain Reaction) and 

immunohistochemistry which confirmed significantly higher levels of leptin gene (ob) expression 

in the six primiparous pre-eclamptic placental biopsies compared to the controls and showed a 

non-significant increase in the integrin α1 mRNA (messenger Ribonucleic Acid) expression.  

 

The upregulation of ob in pre-eclamptic pregnancies, its site of expression and potential role in 

implantation, suggest a key role in pre-eclampsia and warrants further investigation.  
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1.4  Leptin 
 

Leptin (from the Greek word λεπτοσ, leptos, meaning thin) is a pleiotropic non-glycosylated 

polypeptide that circulates either as a free 16kDa protein or bound to leptin-binding proteins 

(Zhang et al., 1994; Houseknecht et al., 1996). Three-dimensional protein analyses of leptin 

revealed structural folding similarities to the helical cytokine family, including IL-2 and growth 

hormone (GH) (Madej et al., 1995; Kline et al., 1997). 

 

Leptin is a product of the obese (ob) gene which is located on human chromosome 7q31.3. The 

ob gene codes for a 167 precursor amino acid sequence from which a 21 amino acid residue is 

cleaved to form a 146 amino acid active protein (Zhang et al., 1994). It consists of three exons 

and two introns and spans approximately ~18kb of genomic DNA (Figure 3 in Methods). The 

promoter region contains several putative binding sites for transcription factors including a 

glucocorticoid-response element and several cAMP response-element binding protein sites 

(Considine and Caro, 1996). 

 

Ob mRNA expression is primarily observed in white and brown adipose tissue (Maffei et al., 

1995; Masuzaki et al., 1996), but is also found in gastric mucosa (Bado et al., 1998); mammary 

epithelial cells ( Smith-Kirwin et al., 1998); myocytes (Wang et al., 1998); testes, ovary and hair 

follicles (Hoggard et al., 1997) and the placenta (Senaris et al., 1997). 

 
1.4.1   Ob gene regulation 

 

The ob gene is regulated by numerous molecules including neurotransmitters such as 

neuropeptide Y (NPY) (Houseknecht et al., 1998), glucocorticoids and insulin (Russell et al., 

1998; Lepercq et al., 1998). The consequence of upregulation by glucocorticoids is an elevation 

in circulating levels of leptin (ob protein) (Keiss et al., 1996; Larson and Ahren, 1996). 
 

Ob gene expression in the trophoblast cells involved in implantation may be regulated in a 

manner different to that of leptin in other cells, such as adipocytes. In adipose tissue, basal and 

up-regulated (by CCAAT/enhancer-binding protein alpha (C/EBPα)) expression requires 217bp 

of 5’ up-stream DNA sequence (Miller et al., 1996) while protein kinase C inhibits its expression 

(Pineiro et al., 1998). In contrast, transcription of the ob gene in trophoblast cells requires 

involvement of DNA sequences between -1885 and -1830 of the 5’ up-stream region (Ebihara et 
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al., 1997) and expression of the gene is up-regulated by protein kinase C activation (Yura et al., 

1998b).  

 

1.5  Leptin Receptor 
 

Leptin functions via the leptin receptor (obR) which was first isolated from the murine genome 

using expression cloning and encompasses 20 exons on human chromosome 1p31 (Tartaglia et 

al., 1995) (Figure 4 in methods section). It is a member of the class I cytokine receptor family 

and encodes at least 6 different splice isoforms (obRa-obRf), including a soluble form (obRe), 

which lacks a membrane spanning domain (Figure 2) (Lee et al., 1996). 

 

The long form (obRb) is expressed mainly in the hypothalamus (Satoh et al., 1997) and has a 

longer intracellular domain than the other insoluble receptors. The other splice forms are 

expressed in various tissues including haematopoietic stem cells (Konopleva et al., 1999) and 

leukemic cells (Janečková, 2001). 

 

Only the obRb protein has a 840 amino acid extracellular region containing the intracellular 

motifs including a type III fibronectin and two haemopoietin domains (Hilton, 1994) necessary 

for the JAK-STAT signal transduction pathway (janus kinase protein-signal transducer and 

activator of transcription protein).The JAK motif interacts with STAT proteins such as STAT3 

when activated by leptin. Therefore obRb activation, enabled by tyrosine phosphorylation, 

requires the activation of STAT3 which can be executed by various cytokines (e.g. IL-6, 

granulocyte-colony stimulating factor (G-CSF) and epidermal growth factor (EGF)) (Takeda et 

al., 1998; Sierra-Honingmann, et al., 1998; Bouloumie et al., 1998). 
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Figure 2: Structure of alternatively spliced ob-R isoforms (Adapted from Ahima and Osei, 2004). 

 
The receptors all share the same extracellular domain although their intracellular domains differ regarding 
the length and sequence of their amino acid residues. The long obRb isoform has the intracellular motifs 
necessary for JAK-STAT signalling pathway, whereas the soluble obRe lacks a transmembrane domain (TM) 
domain and circulates freely.  

 

 

1.6  Biological functions of Leptin 
 

Leptin was originally thought to be involved solely in nutrition, however many additional roles 

for leptin have since been discovered, including in haematopoesis (Cioffi et al., 1996; Mikhail et 

al., 1997), polycystic ovary syndrome (Zachow and Magoffin, 1997), the cardiovascular system 

(Sierra-Honingmann et al., 1998; Shek et al., 1998), initiation of puberty (Clément et al., 1998; 

Strobel et al., 1998) and fetal development and growth (Hoggard et al., 1997). The following 

however, are the most relevant in the context of this study. 

 

1.6.1   Leptin and nutrition 

 

Leptin circulates in free form in individuals with a high percentage of body fat and in the protein-

bound form in those with a low body fat content (Sinha et al., 1996). In obese individuals, the ob 

gene is up-regulated and produces higher levels of leptin which are then released into the 

circulation (Klein et al., 1996). The unbound leptin travels to the brain and binds to its cognate 

 
obRa obRc obRd obRe obRf obRb 
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receptor (obR) in the hypothalamus to decrease appetite and increase the metabolic rate 

(Campfield et al., 1995; Halaas et al., 1995). Leptin therefore acts as a messenger of energy 

metabolism, decreasing body weight and adiposity (Sagawa et al., 2002). 

 

Despite most obese subjects having high levels of circulating leptin, no frequent mutations have 

been reported in the ob gene. This suggests that there may be a type of leptin resistance (decrease 

in receptor sensitivity) which leads to the obese syndrome (Maffei et al., 1995; Considine et al., 

1996a). Alternately, leptin resistance can either be caused by suppressor of cytokine signalling-3 

(SOCS-3) overactivity (Bjorbaek et al., 1998) or possibly a problem in the transport of leptin 

across the blood-brain barrier (Caro et al., 1996). 

 

Anorexia nervosa patients have significantly lower levels of plasma leptin than controls, with a 

return to normal leptin values during weight gain (Mantzoros et al., 1997b). Ducy and colleagues 

(2000) reported finding leptin receptors in bone and since osteopenia is a complication often 

occurring with anorexia nervosa (Bachrach et al., 1990), leptin may regulate bone mass and 

therefore induce amenorrhea (characteristic symptom of anorexia) during osteopenia (Warren et 

al., 1999). 

 

1.6.2   Leptin and the inflammatory response 

 

Leptin is thought to play a role in the immune system by protecting the body against auto-

immune responses. This is evident from studies showing that cytokines influence leptin 

concentrations in the mouse (Takahashi et al., 1999). Leptin-deficient mice were protected from 

the lethal effect of TNF when supplemented with leptin. Cytokine (leptin, IL-6, TNF-α) release is 

increased in the maternal circulation during various gestational disorders, including pre-

eclampsia (Benyo et al., 2001) which may assist other molecules in activating specific 

inflammatory responses needed to induce the natural maternal insulin resistance observed in 

expectant mothers during normal gestation. 

 
1.6.3   Leptin in pregnancy 

 

Leptin restores fertility and reproductive function in ob/ob knockout mice, by providing a signal 

to the brain indicating adequate body fat stores for reproduction. However, while normal leptin 

secretion is essential for reproduction (Chehab, et al., 1996a and b), its exact role in pregnancy 

remains elusive (Sagawa et al., 2002). 
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Leptin is thought to induce trophoblast production due to the fact that the trophoblast cells 

express leptin receptors on their cell surfaces (Henson et al., 1998; Bodner et al., 1999). 

Trophoblasts subsequently differentiate into syncytiotrophoblast and invasive cytotrophoblast. 

The latter secrete proteases (MMPs) to degrade the ECM during invasion and express α6β4 

integrin. Invasion must, however be controlled to prevent “over-invasion” of the maternal 

myometrium, but the mechanism involved in the switching from invasive to non-invasive 

cytotrophoblast is still largely unknown (Bischof and Campana, 1997). Leptin is likely to be 

involved since it is an autocrine regulator of MMP-9 secretion (Bischof, 2000). Leptin induces 

higher levels of α6β4 integrin expression and increases MMP-9 activity in cytotrophoblast cells 

cultured in vitro (González et al., 1999b and 2001), implicating it as a regulator of 

cytotrophoblast invasion in human implantation (González et al., 2000). 

 

In vitro studies have shown that competent blastocysts co-cultured with endometrial epithelial 

cells have lower leptin concentrations than arrested blastocysts cultured in the same way. This led 

to the deduction that leptin produced by a competent blastocyst, binds to the epithelial cells or 

that the epithelial cells may inhibit leptin secretion. These differences between the competent and 

arrested blastocysts suggest that leptin is regulated by autocrine/paracrine processes during the 

pre-implantation phase of pregnancy (González et al., 1999a). 

 

1.6.4   Leptin in intrauterine growth restriction and placental hypoxia 

 

Leptin has been implicated in disorders of pregnancy and has led to the proposal that leptin 

production could be induced by hypoxia, a condition occurring when oxygen demand exceeds its 

supply (Redman, 1991). Four studies have demonstrated that the human ob gene promoter was 

activated in hypoxic cells and thus led to increased placental ob gene expression (Shek et al., 

1998; Aizawa-Abe et al., 2000; Grosfeld et al., 2001; Ambrosini et al., 2002).  

 

It is thought that inadequate utero-placental blood flow due to insufficient trophoblast invasion 

may result in decreased nutrient and oxygen transport (placental hypoxia) to the growing fetus 

and lead to intrauterine growth restriction (IUGR). Leptin in conjunction with Endothelin 1 (ET-

1), a potent vasoconstrictor, may contribute to this reduced blood flow and development of IUGR 

(Liu et al., 1995 Arslan et al., 2004). 
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1.6.5   Leptin and pre-eclampsia 

 

Several transcription factors (such as C/EBP and peroxisome proliferator-activated receptor-γ) of 

the ob gene promoter are up-regulated in pre-eclamptic patients (Friedman and Halaas, 1998) and 

could therefore lead to the increased production of leptin protein. However, plasma leptin levels 

in pre-eclamptic versus normotensive pregnant women is a controversial topic as numerous 

studies report conflicting data and conclusions (Table 3). This could be due to differing 

diagnostic criteria between the studies and inclusion of patients with additional complications 

such as HELLP syndrome and diabetes.  

 

Hyperleptinaemia activates the sympathetic nervous system and induces catecholamine secretion 

which may lead to the increase in maternal blood pressure evident in pre-eclampsia (Shek et al., 

1998; Aizawa-Abe et al., 2000). 

 
 
Table 3: A summary of leptin level studies performed in pregnant, non-pregnant and pre-

eclamptic subjects. 
 
 Plasma leptin levels Leptin cord blood levels 
 Higher in pregnant vs. non-pregnant Masuzaki et al., 1997   
  Lin, 1999   
  Atamer et al., 2005   
  Kafulafula et al., 2002   

Higher in PE vs. normal pregnancy Masuzaki et al., 1997 Odegard  et al., 2002 

  Mise et al., 1998 (severe)   
  Atamer et al., 2005   
  McCarthy et al., 1999   
  Laivuori et al., 2000a   
  Vitoratos et al., 2001   
  Teppa et al., 2000   
  Anim-Nyame et al., 2000   

Lower in PE vs. normal pregnancy Laml et al.,2001   

Higher in severe vs. mild PE Mise et al., 1998   
  Atamer et al.,2004   

No change Mise et al., 1998 (mild) McCarthy et al., 1999 

  Sattar et al.,1998 Arslan et al., 2004 
  Kafulafula et al., 2002   
  Salomon et al., 2003   

 

 

 

KEY:  PE = pre-eclampsia 
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1.7  Ob and obR variants 
 

Mutations in the coding region of the ob and obR were thought to be rare (Montague et al., 1997; 

Strobel et al., 1998). According to the National Centre for Biotechnology Information (NCBI) 

annotations (last updated 4 November 2005), the ob DNA transcript has 12 coding and 76 non-

coding SNPs (Single Nucleotide Polymorphisms; 24 are 5’UTR and 14 are 3’UTR) and the obR 

gene contains 14 coding and 640 non-coding SNPs (12 are 5’UTR and 14 are 3’UTR) (Appendix 

1 and 2). Numerous variants have been reported and demonstrated association, or lack thereof 

with various conditions (Table 4).  

 
 
Table 4: A selection of published variants reported in the ob and obR gene in humans including 

any associations demonstrated.  
 

 Association 

  
Exon Variant 

With? 
Reference 

Ob gene 5'-UTR -2548g/a Obesity   Li et al., 1999 

     Obesity and lower leptin levels Mammès et al., 2000 

     BMI Le Stunff et al., 2000 

     Diet-related obesity Nieters et al., 2002 

     BMI Jiang et al., 2004 

   -1963c/t BMI Li et al., 1999 

   -1887c/t Leptin levels Le Stunff et al., 2000 

   -1823c/t Marginal obesity Li et al., 1999 

   -633c/t BMI Li et al., 1999 

   -188c/a none with obesity and leptin levels Oksanen et al., 1997 

     not stated Mammès et al., 1998 

     BMI Li et al., 1999 

     Lower leptin levels Le Stunff et al., 2000 

 1- UTR +19a/g Obesity and lower leptin levels Hager et al., 1998 

     none with obesity Karvonen et al., 1998 

     Obesity and BMI Li et al., 1999 

   +25a/g silent none with NIDDM or obesity Shigemoto et al., 1997 

 2-UTR +48a/g silent  Leptin levels Karvonen et al., 1998 

 2 Phe17Leu none with obesity Echwald et al., 1997a 

   133g deletion/frameshift Obesity and lower leptin levels Montague et al., 1997 

   Thr48Thr Obesity and lower leptin levels Karvonen et al., 1998 

   167c/a Obesity and hyperphagia Rock et al., 1996  

 3 Val94Met missense none Considine et al., 1996b 

   Asn102Asn silent none Li et al., 1999 

   Arg105Trp missense Obesity and lower leptin levels Strobel et al., 1998 

   Val110Met missense  Obesity and lower leptin levels Karvonen et al., 1998 

 3'-UTR +538g/t silent (+34 after stop) none with obesity Karvonen et al., 1998 

   (CTTT)n , 3912bp 3' of STOP Hypertension Shintani et al., 1996 

     Obesity without hypertension Shintani et al., 2002 
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Table 4: continued 

 
 Association 

  
Exon  Variant 

With? 
Reference 

Ob-R 
gene 1-UTR +70t/c BMI   Mammès et al., 2001 

 4 Asp96Asp none Mammès et al., 2001 

   Lys109Arg none Thompson et al., 1997 

    none with obesity   Matsuoka et al., 1997 

    none Echwald et al., 1997b 

    Marginal with BMI Chagnon et al., 2000 

    Blood pressure Rosmond et al., 2000 

    Obesity Mammès et al., 2001 

    Postmenopausal fat levels Wauters et al., 2001a 

    Insulin and glucose metabolism Wauters et al., 2001b 

    none with BMD Koh et al., 2002 

 6 Lys204Arg none Echwald et al., 1997b 

   Gln223Arg none with BMI Considine et al., 1996c 

    none Silver et al., 1997 

    none Thompson et al., 1997 

    none with obesity Matsuoka et al., 1997 

    none Echwald et al., 1997b 

    Blood pressure Rosmond et al., 2000 

    BMI and leptin levels Chagnon et al., 2000 

    none Mammès et al., 2001 

    Postmenopausal fat levels Wauters et al., 2001a 

    Insulin and glucose metabolism Wauters et al., 2001b 

    Increased BMD Koh et al., 2002 

    none with PCOS Erel et al., 2002 

 9 Ser343Ser none with obesity Matsuoka et al., 1997 

     Obesity Mammès et al., 2001 

     Marginal with Binge eating disorders Potoczna et al., 2004 

 11 Ser492Thr none with obesity Matsuoka et al., 1997 

     none with BMD Koh et al., 2002 

 14 Lys656Asn none Silver et al., 1997 

     none with obesity Matsuoka et al., 1997 

     none Echwald et al., 1997b 

     none Rosmond et al., 2000 

     none Chagnon et al., 2000 

     none Mammès et al., 2001 

     Postmenopausal fat levels Wauters et al., 2001a 

     Insulin and glucose metabolism Wauters et al., 2001b 

 
16 
intron G/A splice site? Obesity Clement et al., 1998 

   CTTT repeat Free fat mass Chagnon et al., 2000 

   -85A/T (5'UTR of exon 17) none Thompson et al., 1997 

   -36A/T (5'UTR of exon 17) Obesity Thompson et al., 1997 
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Table 4: continued 

 
 Association 

 
Exon  Variant 

With? 
Reference 

Ob-R 
gene 19 intron +37A/C (3'UTR of exon 19) Obesity Thompson et al., 1997 

     none Mammès et al., 2001 

   +57C/T (3'UTR of exon 19) none Thompson et al., 1997 

 20 Ala976Asp none with obesity Matsuoka et al., 1997 

     none with BMD Koh et al., 2002 

   Pro1019Pro Obesity Thompson et al., 1997 

    none with obesity Matsuoka et al., 1997 

    none Mammès et al., 2001 

    none with BMD Koh et al., 2002 

 3'- UTR CTTTA insertion/deletion none with obesity or leptin Oksanen et al., 1998 

     none Mammès et al., 2001 

 BMI      = Body mass index  

 NIDDM = non-insulin-dependent diabetes mellitus  

 BMD    = Bone mineral densitometry   

 PCOS  = Polycystic ovary syndrome   

 

 

1.8  Aim and Objectives 

 

The aim of this project was to investigate the role of the leptin (ob) and leptin receptor (obR) 

genes in predisposition to pre-eclampsia.  

 

This would be achieved by: 

 

1. Screening the ob and obR genes in South African non-Caucasian pre-eclamptic 

mother-cord blood combinations and controls to document the spectrum of sequence 

variants, and 

2. Performing appropriate statistical analyses to determine whether any gene variants 

analysed contribute to the pre-eclampsia disease profile in both mothers and infants. 
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2.  Materials and Methods 
 

2.1  Materials 
 

2.1.1   Study Cohort 

 

Project and ethical approval were provided by the Ethics and Research Committee of the Faculty 

of Health Sciences, University of Stellenbosch (C99/025) (Appendix 3). 

 

Pre-eclamptic expectant mothers were recruited by a clinical research sister in the labour ward of 

the Tygerberg Hospital in the Western Cape, South Africa. A diagnosis of pre-eclampsia was 

confirmed by a consultant obstetrician/gynaecologist Dr G.S. Gebhardt according to the 

International Society for the Study of Hypertension in Pregnancy (ISSHP) guidelines (Davey and 

MacGillivray, 1988). Pre-eclampsia was defined as a diastolic blood pressure of 90mmHg or 

above measured on two separate occasions at least four hours apart, by means of Korotkoff phase 

IV heart sounds (disappearance of pulse sounds), coupled with significant proteinuria (defined as 

measurements of >300mg protein/l in a 24 hour urine specimen or at least +2 on a diagnostic strip 

on two separate occasions, at least four hours apart).  

 

Maternal blood samples were obtained from peripheral veins, and cord blood samples were 

collected at delivery and stored in EDTA Vacutainers (Becton, Dickinson and Company, New 

Jersey, USA) which were then subsequently kept at -20°C until required.                                                           

 

Patients provided written consent prior to sampling and completed questionnaires (Appendix 4 

and 5). These records helped categorise patients into various clinical groups including those with 

late or early onset pre-eclampsia and primi- or multigravidae pregnancies. For the purpose of this 

study, we focused on fifty two non-Caucasian hospitalised primigravid patient/cord blood 

combinations with early onset pre-eclampsia (after 20 weeks but <34weeks). Paternal samples 

were limited in this study and therefore excluded. 
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2.1.2   Control Cohort 

 

The control cohort comprised forty-one female cord blood samples (~5ml whole blood collected 

in EDTA) obtained anonymously, with consent from the maternal parent from various midwife-

obstetric units (MOUs) in the Tygerberg hospital catchment area. Approval for the use of this 

resource was obtained from the Ethics and Research Committee of the Faculty of Health 

Sciences, University of Stellenbosch (Project no: C050/2001) (Appendix 6). 

 

2.2  Methods 
 

2.2.1   DNA Extraction 

 

DNA was isolated from whole blood according to the extraction technique described by Miller et 

al (1988) (Appendix 7). A maximum of ~10ml whole blood was used per extraction.  

 

DNA from ten samples of the patient cord blood group was isolated using the PureGene® DNA 

Isolation Kit (Gentra Systems™, Minneapolis, USA) to compare yield with the longer extraction 

procedure (Appendix 7). The Rapid DNA Isolation from 300μl whole blood protocol was 

followed (Appendix 8).  

 

Following confirmation of adequate and intact DNA, obtained from both extraction methods, on 

a 1 % agarose gel (run in 1xTBE), the DNA sample’s concentration was determined using a 

NanoDrop® ND-1000 Spectrophotometer (NanoDrop Technologies, USA) and subsequently 

stored at 4°C. 

   

2.2.2   The Polymerase Chain Reaction  

 

i.   Oligonucleotide Primers 

 

The ob gene and obR gene reference sequences (Appendix 1 and 2, respectively) were obtained 

from the NCBI website (http://www.ncbi.nlm.nih.gov/) and subjected to primer design using 

Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi) primer design software. The 

ob gene primers were designed to include a partial promoter region (279bp 5’UTR of exon 1), 

first and second exon as well as exon 3 until ~460bp past the STOP codon (TGA) (Figure 3, 

Table 5 and Appendix 1). The obR gene primers were either designed de novo or modified from 

http://www.ncbi.nlm.nih.gov/
http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi
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existing sets described by Matsuoka et al (1997) to flank seven published sequence variants and 

the transmembrane region (Figure 4, Table 6 and Appendix 2). The obR exon 20 primer set 

occurred in the transcript variant 1. Selected primer sequences were analysed for hairpin, homo- 

and hetero-dimer formation using the IDT® (Integrated DNA Technologies, Inc, Coralville, IO, 

USA) online (http://scitools.idtdna.com/Analyzer/) OligoAnalyser  followed by a NCBI Basic 

Local Alignment Tool (BLAST) search to ensure primer specificity and integrity. All 

oligonucleotide primers were synthesised by IDT® or by the University of Cape Town’s Synthetic 

DNA laboratory (Cape Town, ZA). 

 

The nomenclature utilised in this study (based on current 2005 NCBI annotations) differed from 

that reported by Li et al., 1999 since they published the ob variant Asn103Asn detected in this 

study as Asn102Asn.  

 
 
 
 
 
  
 

          ob ex3R2 
                                     ob ex3F   
                                                          ob ex2F           ob ex2R                                                              
          ob  ex1F                           ob  ex1R  
                                                                                                                                         ob ex3R 
 
 ob promoterF               ob promoterR 
                                                                            
        (Not drawn to scale)                                            
  
Figure 3: Schematic representation of the ob gene, indicating positions of the 5’ and 3’ 

untranslated region, exons and primer sets utilised in this study as well as the start (ATG) 
and stop codons (TGA). 

 

 

ii.   PCR Amplification  

 

DNA amplification was performed using the GeneAmp® PCR System 2700 from Applied 

Biosystems (California, USA). Each PCR reaction (50μl volume) consisted either of 0.5U 

goTaq® DNA Polymerase (Promega, WI, USA), 1x Reaction buffer (including 1.5mM MgCl2 ) 

and 0.2mM dNTPs (Promega,WI,USA); or 0.5U goTaq® Flexi DNA Polymerase (Promega, WI, 

USA), 1x Reaction buffer, 2mM MgCl2, 0.2mM dNTPs and ~40ng of genomic DNA. Primer 

concentrations and amplification reaction profiles for the ob and obR genes are indicated in Table 

7 and 8, respectively. 
 

  1  2     3

START 
[ATG] 

STOP 
[TGA] 

3’ 5’ 

   

http://scitools.idtdna.com/Analyzer/
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Figure 4: Schematic representation of the obR gene, indicating positions of the 5’ and 3’ 

untranslated region, exons and primer sets utilised in this study. The start (ATG) and 
alternative stop (TGA, TAA) codons are indicated. 

 

 

2.2.3   Agarose Gel Electrophoresis 

 

Five microlitres of PCR product was mixed with 5μl of loading dye (95% Formamide, 20mM 

EDTA, 0.05% Xylene Cyanol, 0.05% Bromophenol Blue up to a total volume of 20ml with 

dH2O) and then resolved on a 1% agarose gel in 1 X TBE buffer (90mM Tris-HCl, 90mM Boric 

acid and 1mM EDTA, pH 8.0) for 30 minutes at 80V to verify amplification. UV fluorescence 

visualisation of the PCR products on a Multigenius Bio Imaging System (Syngene, Cambridge, 

UK) was facilitated by 0.05mM Ethidium bromide (Sigma, Missouri, USA) staining. 

 

 

              (Not drawn to scale) 

V1 
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Exon       3           4                  6                     9                     11               14                  18                            20                          

START 
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obR ex14R obR ex14F 
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Table 5: Ob gene primer names, location, sequence and melting temperatures designed for this study. 

 

Amplicon 
Region 

or 
Exon 
size 

Amplicon 
size Primer Sequence (5'-3') Tm (°C) Ta (°C) 

   Exon (bp) (bp)     
F:   GAG CCT CTG GAG GGA CAT C 55 ob promoter 5'-UTR - 255 
R:   CTT ATA GCG GCC CGA TCA C 53 

62 

F:   CAC GTC GCT ACC CTG AG 52 ob ex1 1 29 280 
R:   AGT CCA GAA CTA AGC CAT CC 52 

52 

F:   CCC GTC TGG TAA TGT GGT TGG T 57 ob ex2 2 172 330 
R:   GGG TCC AGT GCC ACT AGG AG 58 

62 

F:   CAG AGA ATG ACC CTC CAT GCC 56 917 
R:   GAG TTC CTG CGT GTG TGG ATG 56 

52 
ob ex3 3 3225 

563 R2: CTGGATAAGGGGTGTCCATGC 56 55 

       

       
 Key    
 Tm (°C) Melting Temperature    
 Ta (°C) Annealing Temperature    
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Table 6: ObR gene primer names, location, sequence and melting temperatures as designed for this study.  
 
Amplicon Exon Matsuoka * Exon  Amplicon Primer Sequence (5'-3') Tm Ta  Reference 

    Detection by size (bp) size (bp)  (°C) (°C)   
F: CGA ATG GAC ATT ATG AGA CAG 50 obR ex4 4 SSCP 330 204 
R: GCT AAT GCT TAC CTA TTT GTT G 49 

45 own design 

F: TGT CTT GTG CCT GTG CCA AC 54 obRex6 6 REA 209 268 
R: GCC ACT CTT AAT ACC CCC AG 54 

54 own design 

F: TTC TTC CCT CAT TAC AGA TG 48 F: own design 
obR ex9 9 SSCP 291 191 

R: TGC TAA CAT GAT CAC TCA CA 48 
54 

R: Matsuoka * 

F: GTA TAC TAA TTG ACT ATT TTT GTA TCT 49 obR ex11 11 REA 200 136 
F: GGC TGG AAA ATG CAT TCA TAA AAA CCT GCA ** 59 

50 Matsuoka * 

F: CAC AAC TTG TCA TTT TGC AG 48 F: modification Matsuoka * 
obR ex14 14 SSCP 83 210 

R: CAG GAT TGT TGA GCT TTC C 49 
48 

R: own design 

F: CCT CAA GTT TCT GAG TTG TG 50 obR ex18 18 - 106 208 
R: GTT TGA ATA CGC GTA AGG AC 50 

48 own design 

F: CAACAGATCTTGAAAAGGGTTC 51 F: own design 
obR ex20 20 REA 1303 251 

R: GCT ATT AGA GAA AGA ATC CG TCA A ** 52 
54 

R: modification Matsuoka * 

         
Key     

Tm (°C)  =Melting Temperature     
Ta (°C)  =Annealing Temperature     
REA      =Restriction Enzyme Analysis     

SSCP    =Multiphor SSCP/HD     
*          =Matsuoka et al., 1997     
**         =Primers modified to introduce a REA site     
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Table 7: Reaction profiles and primer concentrations for the amplification of the ob gene. 

 

 Ta (°C) Time at Temperature  
No of 

Cycles [primers]
 (a) (b) (c) (d) (e) (f) (pmol) 

ob promoter 62 3 min 20s 30s 30s x35 10 

ob ex1 54 3 min 20s 30s 30s x35 5 

ob ex2 62 3 min 20s 30s 30s x35 5 

ob ex3 (R)  52 3 min 20s 30s 30s x35 10 
ob ex3 (R2) 55 4 min 30s 40s 35s x30 5 

 

 

Table 8: Reaction profiles and primer concentrations for the amplification of the obR gene. 

 

 Ta (°C) Time at Temperature  
No of 

Cycles [primers]
 (a) (b) (c) (d) (e) (f) (pmol) 

obR ex4 45 3 min 20s 30s 30s x35 10 

obR ex6 54 3 min 20s 30s 30s x35 10 

obRex9 54 3 min 20s 30s 30s x35 10 

obR ex11 50 3 min 20s 30s 30s x35 15 

obR ex14 48 3 min 20s 30s 30s x35 10 

obR ex18 48 3 min 20s 30s 30s x35 10 

obR ex20 54 3 min 20s 30s 30s x35 15 
 
 
 
 

Index: Temperature        Time         no. of Cycles 

 95 °C (b)s   
 95 °C (c)s   
 (a) (d)s     (f)s 
 72 °C (e)s   
 72 °C 5 min   
 4 °C ∞   

 
 

 

 

 

 

 

 

}
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2.2.4   Mutation Detection Analyses 

 

i.   Multiphor SSCP/HD  Gel Electrophoresis  

 

The Multiphor Electrophoresis technique provides rapid screening of sequencing variants using a 

combined protocol (Appendix 9) of Single Strand Conformation Polymorphism (SSCP) and 

Heteroduplex (HD) analysis according to Liechti-Gallati et al (1999) followed by silver staining 

to visualise the bands. Multiphor analysis was performed on the ob 1 promoter, exon 1 and 2 as 

well as the obR exon 4, 9, 14 and 18 amplicons. 

 

ii.   Automated DNA Sequencing Analysis 

 

DNA sequencing analyses was performed on selected ob 1 promoter, exon 1 and 2 samples which 

had demonstrated conformational variants on Multiphor gels. Sequencing analysis, as the sole 

detection method, was performed on the following: four mother/cord blood combinations for ob 

exon 3 with the one reverse primer and ten mother samples for the second reverse primer. 

Conformational variants identified in obR exon 4, 9, 14 and 18 were also sequenced. Amplicons 

were generated with the same primers as previously described in Tables 5 and 6. Following 

agarose gel electrophoresis to confirm amplification, products were purified using either the 

Promega Wizard® SV gel and PCR purification System (WI, USA) (Appendix 10), or with 

Bioline SureClean (Bioline, UK) (Appendix 10) and resolved on a 1% agarose gel to confirm 

recovery of a product.  Automated sequencing was outsourced to the Division of Human 

Genetics, University of Cape Town and the University of Stellenbosch’s DNA Sequencing 

Facility, South Africa. 

 

Resulting electropherograms were analysed using BioEdit Sequence Alignment Editor (Isis 

Pharmaceuticals, California, USA). Multiple alignments were performed with relation to the 

reference sequence to facilitate sequence variant identification (Raw sequencing data is available 

on the included CD). 

 
iii.   Restriction Enzyme Analysis 

 

Restriction enzyme sites for the ob gene promoter, exon 1, 2 and 3 and obR gene exon 18 variants 

identified were characterised using the enzyme recognition site locator program in BioEdit 

Sequence Alignment Editor, to facilitate rapid genotyping of the patient and control cohort.  
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Matsuoka et al (1997) described restriction sites for three of the documented obR gene variants, 

with some primers being sequence-specific or mutated to introduce a specific restriction site 

(Table 9).   

 

Approximately 15μl of PCR product was digested with 1-10U restriction enzyme (manufacturers 

and recommended temperatures of incubation are indicated in Table 9) and 1X buffer and 

depending on requirement by enzyme, 1x BSA, in a total volume of 20μl. Restricted products 

were subsequently size-fractionated on a 2% agarose gel, in 1 X TBE buffer, for 90 minutes at 

70V or on mini 5% polyacrylamide gel electrophoresis system (PAGE) for 40 min at 250V, 

depending on the size of the fragments (Appendix 11). 

 

2.2.5   Statistical Analysis 

 

Three types of statistical analysis were performed on the generated data, including: 

 
• Hardy-Weinberg equilibrium values for the cohort groups genotype distribution at 

each locus, 

• Comparisons between genotype distributions of the groups, using Chi-squared 

analysis (personal program); and 

• Comparisons between the allele frequencies of the studied groups using StatCalc 

(EpiInfo 2000, Centers for Disease Control and Prevention, USA). 

 
Sub-analysis was then performed, also using StatCalc, between the study groups by grouping 

their genotype frequencies into one of the following: either a recessive model (homozygous 

wildtype and heterozygous genotypes compared to the homozygous mutant genotype); or a 

dominant model (homozygous mutant and heterozygous genotypes vs. the homozygous 

wildtype genotype) (model nomenclature from Hager et al., 1998).  

 

To keep the results section concise, only significant p values (less than or equal to p = 0.05) are 

shown. Raw data are available on the included CD and allele frequencies are depicted as 

percentages (%). 

 

Various forms of nomenclature have been used for naming intronic variants, eg. 19IVS-15g/c and 

+15g/c (3’ of ex 18). This study followed the latter nomenclature as used by Thompson et al., 

1997. A number of variants were documented in published manuscripts (Matsuoka et al., 1997; 

Li et al., 1999), but not on NCBI. These are referred to as accession-number free variants. 
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Table 9: Restriction enzymes (RE) utilised in the study including suppliers, recommended incubation temperatures and recognition sites. 

 

Temperature BSA Variant/SNP RE recognition site 
Primer set Enzyme Supplier 

(°C)  (+/-) SNP Name (5'-3') 
GG▼CGCG  CC ob promoter AscI NEB * 37 - dbSNP: rs791620c/a -188c/a 
CC  GCGC▲GG 

CMG▼CKG ob ex1   MspA1I NEB * 37 + dbSNP: rs2167270a/g +19a/g 
GKC▲GMC 

CCNN  NNN▼NNGG ob ex2 BslI NEB * 55 - Novel Lys36Arg 
GGNN▲NNN  NNCC 

G▼AN  TC ob ex3 Hinf I Fermentas ** 37 - Li et al., 1999 Asn102Asn 
C  TNA▲G 
C▼CG  G obR ex6 MspI NEB * 37 - dbSNP: rs1137101a/g Gln223Arg 
G  GC▲C 

C  TGCA▼G obR ex11 PstI Fermentas ** 37 - Matsuoka et al., 1997 Ser492Thr 
G▲ACGT  C 

AG▼CT obR ex18 AluI Fermentas ** 37 - dbSNP: rs6693573c/g obR ex17 (+15 into 3’) 
TC▲GA 
GG▼CC obR ex20 HaeIII Promega *** 37 + Matsuoka et al., 1997 Ala976Asp 
CC▲GG 

GTY▼RAC obR ex20 HincII NEB * 37 + dbSNP: rs1805096a/g   Pro1019Pro 
CAR▲YTG 

        
*   = New England Biolabs, Ma, USA      
**  = Fermentas, Vilnius, Lithuania      
*** = Promega, WI, USA       
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3.  Results 
 

3.1  Patient demographics 
 

Completed demographic questionnaires (Appendix 5) were obtained from fifty two pre-eclamptic 

mothers, who were recruited to this study. Clinical data was retrieved from clinical notes by 

authorised personnel. Table 10 summarises the relevant data. 

  

Table 10: Demographic and clinical data of pre-eclamptic patients recruited to this study. 

 

 Patients Range Normal values* 
 Median (n=52)     

Age (years) 19.5 (14-36) n/a 
Systolic blood pressure (mmHg) 160 (130-220) 120 
Diastolic blood pressure (mmHg) 110 (90-160) 80 

Gestational age at complication (weeks) 29 (21-41) n/a 
Gestational age at delivery (weeks) 30.5 (22-41) ~38-40 

Fetal birth weight (g) 1196 (324-3704) Appendix 12 
Urea concentration (mmol/l) 4.5 (1.4-9) 2.6-7 

Creatinine concentration (μmol/l) 79 (41-112) 60-120 
WCC (109/l) 11.8 (3.84-26.28) 4-10 

Haemoglobin (g/dl) 12 (7.8-15.6) 13-17 
Platelet count (109/l) 180 (16.1-522) 137-373 

*    = general values for individuals from all races and genders   
n/a = not applicable    

 

 

Uncomplicated gestation completes at ~38-40 weeks whereas pre-eclamptic pregnancies tended 

to deliver earlier (~30.5 weeks) mostly due to clinical intervention; this was also reflected in the 

average birth weight of the infants, which was lower in pre-eclamptic pregnancies (~1196g). The 

median maternal age was relatively low (~19.5 years), which is consistent with the observation 

that most patients are likely to be primiparous. The gestational age of complication onset (29 

weeks) indicated preponderance to early onset pre-eclampsia. Both systolic and diastolic blood 

pressure were elevated as expected in contrast with normal pregnancies; however the urea, 

creatinine levels and the platelet count complied with the normal ranges. The white cell count 

(WCC) was elevated above the normal non-pregnant range, but not significantly so. The 

haemoglobin value was slightly lower than expected in healthy individuals. 
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3.2  Genetic analysis: 
 

Fifty two mother-cord blood combination samples were screened where possible; however in 

nine cases no cord blood samples were available. Genotypes for various samples are not available 

due to repeated failure to amplify during PCR which may be attributed to the age of some of the 

samples and preferential amplification for certain of the ob and obR amplicons. 

 

Several sequence variants were identified in this study (Table 11), of which two are novel. 

 

Table 11: A composite table, including the name, nature and references of all variants analysed in  
this study. 

 

 
  

Exon  Variant Nature SNP ref# Reference 

Ob gene 5' UTR -188 (5' from exon 1) c/a dbSNP: rs791620 Oksanen et al., 1997 
  1- UTR +19 (in exon 1) g/a dbSNP: rs2167270 Mammès et al., 1998 
  2 Lys36Arg a/g -  NOVEL 
  3 -50 (5' from exon 1) c/t dbSNP: rs17151914 NCBI SNP database 
    Val94Met a/g dbSNP: rs17151919 Considine et al., 1996b 
    Asn102Asn ** c/t - Li et al., 1999 
Ob-R gene 4 Lys109Arg  a/g dbSNP: rs1137100 Thompson et al., 1997 
  6 Gln223Arg a/g dbSNP: rs1137101 Considine et al., 1996c 
  9 Ser343Ser c/t dbSNP: rs3790419 Matsuoka et al., 1997 
  14 Lys656Asn c/g dbSNP: rs8179183 Matsuoka et al., 1997 
    +34 (5' of exon 14) a/g - NOVEL 
  18 +15 (5’ of exon 18) c/g dbSNP: rs6693573 NCBI SNP database 
  20 Pro1019Pro a/g dbSNP: rs1805096 Thompson et al., 1997 
     UTR = untranslated region    

     ** nomenclature based on annotation used in this study   
       

 

The data obtained at each variant locus will now be presented in detail. 
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3.2.1   Ob gene 

 
Four amplicons, designed to cover most of the ob gene, were analysed. 

 
i.   Ob promoter 

 

By Multiphor SSCP/HD gel electrophoresis, two conformational variants (Figure 5a) were 

identified and subsequently sequenced (Figure 5b). These conformational variants represented 

two genotypes of the known SNP (dbSNP: rs791620c/a), located in the promoter region (Figure 

5b) 188 bases upstream from exon 1 (in keeping with nomenclature from Oksanen et al., 1997; 

Mammès et al., 1998 and Li et al., 1999).  

 
         (5a)       (5b) 

                                         
 

Figure 5: (a) Conformational variants identified by Multiphor SSCP/HD analysis with arrows 
indicating the main conformational changes reflected in both the SSCP (above) and the HD 
(below) components of the gel and (b) the corresponding electropherogram (forward 
orientation) depicting the SNP, previously documented as (dbSNP: rs791620c/a). A 
heterozygous c/a genotype is shown (arrowed). 

 

 

25a    27a          
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Analysis of the wildtype and variant sequences led to the identification of a recognition site for 

the restriction enzyme AscI (New England Biolabs, Ma, USA) in the wildtype allele, which 

cleaves the 255bp product into two bands of 164 and 91bp (Figure 6). The genotype and allele 

frequencies are represented in Table 12. 

 
          1            2            3           4  

 
 

Figure 6: Variant dbSNP: rs791620c/a homozygous C/C wildtype (lane 3) and heterozygous C/A 
(lane 4) genotypes discerned on an agarose gel following restriction enzyme digestion. Lane 2 
represents an uncut amplicon and lane 1 a 100bp commercial size ladder. 

 

 

Table 12: A summary of the ob promoter -188c/a allele and genotype frequencies determined in 
patients (mothers and infants) and controls. Genotypes of interest are highlighted. 

 

  
Mothers 

 
Infants 

 
Controls 

 

ob ex1 promoter c/c 42 (85.7%) 32 (74.4%) 38 (92.7%) 
  c/a 7 (14.3%) 11 (25.6%) 2 (4.9%) 
rs791620c/a a/a 0 0 1 (2.4%) 

-188c/a Total 49 43 41 

  c 91 (92.9%) 75 (87.2%) 78 (95.1%) 
  a 7 (7.1%) 11 (12.8%) 4 (4.9%) 

 

 

There were more heterozygous (C/A) genotypes among the infants (25.6%) than the mothers 

(14.3%), or controls (4.9%), a phenomenon further reflected in the mutant (a) allele frequencies 

(infants 12.8%, mothers 7.1% and controls 4.9%). However, the only homozygous mutant 

genotype (A/A) was confined to the control panel. 

 

Interestingly, the mother and infant genotype distributions were in Hardy-Weinberg equilibrium, 

while the control genotypes were not (p = 0.01). Comparative analysis was therefore restricted to 

mothers and infants and no significant difference could be demonstrated in genotype or allele 

                     uncut       C/C        C/A       

255bp 
164bp 
91bp 
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frequencies.  The apparent enrichment of heterozygous genotypes in the infants does however 

warrant further investigation.          

 

ii.   Ob ex1 

 

Multiphor SSCP/HD gel electrophoresis analysis of the ob gene exon 1 amplicon revealed two 

conformational polymorphisms (Figure 7a). A documented SNP (dbSNP: rs2167270g/a), located 

19bp after the start of the untranslated exon 1, was subsequently confirmed by sequencing 

analysis (Figure 7b). 

 
        (7a)       (7b) 

                                                   
 
Figure 7: (a) Multiphor conformational variants reflected in the SSCP (above) component of the gel 

with arrows indicating differences in banding patterns and (b) the corresponding documented 
variant rs2167270g/a confirmed by sequencing (forward orientation). A heterozygous G/A 
genotype is shown in the electropherogram (arrowed). 
 

 

The enzyme MspA1I (New England Biolabs, Ma, USA) was found to recognise this variant 

sequence and thereby facilitate rapid genotyping for +19g/a (in keeping with nomenclature from 

Hager et al., 1998; Karvonen et al., 1998 and Li et al., 1999) on 2% agarose gels (Figure 8 and 

Table 13). The variant abolishes a restriction site such that the 280bp amplicon is not cleaved into 

the two bands of 141 and 139bp. 

 

 21a   22a 
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                         1          2        3         4         5 

 
 

Figure 8: Agarose gel demonstrating the three expected genotypes at locus dbSNP: rs2167270g/a, 
following restriction enzyme digestion with enzyme MspA1I. A commercially available 
100bp ladder is depicted in lane 1 and an uncut amplicon in lane 2. Lanes 3, 4 and 5 depict a 
homozygous mutant, heterozygous and homozygous wildtype genotype, respectively.  

 

 

Table 13: A summary of the genotype and allele frequencies determined at locus dbSNP: 
rs2167270g/a, with the genotypes of interest shaded. 
 

  
Mothers 

 
Infants 

 
Controls 

 

ob ex1 g/g 14 (28.6%) 6 (14.3%) 10 (25.6%) 
  g/a 24 (49.0%) 32 (76.2%) 23 (59.0%) 
dbSNP: rs2167270g/a a/a 11(22.4%) 4 (9.5%) 6 (15.4%) 

+19a/g (UTR) Total 49 42 39 

  g 52 (53.1%) 44 (52.4%) 43 (55.1%) 
  a 46 (46.9%) 40 (47.6%) 35 (44.9%) 

 

 

Mother and control genotype frequencies appeared relatively similar, in contrast to those of the 

infants. There appeared to be an “enrichment” of heterozygote (G/A) genotypes in the infants 

(76.2% vs. 59% in controls and 49% in the mothers), while the homozygous (A/A) genotype 

appeared enriched in maternal samples (22.4% vs. 15.4% in controls and 9.5% in infants). 

 

The genotype distribution of mothers and infants differed significantly (p = 0.029), however the 

infant genotype distribution was not in Hardy-Weinberg equilibrium (p = 0.003). This restricted 

the interpretation at this locus and this deviation will be discussed later. No association was 

demonstrated between the mother/control and infant/control genotypes. 

 

 

 

                          uncut    A/A    G/A     G/G   

280bp 

141/139bp 
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iii.   Ob ex2  

 

A novel variant was identified in the coding region of ob exon 2 following Multiphor SSCP/HD 

analysis (Figure 9a) and subsequent sequencing of the conformational change (Figure 9b). The 

variant caused an A to G transition at nucleotide 107 which induces an amino acid change from a 

lysine to arginine residue (Lys36Arg). Both amino acids are classified as basic.  

 
             (9a)       (9b) 

                                            
 
Figure 9: Variant a107g/Lys36Arg detected by (a) Multiphor (with conformational changes 

indicated in the SSCP component only, arrowed) and (b) electropherogram of forward 
orientation sequencing (in a heterozygous individual).  
 

 

The restriction enzyme BslI (New England Biolabs, Ma, USA) was found to recognise the novel 

variant site, however following numerous problems distinguishing between the restriction 

products, all three samples representing conformational variants were sequenced, as well as eight 

of the conformational types which seemed to reflect the wildtype. This data then confirmed that 

genotyping could be performed according to Multiphor typing (Table 14). 

 

 

 

 

 

 

32a               31a 



 40

Table 14: Genotype and allele frequencies of the novel (107a/g) variant identified in exon 2. 

 

  
Mothers 

 
Infants 

 
Controls 

 

ob ex2 a/a 50 (98.0%) 40 (95.2%) 37 (100%) 
  a/g 1 (2.0%) 2 (4.8%) 0 
107a/g  (Lys36Arg) g/g 0 0 0 

  Total 51 42 37 

  a 101 (99.0%) 82 (97.6%) 74 (100%) 
  g 1 (1.0%) 2 (2.4%) 0 

 

 

Each study group genotype distribution was found be in Hardy-Weinberg equilibrium. No 

significant differences were observed in genotype distribution in the groups; however no mutant 

alleles were identified in the control population. One heterozygote mother and two heterozygote 

infants were identified; the G allele in the mother did not transmit to her infant and in the case of 

the two infants, it was inferred that their G allele was paternally derived. 

 

iv.   Ob  ex3 

 

Since the ob exon 3 is very large (3225bp), only the 5’ segment, leading up to the STOP (TGA) 

codon was selected for analysis. This included a region of ~460bp and due to the restriction in 

amplicon size when using the Multiphor SSCP/HD technique (<400bp), it was proposed to 

sequence a subset of patients and infants to identify possible variants. Samples from thirteen 

mothers and four infants were sequenced and a total of three documented variants (dbSNP: 

rs17151914c/t, 50bp upstream from exon 3; dbSNP: rs17151919a/g (a280g/Val94Met) and one 

published (Li et al., 1999), but accession-number free silent variant (c309t/Asn103Asn) were 

found (named Asn102Asn by Li et al., 1999). There was the possibility of an additional novel 

variant located under the reverse primer, however following amplification and sequencing across 

a larger amplicon, the presence of this variant was subsequently refuted. Figures 10, 11 and 12 

depict the two documented and one “unsubmitted” variant sequencing findings, respectively. 

Heterozygous genotypes are depicted, following forward orientation sequencing. 
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Figure 10: Electropherogram of intronic variant dbSNP: rs17151914c/t (5’ of ob ex3), arrowed. 

 
 

 
 
Figure 11: Electropherogram of documented variant dbSNP: rs17151919a/g (Val94Met), 

arrowed. 
 

 
 
Figure 12: Electropherogram of published variant 309c/t (Asn103Asn), Li et al., 1999). 

 

 

Because the detection approach for this amplicon was purely sequence based, which is expensive, 

only a few selected mother-infant combinations were investigated for the dbSNP: rs17151914c/t 

and dbSNP: rs17151919a/g (Val94Met) documented variants, and these compared with 

documented genotype frequencies (Table 15). 
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The restriction enzyme HinfI (Fermentas, Vilnius, Lithuania) was identified as having a 

recognition site for the accession-number free variant sequence and therefore rapid genotyping 

could be performed (Figure 13 and Table 16). The restriction enzyme cleaved the 563bp 

amplicon into three fragments of 302, 210 and 51bp. 

 

Table 15: Genotype and allele frequencies for the known SNPs dbSNP: rs17151914c/t and dbSNP: 
rs17151919a/g with previously reported frequencies indicated, where available. 
 

  
Mothers 

 
Infants 

 * 
ob  ex3 coding c/c 9 (75%) 2 (66.7%) - 
  c/t 2 (16.7%) 0 - 
dbSNP: rs17151914c/t t/t 1 (8.3%) 1 (33.3%) - 
intronic Total 12 3 - 
-50c/t 5’ of ex3 c 20 (83.3%) 4 (66.7%) - 
  t 4 (16.7%) 2 (33.3%) - 
* no reference values are available from the NCBI SNP database  
 
     

  
Mothers 

 
Infants 

 
USA obese + lean # 

 
ob  ex3 coding a/a 12 (92.3%) 4 (100%) 105 (99.1%) 
  a/g 1 (7.7%) 0 1 (0.9%) 
dbSNP: rs17151919a/g g/g 0 0 0 
280a/g (Val94Met) Total 13 4 106 
  a 25 (96.2%) 8 (100%) 211 (99.5%) 
  g 1 (3.8%) 0 1 (0.5%) 
# Considine et al., 1996 (b)     

 

 

No significant differences were found between the genotype frequencies of the mother and infant 

groups in both variants. All frequencies values were in Hardy-Weinberg equilibrium. No 

heterozygous infants (C/T) were identified at the intronic SNP locus. No homozygous mutant 

genotypes (G/G) were identified at the Val94Met variant in both mothers and infants, and no 

heterozygote individuals (A/G) in the infant group. 
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        1      2 

 
 
Figure 13: The ob ex3 variant 309c/t (Asn103Asn) restriction digestion resolved on agarose gel. 

Lane 1 represents a heterozygote (C/T) and lane 2 a homozygous wildtype genotype 
(C/C). The 51bp fragment is not visible on the gel.  

 

 

Table 16: Genotype and allele frequencies of the accession-number free variant 309c/t. 

 

  
Mothers 

 
Infants 

 
Controls 

 

ob ex3 coding c/c 45 (97.8%) 39 (100%) 37 (97.4%) 
  c/t 1 (2.2%) 0 1 (2.6%) 
309c/t (Asn103Asn)  t/t 0 0 0 

  Total 46 39 38 

  c 91 (98.9%) 78 (100%) 75 (98.7%) 
  t 1 (1.1%) 0 1 (1.3%) 

 

 

Only two heterozygous (C/T) individuals were identified at the 309c/t variant locus: a pre-

eclamptic mother (T allele was not transmitted to her infant) and a control group individual. All 

population frequencies were in Hardy-Weinberg equilibrium and no significant differences in 

genotype frequencies were found between the studied groups. The allele frequencies found in the 

present study were similar to that documented by Li et al., 1999. 

 

 

 

 

 

 

 

                       C/T    C/C 

512bp 
302bp 
210bp 
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3.2.2   ObR gene 
 

Of the ~20 exons in this gene, only seven were selected for further investigation since they had 

already been investigated in another study (Matsuoka et al., 1997), or they encoded an interesting 

domain of the protein, e.g. transmembrane-spanning region (exon 18). 

 

i.   ObR ex4  

 

Multiphor SSCP/HD analysis of the obR exon 4-encompassing amplicon led to the identification 

of three types of conformational variants (Figure 14a) which, when sequenced in the forward 

orientation (Figure 14b), reflected the three genotypes of documented variant 326a/g (dbSNP: 

rs1137100a/g, Figure 14). This polymorphism causes an amino acid substitution from lysine to 

arginine at codon 109. Genotyping could therefore be assigned according to Multiphor typing 

(Table 17). 

 
                       (14a)       (14b) 

 
                      1        2        3  

                                           
 

Figure 14: (a) Multiphor SSCP/HD, representing the three genotypes of the variant, with arrows 
indicating differences in the Multiphor banding patterns in the SSCP component of the gel 
only. Lanes 1, 2 and 3 represent the homozygous wildtype, heterozygous and 
homozygous mutant genotypes, respectively. (b) Electropherogram of the sequenced 
variant 326a/g with the A/G variant (arrowed).  
 

 

     33a    32a   20a 

     A/A    A/G   G/G 
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Table 17: Genotype and allele frequencies of variant 326a/g. 

 

  
Mothers 

 
Infants 

 
Controls 

 

obR ex4 a/a 40 (76.9%) 35 (83.3%) 30 (76.9%) 
  a/g 11 (21.2%) 7 (16.7%) 8 (20.5%) 
dbSNP: rs1137100a/g g/g 1 (1.9%) 0 1 (2.6%) 

326a/g (Lys109Arg) Total 52 42 39 

  a 91 (87.5%) 77 (91.7%) 68 (87.2%) 
  g 13 (12.5%) 7 (8.3%) 10 (12.8%) 

 

 

All studied frequencies were in Hardy-Weinberg equilibrium. No significant differences were 

found between mothers and infants, mothers and controls or infants and controls. No 

homozygous mutants (G/G) were identified in the infant group, in contrast to one control 

individual and one pre-eclamptic mother.   

 

ii.   ObR ex6  

 

Matsuoka et al., 1997 described genotyping of the documented variant 668a/g (dbSNP: 

rs1137101a/g) which causes and amino acid change, Gln223Arg, by digestion with MspI (New 

England Biolabs, MA, USA). Genotyping (Figure 15 and Table 18) was performed on the study 

populations using different oligonucleotide primers to that described by Matsuoka et al., 1997. 

 
        1            2          3 

 
 

Figure 15: Restriction enzyme digestion of the documented variant 668a/g with MspI. The 268bp 
amplicon was cleaved into two fragments of 186 and 82bp. Lanes 1, 2 and 3 represent the 
homozygous mutant, heterozygous and homozygous wildtype genotypes, respectively. 

 

 

 

  G/G        A/G        A/A 

268bp 

   82bp 

186bp 
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Table 18: Genotype and allele frequencies of the documented variant 668a/g. Frequencies 
discussed in further detail are highlighted. 
 

  
Mothers 

 
Infants 

 
Controls 

 

obR ex6 a/a 8 (15.4%) 7 (16.3%) 6 (15.4%) 
  a/g 19 (36.5%) 21 (48.8%) 21 (53.8%) 
dbSNP: rs1137101a/g g/g 25 (48.1%) 15 (34.9%) 12 (30.8%) 

668a/g (Gln223Arg) Total 52 43 39 

  a 35 (33.7%) 35 (40.7%) 33 (42.3%) 
  g 69 (66.4%) 51 (59.3%) 45 (57.7%) 

 

 

The mutant allele seemed to be slightly more prevalent (66.4%) in the mothers compared to the 

infants and controls (59.3% and 57.7%, respectively), which could be explained by the fact that 

48.1% of the mothers carry the homozygous mutant (G/G) genotype, where as the heterozygote 

(A/G) genotype is more common in the infants and controls (48.8% and 53.8%, respectively).  

 

Each study group genotype distribution was in Hardy-Weinberg equilibrium and no significant 

differences were demonstrated. Probability values for the recessive model (A/A and A/G vs. 

G/G) in the mother vs. infant group (0.195) and mother vs. control group were not significant 

(0.096), but the latter did approach the p = 0.05 significance cut-off. 

 

iii.   ObR ex9 

 

Multiphor SSCP/HD analysis revealed three types of conformational variants (Figure 16a) which, 

with subsequent forward orientation sequencing (Figure 16b), were found to represent the three 

genotypes of known variant 1029c/t (dbSNP: rs3790419c/t) which causes no change in the amino 

acid (Ser343Ser) composition. Genotyping could thus be performed according to Multiphor 

typing (Table 19). 
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                      (15a)       (15b) 

                                          
 

Figure 16: (a) Three genotypes on Multiphor SSCP/HD with changes in banding patterns in the 
SSCP component of the gel arrowed. No variations in banding patterns were observed in 
the HD component of the gel. (b) Electropherogram of the sequenced variant 1029c/t 
showing a heterozygote (arrowed).  

 

 

Table 19: Summary of the genotype and allele frequencies of the silent variant 1029c/t. 

 

  
Mothers 

 
Infants 

 
Controls 

 

obR ex9 c/c 4 (7.9%) 4 (9.3%) 3 (8.8%) 
  c/t 22 (43.1%) 20 (46.5%) 15 (44.1%) 
dbSNP: rs3790419c/t t/t 25 (49.0%) 19 (44.2%) 16 (47.1%) 

1029c/t (Ser343Ser) Total 51 43 34 

  c 30 (29.4%) 28 (32.6%) 21 (30.9%) 
  t 72 (70.6%) 58 (67.4%) 47 (69.1%) 

 

 

Each study group genotype distribution was in Hardy-Weinberg equilibrium and no significant 

differences between the study cohort genotypes could be demonstrated. 

 

iv.   ObR ex11  

 

The restriction enzyme PstI (Fermentas, Vilnius, Lithuania) digestion products of the obR exon 

11 amplicon were resolved on 5% polyacrylamide gels for the detection of the accession-number 

free variant 1475g/c (Ser492Thr) by the protocol described by Matsuoka et al., 1997. The 136bp 

  26c   24c   22c 

 C/C    T/T   C/T 
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amplicon should cleave into a 111 and 25bp fragment. This variant was not identified in this 

study (Figure 17) of 264 alleles and all samples appeared to be homozygous wildtype (G/G) 

genotype. This variant is rare since another study reported allele frequencies for this locus as 

1.1% for the C allele (Matsuoka et al., 1997). 

 
 

           1               2                3                4  

 
 

Figure 17: Restriction enzyme analysis of variant 1475g/c (including a PstI control in lane 2). An  
own-design ladder (lane 1) was generated for the 5% polyacrylamide electrophoresis. 
Lanes 3 and 4 depict the homozygous wildtype genotype G/G. 

 

 

v.   ObR ex14  

 

Five forms of conformational variants were identified following Multiphor SSCP/HD gel 

electrophoresis (Figure 18). These conformational variants represented the three genotypes of the 

known variant 1986c/g (dbSNP: rs8179183c/g; Figure 19) which caused the substitution of a 

lysine with an aspargine residue at codon 656 and also subsequently indicated the possibility of 

an additional novel intronic variant 34 bases downstream of the exon (+34a/g 3’ exon 14) (Figure 

19).  No restriction enzyme site could be identified for the novel variant and Multiphor typings 

were not conclusive for genotyping. Sequence specific primers should be used in future studies to 

further characterise this variant since sequencing of the five conformational variants (in eight 

individuals) revealed a frequency of ~28%, indicating that it is not rare.  

 

For the purpose of this study genotyping of the documented variant 1986c/g was performed based 

on Multiphor typings (Table 20). 

 

Ladder      Control       G/G           G/G 

136 bp 
136 bp 

204 bp 
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Figure 18: Five conformational variants identified on Multiphor SSCP/HD and their genotypes  
(below) for variant 1986c/g. The single strand and heteroduplex formations were altered  
(arrowed). 

 

 

          
 

Figure 19: Electrophereogram of variant 1986c/g and novel intronic variant +34a/g 3’ of exon 
14, respectively with the heterozygote genotypes arrowed. 

 

 

Table 20: Genotype and allele frequencies of variant 1986c/g. Interesting genotype and allele 
frequencies are highlighted and discussed further. 

 

  
Mothers 

 
Infants 

 
Controls 

 

obR ex14 c/c 1 (1.9%) 0 0 
  c/g 9 (17.3%) 16 (37.2%) 6 (20%) 
dbSNP: rs8179183c/g g/g 42 (80.8%) 27 (62.8%) 24 (80%) 

1986c/g (Lys656Asn) Total 52 43 30 

  c 11 (10.6%) 16 (18.6%) 6 (10%) 
  g 93 (89.4%) 70 (81.4%) 54 (90%) 

 

          36c   41a  36a   33a  34a 

      G/C  C/C  G/G  G/G  G/C 
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Each study group genotype distribution was in Hardy-Weinberg equilibrium. Very similar 

genotype frequencies were observed in mothers and controls.  There appeared however, to be an 

enrichment of the heterozygous (C/G) genotype in infants (37.2% vs. 17.3% in mothers and 20% 

in controls), confirmed at allele frequency level (18.6% in infants vs. ~10% in mothers and 

controls).  

 

The difference between mothers and infant genotype distributions (p = 0.07) approached the p = 

0.05 significance cut-off and subsequent sub-analysis revealed a significant difference (p = 0.05) 

for genotypes in the recessive model (C/C and C/G vs. G/G) between the mother and infant 

group.  

 

vi.   ObR ex18 (transmembrane-domain encoding) 

 

Multiphor SSCP/HD analysis revealed two conformational variants (Figure 20a) which were 

identified as two of the genotypes of the documented intronic variant dbSNP: rs66693573g/c 

(+15g/c 3’ of exon 18) (Figure 20b). The enzyme AluI (Fermentas, Vilnius, Lithuania) was used 

to facilitate rapid genotyping of the variant on 2% agarose gel (Figure 21 and Table 21), cleaving 

the 206bp amplicon into two fragments, 166 and 40bp.  

 
             (20a)       (20b) 

                                              
 

Figure 20:  (a) Multiphor conformational variants with the differences in banding patterns found 
only in the SSCP component of the gel arrowed and (b) an electropherogram in the 
forward orientation of the known intronic variant dbSNP: rs66693573g/c (arrowed). 

 9a    10a 
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         1           2         3 

 
 
Figure 21: Restriction enzyme analysis of the intronic variant dbSNP: rs66693573g/c resolved on  

an agarose gel. Lane 1 represents a 100bp commercial ladder and lane 2 and 3 the 
heterozygous and homozygous wildtype genotypes, respectively. 

 

 

Table 21: Genotype and allele frequencies of the intronic variant dbSNP: rs66693573g/c. 

 

  
Mothers 

 
Infants 

 
Controls 

 

obR ex18 c/c 0 0 0 
  c/g 6 (11.5%) 5 (11.6%) 5 (12.8%) 
dbSNP: rs6693573c/g g/g 46 (88.5%) 38 (88.4%) 34 (87.2%) 

+15c/g (15bp 3' of ex18) Total 52 43 39 

  c 6 (5.8%) 5 (5.8%) 5 (6.4%) 
  g 98 (94.2%) 81 (94.2%) 73 (93.6%) 

 

 

All the genotype distributions studied were in Hardy-Weinberg equilibrium. No significant 

differences were evident between any of the groups as can be seen from the similar genotype and 

allele data. No wildtype homozygous C/C genotype was identified. 

 

vii.   Ob ex20   

 

Matsuoka et al., 1997 studied two variants (one unsubmitted, 2927a/c (Ala976Asp) and one 

known, dbSNP: rs1805096a/g (3057a/g (Pro1019Pro)) by restriction enzyme digestion. The 

unsubmitted variant could be genotyped using HaeIII (Promega, WI, USA) on a 2% agarose gel 

(Figure 22a); however it was not identified in this study of ~266 alleles. The reverse primer for 

this amplicon was modified (Matsuoka et al., 1997) so as to create a HincII site (New England 

Biolabs, MA, USA) for the P1019P variant, which was subsequently identified on 5% 

G/C     G/G 

206bp 
166bp 
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polyacrylamide gels (Figure 22b). The HincII restriction site cleaves the 251bp amplicon into 

three fragments of 173, 56 and 22 bp. Genotyping could therefore be performed on all mothers, 

infants and controls (Table 22).  

 
         (22a)          (22b) 
       1            2             3           4                                                   1                    2                       3                     4                      5 

                           
 

Figure 22: Restriction enzyme analysis of variants (a) 2927a/c, including a commercially 
available 100bp ladder in lane 1, a uncut amplicon in lane 2, a HaeIII control in lane 3 and 
the homozygous wildtype (A/A) genotype in lane 4; and (b) 3057a/g, including a own-
designed ladder in lane 1, heterozygote (A/G) genotypes in lane 2 and 4, a homozygous 
wildtype (A/A) genotype in lane 3 and a homozygous mutant (G/G) genotype in lane 5. 
The 56 and 22bp fragments are not visible on the gel. 
 

 

Table 22: Genotype and allele frequencies for documented variant 3057a/g (Pro1019Pro). 
Frequencies discussed in further detail are highlighted. 

 

  
Mothers 

 
Infants 

 
Controls 

 

obR ex20 a/a 19 (36.5%) 9 (20.9%) 9 (23.7%) 
  a/g 22 (42.3%) 30 (69.8%) 22 (57.9%) 
dbSNP: rs1805096a/g  g/g 11 (21.2%)  4 (9.3%) 7 (18.4%) 

3057a/g (Pro1019Pro) Total 52 43 38 

  a 60 (57.7%) 48 (55.8%) 40 (52.6%) 
  g 44 (42.3%) 38 (44.2%) 36 (47.4%) 

 

 

The frequency of the homozygous mutant genotype (G/G) was reduced in infants (9.3% vs. 

21.2% in mothers and 18.4% in controls, with a concomitant increase in the heterozygous (A/G) 

genotype (69.8% vs. 42.3% in mothers and 57.9% in controls). 

  

     Ladder   uncut     control    A/A     Ladder                  A/G                   A/A                 A/G                  G/G 

251bp 

268bp 

82bp 

173bp 
195bp 186bp 
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A statistical significant association was only demonstrated between the maternal and infant 

genotype distribution at this locus (p = 0.026), however the genotype distribution of the infant 

samples was not in Hardy-Weinberg equilibrium (p = 0.025) and therefore the interpretation of 

the data should be limited. 

 

3.2.3   In summary 

 

By a combination of Multiphor SSCP/HD analysis, restriction enzyme analysis and sequencing, 

six sequence variants were identified in the ob gene. Of these one (a107g/Lys36Arg) is novel. 

While this variant is located in the coding region of exon 2 of the gene, it appears to be silent.  

 

Infant genotypes appeared to vary significantly from controls at the promoter region variants, 

however interpretation thereof should be limited, since there was accompanying Hardy-Weinberg 

equilibrium deviation. 

 

Of the seven loci investigated across the obR gene, one additional novel variant was identified in 

the intron between exon 14 and 15 (+34a/g bases 5’ to exon 14). Association was demonstrated 

for the recessive model (C/C and C/G vs. G/G) for variant 1986c/g between mothers and infants 

(p = 0.05). Additionally, significant differences (p = 0.0026) between the mother and infant 

genotype distributions for variant Pro1019Pro were demonstrated, however the infant genotype 

distribution was not in Hardy-Weinberg equilibrium and therefore caution should be exercised 

with interpretation of the results. 

 

Collectively, no single sequence variants could be shown to significantly increase the 

susceptibility to pre-eclampsia in mothers or their infants. 

 

3.3  Genotype: phenotype comparisons 

 
Comparisons of the genotypic and clinical data were made to determine if there was a link 

between the two. Clinical data was retrieved from clinical notes by authorised personnel and was 

examined to determine whether certain outcomes including, blood pressure, gestational age of 

complication onset and infant birth weight could be attributed to the polymorphisms identified in 

the ob and obR genes.  
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Significant associations were observed between three variants and birth weight below 1000g 

(<1000g, n = 19 and >1000g, n = 24). The obR exon 6 668a/g (Gln223Arg) variant alleles 

differed significantly (p = 0.045) in infants with birth weights below and above 1000g. 

Additionally, genotypes of the dominant model (homozygous mutant G/G and heterozygous A/G 

vs. homozygous wildtype A/A) also differed significantly (p = 0.021) between the two birth 

weight groups. The obR exon 9 silent variant 1029c/t (Ser343Ser) was found to differ 

significantly (p = 0.043) for allele frequencies and additionally, the recessive model 

(homozygous C/C and heterozygous C/A vs. homozygous mutant T/T) differed significantly (p = 

0.025) between infants below and above 1000g. The obR exon 14 1986c/g (Lys656Asn) variant 

also showed association (p = 0.05) with low birth weight (<1000g) when grouped into the 

dominant model (G/G and G/C vs. CC). 
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4.  Discussion 

 

A number of polymorphisms were analysed in the ob and obR genes during the course of this 

study. Numerous documented SNPs were confirmed in both the ob and obR genes, substantiating 

the methodology employed. Two novel variants were identified, 107a/g (Lys36Arg) in ob exon 2 

and +34a/g downstream of obR exon 14. 

 

The 107a/g (Lys36Arg) variant is located in the coding region of the ob gene exon 2 and causes a 

substitution of a lysine with an arginine residue at amino acid position 36. Both amino acids are 

basic and are therefore likely to participate in electrostatic interactions (Garrett and Grisham, 

1999). SIFT (Sorting Intolerant From Tolerant, http://blocks.fhcrc.org/sift/SIFT.html) analysis 

revealed that the amino acid change was tolerated and would not affect the protein’s function. 

Exon 2 is highly conserved in the human and shows >90% homology to sequences in Felis catus, 

Macaca mulatta and Pan troglodytes. No statistical significant difference was identified in 

corresponding genotypes of mothers, infants and control groups studied for the 107a/g variant. 

Interestingly, no mutant allele (single copy, or homozygous genotype) was present in the control 

group. Larger patient and control cohorts may prove useful in determining whether there is an 

underlying association between the mutant allele and the development of pre-eclampsia (maternal 

or fetal). 

 

A novel non-coding obR variant was identified 34bp downstream of exon 14 (+34a/g) in the 

intronic region in two of three infants samples, however no mothers (n = 5) carried the mutant 

allele. Genotyping in the study groups proved difficult since no restriction enzyme was found to 

recognise the variant site and Multiphor SSCP-HD typing was not specific for this variant.  

Genotyping in the future should be performed using either allele-specific primers or sequencing 

of a larger subset of mothers, infants and controls to determine whether there is an association 

between the mutant allele and pre-eclampsia (maternal or fetal). Intronic variants may affect 

protein structure and function, and thus be associated with disease, by two pathways. Firstly, they 

may alter (Zhang et al., 2004) or create splice sites or form cryptic splice sites (has sequence 

homology to the real splice site), however, this variant did not affect any splice sites according to 

ESEFinder (http://exon.cshl.edu/ESE/, Cartegni et al., 2003). Secondly, regulatory elements have 

not only been identified in 5’-promoter regions, but also in 3’ and intronic regions (Greenwood 

and Kelsoe, 2003) and may therefore be located in the region where the +34a/g was found. Future 

studies to elucidate the roles of potential intronic variants in splicing are likely to be based on the 

http://blocks.fhcrc.org/sift/SIFT.html
http://exon.cshl.edu/ESE/
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comparison of mRNA transcript sizes, in samples with and without the intronic sequence variant, 

eg. the minigene system (Baralle et al., 2003). 

 

Maternal and infant genotypes for the obR exon 14 documented 1986c/g variant (located 62 bases 

upstream from the novel (+34a/g) variant) differed enough to be considered “marginal” in 

association (p = 0.07). By sub analysis, a significant difference (p = 0.05) was demonstrated 

between mothers and infant genotypes representing the recessive model (carriers of wildtype ‘C’ 

vs. G/G). This may warrant further investigation with a larger study cohort to confirm or refute 

association between being a carrier (C/G) of the wildtype allele (C) and being a pre-eclamptic 

infant. The mutant allele (G) may have a protective effect on the development of pre-eclampsia. 

 

The genotype differences of an additional two documented loci, -188c/a (188 bases upstream of 

the initiation of the untranslated ob exon 1) and 3057a/g (in obR exon 20), also approached 

significance, however they found not to be in Hardy-Weinberg equilibrium (the controls and 

infants, respectively) and consequently, comparative analysis of the respective genotypes was 

restricted. 

 

The Hardy-Weinberg equilibrium describes the phenomenon where allele and genotype 

frequencies remain constant from one generation to the next. Disruption of the equilibrium is a 

result of one or more of the following factors: a mutation, migration, non-random mating, genetic 

selection and random genetic drift (Fairbanks and Anderson, 1999). The latter is a feasible 

explanation for the observed deviations from the Hardy-Weinberg equilibrium in this study since 

it reflects a relatively small study cohort and implicates possible sampling bias. A promising 

solution for future studies would include a larger mother and infant group as well as a larger 

control group, either that of multigravidae women with a history of good obstetric and pregnancy 

outcome, or, cord blood from apparently healthy infants. The former may prove the better choice 

as matched comparison can be made between apparently healthy and pre-eclamptic mothers. 

 

Epidemiological investigation of all the data collected from patients at recruitment revealed a 

significant improvement in fetal outcome coupled with advanced gestational age. This was 

expected since the closer to term the pregnancy is, the more the infant weighs and thus the greater 

chance of survival. Infants with a birth weight below 1000g generally cope poorly and depending 

on hospital resources, seldom survive. Additionally, they place an immense burden on hospital 

resources, including specialised staffing. 
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Genotype: phenotype comparisons for this critical birth weight (1000g) revealed significant 

associations for three obR variants. Variants 668a/g (Gln223Arg) and 1986c/g (Lys656Asn) 

demonstrated significant association with birth weight for the genotypes grouped according to 

dominant models (homozygous mutant and heterozygote vs. homozygous wildtype), which 

showed p-values of 0.021 and 0.05 respectively and additionally, the 668a/g variant showed 

significance for allele frequencies between low and higher birth weight infants (p = 0.045). 

Additionally, the 1029c/t (Ser343Ser) differed significantly (p = 0.025) for the recessive model 

(homozygous wildtype and heterozygote vs. homozygous mutant) and showed significance (p = 

0.043) for allele frequencies between infants above and below 1000g, indicating a trend in infants 

homozygous for the mutant allele (G/G) to have poor pregnancy outcome. 

 

This trend towards poor pregnancy outcome should be investigated further. Treating infants in the 

Neonatal Intensive Care Unit (NICU) utilises a lot of resources and requires highly trained staff.  

In the current absence of a single marker for poor pregnancy outcome, such as a low birth weight 

infant, the following are recommended: (i) mothers be educated regarding the negative effects of 

smoking and drinking on birth weight and development and (ii) the current fortification of basic 

foodstuff such as maize-meal and bread be extended to include Vitamins C and E (Chappell et 

al., 1999). The results of this study will be communicated back to clinicians at the hospital as 

well as published to reach a broader audience.  

 

However, although these findings could help identify infants with “susceptibility” genotypes, in 

practice, the feasibility of screening all infants in utero is costly and most importantly, carries the 

risk of losing more lives to the procedure than to the disease. It is more feasible to identify an 

early maternal marker for pre-eclampsia, than a fetal one. 

 

There is the possibility that these variants do not directly affect the infant, but that the observed 

decreased birth weight associated with these variants could be due to the infant inducing a more 

“severe form” of the disease in the mother and that the consequential early intervention by 

clinicians may lead to the observed decreased birth weight and poor pregnancy outcome of the 

infant.  

 

Ethnicity proved to be an influence in this study, because although hospital patients were 

originally mainly from the Coloured (Mixed ancestry) population group, more African-Black 

patients are being admitted, reflecting an apparent migration towards the Western Cape (mostly 

from the Eastern Cape region). Changes in the political views of the country have also resulted in 



 58

patients not being assigned to ethnic groups, but allowed to self-report ethnicity. Mixed marriages 

are also more common, and ultimately all these factors increase heterogeneity within the study 

cohorts, possibly weakening any possible association observed within the present study. 

 

This study utilised Multiphor SSCP-HD analysis, automated sequencing and restriction enzyme 

analysis. However, few mutation detection techniques show 100% sensitivity. SSCP and 

sequencing techniques can identify a wide spectrum of variants, whereas restriction enzyme 

analysis focuses on a particular change within a given amplicon. The latter approach was used for 

three of the obR exon variants and therefore no comment can be made whether there are any 

additional variants within these amplicons. Future analysis of these three exons should therefore 

include Multiphor SSCP-HD analysis. 

 

Multiphor SSCP-HD sensitivity appeared to be good in this study, however amplicon size was 

restricted to under 350bp and not all variants were identified, evidenced by subsequent 

sequencing. Further investigation revealed a trend for variants located at amplicon ends not to 

demonstrate conformational changes on the Multiphor SSCP-HD gels. Sensitivity of the 

technique could also be improved by experimenting with different matrices and running the gels 

at different temperatures (e.g. 9 and 11°C). Although conformational variants were identified in 

both the SSCP and HD components of the Multiphor SSCP/HD gels analysed in this study, the 

SSCP component proved more sensitive. This posed the question whether HD’s should be 

continued to be included in Multiphor SSCP/HD gel electrophoresis or whether the gels should 

be allowed to run longer and thus better separate the SSCP component of the gel? This study did 

not show the need for better SSCP separation and thus it is felt that runs can be kept short 

(<150min) to maintain a high throughput, while still maintaining the sensitivity of the technique.  

 

A promising improvement for amplicon screening techniques includes the use of denaturing High 

Performance Liquid Chromatography (dHPLC) which can successfully screen larger fragments of 

up to  ~1500bp (O’Donovan et al., 1998). Variations identified by dHPLC can subsequently be 

confirmed by sequencing. This method is recommended for future studies focusing on sequence 

variant detection. 

 

Ultimately, automated sequencing is the most trustworthy and sensitive variant detection method, 

however, the cost of the technique is a deterrent when screening large study cohorts and therefore 

is mainly used to confirm the findings from the high-throughput SSCP and dHPLC methods. 
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Comparisons were made between the allele frequencies reported in this study and those 

previously published. This study reported similar allele frequencies to a number of previous 

studies, including those for the ob exon 3 variant Asn103Asn and for the obR exon 11 Ser492Thr 

and exon 20 Ala976Asp variants (Table 4, Introduction). The obR exon 14 Lys656Asn variant 

allele frequencies were similar in some cases to the mother and control allele frequencies in this 

study and others to the infant cohort allele frequencies (Table 4). Similar and higher allele 

frequencies were reported for the obR exon 4 Lys109Arg and exon 9 Ser343Ser variants, with 

only higher frequencies reported for the ob gene A→G variant found 19 bases into the 

untranslated exon 1. The most heterogeneity was reported for the obR exon 6 Gln223Arg and 

exon 20 Pro1019Pro variants with allele frequencies either being similar, higher or lower  (Table 

4, Introduction) to those reported in this study.  

 

Similarities and divergences were found for the allele frequencies between studies; however no 

studies were performed on the same population (non-Caucasian South African) cohort or on the 

same disease, with most studies reported having been performed on obese subjects. 

 

The preceding studies investigated the role of ob and obR variants on leptin levels and BMI. The 

present study, however, lacked both weight and height data for mothers at booking and delivery. 

Leptin levels were also not measured in the cohort and therefore no comment can be made 

regarding the link between sequence variants in the study group and their effect on the gene 

product. A recommendation regarding newly emerging genetic investigations is that they should 

aim to parallel biochemical (by measuring the compound in the individual) and expression 

studies (determine whether genes are up- or down-regulated in a particular individual). 

 

The genetic approach taken in this study is new for pre-eclampsia. This is also the first report on 

variant screening of the ob and obR gene in this population where pre-eclampsia is common. 

Additionally smoking and drinking during pregnancy appear to be more common in this 

population group and may therefore also contribute to the reduced infant size observed. 

 

Preventative methods for pre-eclampsia have been suggested such as lowering salt and protein 

intake and the taking of dietary supplements. However, only calcium (Knight et al., 2000) and a 

combination of the antioxidants Vitamin C and E (Chappell et al., 1999) have reduced the risk for 

pre-eclampsia in high-risk individuals. Calcium supplementation is only successful in decreasing 

pre-eclamptic risk in individuals with a low dietary intake, however, daily Vitamin C and E 

supplementation reduce the incidence of pre-eclampsia by more that 50%. Low dosages of aspirin 
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are also beneficial as a preventative measure and decrease the incidence of pre-eclampsia and 

fetal death by 19% and 16%, respectively (Knight et al., 2000). 

 

Immunity appears to play a substantial role in pre-eclampsia as is evident from studies reporting 

that previous pregnancies, even if not carried to term, reduce the risk of pre-eclampsia (Robillard 

et al., 1993). Multiparity with a change of partner, however, returns the risk to similar levels as 

with primiparous women. The length of cohabitation with a partner also inversely influences the 

risk of pre-eclampsia in subsequent pregnancies involving that partner (Robillard et al., 1994). 

Reduction of pre-eclampsia would therefore involve lengthy cohabitation periods before 

conceiving and committing to a life-partner. This aspect could also be conveyed to women to 

empower them to make correct life-style choices so as to reduce their risk of developing pre-

eclampsia. 

 

In conclusion, this study reported the successful screening of the ob and obR in a South African 

non-Caucasian pre-eclamptic mother-cord blood and control cohort, with the identification of 

several known and two novel variants.   
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5.  Future Studies 
 

Future case-control association studies should focus on larger cohorts to minimise possible 

Hardy-Weinberg equilibrium deviations. Additionally, control cohorts should either consist of 

larger subsets of the newborn cord blood samples or focus on multigravid mothers in whom good 

obstetric history is evident. Racial bias should be removed from the study; however, this may 

prove difficult with the current political views regarding race classification.  

 

The novel variant (a→g) located 34 bases downstream from obR exon 14 should be investigated 

further with the use of sequence-specific primers or by direct automated sequencing as 

provisional results implicate the homozygous mutant genotype in poor fetal outcome. 

 

Investigations should also be performed on the obR exon 14 Lys656Asn variant with larger study 

groups to confirm whether heterozygote infants (C/G) are more likely to be the products of pre-

eclamptic pregnancies and if homozygous mutant (G/G) genotypes are more frequently in infants 

below 1000g. 

 

Furthermore, the obR exon 6 Gln223Arg and exon 9 Ser343Ser variants also seem promising for 

association with poor outcome in infants of pre-eclamptic mothers. Infants homozygous for the 

wildtype Gln223Arg allele (A/A) and the Ser343Ser mutant allele (T/T) are more likely to be 

born with a birth weight below 1000g. Larger cohorts should therefore be used to confirm or 

refute these findings. 

 

An additional recommendation for future studies is to perform a pilot study in a cohort in whom 

biochemical data is included to determine the effect of the gene variants on circulating leptin 

levels. However, due to the observation that protein kinase C activation up-regulates leptin 

expression in trophoblast cells (Yura et al.,1998b), studies should include both the screening of 

the gene encoding this protein and the measurement of the circulating level of protein kinase C. 

 

The present study did not focus on the untranslated regions despite the fact that there may be 

elements present in these regions that effect the expression of the studied genes. These regions 

should therefore be investigated further in future studies, including the previously reported 5’ 

upstream region in the ob gene, between basepairs -1885 and -1830, which may be involved in 

the regulation of  the ob gene transcription (Ebihara et al.,1997). 
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Leptin has been implicated (in conjunction with the endothelin-1 vasoconstrictor) in the 

development of IUGR (Liu et al., 1995 Arslan et al., 2004). It may therefore be useful to screen 

patient samples for variants in both the genes coding for these proteins to investigate the potential 

interaction between Leptin and ET-1. 

 

Determining the aetiology of multifactorial disorders is a daunting task, however, certain modern 

approaches are promising. The family based (triad) transmission disequilibrium test (TDT) can 

successfully identify associations between markers and diseases by identifying alleles transmitted 

more frequently from heterozygous parents to affected offspring. TDT has been successfully used 

in numerous recent studies, including multifactorial Schizophrenia (Ni et al., 2005 and Tao et al., 

2005). Incorporating linkage analysis (TDT), gene screening and expressional studies with 

biochemical studies (measuring protein levels in the body) may lead to a multidisciplinary 

approach which proves more meaningful in the analysis of multifactorial disorders. 

 

Knowledge of the genes underlying various pregnancy-related disorders such as pre-eclampsia, 

IUGR and HELLP syndrome will undoubtedly improve the understanding of the aetiology of the 

disorders and facilitate the development of improved treatment regimes. 
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