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Abstract

Molecular genetic epidemiology study is based upon the analysis of a large number of
samples. This analysis has to be achieved quickly and economically for both resources and
work force. At the same time it should be accessible to small as well as large laboratories.
Such studies include the testing of various polymorphisms in key genes implicated in
complex diseases with late life onset, such as obesity, coronary heart disease, osteoporosis
and diabetes, all of which are components of the 'metabolic syndrome’'.

One class of polymorphism that is particularly suitable for this type of scanning is the
insertion/deletion (I/D) polymorphism. This class is more easily distinguished from
sequencing errors in the analysis of overlapping sequences. Insertion/deletion
polymorphisms have, however, been rather poorly studied. [ have developed a method that
allows fast and efficient scanning of insertion deletion polymorphisms, method accessible to
large as well as small laboratories.

It has to be considered that DNA banks are finite, and is unlikely that lymphocyte
immortalisation will be possible, thus the development of highly conservative systems of
DNA templates is a necessity. These systems would enable analysis of the genetic
information that facilitates extensive high throughput association studies.

Long PCR is a labour saving alternative for the study of the molecular genetics of large
genomic fragments. Most importantly the use of the DNA bank would be minimised thus
considerably more tests can be performed on the bank DNA. This method was used and

furthered in this study. The project aims and achievements are outlined next.

The project had multiple aims:

To develop economical and fast methods for the identification of insertion/deletion

polymorphisms.

Use the developed methods to genotype the 3’UTR I/D polymorphism in the human leptin

receptor gene in a large cohort.

To branch out and further the conservative methods of implementation of DNA banks

already developed by our laboratory (DOP and L-PCR).

Use these developments to perform a cohort study of various polymorphisms in the human

GHI1 and IGF1 genes.
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To develop ARMS assays and perform a cohort study of SNPs in the human GH1 and IGF1
genes.

To perform extensive analysis of the data available for the Hertfordshire banks. To analyse
the associations, between all the markers used for the methods development, with the various
phenotypic data available. The main East Hertfordshire database, which contains phenotype
data for cardiovascular markers, fasting, bloods, GTT’s, lung function, and anthropometrics,
and relationship with each genotype found for each SNP in both GH1 and IGF1 genes was
also set to be analysed. Genotype-phenotype analysis was intended to be performed for the
data available for the East Hertfordshire bone database as well as for the North Hertfordshire
database that contains information for ageing markers, blood pressure and anthropometrics.
To further expand the investigation of the SNP results by analysing linkage disequilibrium
between the GH1 polymorphism and I/D polymorphism in the ACE gene, and LD sbetween
the investigated SNP markers in the IGF1 gene.

The following goals have been achieved:

A quick and efficient method has been developed for genotyping insertion/deletion
polymorphisms, a method which meets the criteria we have set out to attain. The method
developments are presented in section 3.1 with the results and further discussion being
outlined in chapter 4, section 4.1.

A method that improves the resolution of bands during MADGE electrophoresis, thus
allowing fast and correct scanning of heteroduplexes, was developed and the advances were
published in Biotechniques 2000. (1) This method is presented in section 3.1.1 and the results
and discussion are given in section 4.1.1.

The method has been successfully applied to the 3°UTR I/D polymorphism in human leptin
receptor gene (OB-RB) and analysis of association with obesity was performed on a large
sample of subjects in the NPHS II study. The results as well as the discussion are presented in
subchapter 4.2, section 4.2.1 and 4.2.2 respectively.

Conservative methods of implementation of DNA banks were searched for, and the
inferences of using such techniques were understood with regard to the analysis of various
types of polymorphic markers. These methods are outlined in chapter 3, section 3.2.

A selection of diverse polymorphic markers in the human IGF1 gene and GH region were
explored using such techniques. Due to excessive band stuttering, a commonly reported
‘laboratory handicap’ where di-nucleotide repeats are involved, we were unable to genotype

the (CA) n repeat in the human IGF1 gene, but we have determined that template dilution can
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be taken to great extremes without consequences to genotyping, subchapter 3.2.3. A di- and
tetra-nucleotide polymorphism in the human GH region, the A1819 Alu repeat, was
successfully genotyped using our new developed method. However, the discriminative
binning of the results was not achieved, due to limited number of DNA templates available.
The genotyping of the A1819, in the GH gene region, successfully exploited the extreme
template dilution method, subchapter 3.2.2.

ARMS assays have been developed on long-PCR templates making further use of the
conservative methods of implementation ofi DNA banks already available in our laboratory.
The standard methods for the ARMS assays are presented in chapter 2, section 2.4, with the
developments being outlined in section 3.4. The developments for the GHI ARMS is
presented in subchapter 3.2.2 and the IGF1 developments are presented in subchapter 3.2.3
These assays were used for genotyping various SNPs in the human IGF1 and GH1 genes.
Large amounts of data have been generated through genotyping of several SNPs markers in
the GH1 and the IGF1 genes, the results being presented in chapter 5, subchapter 5.2 in
section 6.2.1 and 6.2.2, respectively.

The analysis for association with the phenotypic data, available for the DNA banks used (the
North and East Hertfordshire DNA banks), was performed on relative phenotypic data. The
results obtained provided us with new fascinating insights into the involvement of genetic
factors in the Foetal Origins of Adult Disease. The discussions of these results are presented
in subchapter 5.3.

Another breakthrough discovery achieved is the 20% linkage disequilibrium found between
two markers located at approximately 200 kb apart, namely the ACE insertion/deletion
marker (data collected by Will Holloway) and one SNP marker in the GHI1 gene (data
collected by H. Patel). The results are presented in section 5.2.3 with the discussion of these
results is given in section 5.3.3.

Linkage disequilibrium was also calculated between the IGF1 SNP markers. The results are

shown in section 5.2.4, followed by a short discussion in section 5.3.3.
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1 Introduction



At the outset I shall introduce the unifying area of research that I have considered during my
project: the human complex disease.

Complex diseases, also known as multifactorial diseases, which include coronary heart
disease, obesity, osteoporosis, hypertension, diabetes and even depression, are diseases that
affect large number of the global population. These conditions are thought to be caused by a
multitude of factors including environmental and genetic factors. No single mutation or
environmental factor can be pinpointed as the cause of such illnesses and thus the
identification of the multitude of causes and predisposing factors is not a simple task. The
findings of Barker and Osmond in 1986 (2), where birthweight, weight at one year, and other
anthropometric and growth indices, was predictive of coronary heart disease (CHD),
hypertension, insulin resistance, central obesity, and osteoporosis, stand at the base of this
study. Many of these mentioned traits are components of the metabolic syndrome. (3)
Recognizing the genetic variants that predispose to common human diseases is an important
goal for human genetics. The development of a dense map of single nucleotide
polymorphisms (SNPs) will facilitate the identification of these variants. This will possibly
aid the test for linkage in families and support an alternative strategy of a genome-wide
definition of linkage disequilibrium (LD) and test for haplotype associations using simple
families or large numbers of cases and controls. A map of approximately 100,000 SNPs was
identified as a goal of the current five-year plan of the Human Genome Project. The plan also
aims to estimate the number of SNPs required to map traits in different populations. (4)

This project has set out to investigate two different areas of the complex human diseases
field: the first part has searched for association between genotype and phenotype in a
candidate gene for obesity; and the second part looked at complex disease from the angle of
the foetal origins of adult disease.

In order to identify genetic factors that predispose to complex diseases one has to develop the
necessary techniques and methods prior to scanning large population samples to analyse the
possible associations existent between genotype and phenotype.

As a first development I established a combination of heteroduplex method in conjunction
with microtitre array diagonal gel electrophoresis (MADGE) potentially applicable to the
wide range of small insertion/deletion polymorphisms in the human genome. The substrate

for this was an association study of such a marker in the leptin receptor gene (OB-Rb) in



relation to weight in a general population sample. For this reason, I consider the leptin
receptor gene briefly, and also take into account insertion/deletions in the human genome.

As a second development, I explored in detail, and further developed, possible conservative
approaches for DNA bank use, in conjunction with studies of the main growth pathway
genes, GH1 and IGFI, in relation to foetal origins of adult disease (FOAD) traits in a
population sample from Hertfordshire. This sample contains data for birth weight, weight at
one year, and late age cardiovascular disease risk traits, and also ageing and osteoporosis

traits. These genes and pathways are therefore considered in same detail.

Obesity and the Leptin receptor gene

Obesity (‘the second leading cause of unnecessary deaths’-American Obesity Association)
has historically been seen as a trait of social cause. There has been more acceptance that
growth reflects parental size but the strong heritability of these traits have been more
recognised with the identification of major single gene defects causing rare severe forms of
growth deficiencies and obesity in childhood.

Little 1s known, however, of the influence of common alleles of the many growth factors and
obesity genes in general population groups. Few such studies have so far been undertaken, in
part because large-scale molecular epidemiological studies remain demanding for a
laboratory to achieve and because relevant alleles and assays for them have not yet been fully
defined. One must consider what background information in literature is available in order to
define more precisely worthwhile hypotheses, goals for development and plans of
investigation.

Obesity, indicated by high body mass index (BMI), aggravates and is known to predispose to
many of the components of the metabolic syndrome, notably including high blood pressure,
non-insulin dependent diabetes mellitus (NIDDM), coronary heart disease, insulin resistance,
and stroke, and despite intensive research in the subject and evidence for high heritability,
efforts to identify human genes with major effects on body weight have not been successful
so far. (5) Evidence for genes involved in the control of body weight and composition in man
has come from several sources: adoption studies, twin studies and family studies. Several
different genetic epidemiological methods will be discussed in more detail in sub-chapter 1.1.
Although good evidence for the genetic control of body weight in man exists, little
information is available on specific genes and predisposing mutations. Many candidate genes
have been screened for predisposing mutations with little success. (5) In my project I have

looked at a polymorphic marker in the leptin receptor gene (OB-R) and scanned a large



population sample in search for a significant association with obesity. Family studies have
suggested that obesity is a highly inheritable condition although its genetic determinants
remain largely unidentified. Also, due to its complex aetiology, obesity is a challenging
condition to treat.

Animal studies have identified leptin as being the product of the 'obese gene' (Ob). Leptin,
named after the Greek word /epros, which means thin, is a 16 KDa peptide hormone, which
by binding to its receptor in the hypothalamus creates the sensation of satiety. Leptin is thus a
hormone that regulates body weight and energy expenditure. This hormone also has
peripheral actions and can influence reproductive and haematopoietic functions. Obese mice
(ob/ob) have mutations in the leptin gene and administration of leptin was found to reduce
their body weight. As high plasma levels of leptin are found in most obese humans, it is
believed that obesity is attributed to reduced brain responsiveness to leptin, rather than to
decreased production of the actual hormone itself.

The study of the insertion/deletion polymorphism in the OB-R gene used an extended
number of samples from the general population from the Northwick Park Heart Study (NPHS
II). The NPHS II study is a prospective study of 2500 middle-aged (45-65 years) Caucasian
males from different locations within the United Kingdom. (6) Each participant is free of
coronary artery disease at entry, and baseline information includes clinical and risk data such

as blood pressure and smoking.

Growth Hormone and obesity:

Alterations in nutritional status, such as malnutrition and obesity, markedly influence GH
secretion and its actions at tissue level. The interactions between metabolic substrates and
GH secretion can be viewed as part of the overall regulation of feeding and fasting in order to
maintain an adequate body weight and composition. (7)

Central and peripheral factors may contribute to the GH hyposecretion in obesity. GH/IGFI
excess reduces serum levels of leptin. (8) Among the hypothalamic factors, either low growth
hormone-releasing hormone (GHRH) concentrations, or defective secretion of putative
endogenous ligand for GH releasing peptides (GHRP) receptors, can be involved. High levels
of free IGF1 and non-esterified fatty acids (NEFA) may inhibit GH release by either acting
directly on the somatotrope cells or indirectly via inhibition of GHRH (6). The latter may be
enhanced by an insulin-induced sympathetic hypertone. Based on results from animal

experiments, leptin in obese individuals may enhance GHRH and hence stimulate GH



secretion. However, leptin resistance might explain the lack of its stimulatory effect on GH

release. (9)

The ‘Old’ vs. ‘New’ Somatomedin Hypothesis

While many hormones are involved in somatic growth, the main regulator of postnatal
growth is believed to be the growth hormone (GH), which is a 22-kDa molecule (although
other forms may be found) secreted in a pulsatile manner from the anterior pituitary (10). GH
interaction with its receptor in target cells induces the production of somatomedins, or
insulin-like growth factors (IGF’s). IGF’s are members of a large family of insulin-related
peptides, which include insulin, IGFI and IGFII. These growth factors in plasma are found
bound to a family of proteins called insulin-like growth factors binding proteins (IGFBP), of
which 6 have been well characterised. These binding proteins play a role in delivering the
IGF’s to their target tissues, prolonging their half-life, and are able to modulate their
biological responses (11). The majority of IGF’s are bound to IGFBP3, which, together with
a third protein known as the acid labile subunit (ALS), form a ternary complex in the serum.
The somatomedins, and especially IGFI, are thought to interact with the target organs, such
as growing cartilage, to induce growth. They also inhibit the pituitary production of GH
through a negative feedback loop. At the target tissue the major receptor mediating the
effects of both IGFI and IGFII is type I receptor, which is a tyrosine kinase receptor. IGFI
receptor 1s primarily responsible for mediating the mitogenic responses of the cell. (11)

The ‘old” somatomedin hypothesis, accepted until recently, proposed that IGFI was a
hepatically derived circulating mediator of GH, and also that it is a crucial factor for normal
postnatal growth and development. The. ‘New’ proposed version of the Somatomedin
Hypothesis (12), suggests that local production of IGFI (unaffected by the absence of liver
IGFI mRNA) is the critical factor that influences normal postnatal growth and development,
although hepatically derived IGFI is the major source of circulating IGF1 levels. Absence of
the hepatically derived IGFI in IGF1 gene-deleted mice, reduces the total circulating levels of
IGFI by 75% (13) Evidence exists for the importance of autocrine/paracrine roles of IGFI in
postnatal growth and development (14), although it has not yet been determined which
tissues are the major contributors to the circulating levels of IGFI besides the liver. (11)
However, more recent work of Yakar ef a/. on liver IGFI-deficient mouse (LID) showed that
a fourfold increase in serum insulin levels is present in such conditional knockouts (KO’s).
(15) Also these mice have the ability to maintain normal glycaemia in the presence of

apparent insulin insensitivity. The insulin insensitivity observed in the LID mice is muscle



specific. The new data provided by Yakar er al., provide evidence of the role of circulating
IGFI as an important component of overall insulin action in peripheral tissues.(15)

During foetal life, however, the IGFI levels seem to be under a genetic rather than a
hormonal (GH) control. Serum IGFI levels were observed to rise progressively during
pregnancy in both normal and GH deficient women. The relative importance of the GH in the

regulation of IGF1 secretion is thus far lower in utero than postnatally. (16)

Clinical features of GH deficiency:

New-borns with GH deficiency are usually of normal length and weight. Some present
micropenis or fasting hypoglycaemia in addition to their low linear growth, which becomes
progressively retarded with age. In cases of isolated GH deficiency skeletal maturation is
delayed in proportion to their retardation height. Clinical features often also present are
truncal obesity, young facial appearance for their actual age, delayed secondary dentition,
and high-pitched voice. Puberty can be delayed until late teens but normal fertility is usually
achieved. (17)

The importance of growth hormone in adulthood has been only recently recognised. After the
completion of linear growth, GH regulates body composition, plasma lipid concentrations,
exercise capacity, and physiological well being throughout adult life. Central obesity, insulin
resistance, elevated plasma lipids, are just a few of the features presented by patients with
adult GH deficiency. The skin of GH deficient adults appears fine and wrinkled similar to
that observed in premature ageing. Life expectancy is also reduced with cardiovascular
disease being recognised as major contributor to the premature mortality.

Concomitant or combined deficiencies of other pituitary hormones, as for example Iuteinising
hormone (LH), follicle-stimulating hormone (FSH), and thyroid stimulating hormone (TSH),
in addition to GH deficiency or combined pituitary hormone deficiency (panhypopituitary
dwarfism), causes more severe retardation of growth and skeletal maturation. Reduced bone
mineral density has also been a reported feature of isolated growth hormone deficiency.(17)
The features of GH deficiency effects, in early as well as late life, are important to know

when performing genotype-phenotype analysis involving the GH1 and IGF1 genes.



1.1  Genetic Epidemiology and Approaches to Complex Traits:

Most of the human disorders that have been genetically characterised to date are inherited in
a Mendelian fashion. The molecular tools that are available have enabled their identification
through positional cloning techniques. Many components of the metabolic syndrome, such as
obesity, coronary heart disease, and osteoporosis, remain poorly understood due to their high
degree of complexity. Although the estimated number of functional genes in the human
genome, in more recent publications, is approximately 30,000, as opposed to the older figure
of 100,000 (18), as functional variation may exist in anyone of them or indeed in all, the task
of determining the aetiology of complex diseases 1s monumental. For many human traits and
especially disease outcomes, family recurrence patterns strongly suggest the existence of
multiple interacting loci. However, gene effects are of different magnitudes even if many of
them are contributing to a complex disease.

Before 1980°s the genetic risk factors for a disease were examined mainly by direct analysis
of candidate genes, usually through association studies. Traits such as blood group systems
(ABO, MN, and Rh) were tested directly against an array of human diseases. After scanning
thousands of patients a week association between the ABO group and traits involving the

gastro-intestinal tract was discovered. (19)

Linkage, Linkage disequilibrium and Heritability

Much confusion surrounds the terms linkage and linkage disequilibrium. In this section I
shall describe the differences between the two, and also point out their relevance to
heritability.

Two genes are genetically linked if they are found on the same chromosome and at a small
physical distance from each other so that they are transmitted from a generation to another
without independent segregation. Linkage can therefore be defined as the non-random
segregation of genes from parents to the offspring. If a disease-causing gene (transmitted on
average to 50% of the offspring) and a marker gene (at which the parent has two alleles) are
unlinked, the offspring who inherits the disease gene will have an equal chance of inheriting
either allele of the marker gene. If, however, the two genes are linked, an affected offspring
will have a greater likelihood of inheriting one form of the marker than the other. If such

pattern is observed, in a sufficiently large sample of cases, then the segregation is non-



random and there is evidence for linkage. One example of this case is the ABO group, which
is linked to the nail-patella syndrome. When linkage was first established, the nail-patella
syndrome was found to segregate with the B allele in a family. (19)

When families are large and recombinants can be counted, analysis is simple and proceeds by
directly observing and counting recombinants and non-recombinants, but this ideal situation
1s very rarely found. Families with interesting diseases are seldom large enough for results
from one family alone to reach statistical significance. Therefore the data from several
families is usually combined to give sufficient power. Furthermore, the phase of linkage
cannot usually be determined unambiguously. Because of homozygosity in a parent it may
not be possible to determine exactly which marker allele is being transmitted with the
disease. For this reason a maximum likelihood approach is required. This is achieved by
using the logarithm of the odds or LOD score method. This approach estimates a
recombination fraction 6, which ranges from 0 (complete linkage) to 0.5 (no linkage). Being
a function of the recombination fraction LOD scores are calculated for a number of 6 values
and the maximum value of the LOD (Z) is estimated. The overall probability of linkage in a
set of families 1s the product of the probabilities in each individual family and therefore LOD
scores can be summed across families. (20)

Newton Morton developed the LOD score approach, introduced around the same time as
nail-patella syndrome linkage was established, in 1955. (21) When a LOD score of 3 or more
1s achieved linkage is regarded as proven. The results obtained using such method are 1000
times more likely if the genes were linked, than if the genes were segregating randomly.
Statistically the LOD score has stood the test of time with only 3% of LOD scores of this
magnitude being proven to be false positives (19). Large positive LOD scores (>3) indicate
evidence for linkage and negative LOD (<-2) scores, indicate absence of linkage.

Linkage disequilibrium (ILD), on the other hand, is the non-random association of specific
alleles at loci situated in close proximity. If there were random association between the
alleles, then the frequency of each gamete type, in a randomly mating population, would be
equal to the product of the population allele frequencies. The rate of approach to such random
association or equilibrium is reduced by linkage and thus linkage is said to cause
disequilibrium. (22) Linkage disequilibrium (or allelic association) spans short chromosomal
regions (typically 30kb to 1Mb depending on many factors-the typical mapping resolution is
usually 50kb). For rare, recent mutations, LD may be more extensive. A newly created allele

at the time of origin is surrounded by a variety of other alleles at other polymorphic loci (a



haplotype). This corresponds to complete LD existing between the new allele and each of the
surrounding polymorphisms. This implies that the new allele is 100% predictive of the
alleles present at the nearby polymorphisms. Therefore the existence of linkage
disequilibrium enables one allele of a certain polymorphic marker to be used as a surrogate
for a specific allele of another.However, LD is not stable over time. (23) Over successive
generations the level of LD between two markers will usually decline. During meiotic
recombination different alleles at various loci may form new haplotypes. The closer the loci,
the smaller the chance of this happening, as recombination is less likely to take place between
these loci. Gene conversion events may also change the pattern of LD. Linkage
disequilibrium will, in these cases, be lost in time. Other forces can act to preserve or even
create LD. Specifically, random drift of haplotype frequencies may occur and thus increase
LD. However this is more likely to occur in smaller populations of a stable size. Also,
natural selection for or against certain sequences of DNA would drive alleles of adjacent loci
to higher or lower frequencies, thus raising the total LD for that particular genomic region.
(23)

The regional distribution of LD reflects the population specific demographic history, such as
bottlenecks, admixture, inbreeding, migration, and assortative mating. Analysis has been
inhibited by the lack of a suitably dense series of readily scorable polymorphic markers that
would enable mapping in chromosome regions with sufficient resolution. This problem could
be solved by the use of SNPs (single nucleotide polymorphism-see later) (24). These are very
stable and abundant markers in the human genomes that are predicted to allow fast advance
of this field.

The majority of human phenotype variation could be caused by genetic and environmental
factors (non-genetic), as well as by a combination of these two factors in which a chance
event could have intervened. Many clinical phenotypes have been shown to have a
considerable genetic component. The risk of major common diseases such as cardiovascular
disease, diabetes, cancer, mental illness, autoimmune diseases, are expected to be influenced
by the patterns of SNPs one has in key susceptibility genes, which are still to be identified.
Genetic epidemiology data from twin, adoptees, and family studies strongly support the idea,
with high heritability values, of the degree of total genetic contribution to disease, a good
example being the Late Onset Alzheimer’s Disease, where 74% of the risk of suffering from
such disease is estimated to be genetic (25).

In my thesis, LD is considered in relation to the linked GH1 and ACE genes on chromosome

17 and their associated phenotypes (chapter 5).



1.1.1  Family single gene disorders

One example of disease caused by changes in just one gene, is growth hormone deficiency
(GHD), described below.

Growth hormone deficiency

Familial GH deficiency displays a wide variety of hereditary patterns. These patterns of
inheritance vary from the autosomal recessive form (Type I) to the autosomal dominant
(Type 1) and X-linked (Type 1II) (26). Congenital GHD may also be caused by mutations in
the Pit 1 gene, and may also be associated with the deficiency of other pituitary hormones.
Type I GHD is subdivided into Type I A and Type I B. Type I A, the most severe form of
isolated growth hormone deficiency (IGHD), exhibits complete GHD secondary to gene
deletion and is associated with development of anti-GH antibodies when treated with
exogenous GH. In the initial stage of the treatment patients respond well to exogenous GH
but soon develop antibodies. Type I B is due to splice-site mutations in the GHI gene,
patients have low levels of GH and thus do not develop anti GH antibodies. Sporadic GHD
can be idiopathic (most commonly) or secondary to pathological processes at the level of the
pituitary or hypothalamus. (27)

In isolated growth hormone deficiency the absence of GH, leading to severe dwarfism, is
due to frame shifts, deletions and non-sense mutations. Type two isolated growth hormone
deficiency (IGHD II) has an autosomal mode of inheritance and is caused by miss-sense
mutations or splice site mutations with a dominant-negative effect. The severity of the IGHD
I is variable. Type three IGHD (IGHD III) often associated with hypogammaglobulinemia is
an X-linked disorder. (28)

Philips et al. found deletions of the growth hormone gene (GH1, also known as GHN) in two
families with IGHD IA type, whereas in the GH1 gene, in patients with type II IGHD normal
restriction patterns were found, except for two affected sibs of the six families tested who
were discordant for 2 restriction sites closely linked to the GHI cluster (29)

Goossens et al. described a double deletion in the GH1 gene cluster in 1986, found in cases
of inherited GH deficiency. The two separate deletions were found to be responsible for a
40kb missing fragment of DNA in the region flanking the CSL gene (30) A case of son and
daughter of first-cousin Italian parents was reported by Braga ef al.(31), where isolated
IGHD was the result of a 7.6kb deletion within the GH1 cluster gene that not only affected
the structural gene for GH (GH1 gene) but also sequences adjacent to CSL. Both cases
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developed anti-GH antibodies to treatment with human GH. However no interference with
growth was observed.

In a case reported by Takahashi ef al. (32), a boy of short stature and heterozygosity for a
mutant form of GH, the growth hormone, not only could not activate the growth hormone
receptor (GHR), but it also inhibited the action of wild type GH because of its greater affinity
for GHR and GH-binding protein (GHBP) that is derived from the extracellular domain of
the GHR. A dominant-negative effect was thus observed (32).

Iling and Prader observed a distinct form of IGHD in 1972 (33). The features of this
particular form were more severe than in the majority of cases with IGHD with exaggerated
tendencies to develop antibodies to administered GH that vitiates therapy. The patients show
more extreme dwarfism, facial features (baby doll faces) are exaggerated, and hypoglycaemia
1s a conspicuous characteristic. This could be attributed to the fact that more usual forms of
IGHD have some GH in circulation whereas these particular cases did not.

Laron reported four cases with severe IGHD where patients were homozygous for the
deletion of the GH1 gene (GH1 or GHN). However in all four cases a good response to
human pituitary hormone was observed. In 1988 Masuda (34) also reported a similar
response to GH therapy in terms of the development of anti-GH antibodies in four Japanese
patients with autosomal recessive GH deficiency.

Short stature is not always linked to GH deficiencies where the hormone is mostly, if not
completely, absent from the circulation. Short stature children who were not deficient in GH
but who presented low levels of GH-binding protein in their serum, led to the idea that low
serum concentrations of GH-binding protein might indicate partial insensitivity to GH due to
possible defects in the GH1 receptor gene. Indeed mutations in the region of the GH-receptor
gene that codes for the extracellular domain of the receptor were found in 4 of the 14 children
studied, but in none of 24 normal subjects. This observation led to the conclusion that some
children with idiopathic short stature may have partial insensitivity to GH due to mutations in
the GH-receptor gene.(35)

Pituitary dwarfism type Il or Laron syndrome is an example of growth hormone deficiency
caused by dysfunction in the growth hormone receptor (GHR) gene (10). It is characterised
by marked short stature, clinical hypo-somatotropism failure to generate somatomedin (or
insulin-like growth factor I, IGFI) in response to GH and with normal or increased levels of
GH. Two types of GHR dysfunction are known: Type I, associated with defects in GHR, and
type 1I, due to probable post receptor defects in signal transduction to produce IGF1, or

possibly defects in IGF1 or its receptor. Two out of nine patients with Laron syndrome were
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reported to have a large deletion of the extracellular, hormone-binding domain. In one
Mediterranean patient with Laron syndrome, a T to C substitution causing a change from
phenylalanine to serine at position 96 in the extracellular coding domain of the protein was
found (36). However this mutation was not present in 7 unrelated subjects with Laron
syndrome from different population groups. The GHR markers showed different haplotype
background for the mutation in these families.

Many other examples of single gene disorders can be given which include, the C to T
substitution at position 181 (residue 43 in exon 4), which resulted in a stop codon (TGA)
associated with 2 different GHR DNA haplotypes, is thought to have arisen due to recurring
mutations (36), but believed to have arisen independently. This point mutation leading to a
premature termination signal [GHR, CYS38TER], the substitution [GHR, GAA180GAG]
creating a cryptic splice site 24 nucleotides upstream from the normal exon 6 / intron 6
boundary, predicted to result in an abnormally spliced GHR transcript that would lead to the
synthesis of a receptor protein with an §-amino acid deletion from the extracellular domain,

are other examples of the families single gene disorders.

1.1.2  Sib pair analysis

Sib pair analysis has been extensively used in human genetic mapping, in theoretical
developments and more sophisticated statistical methodology, as well as being used with
some success in mapping susceptibility genes for complex traits. Some examples of
successful mapping in complex disease are given below.

A single base variation in the new susceptibility locus for IDDM, IDDMI18, located near
interleukin-12 (IL-12) p40 gene was found linked with the susceptibility locus for IDDM
(T1D susceptibility locus). The linkage between these sites was determined through sib pair
analysis in a sample of simplex families. (37) The role of the HLA in type I diabetes, where
allele sharing by affected sib pairs has been estimated at about 73%, is one classic example.
(38) One major success in mapping common diseases through linkage is the mutation in the
glucokinase gene which when present in the foetus caused hyperglycaemia and reduced
foetal growth and weight, whereas maternal hyperglycaemia due to the mutation in the
glucokinase gene resulted in a mean increase in birth weight.(39)

Linkage has had little success in mapping complex traits and the way for the future is now

thought to be linkage disequilibrium.
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1.1.3  Family based association studies

Association studies, when performed in a case-control sample, present two major problems:
testing a large number of markers without appropriate significance corrections, and secondly
the inability to perfectly match the ethnic background of the case with the control, thus
increasing the chance of detecting ethnic differences rather than a true association between a
marker and a disease. Such analyses rely on linkage disequilibrium to detect association so
that the major susceptibility effects will go unnoticed if the marker used is in equilibrium
with the pathogenic mutation.

A family-based association method, such as the TDT (transmission disequilibrium test),
represents the option to deal with such problems as the latent ethnic stratification (40).
Family studies avoid the situation when false positives are obtained, due to latent ethnic
stratification in population studies. One example of a false positive is the negative association
between Gm haplotype Gm3; 5,13,14 and non-insulin dependent (type 2) diabetes mellitus in
American Indians. By using the Gm haplotype it was shown that genetic population
stratification is a variable that can confound disease association and lead to false
interpretation of results even in large samples and when the statistical significance obtained is
high (41).

In the TDT an analysis is made of an allele transmitted from the parent to an affected
offspring compared to the un-transmitted allele. If the frequency of transmission of a given
allele to an affected offspring significantly exceeds 0.5 this suggests that allele is in linkage
disequilibrium with the disease allele. The un-transmitted allele represents, in this type of
study, the ° ethnically matched control’. Although such a method has proven useful it has a
disadvantage that the genotype of the parents has to be determined and in many cases,
especially in subjects affected by late life diseases, the parents are already dead. (19) There

are, however, sib TDT tests that do not need parental data, but these lack power. (19)

1.1.4  Population association studies:

In population studies a cohort of cases (individuals affected by the complex disease in
question) and controls (normal subjects and who do not have a family history of the disease),
are typed for a polymorphism closely linked to the candidate gene of interest. The case-

control design, an allele frequency is compared in affected vs. unaffected individuals in large
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samples. The most likely source of confounding is the ethnicity, whereby the allele frequency
varies by ethnic origin and case and controls are not well matched in terms of ethnic origin.

False-positives are well known in the “history” of case-control gene association studies. It is
believed that high levels of false-positives obtained through this type of study are due to
population stratification, although this remains to be proven. It is likely that high false
positives rates result from a low prior probability that the few gene polymorphisms studied

are causally related to the disease outcomes examined (42).

Choosing Candidate Genes

In order to identify the genes in complex diseases one has to screen candidate genes for
genetic variation and also to evaluate the correlation between any of the variation found in
such genes and any pathophysiological relevance. Correlating genotypes with phenotypic
data might be an easy task when dealing with large phenotypic effects, as is the case of the
low-density lipoprotein receptor mutations (LDLR).(43) When dealing with a complex
disease, much of the phenotypic variance may be explained by common polymorphisms with
modest individual effects, or by effects that are evident only under particular genetic
backgrounds or environmental circumstances. Evaluating such variants may be very difficult
since no methodology can, so far, successfully eliminate problems such as false positive
association of a neutral variant with a disease or co-segregation of a variant with a disease,
which may be due to tight linkage to a nearby mutation.

Genetic and phenotypic analyses are used together to find the weak genotype-phenotype
correlations that are a feature of complex diseases such as obesity.

The physiological data provides a basis for evaluating positional candidates and permits the
identification of candidate metabolic pathways. It improves the sensitivity of the mutation
detection analysis by allowing the selection of a group of individuals most likely to present a
defect in the gene of interest, as well as improving the specificity of the analysis by allowing
the examination of physiological correlates of any variants found, through the study of the

wider cross-sectional cohorts.

Towards genome wide association studies.
Following the recent technological and computational developments, including the
sequencing of the human genome, many opportunities are opening for the field of genetic

research.
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The idea of a genome-wide scan for gene effects using large scale testing of single nucleotide
polymorphisms (SNPs) or even polymorphisms which include small insertion/deletions and
multi-nucleotide changes, as well as single nucleotide changes, has focused attention on the
efficiency of different approaches used for mutation detection. The original idea of Risch and
Merikangas (44), of studying coding or promoting variants with potential functional
significance, is one approach. Alternatively non-coding, evenly spaced SNPs with high
density could be used for identifying disease loci through linkage disequilibrium. (22) The
number of SNPs needed for the latter alternative i1s the subject of a wide debate, mainly
because the extent of LD in the human genome has not so far been determined on a large
scale. Linkage disequilibrium depends heavily on the demography and social history of the
populations in question. Studies of isolated populations such as Finnish, Ashkenazi Jews and
Mennonites have shown extensive LD around rare disease mutations. It is not known if the
same degree of LD will be found for higher frequency variants, although as a general rule the
disequilibrium tends to decline with increasing allele frequency due to an older coalescence
time.

As many as 500,000 evenly spaced SNPs have been stated to be necessary for the detection
of LD of sufficient magnitude to allow coverage of the genome, even in population isolates.
(24) Kruglyak’s 3kb extent of useful LD (23) argues against Morton and Collin’s estimation
of 30 to 300 kb. (22) The discordant view may have risen because Kruglyak assumed a
panmictic world population. Others have argued that founder populations, especially those
that have remained small over time, will require fewer SNPs for mapping purposes. Smaller
populations should thus improve the chances for detection of rare disease alleles (less than
5% in frequency) due to the greater LD per base pair, although the same may be true for
common alleles (greater than 5% frequency). The power of association tests decreases with a
decrease in LD, and as a result of discordance between the frequencies of disease and marker
alleles. The greater the density of markers the greater the chances of finding a marker in LD
with the disease allele. This is to say that in a genome-wide random SNP approach even with
high density, many disease-causing genes would be missed.

Arguments favouring the use of SNPs in coding and promoter regions are first, that they are
most likely to be of functional significance and to influence directly the trait(s) under study,
and secondly that even if they are not causative in a gene such SNPs are likely to be in LD
with the causative allele as its true for the random alleles as well. Prioritising SNPs based on

likely functional significance would be a way of reducing the number of SNPs studied.
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Furthermore, discovering the time and distribution of expression of genes, for example by
using microarrays, would elucidate some of the enigma surrounding the involvement of

various genes in diseases.

Proximity vs. causal markers (LD)

Linkage disequilibrium is thus a powerful tool in genetic epidemiology and despite future
developments the study of human disease from an epidemiological perspective will still be
important. The high—density genome scans, using evenly spaced SNPs depending on linkage
disequilibrium, are merely an extension of the traditional reverse genetics techniques.
Linkage disequilibrium allows the mapping of a gene to within 50kb, thus a lot ‘closer’ than
linkage alone would allow. However, the presence of an allelic marker associated with
disease does not necessarily mean that the marker is causative of the disease. Identification of
a causal site within a region of LD may cause considerable difficulties. For example, human
growth hormone 1s found at about 200 kb distance from the ACE gene, therefore linkage
disequilibrium may exist between markers in these two regions. Also the possibility exists
that many of the phenotypes associated with the ACE polymorphisms may be due to

marker(s) in the GH1 region.

1.2 Molecular Genetic Epidemiology/Genomic Aspects/Laboratory Processes

1.2.1  Types of markers and their characteristics:

The aim of genetic mapping is to determine how often two loci are separated by meiotic
recombination. If two loci are linked (inherited together more frequently than expected under
random segregation), this linkage can be used as a mapping technique. Genetic markers are
used in most human genetic mapping projects.

There are two general approaches in mapping using markers:

Disease marker mapping, and

Marker-marker mapping.

DNA polymorphisms provided for the first time a set of markers which were sufficiently
numerous and spaced across the entire genome. DNA markers also have the advantage that
they can be typed by the same technique, and their chromosomal location can easily be
detected using fluorescent in-situ hybridisation (FISH) or other physical mapping methods.

The markers in this section are presented in chronological order in which they have been

historically found.
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Restriction fragment length polymorphism (RFLP)

RFLPs are generated whenever a mutation alters a restriction site in the genome, or inserts or
deletes some part of a sequence between two restriction sites (45). The first generation of
markers described, owe their existence to restriction site polymorphism (46). This type of
marker presents the following limitations: firstly their informativeness as markers is limited
due to the limited number of alleles formed, and secondly, the original technology (Southern
hybridisation, in situ hybridisation) was quite laborious and required plenty of time, money
and DNA. The second problem has now been resolved as RFLP’s can be typed by PCR. The
limited informative value of the RFLP’s comes from the fact that the restriction site is either
there or not, so they are effectively bi-allelic, but they are not as abundant as SNPs (discussed

later in this chapter).

Large insertions/deletions (rearrangements)

Large deletions in the human genome are likely to have severe physiological effects,
especially when associated with coding regions or when occurring in a gene rich region of
the genome. (47). Cacciari et al.identified patients with extreme short stature and absence of
GH secretion was 1dentified to be homozygous for a large deletion in the hGHI1 gene cluster.
In two siblings the large deletion removed four of the genes in the GH1 gene cluster: hGH-N,
hCS-L, hCS-A, and hGH-V. Both siblings produced high levels of anti-GH antibodies in
response to replacement therapy and their growth was arrested shortly after starting the
replacement therapy. (47)

An example of loss of heterozygosity comes from the analysis of DNA polymorphisms in the
region close to the RB-1 locus (involved in retinoblastoma), which has revealed that normal
cells differ from tumour cells in that normal cells are heterozygous at many loci whereas
tumour cells are homozygous. The loss of heterozygosity may occur as a result of a structural
deletion of normal retinoblastoma gene or loss of the chromosome carrying the normal
retinoblastoma gene. The deletion is visible on chromosome 13 through cytogenetic analysis

of the chromosomal region. (16)
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Small insertion/deletions:

Small insertion/deletions (insertion/deletion polymorphisms-IDP) are estimated to be about

one tenth as frequent as one base substitution (single nucleotide polymorphisms SNPs). Their

structural distinctions from SNPs may confer greater likelihood of phenotypic impact and

offer different possibilities for identification and genotyping.

Insertion/deletion (in/del) polymorphisms remain a relatively unexplored topic in human

genetics and appear to have a frequency intermediate between single nucleotide

polymorphisms and multiallelic microsatellite polymorphisms. It is also possible that

insertion /deletion may have greater effect on the function of the gene than single base

substitutions.

Insertion/deletion polymorphisms have several advantages as polymorphic markers: they are

easier to distinguish from sequencing errors in analysis of overlapping sequences,

heteroduplex analysis and sizing of the PCR product on vertical slab gels is an easy way of

detecting this type of polymorphism, and the two alleles are distinguishable through various

hybridisation methods. There are a few examples of positive functional or linkage

disequilibrium markers involving small insertion/deletions.

The insertion/deletion Alu polymorphism 1in the angiotensin-converting enzyme
(ACE) (287bp);

The 45 bp insertion/deletion in the 3’UTR, exon 8 of the UCP1 gene.

The CKRS (15bp) involved in disease progression;

The ApoB signal protein [(CTG) 3 x 9] insertion deletion shown to be associated

with elevated plasma cholesterol levels;

The stromelysin MMP3 5A/6A polymorphism in the promoter region thought to

regulate the transcription of the gene.

A scan of the human genome for ins/del polymorphisms can be used for linkage

disequilibrium mapping. They offer superior discrimination by hybridisation compared to

SNPs. Ins/del polymorphisms can be detected in acrylamide-derived gels through the

formation of heteroduplexes, which have a considerably lower mobility in the gel, compared

with homoduplexes. Heteroduplex generation, by post PCR annealing, allows immediate

genotyping by electrophoresis without further intervening steps (48).

Small insertion/deletions although abundant in the human genome are largely uncharacterised

due to limited scanning techniques. These polymorphic markers could be highly informative

therefore a fast and efficient method of genotyping such polymorphism, would be beneficiary
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especially to the field of genetic epidemiology. One such marker is the insertion/deletion in
the 3°’UTR region of the human leptin receptor gene, a gene believed to be implicated in

morbid obesity.

Single Sequence Length Polymorphisms (SSLP’s) are arrays that display length variations
and can be multiallelic. There are two types of SSLP’s:

Minisatellites (VNTR -variable number tandem repeats), and

Microsatellites (STR- single tandem repeats) are much shorter than minisatellites, usually
2,3,0r 4 nucleotide units.

Minisatellites (or VNTR’s, variable number tandem repeats) are a type of genetic marker that
gives a large number of alleles. Minisatellites are not evenly spread across the whole genome
but they tend to be concentrated around the telomeres. The technical problems encountered
during typing such markers have now been overcome by PCR typing. However, PCR
amplification is quicker and more accurate with sequences less than 300 bp in length size that
is exceeded by most minisatellites.

The use of microsatellites for genetic mapping presents the technical problems of Southern
blotting and use of radioactive probes. Microsatellites are standard tools for linkage analysis,
which were first described in 1989 (46). They are small blocks of randomly repeated DNA,
in which the repeated element is usually a 2, 3, or 4 nucleotide sequence, for example (CA)n,
(CAG)n, (AGAT)n. Usually microsatellites consist of 10-30 copies of repeats that are no
longer than 4 bp in length, an advantage for the PCR typing. Di-nucleotide repeats, the most
commonly found in all eukaryotic genomes tested, comprise 0.5% of the human genome.
The number of dinucleotide repeats in the human genome was estimated at 50,000 (CA)
repeats that implies that they are present at 30 kb apart (49). One valuable feature of the
microsatellites is that, not only are they distributed more uniformly across the genome
compared to other types of genetic markers, and also they are distributed around the
centromeres. Three types of dinucleotide repeats are distinguishable according to their
composition:

Perfect repeats, with no interruption in the dinucleotide repeat, e.g. (CA)n repeat,

Imperfect repeats, which have one or more interruptions in the run of the dinucleotide repeat,
e.g. (CAn-CCA-(CA)m, and

Compound repeats, with adjacent tandem repeats of different sequences, e.g. (CA)n(TG)m.
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The number of repeats (but not the type of repeat) is important, and has a bearing on the level
of heterozygosity. The function of these repeats is unknown although it has been suggested
that they may represent ‘hot spots’ for recombination (49).

Trinucleotide repeats and tetranucleotide repeats are 10x less frequent than dinucleotide
repeats, with spacing estimated at around 300-500kb. The most frequently found
trinucleotide repeat is the (AAB) n form and for the tetranucleotides, which are rarer still, the
(AAAB)n form 1s the most common.

The tri- and tetranucleotide repeats are more stable than the dinucleotide repeats during PCR
amplification, so that the genotypes are more easily read, lacking the slippage ‘ladder’ of
bands seen in the PCR amplification of the dinucleotide repeats. We have analysed, during
the developments of conservative methods of implementation of DNA banks, a di- and
tetranucleotide repeat in the human GH1 region (A1819 polymorphism) and a (CA)n repeat

in the human IGF1 gene.

Single nucleotide polymorphisms (SNP)

SNPs are single base pair positions in genomic DNA at which different alleles exist in
normal individuals in some populations, where the least frequent allele is present with an
abundance of 1% or higher. SNPs are usually bi-allelic markers. Single base pair
insertion/deletion polymorphisms would therefore not be considered to be SNPs as the base
is either present at the locus or not (i.e. inserted or deleted) (50).

Single base variants in cDNA (cSNPs) are usually considered to be SNPs. This ignores the
possibility that they might be the result of RNA editing processing. The typical frequency of
observed single base differences in genomic DNA, from two equivalent chromosomes, is of
the order of 1/1000bp. Not all of these will be polymorphisms for which the least abundant
allele will be present at a frequency of 1% or higher in the population tested, i.e. it will not be
at the level required for designation as an SNP (24).

SNPs are considered to be the most abundant type of human genetic variation and a resource
for mapping human complex genetic traits (51). Some SNPs give rise to restriction length
fragment polymorphism (RFLP’s). However, most SNPs do not give rise to restriction sites.
The estimated total number of SNPs found in the whole human genome is considered to be
between 300,000 (23) and 3,000,000 (52). The type of polymorphism in this case can be
either non-coding or coding. The advantages of the SNPs are their abundance in the human

genome and the possibility of typing them without the use of gel electrophoresis. Gel
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electrophoresis is difficult to automate thus abandoning such a method gives the possibility
of fast and less labour intensive screening of the whole human genome.

One rapid way of screening for SNPs is DNA chip technology. (53), (54). Many SNPs can be
detected in one experiment. (55) Another described method is the dynamic allele-specific
hybridisation (DASH) (56), in which discrimination between the alleles is achieved by
breaking down the mismatched hybrids (hetero-and homoduplexes) through an increase in
temperature. The allele present in the sample of DNA is detected from the temperature at
which the hybridisation-dependent fluorescent signal disappears.

We have developed ARMS assays for a number of SNPs in the human GH1 and IGF1 genes,
and used these developments to genotype a large population sample. The data produced was

analysed for various associations.

1.3 Foetal Origins of Adult Disease.

1.3.1 Foetal Origins of Adult Disease (FOAD) observations

Studies in animals and humans have suggested that the nutrients and oxygen that the foetus
receives usually influence foetal growth.(57) Penrose in his analysis of birthweight groups
within relatives, concluded that 62% of the variation between individuals was the result of
the intrauterine environment, 20% due to maternal genes and 18% of foetal genes (57). These
findings, supported by animal studies, suggest that the mother, rather than a genetic
inheritance from both parents, controls the size at birth (57). This can be argued against if one
considers Tanner charts, which show that older children fall on mid-parental centile, and if
the father’s centiles matter, then since he only contributed DNA, his genes (at least) must
matter Tanner. Animal experiments have shown that hormones, under-nutrition, and other
factors that affect development during the sensitive periods of early life, permanently
program the body’s tissues and systems (57). During the foetal period the body achieves its
highest growth rate, during which the body is at its most susceptible to programming. The
high growth rates achieved by the foetus (compared with childhood) are largely a result of
cell replication. Barker ef a/. observed an increase in prevalence of a range of late onset adult
diseases and ftraits (including CHD, hypertension, dyslipidaemia, type II diabetes, insulin
resistance, central obesity, and osteoporosis) in individuals with low birth weight, one-year
weight, or other related life measurements. This is known as the Foetal Origins of Adult

disease (FOAD) Hypothesis (34).
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1.3.2  Nutritional Hypothesis

In 1986 Barker and Osmond (2) described the association between infant mortality,
childhood nutrition and ischaemic heart disease. Subsequent research into this subject has
revealed that foetal birth weight, one-year weight, and other anthropometrics and growth
indices, may predict occurrence of cardio-vascular disease, hypertension, dyslipidaemia, type
II diabetes, insulin resistance, central obesity, osteoporosis, polycystic ovaries and chronic
bronchitis in later life. Many of these findings constitute the metabolic syndrome and have
been described by Barker in 1994, although the molecular mechanisms involved are not
clearly understood (58). One classic example would be the observations that the Dutch
famine in World War II (calorie intake of<1500kcal/day) was followed by low birth weights
and subsequently cardiovascular disease in the offspring. Nutritional factors are thought
influence the foetus to develop the ‘thrifty phenotype’ later leading to nutritional excess.
Animal experiments, as well as studies of differences in human hypothalamic-pituitary
system (HPS) axis according to birth weight, support that nutrition exerts such an influence.
The ability to influence the health of future generations through detailed attention to
maternal/foetal/newborn nutrition would potentially have enormous implications for the
future, since many of the greatest causes of morbidity and mortality in later life are involved.

This area 1s the subject of intense research (3).

1.3.3  Molecular Genetic Epidemiology and FOAD/ Genetic Hypothesis

Studies involving adopted twin children estimating heritability have been slow to examine
the contributions to FOAD, limited by the study of a trajectory requiring life data at points
very many years apart, and concerning not one disease but a whole array of diseases and
traits.

If the FO (foetal origins) and AD (adult disease) are considered apart there are substantial
heritabilities. Although birth weight shows low heritability (21) it is influenced by maternal
factors and postnatal trajectory shows slow shifts toward the growth curve defined by mid
parental value (59).

Each of the traits of the metabolic syndrome shows considerable heritability (60). This is
reflected in the present massive sib pair linkage studies being undertaken in hypertension,
NIDDM, obesity, dyslipidaemia, and even in earlier onset coronary disease. The genetic

hypothesis can be formulated in parallel (the 3G hypothesis for genotype, growth and gate
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keeping) (34), that low levels of growth activation attributable to low growth genotypes in
foetal life would result in poor foetal growth. Also, that in later life these genotypically poor
pathways would offer disadvantageous metabolic ‘gate keeping’ hence risking the ‘metabolic
syndrome’. Thus both the above are independent events (no nutritional programming)
associated simply on account of a third factor, a genotype. However, the nutritional and
genetic hypotheses may perhaps interact (Fig.1).

Genetic and environmental, including nutritional factors, are known to control foetal growth
and development. The non-genetic elements become increasingly important in the second
half of pregnancy and contribute to the process of natural constraint on the size of the baby,
therefore overriding paternal genetic influences.(61) On the other hand environmental factors
could lead to foetal overgrowth. One of the most commonly found example of this being
maternal diabetes mellitus. It is well known that the insulin-like growth factor (IGF) system
mediates growth in response to nutritional status in the foetus, however the exact part played

by the maternal IGF system is not completely understood.
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1.4 Review of Major Candidaie Genes

I shall discuss firstly the leptin receptor gene (OB-Rb) as a candidate gene in obesity.

The leptin receptor is a single transmembrane spanning receptor member of class I cytokine
receptor family. It exists in several splice variants and each displays a different pattern of
expression. The long isoform or the major signalling form of the leptin receptor, the Ob-Rb,
is expressed in many tissues including most brain regions and it is believed to mediate the
hypothalamic weight-regulatory actions of leptin. The functional domains of the leptin
receptor, that are common to the other cytokine receptors, include the ligand binding serine
residue domains and the transmembrane domain, as well as the intracellular domain
containing sites for Jak and STAT interactions.

The leptin metabolic pathway begins in the adipocytes. Leptin is secreted into blood and
reaches the hypothalamus where it binds to its receptor, the OB-RB. Different types of
neurons are responsive to the actions of leptin. For my investigation I have selected the direct
pathway, in which leptin binds to its receptor and has a direct effect on the brain. Through
binding to this receptor leptin causes a decrease in the food intake, increases the metabolic
rate, and increases energy expenditure.

At the start of my study, four amino acid variants of the coding region, four silent mutations,
nine intronic variants and the 3' untranslated region (UTR) pentanucleotide insertion/deletion
polymorphism, had been described in the human receptor gene.

Appendix 3 summarizes the polymorphisms found in the leptin receptor gene. It is important
to remember the fact that all these studies have taken place on a small number of subjects,

and that highly controlled cases of morbidly obese patients were used.

Major candidate genes in principal growth pathways:

The major candidate genes that are involved in pre- and postnatal growth pathways
considered here are the growth hormone gene (GH1), GH receptor gene (GHR), insulin-like
growth factor I gene (IGF1) and the insulin-like growth factor binding proteins (IGFBP)
together with the IGFI type I receptor (IGF1R).

For human organ growth, the insulin-like growth factors play an important role as
multifunctional growth factors, which modulate cell growth through autocrine, paracrine and
endocrine routes. Insulin-like growth factors (IGF’s) constitute a system of peptides that

promote mitosis and growth of various organs in the human body in prenatal as well as
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postnatal life. These peptides are found bound to the IGF-binding proteins which also
modulate their biological activities (61).

The importance of the insulin-like growth factor (IGF) family in human foetal growth has
long been recognized. Whereas IGF-II promotes proliferation and differentiation mainly
during prenatal development, IGF-I is thought to influence several biological processes,
which include growth, differentiation, metabolism, angiogenesis or apoptosis, mainly
postnatally. Both IGF-I and IGF-II exert their actions by binding to their receptors, IGF-IR
for example, receptors, which are found nearly ubiquitously. The transport of the IGF’s, the
mediation of their actions and the control over their availability to their receptors, is
performed by the IGF-binding proteins (IGF-BP’s) of which 6 have been well characterised
(61).

There are many indications that deregulation of the IGF system is involved in human growth
disorders, e.g. overgrowth syndromes and in the pathogenesis of some paediatric tumours,

whereas data concerning the role of the IGF system in general foetal growth retardation are

still conflicting (62).

Insulin-like Growth Factor I (IGF1)

IGF1 is an important growth factor and hormone, which has differentiating effects on most
cell types, regulates protein turnover, as well as being a powerful mitogen.

The IGF family members are thought to be involved in endometrial development during
menstrual cycle and also, to play an important role in the process of implantation. Due to
their spatial and temporal expression during endometrial cycle and bearing in mind their
mitogenic, differentiative and anti-apoptotic properties of IGF’s and their binding proteins, it
is possible that these are involved in the growth of the endometrium as well as its
differentiation, apoptosis and possibly angiogenesis. The combined roles of the IGFBP1 as a
binding factor for IGF’s and as a trophoblast integrin ligand suggests that it may have
multiple roles in the development of the endometrium as well as in the interaction between
the decidua and the invading trophoblast (63). A schematic representation of the potential

role of the IGFI to regulate growth is presented in Appendix 4.
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Insulin-like Growth Factor 1 Receptor (IGF1R)

IGFIR and insulin receptors are members of the super family of tyrosine kinase receptors.
IGFIR, known as the type 1 IGF receptor, binds both IGFI, IGFII, although the former with
greater affinity, and insulin. A map of the IGF1 cell proliferation mediated through IGF1-R is
presented in Appendix 5. The two receptors mediate different but sometimes overlapping
metabolic and growth-promoting pathways in vivo. Many cells though express both type of
receptors and also form a hybrid receptor between IGF1R and insulin receptor (IR). The
chimeras (TIGFR and TIR respectively) were expressed in fibroblasts and adipocytes and
were efficiently activated without interference from the endogenous receptors(64). In
fibroblasts both chimeras showed identical capacity of DNA synthesis stimulation and both
also protected against induced apoptosis. However, TIR was more effective than TIGFR in
stimulating glycogen synthesis with two-fold greater increase in stimulating glucose uptake
of TIR in adipocytes (64).

The differences in the abilities of IGFIR and IR to mediate some (but not all) biological

responses could be due to their capacity to activate the same intracellular signalling

pathways. (65)

Insulin-like Growth Factor Binding Proteins (IGFBP’s)

Intense research has been conducted in the past few years on the role of IGFBP’s, much of
which is summarised below. Although they are regarded as possible major factors in the
major growth pathways, little has been found so far. The intracellular signalling pathways
have been the targets for vigorous research into finding out which are the factors that
interfere with the growth processes.

IGFBP’s play an important role in binding the IGF’s in circulation, delivering these to the
target tissues and prolonging the half-life of the IGF’s. At the tissue level IGFBP’s are
capable of modulating the IGF’s biological response.

IGFBP-3 is its involved in the regulation of cell growth and death. Breast cancer cells, for
example, can develop resistance to the inhibitory effects of the IGFBP3 leading to the loss of
growth regulation (66). IGFBP3 is a highly regulated gene product that potentially aftects the
survival and growth of multiple tissues through a host of protein-protein interactions with
several novel regulators (67).

After proteolytic cleavage of IGF1b into mature Igfl and Eb, Eb or fragments of it may
compete with receptor binding for IGFBP-3 and block the growth inhibitory effects of
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IGFBP-3 via common highly basic motifs. (Appendix 7) Eb or Eb fragments perform their
actions via its or their own cell surface receptor. (Appendix 6) IGF1 treatment in mice
caused a significant increase in body length and weight as well as an increase in the weight of
many organs. The IGFBP1treatment did not cause significant changes. Co-administration of
IGFI and IGFBPI1 resulted in the neutralisation of the IGF1 stimulatory effects on body
growth. IGFBP1 inhibited the effects of IGF1 on growth (somatic and organ weight) but had
stimulatory effects on kidneys and spleen (68). The IGF family is thought to have an
important role in the development of the endometrium during the menstrual cycle, and in the
process of implantation. IGF2 is expressed in the trophoblast whereas IGFBP1 is heavily
expressed by the maternal deciduas. Trophoblast expressed IGFIL, as well as interleukin-1 8,
act to inhibit IGFBP1 production by the deciduas, a fact that suggests a paracrine signalling
between the two compartments. The role of IGFBPI as an IGF-binding protein as well as the
role of trophoblast integrin ligand suggests that IGFBPI may have multiple roles in
endometrial development and in the interactions between the decidua and the invading
trophoblast (63).

IGFBP1 was shown to be an inhibitor of IGF1 actions and was found elevated in foetal and
maternal circulation in humans with intrauterine growth restriction (IUGR) complications
during pregnancy. IGFBP1 production in foetal cells (hepatocytes) is regulated by hypoxia
(69). IGFBPS is an inhibitor of the IGF-mediated cell-survival process.(70) The role of the
IGFBP gene family in vivo was analysed through individual and combinatorial knockouts of
IGFBP’s. Most individual homozygous mutants (IGFBP-2, 3,5, and-6) were found viable
and fertile with no significant changes in postnatal growth and no morphological

abnormalities (71).

Human Growth Hormone gene (GH1)

The actions of the growth hormone during foetal and postnatal growth have been and are
major interest point in research in both humans and animals. Placental insufficiency (PI) is a
major cause of foetal growth retardation. GH action on the correction or improvement of
foetal growth retardation, after the onset of PI, was studied in sheep. Several organs appeared
affected by PI but restored by GH treatment. The findings were that GH treatment increases
the weight of some organs but reduces others, and restores levels of IGF1 in foetuses with PL
These findings show somewhat that the GH-IGF1 axis is functional in the uterus and that this

somatotrophic axis reacts to various metabolic and hormonal stimuli (72). The GH/IGF1 axis
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was found to exhibit a biphasic pattern during the course of severe illness. It is believed that
inflammatory cytokines and nutritional deficiencies involved in these cases are partly
responsible for the mediation of such changes. A hypothesis was formulated although it
hasn’t so far been proven, that the high levels of GH in the plasma exert direct lipolytic,
insulin antagonising and immune stimulating actions, whereas its indirect somatotrophic
effects are attenuated, action that may be interpreted as beneficial and adaptive to stress (73).

The controversial matter of the individual effects of GH and IGF1 on substrate metabolism
remains largely unsolved. The effects of GH and IGF1 on substrate metabolism are related to
the feast-famine cycle (64). Administration of GH promotes lipolysis and lipid oxidation,
processes associated with reduced oxidative glucose disposal and stimulation of protein
synthesis in the body. Also GH administration dramatically increases resting energy
expenditure (REE) which is not only secondary to increased lean body mass. However,
prolonged exposure to GH administration is associated with induced insulin resistance and
hyperinsulinemia that could partly contribute to the protein anabolic effects. Administration
of IGF1 has also been associated with increased lipid oxidation, which most likely represents
a concomitant suppression of insulin secretion by a supra-physiological increase in the levels
of free IGF1. Administration of IGF1 alone also raises the REE but to a lesser extent than
GH. The following physiological feast-famine hypothesis has been formulated: a temporal
dissociation exists regarding the isolated and concerted effects of GH and IGF1 on substrate
metabolism. Low levels of GH are characteristic of the postprandial state as well as by
hyperinsulinemia and high IGF1 bioactivity, which favour nutrient disposal. Prolonged
fasting as well as late post absorptive state results in low IGF1 and insulin with a progressive

increase in the GH levels, all which favour lipid oxidation (74).

Signalling and intracellular events:

Many signalling pathways and substrate interactions have been studied in an attempt to
identify the responsible factors for growth and development deficiencies and pathological
conditions. Receptors represent a vital cellular link to the extracellular environment. Within a
cell a complex set of signalling pathways communicate receptor responses to other receptors
as well as to the nuclear and cytoplasmic compartments. Autocrine and paracrine systems are
often used during development and by most growth factors. This comes in addition to the
classic and well-known endocrine feedback loops, which serve to maintain hormone levels
within a narrow range. In many cases the distinction between the endocrine and paracrine

actions is hard to make, as was recently seen in the case of the hepatic vs. local production of

29



IGF1. For a long time it has been accepted that hepatic production of GH increases
production of IGF1 in the circulation and this increase in IGF1 was responsible for the
changes in growth. Indeed the liver was again shown to be the major source of circulating
levels of IGF1 (9). The new somatostatin hypothesis states that autocrine action of IGF1 is
responsible for most normal growth although the liver remains major source of circulating
IGF1 in the body.

A disorder can be caused by either hormone excess or deficiency, or by an abnormality in
tissue sensitivity to hormone action. Receptors on the surface of the cells provide an
important link in the communication between the hormone and the extracellular ligands. At
the cellular level a single GH molecule binds two GHR molecules causing these to dimerise.
This dimerisation process is believed to be necessary for the signal transduction, which is
associated with the tyrosine kinase JAK2. It has been suggested that only one type of GHR
molecule possesses different cytoplasmic domains or phosphorylation sited in different
tissues and mediates the diverse effects of the GH. When the different cytoplasmic domains
are activated by JAK2 they can lead to distinct phosphorylation pathways, one for growth

effects and one for various metabolic effects (75).

Serum IGF1 and GH levels:

Serum concentrations of IGF1 are low in the foetal and early post-natal periods compared to
adult levels, and the liver is believed to be the source of endocrine levels of it. Serum levels
of IGF1 are found reduced by 75% in the liver-specific IGF1 KO animals. The low, but
detectable levels of IGF1, were probably due to extra-hepatic tissue contribution to
circulating IGF1 levels. However, in the IGF1-deleted animals, IGF1 levels were also
reduced (50%) at the early stages of peri-pubertal growth spurt (9).

Neuroendocrine regulation of GH is achieved by two factors: a stimulatory one — the
hypothalamic GHRH, and an inhibitory one, serum IGF1. Therefore, high levels of GH
should also reflect low levels of IGF1 in the conditional KO mice. Indeed the levels of GH
are high in liver specific KO mice. IGF1 gene expression in non-hepatic tissues is also GH
dependent. However, previous studies have shown that to demonstrate this GH effect
hypophysectomised animals with reduced IGF1 gene expression are required. Postnatally,
IGF1 mRNA levels are similar in the gene-deleted animals to the ones in the wild type (WT)
littermates; both sexes were fertile and give rise to litter of normal size. Thus in comparison
to the generalised IGF1 deficient mice, where severe retardation in growth rate and organ

weights is present, the effect of liver specific deletion of the IGF1 gene has little or no effect.



Liver IGF1 mRNA increases between 10-100 fold between early post-natal days and
adulthood and is associated with the large postnatal increases in circulating IGF1 levels (9). It
was also suggested that IGF1 production by extra-hepatic tissues play a role in growth and
development during foetal, neonatal and pubertal stages. IGF’s have specialised functions in
various tissues including the reproductive, cardiovascular and neurological tissues, which not
only produce IGF1 but also express its receptor. Also, recent studies have shown that the
adipose tissue expresses high levels of IGF1 mRNA in a GH dependent manner, levels as
high as the ones expressed in the liver. Bone cells synthesise and secrete IGF1, which is
regulated by both paracrine and endocrine factors. The presence of IGF1 receptors on
osteoblasts is strong evidence for an autocrine/paracrine role for skeletal IGF1 production.
Other tissues with high relative mass contribute to the circulating IGF1 levels. An
autocrine/paracrine IGF1 action is believed to be responsible for normal growth. It is
therefore necessary to determine which tissues are most important for post-natal growth and
development, and which tissues are contributors to the circulating IGF1. Also the role of

IGF1 during this stage of development needs to be elucidated (10).

1.4.1 Gene product and function

Many point mutations and other code alterations in the growth hormone receptor gene (GHR)
that cause amino acid changes and slightly disable the receptor are known to day. Most of
those mutations and amino acid alterations have been reported in patients with Laron
syndrome. Dwarfs with normal body proportions (ateleiotic) were first recognised in 1904
by Hastings Gilford. He also identified the sexual and asexual types of dwarfism. The two
types correspond to the pituitary dwarfism type 111, and I respectively. Type I has an isolated
GH deficiency in recessively inherited sexual ateleiosis (76). A C to T substitution that
generates a serine instead of a phenylalanine at position 96 of the extra cellular coding

domain of the protein was reported in just one patient with Laron syndrome (36).



Rare severe effects

Table 1 summarises the severe effects of some mutations (and KO experimental data) in the

genes discussed so far.

Table 1 The rare severe effects

Gene Polymorphism Association Reference
GH1 Polymorphism
P1 (A/T base 1663) | associated with GH | (77)
secretion. Possible
P2 (T/G base 218) | explanation of
some of  the
P3(G/T base 439) | variations in GH
secretion and
height.
Extremely  short | (78)
stature and low
Arg-Cys codon 77 | levels of IGF1
IGFBP-3 and
GHBP
IGF1 192/192 Associated
(CA)n with low levels of
192/192 circulating IGF 1 in
192/194 normal as well as | (79)
IOM  men192/194
25% increase in
levels of IGF1
IGF1R Classic  knock-out | Lethal at birth due
(KO) to respiratory
failure (64)
Conditional knock- | Neo cassette alone
out (homologous | caused a  60%
recombination reduction in cell
using Neo cassette | surface IGF1R
and LoxP sites) levels (in Hz
animals) but with
no changes in the
birth weight
compared to wt
littermates. Growth
deficient (Ho and
Hz) during
postnatal life.
IGFBP’s Combinatorial KO | Small at birth
IGFBP-4 Most IGFBP’s | (64)
homozygous have essentially no
mutants effect.
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GHR

A GH receptor mutation has been identified as responsible for extreme short stature and GH
insensitivity in a Bahamian genetic isolate. Individuals had normal to high GH serum levels
and low IGF1 levels (characteristics found also in Laron syndrome). Also circulating levels
of GH-binding protein activity were below levels of detection. SSCP analysis of exons 2-7
showed an abnormality in exon 7, a C to T transition in the third position of codon 236. Also
the same mutation was found to cause a new splice donor site 63 bp 5' to the normal exon 7
splice site. This novel site was used to the exclusion of the normal site in homozygotes,
whereas heterozygotes showed both normal and variant mRNA. The mutant protein lacks 21

amino acids including those defining the WS-like motif of the GH receptor extracellular

domain (80).

IGF1 (CA)n repeat:

IGF1 is an important and ubiquitous polypeptide important in cell growth and differentiation.
It stimulates linear growth and its plasma concentration is directly related to the pulsatile
release of GH. Together with the insulin-like binding proteins, IGF1 is synthesised in the
osteoblasts and GH, as well as several other endocrine and autocrine factors regulate it. It is
important in bone cell differentiation, proliferation and collagen synthesis, as well as in bone
resorption where it is released from the bone matrix where it recruits new osteoblasts thus
aids remodelling of the bone. IGF1 is also vital for the growth and maintenance of other
tissues. It is present in the circulation of post pubertal individuals, although the exact function
is not yet known. Levels of IGF1 in tissues have been shown to reflect circulation levels (79).
A cohort study of a highly polymorphic marker, used in the methods development part of our
study, composed of variable cytosine-adenine (CA) repeats lkb upstream from the
transcription start site of IGF1, has shown that the most frequent allele (frequency reported
previously by Webber and May, 1989, was the 192bp allele. Also it was shown that plasma
levels for IGF1 were correlated with the homozygous (Ho) 192 and significantly lower in Ho
individuals for this allele. Also 65% of the men included in the study with idiopathic
osteoporosis (IOM), who show low serum levels of IGF1, were reported to be homozygous
for the 192 allele. It was also determined that in healthy Caucasian men and women the
homozygous 192 genotype was associated with low serum levels of IGF1, whereas
individuals with 192/194 (194 being another allele for the CA n polymorphism) showed a

25% increase in their plasma levels of IGF1. This is a good example in which individual
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variation of IGF1 plasma levels is influenced by genetic factors and may be specifically

correlated by variation at the IGF1 structural locus (79).

GH 1 polymorphism and GH secretion:

Hasegawa ef al. reported three polymorphic sites in the GH1 gene and showed that one of
these sites (P1) was associated with GH secretion and the P2 and P3 sites were found in close
linkage with P1. This novel polymorphism, P1 is found in the intron 4 of the GH1 gene. The
A allele of this polymorphic site was found in significantly different frequency in the subject
with growth hormone insufficiency (GHI) compared to both normal adults (NA) and normal
short (NS) children. AA genotype at the P1 locus was found in majority of GHI subjects.
Maximal GH peaks (from GH provocative tests), the IGF1 levels as well as height were
found significantly different between the AA and AT genotypes. Higher IGF1 levels as well
as heights were found in the NA group for the AT genotype compared to the AA. However,
the small size of the studied group was probably the reason for the lack of statistical
significance in the NA group. Significant differences were found in maximal GH peaks in
provocative tests, insulin-like growth factor, and height in children with the TT or GG
genotypes at the P2 locus. The frequency of T allele at this locus was also found to be
significantly different between pubertal short children without gross pituitary abnormalities
and short children with normal GH secretion or normal adults. (77)

Height is determined by genetic as well as environmental factors. The effects of GH secretion
and the height of individuals are well known. Deletions in the GH 1 gene were found in
extremely short patients (33) and (29). Height during development in childhood was also
shown to correlate with GH secretion. This was determined by measurements of GH levels
integrated over 24 hours or serum-dependent parameters such as insulin-like growth factor I
and IGF binding protein 3 (81) and (82).

Takahashi ef al. (1996) reported a rare single mutation in the GH1 gene, which caused severe
short stature in a male child (83).

This miss sense mutation was thought to convert codon 77 from Arg to Cys. Serum IGF1,
IGF-BP3, and GHBP were all low or at the lower limit of the normal range. The mutant
R77C growth hormone showed 6 times greater affinity to GHBP than wtGH, and showed
strong antagonistic properties (inhibited tyrosine phosphorylation ten times more potently
than wild type GH). Also the child did not show any increase in serum IGFI1 levels in

response to exogenous hGH administration.

34



IGF1R:

The IGF system is an important regulator of embryonic and postnatal somatic growth in
vertebrates. Animal experiments where the IGF1R was completely nullified resulted in
deaths at birth due to respiratory failure (64). Controlled partial mnvalidation of the IGF1R
gene by homologous recombination using the neomycin (Neo) cassette and the Cre-LoxP
system (84) were used to determine the role of the IGFIR in embryonic and postnatal
development. The presence of the Neo cassette alone caused a reduction in the cell surface
IGFIR levels by an astonishing 60%. However, the animals were not growth retarded at birth
showing the same weight as their wild type littermates. Severe growth retardation was
observed after 3 to 4 weeks of postnatal life regardless of sex. IGFI and IGFBP-2 and -3
levels in serum were found unchanged in females whereas in males IGFI and IGFBP-4 levels
were significantly increased indicating an effective regulation of the IGF system in response
to the partial invalidation of the type I receptor gene (11). Two RNA splicing events were
observed, which could provide the explanation for the decreased levels of IGF-1R. Crosses
between the IGF-IR lox mice to a Cre transgene (produces ubiquitous partial excision of
floxed regions) a range between 6 and 82% invalidations were obtained (11). Although
correlations between gene dosage and body weight in the young adult mice were found to be
significant for both sexes, a stronger regression was observed in males than females, such
that the sex-related differences in body weight essentially disappeared at 80% invalidation of
the IGFIR gene. It is therefore believed that mouse vital functions can be maintained at 20%
or less of intact receptor gene (64).

We have chosen two genes as part of our investigation into the association between genetic
changes and phenotypic factors and their alliance with the foetal origins of adult disease.
These genes are the human growth hormone (GH1) and human IGF1 genes. The reasons for
choosing these two particular genes out of the whole variety of genes involved in major
growth pathways (described in this chapter) are summarised below.

There is increasing evidence that changes in the foetal environment may have long term
effects on metabolic and endocrine pathophysiology in adult life. This process has been
termed ‘programming’. It has been shown that undernutrition in the mother during the
gestational period leads to programming of hyperphagia, obesity, hypertension,
hyperinsulinemia, and hyperleptinemia in the off-spring (85). It is also true that intrauterine
growth 1s influenced by genetic, environmental nutritional and endocrine (growth hormone,
insulin-like growth factors, placental lactogen and/or msulin) factors, all of which are thought

to be important growth regulators of foetal life. IGF1 and 2 are known to be important
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growth regulators. In foetal serum IGF1 levels are lower than the adult levels and also
correlate to gestational age. On the other hand it has been shown that IGF1is highly
dependent on GH control (KO mouse experiments described earlier) although the IGF1 levels
during pregnancy rise progressively in both normal and GH deficient women.

Several reports of positive correlations between IGF1 and birthweight exist, and the release
of primary foetal hormones, involved in the regulation of growth, foetal insulin and foetal

IGF1, is influenced by the delivery of nutrients (62).

1.5  Plan of investigation:

1.5.1 General Hypothesis:

More and more clinical phenotypes are found to be influenced by major genetic components.
The hypothesis is that the risk of major complex diseases (cardiovascular disease, obesity,
diabetes, autoimmune disease, osteoporosis, etc.) is underlined by major genetic components,
such as for example, the pattern of single nucleotide polymorphisms found in key
susceptibility genes. This accentuates the need for developing new, fast and efficient methods
for the identification of such susceptibility loci, methods that could permit the rapid and
economical scanning of a whole population.

In order to test the hypothesis I have firstly set out to develop the necessary laboratory
methods and advances so that key susceptibility genes involved in complex diseases will be
genotyped for various polymorphic markers. As many markers in various susceptibility genes
are to be tested in our study, the need to develop conservative methods of implementation of
DNA banks has arisen. The variants in genes chosen for this study were genotyped using
conservative methods (heteroduplex detection method, extreme dilution, and long PCR). The
data so collected were analysed for association with obesity, cardiovascular phenotypes,

birthweight and weight at one year (as part of the FOAD hypothesis), and bone phenotypes.
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1.5.2  Potential new developments:

Recent technological and computational developments including the sequencing of the
Human Genome, open several opportunities for the field of genetic research. The possibility
of a genome wide scan for gene effects using SNPs, or even polymorphisms which include
small insertion/deletions, multinucleotide changes as well as single nucleotide changes, has
drawn attention towards the efficiency of different approaches used for mutation detection.
New approaches in the laboratory have been developed for gathering data upon which to
examine the hypothesis.

One of the cohorts used for my study, the Hertfordshire cohort, consists of 1032 subjects
representing a random population sample born in East and North Hertfordshire sampled
during the 1990’s and with birth date range 1920-1930. The sample has 583 males (mean age
66.4 years) and 449 females (mean age 66.4 years). This cohort was used for the genotyping
of several SNPs in the GH1 and IGF1 genes.

Another cohort used was the Northwick Park Heart II Study (86), consisting of 2500 middle-
aged (45-65 years) Caucasian males, in which the analysis between the insertion/deletion in
the 3° UTR region of the leptin receptor gene (OB-RB) has been performed using a new
method of detection of such polymorphisms.

In genetic epidemiological studies one limiting parameter is the availability of large DNA
banks. There is a need also for finding ways of preserving such banks.

Heteroduplex analysis, as a mean of scanning insertion/deletion polymorphisms, is a simple
way of detecting such type of polymorphisms, where the two alleles can be differentiated
through various methods of hybridisation. I/D are easy to scan and have superior
discrimination by hybridisation compared to SNPs. In the human genome it’s estimated that
for every 20 SNPs there is one insertion/deletion, thus I/D may be an efficient way of
scanning the genome for associations with disease.

I investigated rapid, efficient, and cost effective ways of searching for insertion/deletion
polymorphism. The method developed was applied to the leptin receptor gene, a gene under
much attention for its potential involvement in obesity (an increasing problem especially in
the Western World).

In the search for developing conservative methods of implementation for DNA banks I have

performed template dilutions and determined the extremes to which this can

37



be carried out, have attempted to use whole genome amplified template for microsatellite
polymorphism in the GH and IGF1 genes, and also I have succeeded in using long amplicons
of specific genes for SNP detection.

I have investigated highly polymorphic regions in the GH1 and IGF1 genes, regions that
contained several SNPs in a physically small region of the genes. The SNPs in the GH1 and

IGF1 genes are located in non-coding regions. Extensive analysis of the results has been

performed.



2 Standard Materials and Methods



Molecular-genetic epidemiology studies are based on the analysis of large number of
samples. Scanning of several thousand of samples should be accomplished in a relatively
short period of time, be economical for both resources and work force, and should be
accessible to small as well as large laboratories.

Various polymorphisms have been tested in key susceptibility genes implicated in diseases
with late life onset. The studied polymorphisms were tested in the general population using
an extended number of samples from the NPHS II and the North and East Hertfordshire
studies.

In this chapter I shall present only the methods and reagents that were adopted from
previously published material. Chapter 3, Methods Development, will describe in full all the
methods used that were developed specifically for the investigations this project has

undertaken.

2.1 Template amplification

Amplification of the template in all cases was achieved using polymerase chain reaction
(PCR). The specific cycling conditions and reaction reagents used amplification of each

marker are presented in chapter 3.

2.2 Rsal Restriction digest:

Restriction digest was initially used for the I/D polymorphism in the 5' UTR of the OB-Rb
gene for the initial identification of the genotypes in our control study.

Rsal digest was performed according to the manufacturer's instructions. For each sample a
3wl digest was prepared. The digest contained 0.2ul Rsal enzyme, 0.1ul BSA (Acetylated
BSA to a final concentration of 0.1mg/ul) 1ul buffer [10mM Tris-HCI (pH7.9), 50mM NacCl,
10mM MgCl,, and ImM DTT at 37°C] and 1.7ul H,O. The digest was mixed and incubated
at 37°C for 2 hours.
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2.3 Electrophoresis:

Electrophoresis was performed on Microtitre Array Diagonal Gel Electrophoresis (MADGE)
gels for the OB-R insertion/deletion analysis, as well as for the SNP analysis. Urea gels were
used for the GH A1819 and IGF1 (CA)n marker analysis, as well as for the sizing of long
amplicons used as templates in the SNP analysis.

MADGE system was used for all the cohort studies that had a good enough resolution on the
short polyacrylamide tracks. Agarose gels do not confer high resolution for small fragments
of D