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ABSTRACT

Type 2 diabetes mellitus (T2D) is currently one of the fastest growing non-communicable
diseases in the world. it is induced by the pathogenic interaction between insulin
resistance and secretion. There are numerous forms of these disorders which are
characterised by hyperglycaemia and affect approximately 4% of the general population.
This percentage is however rapidly increasing especially in developing regions such as
sub-Saharan Africa and Latin America.

During this investigation two diabetic cohorts and two control cohorts consisting of adult
black Southern African and Cuban individuals respectively, were screened for reported
single nucleotide polymorphisms (SNPs) within the adiponectin and calpain 10 genes.
Genotyping was achieved via a real time PCR strategy. Frequency differences between
the various genetic configurations of the two cohorts were calculated utilising appropriate
statistical analyses.

With regards to the black Southern African cohort, it was determined that certain factors in
the calpain 10 gene, e.g. the wild type homozygote at UCSNP-56, were associated with
protection towards T2D. Investigation of the Cuban cohort alternatively resuited in the
elucidation that this group presents with a differential risk pattern than that of the reported
European populations.

Analysis of the adiponectin gene resulted in the determination that within the South African
cohort, the G-11391A locus and the 11/12 haplotype combination were associated with
protection towards T2D. The variant allele homozygote at the C-11377G locus was
associated with increased disease risk within the Cuban cohort investigated. The
associations detected in the aforementioned genes were not maintained upon
meta-analysis.

When compared to various non-African populations, the investigated SNPs have
population specific effects in T2D susceptibility depending on the population investigated.
This is most likely due to certain epistatic factors, determination of which will be integral to
future investigations of T2D. Data from this investigation indicates that the elucidation and
implementation of prevention strategies should be population specific.



OPSOMMING

Tipe 2 diabetes mellitus (T2D) is tans een van die snelgroeienste nie-aansteeklike siektes
in die wéreld. Dit word veroorsaak deur die patogeniese wisselwerking tussen
insulienweerstand en —vrystelling. Daar is veelvuldige tipes van hierdie siektetoestande
wat gekenmerk word deur hiperglisemie en tas ongeveer 4% van die algemene bevolking
aan. Hierdie persentasie verhoog egter vinnig, veral in ontwikkelende streke soos
sub-Sahara Afrika en Latyns-Amerika.

Tydens hierdie ondersoek is twee diabetiese groepe en twee kontrolegroepe, bestaande
uit volwasse swart Suid-Afrikaanse en Kubaanse individue onderskeidelik, gesif vir
gerapporteerde enkelnukieotied polimorfismes (SNPs) binne die adiponektien en
calpain-10 gene. Genotipering is uitgevoer via 'n kwantitatiewe polimerase kettingreaksie
strategie. Frekwensie verskille tussen die genetiese konfigurasies van die twee groepe is
bereken deur die gebruik van toepaslike statistiese analises.

Daar is bepaal dat spesifieke faktore in die calpain-10 geen, bv. die homosigoot wat
onaangetas is by UCSNP-56, in die swart Suid-Afrikaanse bevolking geassosieer is met
beskerming teen T2D. Die ondersoek van die Kubaanse individue het getoon dat ‘n ander
risikopatroon, as dit wat waargeneem word in die Europese bevolkings, teenwoordig is in
hierdie groep.

Anaiise van die adiponektien geen het gelei tot die gevolgtrekking dat die G-11391A lokus
en die 11/12 haplotipe kombinasie geassosieer word met beskerming teen T2D in die
swart Suid-Afrikaanse groep. Binne die Kubaanse groep is die homosigoot met 'n
aangetaste aleel by die C-11377G lokus geassosieer met verhoogde risiko vir die siekte.
Die assosiasies wat waargeneem is in die bogenoemde gene is nie gehandhaaf onder
meta-analise toestande nie.

Die ondersoekte SNPs het populasie spesifieke effekte in vatbaarheid vir T2D getoon in
vergelyking word met verskillende bevolkings buite Afrika. Dit is moontlik vercorsaak deur
sekere epistatiese faktore, waarvan die identifikasie integraal is tot die toekomstige
bestudering van T2D. Data van hierdie ondersoek dui daarop dat die ontploociing en
ontwikkeling van voorkomende strategieé bevolkingsspesifiek moet wees.
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Abbreviations and symbols are presented in alphabetical order.

LIST OF SYMBOLS

1.1 allele combination representing a homozygote for the 1 allele

1,2 allele combination representing a heterozygote

2,2 allele combination representing a homozygote for the 2 allele

°C degrees Centigrade

> greater than

< less than

o alpha: indicative of significance level when utilised in statistical equations

o adjusted significance level

B beta

¥ chi square

5 delta

£ epsifon

¥ gamma

K kappa: number of independent samples

" micro; 107

% percent

z sigma: indicating "the sum of’

T tau: measure of inter population variability

T temperature

& zeta

LIST OF ABBREVIATIONS

1658 rRNA 168 subunit ribosomai ribonucleic acid

2pq calculated frequency of the 1,2 heterozygous genotype

T45G alteration of a thymine to a guanine at nucleotide position 45 within the APM1 gene

C-11377G alteration of a cytosine to a guanine at nucleotide position ~11377 within the promoter
region of the APM1 gene

G-11391A alteration of a guanine to an adenine at nucleotide position —11391 within the promoter
region of the APM1 gene

Aora adenine

Aaen absorbance of sample at 260 nanometres

A263GG insertion of two guanines for an adenine at nucleotide position 263 within the
HNF1p gene

A3243G alteration of an adenine to a guanine at nucleotide position 3243 within the (RNAVUR)
gene of the mitochondrial genome

ABB1G alteration of an adenine to a guanine at nucleotide position 861 within the leptin receptor
gene

ACC acetyl coenzyme A carboxylase

ACC-p B-isoform of acetyl coenzyme A carboxylase

ACO acyl-coenzyme A oxidase

ADA adenosine deaminase

AFLP amplified fragment length polymorphism

AIDS acquired immune deficiency syndrome

Akt protein kinase B

Ala alanine

Ala54Thr alteration of an alanine to a threonine at amino acid residue 54 within the FABP2 protein
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List of Abhreviations continued...

Alag931Glu alteration of an alanine to a glutamic acid at amino acid residue 931 within the
PPP1R3A protein

AMPK 5'-adenosine monophosphate activated protein kinase

APM1 adipose most abundant gene transcript 1 or adiponectin

Arg arginine

Arg127Trp alteration of arginine to a tryptophan at amino acid residue 127 within the HNF4a protein

Arg154Xx alteration of arginine to a stop codon at amino acid residue 154 within the HNF4a protein

Arg197His alteration of arginine to a histidine at amino acid residue 197 within the HNF4a protein

Arg278X alteration of arginine to a stop codon at amino acid residue 276 within the HNF1p protein

Asn asparagine

ASP agouti signalling protein

Asp aspartic acid

Asp76Asn alteration of an aspartic acid to an asparagine at amino acid residue 76 within the |PF-1
protein

Asp276Glu alteration of an aspartic acid to a glutamic acid at amino acid residue 276 within the
HNF4q protein

ATP adenosine triphosphate

ATPI Adult Treatment Panel Hl

BAC bacterial artificial chromosome

BMI body mass index

bp base pairs

Corc cytosine

C2792A alteration of a cytosine to an adenine at nuclectide positon 2792 within the
PPP1R3A gene

C-terminal denotes the carboxy terminus of a polypeptide

ca. circa, approximately

CAD coronary artery disease

cAMP cyclic adenosine monophosphate

CAPN10 calpain 10

cDNA complementary DNA

C/EBP CCAAT enhancer binding protein

C/EBP B CCAAT enhancer binding protein B

cGMP cyclic guanosine monophosphate

Cl confidence interval

c centi: 102

cm centimetre

cM centiMorgan

CoA coenzyme A

CoX cytochrome ¢ oxidase

CPT-1 carnitine palmitoy! transferase-1

Cys cysteine

Cys18Arg alteration of a cysteine to an arginine at amino acid residue 18 within the IPF-1 protein

db/db diabetic/diabetic

df degrees of freedom

—d{F)\dT negative differential of the flucrescence level with respect to time

DGGE denaturing gradient gef electrophoresis

DM diabetes mellitus

DNA 2'-deoxyribose nucleic acid

dNTP 2'-deoxynucieotide-5'-triphosphate

dTTP 2'-deoxythymidine-5'-triphosphate

dUTP 2'-deoxyuracil-5'-triphosphate

e base of the natural logarithrm = 2.7182818284590452

E expected population distribution

E. coli Escherichia coliform

Edg endothelium-cell differentiation family of receptors

EDTA ethylenediamine tetra-acetic acid: CigH1sN20s

e.g. exempli gratia meaning “for example”

elF2B eukaryotic initiation factor 2B

EM excitation-maximisation algaorithm

F forward primer

1.1 probability of a 1,1 homozygote

f1.2] probability of a heterozygote
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List of Abbreviations continued...

fl2.2] probability of a 2,2 homozygote

F, level of differential fluorescence of the peak of the 1,1 homozygote

F. level of differential fluorescence of the peak of the 2,2 homozygote

Fsy level of differential fluorescence of the right hand peak of the 1,2 heterozygote

Fa level of differential fluorescence of the left hand peak of the 1,2 heterozygote

FA fatty acids
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FAS fatty acid synthetase
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FISH fluorescent in situ hybridisation
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G-258A alteration of a guanine to an adenine at nucleotide position -258 within the promoter
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G-30A alteration of a guanine to an adenine at nucleotide position -30 within the promoter
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G-308A alteration of a guanine to an adenine at nucleotide position -308 within the promoter
region of the TNFa gene

GenBank GenBank®': United States repository of DNA sequence information

Gln glutamine

GIn59Leu alteration of a glutamine to a leucine at amino acid residue 59 within the IPF-1 protein

Glu glutamic acid

Glu268X alteration of a glutamic acid to a stop codon at aminc acid residue 268 within the
HNF4o protein

GLUT glucose transporter

GLUT 1 glucose transporter 1

GLUT 2 glucose transporter 2

GLUT 4 glucose transporter 4

Gly glycine

Gly319Ser alteration of a glycine to a serine at amino acid residue 319 within the HNF 1 protein

Gly723del deletion of a glycine at amino acid residue 723 within the IRS-1 protein
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' GenBank® is a registered trademark of the National Institutes of Health and Human Services for the Genetic sequence Databank,
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protein kinase C
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Profiles of Obese Women with Insulin Resistance Syndrome
protein phosphatase 1
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peroxisome proliferator-activated receptor gamma

protein phosphatase 1 regulatory subunit 2
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CHAPTER ONE
INTRODUCTION

Type 2 diabetes mellitus (T2D) is currently the fastest growing epidemic of
non-communicable disorders worldwide (King ef al.,, 1998). The associated epidemic of
obesity is similarly experiencing a concomitant increase (Formiguera and Cantén, 2004).
The maijor reason given for these increases, is the exposure of non-Western countries to
the so-called Westernised diet of high fat and simple carbohydrates, when historically the
populations of the so-called developing countries maintained a diet of complex
carbohydrates and protein and are thus not capable of efficient metabolism of the
aforementioned molecules (Nakanishi et al., 2004). Collectively these disorders comprise
the metabolic syndrome, which originates from resistance to insulin (Reavan, 1988). The
strain of these preventable disorders weighs heavily on medical systems globally
especially when it is taken into consideration that health care institutions are currently
affected by the increase in infection rates .of the human immunodeficiency virus (HIV) and

acquired immune deficiency syndrome or AIDS (Benatar, 2004).

The group of disorders which constitute T2D are defined by high levels of giucose within
the circulatory system (World Health Organisation (WHO) Consortium, 1999). This is
caused by defects within the cellular metaboiism, generally brought about by defects in
cellular signalling. The major signalling pathways involved are discussed in greater detail
in Chapter Two however it is the intracellular effects of insulin (Rossetti and Giaccari,
1990) and such adipocytokines as leptin and adiponectin that are generally affected
(Cohen et al., 1996; Weyer et al., 2001).

Diabetes mellitus (DM) is an encompassing term and includes numerous subdivisions
according to the origins of the major symptom of hyperglycaemia which are discussed in
Chapter Two. The origins of T2D are complex in nature and generally caused by an
increased resistance to insulin (Polonsky et al., 1996) resulting in eventual beta (B) cell
failure. Factors affecting the expression of T2D have been determined at the genetic
(Barnett et al., 1981) and environmental (Bergman et al., 1981) levels. These factors work
in parallel to induce disease susceptibility in an individual. These are however not the only

modifiers of disease risk. Obesity is a major cause of the metabolic syndrome and by
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association T2D due to the effect it has on insulin sensitivity (Kolterman et al., 1980). The
increased risk imbued via this metabolic state is described in Chapter Two.

Within Chapter Two the various biochemical and clinical risk factors are broadly discussed,
however the delineation of the genetic risk factors involved in T2D is required, which is
presented in Chapter Three. This chapter includes an overview of the candidate genes for
T2D susceptibility followed by the role that murine models have fulfilied in the elucidation
of the genetic aetiology of this disorder. Finally the various genes that have been
genetically linked to T2D especially calpain 10 (CAPN10) and adiponectin (APM1), is

reviewed.

In the era of genomics, the importance of single nucleotide polymorphisms (SNPs) within
the non-coding regions of genes is apparent (Gray et al, 2000). It is therefore not
surprising that the various susceptibility loci discussed have been determined to harbour
SNPs which are associated with the T2D phenotype (Horikawa et al., 2000; Vasseur ef a/,,
2002).

Non-insulin dependent diabetes mellitus susceptibility locus 1 (NIDDM1) was localised to
the long arm (g) of chromosome 2 within the Mexican American population. Positional
cloning of this locus resulted in the elucidation of the CAPN10 gene, which harboured
various SNPs associated with disease risk. This gene and its association to T2D

susceptibility are reviewed within Section 3.3.1.

A locus on chromosome 3g27 was linked to various symptoms of the metabolic syndrome
(Kissebah et al., 2000). The gene encoding an adipocytokine termed adiponectin was
localised to the same region (Saito ef al, 1999). Low levels of this gene product were
associated with an increased risk towards T2D. Furthermore, hypoadiponectinaemia was
also present in obese individuals indicating a possible mechanism of action (Spranger
et al., 2003). Alterations associated with T2D were determined however the risk loci were
different within the European (Vasseur et al., 2002) and Japanese (Hara et al., 2002)
populations.

A pilot study investigating the presence of the at risk loci within CAPN10 and APM1
undertaken within the greater research program resulted in the elucidation that the black
South African cohort investigated had different allele and haplotype frequencies upon
comparison to the non-African populations (Towers, 2002). This was however expected as

2
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this population is part of the larger African macrohaplogroup L lineage, which harbours the
greatest level of genetic variation, due to it being the ancestral population from which all
others arose (Chen et al., 1995). This finding also led to the hypothesis that any treatment
strategy developed according to the at-risk alleles within the developed countries would
not be applicable to the individuals within the developing countries. Determination of
whether the associations present within the developed countries are also responsible for

disease risk within developing countries is therefore required.

The largest increase in T2D susceptibility over the next 20 years will be within the
developing countries (King ef al., 1998} and thus such an investigation is essential. If it is
taken into consideration that most exploration of T2D susceptibility concentrates on
so-called ‘First World' countries it is required of scientists within developing countries to
elucidate the genetic aeticlogy of the disease within their own populations. This
investigation was undertaken to determine if the reported risk factors are similarly
associated with disease risk within the black South African and Cuban populations via

comparison to various non-African populations utilising a case-control study design.

The criteria utilised for collection of these individuals as well as the methods of obtaining
DNA samples are described in Chapter Four. Screening of four SNPs within CAPN10 and
three SNPs within the APM1 gene was achieved via real time polymerase chain reaction
and melting curve based analyses utilising the LightCycler™' technologies. Haplotype
assignment as well as the various statistical analyses utilised to determine significance are
also discussed within Chapter Four.

The findings of this investigation are presented in Chapter Five and the conclusions
determined are outlined in Chapter Six. Within these chapters the significance of ancestral
lineages to the investigation of T2D susceptibility is highlighted as well as the necessity for
the development of new molecular tools for the elucidation of mechanisms of disease
action. Ultimately, the development of affordable yet efficient system biology strategies is
required to elucidate and eventually eradicate T2D.

! LightCycler™ is a trademark of Idaho Technology Inc., Salt Lake City, UT, USA.



CHAPTER TWO

THE CLINICAL AND BIOCHEMICAL ASPECTS OF TYPE
TWO DIABETES MELLITUS

The metabolic syndrome is a group of abnormalities of the metabolism with the primary
fault occurring in an individual's sensitivity towards insulin, resulting in the major symptoms
of hyperinsulinaemia and insulin resistance (Reavan, 1988). Various derived complications
such as hypertension, coronary artery disease (CAD) and T2D generally follow this initial
defect as depicted in Figure 2.1.

Figure 2.1: Diagrammatic representation of the causes of the various symptoms
originating from the metabolic syndrome

Dyslipidaemia

Hepatic lipoprotein
overproduction

Insulin resistance

Salt

_ B cell
retention failure /

Hypertension Diabetes mellitus

Adapted from Hughes and Aitman (2004).

The following diagnostic criteria for this cluster of disorders were initially defined with
regard to the treatment of patients suffering from high levels of low-density
lipoprotein (LDL) cholesterol. The metabolic syndrome is, however, defined in accordance
with the criteria specified by the Adult Treatment Panel Ill (ATPIIl) of the National
Cholesterol Education Program (NCEP) of the United States of America (USA). The
threshold values of these criteria are depicted in Table 2.1.
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Table 2.1: Diagnostic criteria of the metabolic syndrome

ﬁ Diagnostic criterion Men Women
waist circumference > 102 cm > 88 cm
HOL-C levels > 1.0 mmot.I” > 1.3 mmol.I"
triglyceride levels > 1.7 mmol.I"
FPG > 6.1 mmol."
blood pressure > 130/85 mmHg
HDL-C = high density lipoprotein-cholesterol; FPG = fasting plasma glucose; mmHg = millimetres of mercury; mmol.I" = millimole per

litre; ¢m = centimetre; Adapted from the Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults
{2001).

T2D is therefore only one of the numerous outcomes of insulin resistance. However,
because this specific group of disorders are rapidly reaching epidemic proportions (King
etal, 1998) it is important to determine the various genetic, environmental and
biochemical factors, which result in the specific manifestation of T2D prior to the

development of effective treatment strategies.

2.1___ DIABETES MELLITUS

DM is a term utilised to describe a phenotypically heterogeneous group of metabolic
disorders having numerous aetiologies characterised by chronic hyperglycaemia and
disturbances in the metabolism of lipids, protein and specifically carbohydrates due to
insulin loss, insulin insensitivity or both. This disruption may lead to the dysfunction and

failure of the different organ systems (WHQ Consortium, 1999).

Approximately 4 percent (%) of the worldwide population is affected by this group of
disorders, as determined in 1995, and it has been predicted that the prevalence will
increase to 5.4% by the year 2025 (King ef al., 1998). Although more prevalent in
developed countries, currently the main cause of this increase will be due to the increased
prevalence of diabetes in developing countries which will be an increase of 3.3% to 4.9%
(King et al., 1998). Numerically this translates to an increase from 84 million to 228 million
people affected by the year 2025.

Of the various developing countries, Sub Saharan Africa will account for the third largest
increase of people affected by this group of disorders i.e. an increase of 185% which
translates to 5 million newly affected individuals (King ef a/., 1998). This information was,
however, only based on a few reports and therefore may represent an underestimation.

The largest increase within this group, it is hypothesised, will occur in individuals between
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the ages of 20 and 64 (King et al., 1998). Individuals will be affected for longer periods of
time, placing greater strain on the limited medical resources. Given that the various health
care systems operating within this region are already strained by the growing burden of
HIV and AIDS (Benatar, 2004), the additional burden of T2D can have devastating effects.
It is thus imperative to undertake the elucidation of the predisposing factors towards this
group of disorders in the African population in order to implement effective prevention

strategies.

The classification of this group of disorders is complex and has undergone numerous
revisions. The initial attempt was undertaken by Himsworth in 1936 where the original
causation of the disorders was utilised as the defining characteristic. In this nomenclature
the group was divided into insulin sensitive and insulin insensitive diabetes mellitus.
Review of this rather simplistic classification has lead to the classification of these
disorders based on the aetiology of the hyperglycaemia, as well as the clinical staging of
the individual (WHO Consortium, 1999).

2.1.1 Insulin

Any discussion of the aetiology of this diverse group of disorders initially requires an
overview of the hormone insulin and its role in cellular metabolism. Insulin has both
excitatory and inhibitory activities and acts as a homeostatic control between
gluconeogenesis and cellular oxidation as well as other metabolic functions (Rossetti and
Giaccari, 1990). Insulin first causes a decrease in hepatic glucose production. Secondly, it
increases the uptake of glucose by the various tissues, mainly skeletal muscle, therefore
resulting in the decreased plasma levels of this saccharide (Brown et al.,, 1978, DeFronzo
et al., 1981). Its major function, however, is prevention of the utilisation of alternative
sources of energy e.g. gluconeogenesis, glycogenolysis (Brown et al., 1878), lipolysis
(Thomas efal., 1979), ketogenesis (Randle, 1985) and proteolysis when glucose is
present.

The j cells of the pancreas produce insulin in the form of a preprohormone. Preproinsulin
consists of three major subunits namely the A, B and C-peptides, as well as a signal
peptide directing it towards the endoplasmic reticulum as presented in Figure 2.2.
Following insertion into the membrane the signal peptide is proteolytically cleaved to

produce proinsulin. Upon activation, the C-peptide is cleaved to produce active insulin
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within the cell, which is subsequently released into the peripheral circulatory system. The
A and B peptide chains remain attached via disulphide bonds (Narang et al., 1984).

Figure 2.2: Diagrammatic representation of the synthesis of the insulin hormone
from preproinsulin
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Insulin is released in a pulsatile manner i.e. it is released periodically instead of
continuously (Hansen et al., 1982). It has been determined that after the ingestion of
nutrients (especially carbohydrates) following a period of fasting, insulin levels fluctuate
with a periodicity of a mean value of twelve minutes. Hansen et al. also presented data
indicating that the ensuing oscillation of the plasma glucose level was synchronous with
the oscillation of the plasma insulin levels with a period of two minutes between each. The
insulin therefore directly induces a decrease in the plasma glucose level. Further
investigation has determined that it is the relative level of hyperglycaemia following a meal
that induces the release of insulin in such a manner (Kingston and Skoog, 1986).
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2111 Signalling pathways of insulin

The insulin receptor (IR) is a heterotetrameric glycoprotein consisting of two alpha (o) and
two B subunits. A single polypeptide of 1,355 amino acid residues is translated from the
messenger ribonucleic acid (NRNA) derived from the IR gene. This polypeptide includes
both the a (735 amino acids) and B (620 amino acids} subunits, which are only
proteolytically cleaved following translation. The o subunit harbours a cysteine rich domain
which is involved in the cross linking of the various receptor molecules. A function for the
amino (N)-terminal domain has not yet been assigned, whilst it has been hypothesised that
the carboxy (C)-terminal region is involved in hormone binding. The B subunit, however,
consists of a transmembrane domain and a cytoplasmic domain responsible for its tyrosine
kinase ability. It has also been determined that the extracellular region of the B subunit
harbours four glycosylation sites while the o subunit contains 18 residues that can be
glycosylated (Ebina et al., 1985).

Phosphorylation of the tyrosine residues at positions 1,158, 1,162 and 1,163 within the
receptor, induces a remarkable alteration in the conformation of the activation loop, thus
allowing for access of the binding domain by adenosine triphosphate (ATP) and the
various protein substrates. The phosphotyrosine at position 1,162 is present within the
active site and binds to the tyrosine to be phosphorylated in the substrate protein.
Phosphorylation is unlikely to occur in an associative manner as the gamma (y) phosphate
of the nucleotide triphosphate is incorrectly positioned with regard to the substrate
(Hubbard, 1997). An important aspect to consider is that the receptor retains its activity
even after the dissociation of insulin. The receptor is only repressed by its
dephosphorylation (Rosen et al., 1983) thus allowing for various feedback mechanisms to
control its activity.

21.1.1.1 The role of the insulin_ receptor substrate (IRS) proteins

Upon activation of the receptor via tyrosine phosphorylation the insulin-receptor complex
sequesters various signal transduction proteins. The insulin receptor substrate (IRS)
isoforms are a major group of proteins induced by the activation of the insulin receptor
(Sun et al., 1991; Withers et al., 1998; Yu et al., 1998). The various IRS isoforms in turn
harbour a pleckstrin homology (PH) domain, which localises the specific protein towards
the plasma membrane. PH domains are integral to the activation of insulin receptor
substrate 1 (IRS-1) and insulin receptor substrate 2 (IRS-2) as these domains are

8
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responsible for membrane localisation of the IRS proteins via phospholipid interaction.
This in turn allows for activation of the aforementioned proteins due to the close proximity
to the insulin receptor (Voliovitch et al., 1995).

Attachment to the receptor is achieved via the phosphotyrosine binding (PTB) domain of
the IRS isoforms. The PTB domains of the IRS proteins form a complex with the
juxtamembrane region of the insulin receptor (Wolf ef al., 1895). PTB is a seven-stranded
B sandwich capped by a long o« helix. The phosphopeptide sequence within the insulin
receptor fills an L shaped cleft in the surface formed by the 5 sheet, the C-terminal helix
and the B10 turn connecting 4 and B5. This sequence forms a p sheet that undergoes
hydrogen bonding with the B5 sheet in an anti-parallel fashion. The phosphotyrosine at
position 1,162 within the insulin receptor, co-ordinates with two arginines (Arg), one of
which is in close contact with the aromatic ring of the tyrosine. Various hydrogen and ionic
bonds ensure co-ordination of the oxygen present in the phosphate thus ensuring that only
phosphorylated tyrosine is bound. Various other interactions ensure specificity (Eck et al.,
1996). This results in the phosphorylation of important tyrosine residues within the IRS
isoforms, which in turn allows for the docking of various downstream effector proteins.

Upon analysis of double and triple heterozygous knockout mice for the insulin receptor,
IRS-1 as well as IRS-2 it was discovered that those lacking in the IR/IRS-1 pathway
presented with severe insulin resistance in skeletal muscle and liver. IR/IRS-2 knockout
mice presented with severe insulin resistance in the liver and mild resistance in skeletal
muscle. This indicates that these substrates may have different effects in different tissues
(Kido et al., 2000). Via analysis of certain knockout murine models it has been determined
that the IRS isoforms are not only responsible for insulin sensitivity but are also necessary
for the proper production and secretion of p cells. By knocking out the IRS-1 gene it was
determined that the insulin content of the B cells was decreased and the glucose
stimulated insulin secretion was severely impaired (Kulkarni etal., 1999). This fact
provides further evidence for the possibility that the IRS proteins may have tissue specific
effects.

One of the major effector pathways activated via IRS-1 and -2 is that of phosphoinositide
3'-kinase or PI3K (Sun ef al., 1991; Withers et al., 1998; Yu et al., 1998). This is achieved
via the formation of complexes between PI3K, IRS and the insulin receptor upon
stimulation by insulin (Backer etal, 1993). Signalling complexes may consist of the
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tyrosyl-phosphorylated IRS bound to the insulin receptor, which in turn induces
relocalisation of PI3K from the cytosol to the plasma membrane. Alternatively the activated
IRS may be released into the cytosol whereupon it binds to the PI3K and induces its
activity. The two possible mechanisms of signal transduction may ultimately have
differential effects depending on the cytosolic localisation of PI3K upon activation (Backer
et al., 1993).

The regulatory p85 subunit of the PI3K enzyme complex is bound to the catalytic p110
subunit via an interim domain between two transforming protein of Rous sarcoma (src)
homology 2 (SH2) domains. This association has been determined to increase the stability
of the catalytic (p110) subunit, however, in its unbound form the p85 subunit inhibits the
activity of the p110 subunit (Yu et al., 1998). The tyrosine activated IRS-1 and -2 in turn
interact with the p85 subunit through the recognition of the phosphorylated
tyrosine-methionine-unknown residue-methionine  (Tyr-Met-X-Met) motifs via the
aforementioned SH2 domains (Myers et al., 1992). Binding results in the activation of the
catalytic capabilities of the p110 subunit (Hu et al., 1993). This has been hypothesised to
be due to a loss of the inhibitory function of the p85 subunit induced via the binding of the
phosphorylated IRS proteins (Yu et al., 1998). Further evidence for this hypothesis has
been determined in the investigation of diabetic murine models whereby reduced leveis of
p85 improved insulin signalling as well as the overall diabetic phenotype (Mauvais-Jarvis
et al., 2002).

Analysis of Xenopus oocytes resuited in the determination that the P13K pathway is implicit
to glucose transport (Gould et al., 1994). Protein kinase B (Akt) may be a possible effector
molecule by which this is achieved. Activation of PI3K, through insulin stimulation, induces
the activation of the serine and/or threonine (Ser/Thr) kinase Akt (Brozinick and Birnbaum,
1998) via binding of phosphatidylinositol-3, 4-bisphosphate (Pi-3,4-P,) to the PH domain,
thus directing the kinase to the plasma membrane. This in turn increases dimerisation
ability (Franke et al., 1997). The protein can also be activated via direct phosphorylation by
PI3K, which allows for the downstream activation of 70 kiloDalton S6 kinase or p70°%
(Kohn et al., 1996a). Activated Akt increases glucose uptake via two pathways. Firstly, it
induces the translocation of glucose transporter (GLUT) 4 to the plasma membrane and
secondly, it increases the expression of GLUT 1 (Kohn et al., 1996b). The activated kinase
has a further function in that it increases lipidogenesis and glycogen synthesis. Kohn et al.
in 1996a produced an Akt construct, which was directed towards the plasma membrane. In
the case of celis expressing this form of the kinase there was an increase in lipidogenesis

10
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but not in glycogen synthesis upon insulin treatment, however, both pathways were
upregulated in control cell lines. Taking into account the fact that there are two pathways
by which Akt is activated it is thus plausible that there are separate functions for the
plasma membrane associated and non-associated forms of Akt. For example the plasma
membrane associated form may cause an increase in lipidogenesis, whereas the

non-associated form induces glycogen synthesis.

IRS-1 phosphorylation is also integral to the initiation of 2’-deoxyribonucleic acid (DNA)
synthesis as well as the progression into the second growth (G,) and mitotic (M) phases of
the cell cycle (Valverde et al., 2001). Tyrosine phosphorylated IRS-1 achieves this via its
interaction with growth factor receptor binding protein 2 (Grb-2). A further effect of the
activated IRS-1 is to bind and activate the SH2 domain-containing oncogenic protein also
termed the Shc protein (Valverde et al., 2001). Both IRS-1 and Shc, in turn associate with
Grb-2 via its SH2 domain (Skolnik et al., 1993)}. Grb-2 does not undergo a phosphorylation
event and must therefore be activated via an induced conformational change. Grb-2
activates the mitogenic pathway via induction of the cellular form of the rat sarcoma proto-
oncogene (ras). This is achieved by the association of Grb-2 and a guanine nucleotide
releasing factor known as son of sevenless {(SOS) in response to insulin treatment (Skolnik
etal, 1993). It is hypothesised that this interaction in association with the uptake of
Grb-2/SOS complex by IRS-1 and She results in the activation of ras. This is achieved by
the translocation of the cytoplasmic Grb-2/SOS complex to the plasma membrane thus
facilitating interaction with the ras protein. SOS has been determined to increase the
guanosine triphosphate (GTP) binding ability of ras threefold (Baltensperger et al., 1993).
Ras in turn further mediates the effect by the activation of mitogen activated protein kinase
kinase (MEKK1/2) and p42-p44 mitogen activated protein kinase or MAPK (Valverde et al.,
2001). This process is presented in a model of insulin signal transduction in Figure 6.1 and
6.2.

The src homology 2 domain containing protein tyrosine phosphatase 2 (SH-PTP2) has
also been determined to be involved in this pathway, however, the mechanism is as yet
unclear (Noguchi et al., 1994). The molecule binds IRS-1 upon insulin treatment, causing
dephosphorylation of IRS-1 at a specific tyrosine residue. This in turn causes activation of
ras via an undefined pathway. It was hypothesised by Naguchi et al. that the activated
SH-PTP2 may have an upstream effect which mediates the Grb-2/SOS pathway as these

proteins themselves are not affected by the overexpression of a catalytically inactive
SH-PTP2 (Noguchi et al., 1994).

11
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Disruption of IRS-1 in mice, results in a 40-60% decrease in birth weight as compared to
wild type individuals (Araki ef al., 1994). This effect is maintained throughout the lifetime of
the IRS-1 deficient mouse. The IRS-1 knockout mice furthermore presented with impaired
glucose tolerance and the response to both insulin and insulin growth factor-1 was
severely reduced. Upon analysis of PI3K activity it was determined that, although IRS-1
associated activation of this protein was impaired, the overall activation of PI3K was not
greatly modified (Araki et al., 1994). It was subsequently determined that IRS-2 fulfilled this
role (Patti et al., 1995).

Although IRS-2 activates P13K in a similar fashion to IRS-1 it has been determined that the
further downstream signalling is different with regard to this protein (Arribas et al., 2003).
Induction of PI3K activity results in the activation of a protein kinase named
3'-phosphoinositide dependent protein kinase-1 (PDK-1). It acts via the phosphorylation of
the protein kinase C (PKC) zeta (£) isoform (Le Good et al., 1998). Insulin thus induces
rapid phosphorylation of PKC £ through the action of PDK-1 via PI3K activation. PDK-1
associates with most PKC isoforms and is directly responsible for activation of the delta (3)
and ¢ forms (Le Good et al., 1998). Over-expression of PKC ¢ increases basal and insulin
stimulated glucose transport (Bandyopadhyay et al.,, 1997). This is achieved by inducing
the movement of GLUT 1 and 4 from the microsomes to the plasma membrane (Etgen

et al., 1999). Glucose sensitisation of the cell is thus achieved via the IRS-2/ PI3K/PKC
delta pathway.

As stated previously, defects in insulin secretion are an aggravating factor in susceptibility
towards T2D upon insulin resistance. It is therefore not surprising that alterations within the
IRS-2 protein have effects at both of these levels. Its role in insulin sensitivity was
discussed in the previous paragraph. Mice deficient in JRS-2 have decreased B cell mass
as compared to mice harbouring functional IRS-2 (Withers et al., 1998). Upon expression
analysis of this protein in wild type mice it was determined that the protein was associated
with insulin in B cells as well as being present in the B cell progenitor tissue known as
ductal epithelium. In the IRS-2 deficient mice no such expression was determined. This
therefore led to the hypothesis that IRS-2 may be integral in the differentiation and
maintenance of f cells, however, further analysis is required in order to validate this
postulate (Withers ef al., 1998).

12
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If the fact that IRS-2 may be important for § cell differentiation is taken into consideration it
becomes evident that these two IRS isoforms may have different roles in signalling. IRS-1
may be preferentially responsible for the transfer of the growth induction signal as
indicated by its necessity in cell cycle progression (Valverde et al.,, 2001), and somatic
growth (Araki et al., 1994). Alternatively IRS-2 may be more specifically involved in the
classic transduction of the insulin signal to ensure correct glucose transport (Etgen et al,,
1999) as well as proliferation of p cells (Withers et al.,, 1998). It therefore seems more
plausible that defects in IRS-2 are responsible for the diabetic phenotype. This hypothesis
is discussed in greater detail in Chapter Three.

2.1.1.1.2 Stimulation of glycogen synthesis

There are two major processes by which insulin increases the activity of glycogen
synthase. The first is mediated via the direct dephosphorylation of glycogen synthase
(Dent ef al., 1990) whereas the second acts through the inactivation of glycogen synthase
kinase-3 or GSK-3 (Embi et al., 1980). Upon activation of the signal transduction network
in response to insulin as previously discussed in Section 2.1.1.1, the insulin stimulated
protein kinase (ISPK) is phosphorylated and thus activated. In turn this molecule is able to
phosphorylate a specific Ser residue within the glycogen bound subunit of protein
phosphatase 1 (PP1) which increases its phosphatase ability. Increased PP1 activity
results in decreased phosphorylation of glycogen synthase, which allows for increased
production of glycogen (Dent ef al., 1990).

As stated in the previous paragraph the second method of glycogen synthase activity is via
repression of GSK-3. GSK-3 is activated via tyrosine phosphorylation at amino acid
residue 216. Unlike the various other pathway effector molecules that have been
discussed GSK-3 is active within resting cells (Hughes ef al., 1983). The B isoform of
GSK-3 phosphorylates eukaryotic initiation factor 2B (elF2B) at specific Ser and Thr
residues thus inactivating it. elF2B is phosphorylated specifically at the p84 or (epsilon) ¢
subunit. It is involved in peptide chain initiation via ensuring the uptake of the initiator
methionine transfer ribonucleic acid (tRNA) by the ribosome (Rhoads et al., 1993). The
ability of this specific kinase to control the function of this protein is lost upon treatment
with insulin. This inactivation is rapid, i.e. <10 minutes. GSK-3 also phosphorylates
glycogen synthase (Embi et al., 1980) which aiso presents with decreased phosphorylation
upon insulin treatment. This reduced activity is brought about by phosphorylation of certain
Ser and Thr residues within GSK-3 via an insulin activated protein kinase. Inactivation of

13
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GSK-3 resulted in decreased phosphorylation of glycogen synthase and elF2B, thus
increasing the function of these proteins (Welsh and Proud, 1993). Over-expression of
PKC a, B 1 and 2 isoforms results in the inhibition of insulin effects on glycogen synthesis.
Thus insulin-stimulated recruitment of these PKC isoforms may inhibit glycogen synthesis
via phosphorylation of GSK-3. GSK-3 is a central effector molecule for various pathways
and can be activated via the action of the endothelium-cell differentiation (Edg) family
through a PKC-dependent pathway (Fang et al., 2002). It is also responsive towards
certain G-protein coupled receptors via protein kinase A dependent pathway through
alterations in the cellular cyclic adenosine monophosphate (cAMP) levels (Fang ef af.,
2000).

2.1.1.2 Negative feedback mechanisms of insulin

The strict regulation of the insulin signalling network requires that certain feedback
mechanisms are present which negatively control the cascade. A major example of this is
the role of the ¢ and  isoforms of the 14-3-3 proteins (Ogihara et al., 1997). It has been
determined that these proteins are able to bind IRS-1 at Ser phosphorylated residues at
amino acid positions 270, 374 and 641. Position 270 is within the PTB domain of IRS-1
and when phosphorylated it causes decreased interaction with the insulin receptor, thus
impairing Tyr phosphorylation. The interaction between IRS-1 and the 14-3-3 protein does
not increase proportionally with insulin stimulation, however, it was determined that
treatment with a potent Ser/Thr phosphatase inhibitor known as okadaic acid resulted in
increased affinity (Ogihara ef al.,, 1997). It was thus hypothesised that increased Ser/Thr
phosphorylation of IRS-1, as brought about by the activation of various terminal members
of the insulin signalling pathway, is responsible for increased binding of 14-3-3 protein
which results in decreased levels of Tyr phosphorylation thus inhibiting the signal cascade
{Ogihara et al., 1997).

Another pathway controlled via insulin stimulation is known as the mammalian target of
rapamycin {(mTOR) pathway. This pathway induces the movement of IRS-1 from the low
density microsomes (LDM) to the cytosol, which ultimately resuits in the proteasomal
degradation of this protein. The mTOR pathway is activated via PI3K activity. It is
important in the insulin-induced decrease in the levels of IRS-1 over time via increasing
proteasomal degradation of the aforementioned protein. It also regulates the Ser/Thr
phosphorylation of IRS-2 as well as the redistribution of this protein from LDM to the

14
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cytosol. However, IRS-2 is not degraded over time via this pathway (Haruta et al., 2000,
Takano ef al., 2001).

Ultimately the insulin-insulin receptor complex is internalised, thereby inducing the
movement of the glucose transport activity from the Golgi apparatus or a similar micro
vesicle to the plasma membrane (Suzuki and Kono, 1980). This in turn results in an

increase in the membrane permeability towards glucose.

21.2 Obesity and its role in disease pathogenesis

Obesity is one of the major risk factors for T2D but its involvement in disease
pathogenesis is as yet not fully understood (Kolterman ef al., 1980). This physiological
state is due to caloric intake being greater than energy expenditure. Although belief to the
contrary is common it has been ascertained that obesity is genetically controlled
(Friedman, 2000). Various cytokines have been determined to be associated with obesity
and T2D, and will be discussed in greater detail (Couce efal, 1997; Spranger et al.,
2003).

2.1.2.1 Leptin

The leptin protein was determined to be involved in the regulation of body weight by
inducing hypophagia, increased activity and preferential utilisation of lipids as energy
sources (Pelleymounter et al., 1895). Furthermore leptin is secreted as a soluble protein

by adipocytes to ensure that lipid accumulation only occurs in these specific cells
(Shimabukuro et al., 1998).

The protein itself is globular in nature, consisting mainly of polar hydrophillic amino acids.
Increased adiposity results in the increased expression of this protein (Zhang et al., 1994).
This in turn causes reduced feeding and increased catabolism of free fatty acids (FFAs). In
certain obese patients, however, it has been determined that, either due to leptin or its
receptor being inactivated, the signal is not transduced to the cell, therefore resulting in
hyperphagia and obesity (Surwit et a/., 1997).

The receptor contains a signal sequence for secretion of the protein, an extracellular
domain similar to the glycoprotein 130 domain of interleukin-6, a transmembrane domain
and a cytoplasmic region containing a box 1 Janus kinase (JAK) interaction sequence
hence this proteins' signal transduction ability (Tartaglia et al., 1995). The major sites of
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expression are mainly in the lung and kidney, and various other regions at lower levels
such as the brain i.e. specifically in the choroid plexus and hypothalamus. As the
hypothalamus is involved in energy homeostasis, this is a possible example of direct signal
transduction controlling body weight (Couce et al., 1997).

Signal transducers and activators of transcription (STAT) 3 activation is fundamental to the
effects that leptin has on the regulation of food intake as well as that of energy utilisation
(Bates et al., 2003). Binding of leptin to its receptor in cells of the hypothalamus as well as
various types of non-adipose tissues, results in the activation of the JAK family of signal
transducers. JAK transducers in turn specifically phosphorylate STAT-3, now abbreviated
as P-STAT-3 (Ghilardi et al., 1996). In the hypothalamic cells activation of this pathway
results in the increased expression of pro-opiomelanocortin (POMC), which is
hypothesised to induce hypophagic effects (Bates et al., 2003). However, as depicted in
Figure 2.3, within the non-adipocytes the phosphorylated STAT proteins stimulate the
production of the transcription factor (TF) peroxisome proliferator activated receptor «
(PPAR). This TF induces expression of proteins such as acyl-coenzyme A (CoA) oxidase
(ACOQ) and carnitine palmitoyl transferase-1 (CPT-1). These proteins increase oxidation of
triglycerides thus preventing the accumulation of these lipids (Unger et al., 1999).

The leptin protein also has an effect on insulin and its activity in the cell (Segal et al.,
1996). This is achieved by the dephosphorylation of the major substrate of the insulin
receptor i.e. IRS-1. Phosphorylation of IRS-1 is necessary for the activation of various
signal transduction pathways involved in the induction of insulin-mediated activities,
whereas its dephosphorylation results in loss of signal and hence the resistance toward
insulin. This in turn may result in a T2D phenotype (Cohen et al., 1996). Furthermore it has
been determined that a lack of IRS-2 activity in the hypothalamus can lead to insensitivity
toward the leptin signal, thus implying that this protein may be involved in the regulation of
this pathway. IRS-2 may therefore be an integral effector molecule by ensuring the
appropriate response towards the leptin protein (Burks et al., 2000).

Resistance to leptin via its receptor is a major causative agent of obesity and various
disorders such as DM and liver disease. The increased fatty acid level ensuing from the
aforementioned resistance due to increased lipolysis, stimulates the TF PPARy, which
induces the expression of proteins such as acetyl-CoA carboxylase (ACC), fatty acid
synthetase (FAS) and serine-palmitoyl transferase (see Figure 2.3). The latter enzyme is
responsible for the production of ceramide from the condensation of palmitoyl-CoA and
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serine. Ceramide induces the expression of nitric oxide synthase, which is in turn a
powerful inducer of apoptosis (Unger ef al., 1999).

Figure 2.3: Diagrammatic representation of the leptin induced pathway in normal
and leptin resistant nonadipocytes

Leptin

Normal Leptin resistant

OB-R = leptin receptor; P-STAT-3 = phosphorylated signal transducers and activators of transcription 3; PPAR a and y = peroxisome
proliferator activated receptor o and y; PPRE = PPAR response element; ACO = acyl CoA oxidase; CPT-1 = carnitine palmitoyl
transferase-1; ACC = acetyl CoA carboxylase; FAS = fatty acid synthetase; FA = fatty acid; Adapted from Unger et af. (1999).

The islets of Langerhans, hepatocytes, skeletal and cardiac myocytes are major sites of
leptin action. Resistance of the receptor to leptin results in apoptosis of these cells, which
in turn results in a decrease of insulin production. As the obese person requires higher
levels of insulin, this decrease in production results in hyperglycaemia within the patient
and eventually causes T2D. Loss of the hepatocytes results in hepatic steatosis or fatty
liver while loss of ageing myocytes results in muscle wasting in aged, obese patients
(Unger et al., 1999).

Women present with a 40% higher level of leptin when compared to men of the same
percent body mass and fat mass (Saad efal, 1997). The effect is not due to the
differences in sex hormones, as this effect was still present in postmenopausal women. It
was hypothesised that it may be due to altered expression levels of leptin based upon the
differential distribution of adipocytes between the sexes, or alternatively it may be due to
varied hypothalamic regulation of leptin production. Further investigation is, however,
required before this can be stated (Saad et al., 1997).
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Further evidence for this effect has been detected in the cord blood of newborns. It was
determined that leptin levels were significantly higher in females as well as being positively
correlated with birth weight (Matsuda ef al.,, 1897). This was an important correlation, as
newborns cannot control their energy uptake by the amount of food they ingest. This is
one of the proposed mechanisms by which leptin causes its lipostatic effects i.e. by
inducing hypophagia (Pelleymounter ef al., 1995). Therefore leptin may preferentially act
through the increased catabolism of lipids.

In a similar investigation leptin levels were significantly associated with birth weight, cord
blood insulin concentration and placental weight (Koistinen et al., 1997). This indicates that
sensitivity to leptin may have a major effect on the intrauterine environment. If the “thrifty
phenotype” hypothesis (as discussed in Section 2.1.4.2.1) is taken into consideration, i.e.
the fact that there are specific variants which affect T2D susceptibility via induction of a
deficient intrauterine environment, leptin and its receptor may be excellent candidates for
possible sites of this effect. The role of this protein in T2D disease risk is diagrammatically
presented in Section 6.1.

2.1.2.2 Tumour necrosis factor alpha {TNFa)

Tumour necrosis factor o (TNFa) affects weight control via the regulation of adipocyte
expression (Hotamisligil et al., 1995). It is a modulator of gene expression in adipocytes
and undergoes increased expression in the obese (Hotamisligil and Spiegelman, 1994).
Higher levels of expression result in hyperinsulinaemia by the induction of resistance
towards insulin. Resistance is due to the Ser phosphorylation of IRS-1, which
subsequently decreases the tyrosine kinase activity of the insulin receptor. TNFa also
induces the expression of leptin therefore decreasing insulin sensitivity.

2.1.2.3 Adiponectin (APM1)

Dysregulation of APM1 has conclusively been associated with T2D. In an investigation by
Spranger et al. {2003) it was determined that low plasma levels of APM1 were significantly
associated with increased T2D risk whereas an increase in this protein was alternatively
associated with an increased protection against developing one of these disorders.
Furthermore investigations of the plasma levels of this protein have resulted in the
determination that there are much lower levels in obese individuals. APM1 levels have
been found to be positively correlated with levels of HDL-C (Zietz et af., 2003). This is an
important association as low levels of HDL-C represent an independent cardiovascular risk
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factor. As previously stated diabetics often have low levels of APM1 thus increasing the
cardiovascular risk of a patient via the associated decreased levels of HDL-C (Zietz et al.,
2003)

The APM1 protein itself has been determined to reverse decreased insulin sensitivity
brought about by obesity (Yamauchi et al., 2001). Including this glucose sensitising effect
the protein is able to increase fatty-acid oxidising activities, both of these functions
resulting from the phosphorylation of 5'-adenosine monophosphate activated protein
kinase (AMPK). The activation of this protein leads to the phosphoryiation of the B-isoform
of acetyl coenzyme A carboxylase (ACC-f3), which in turn results in the inactivation of
ACC. This causes the activation of fatty acid p-oxidation thus resulting in triglyceride

release in myo- and hepatocytes. This process is presented in an overview in Section 6.1.

As discussed previously this pathway results in the increased expression of enzymes such
as ACO and CPT-1 thus resulting in an increase in fatty acid oxidation. This prevents the
accumulation of fatty acids in the form of triglycerides within non-adipocytes such as the p
cells (Unger et al., 1999).

AMPK activation causes increased glycogen phosphorylase activity, which preferentially
increases the activity of glycolysis thus inducing the down regulation of gluconeogenesis,
when exposed to hepatocytes. Thus APM1 exerts its antidiabetic effects by decreasing
glucose production in the liver and increasing fatty acid oxidation in muscle cells, thus
preventing triglyceride accumulation (Yamauchi ef al., 2002). Therefore the association of
hypoadiponectinaemia with insulin resistance and hyperinsulinaemia described by Weyer
etal. (2001) must be caused by the abolition of the aforementioned pathway. Any
alteration on a genetic level, which affects the production of this protein, may thus result in
impaired insulin action and hence result in T2D. The investigation by Weyer et a/. in 2001
was the first direct association between the level of APM1 and impaired glucose control.
Previously it was hypothesised that the aberrant insulin levels were secondary to the

increased obesity, which was induced by the decrease in APM1 levels.

APM1 has also been determined to control the expression of various adhesion molecules
such as intracellular adhesion molecule-1 (ICAM-1) by preventing the expression signal

induced by TNFa via the nuclear factor kappa (k) B (NFxB) induced pathway. APM1 is
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able to bind to human aortic endothelial cells which in turn results in an increase in the
intracellular levels of CAMP levels. The increased production of these molecules prevents
the phosphorylation and degradation of the inhibitor of NFxB (IkB) thus causing loss of the
TNFa induced signal (Ouchi et al., 2000). This could explain the link between APM1 and
CAD. If APM1 levels are low there is an increase in the adhesion of monocytes as well as
the expression of the various adhesion molecules. Upon investigation of patients suffering
from CAD complications it was determined that the mean plasma APM1 level was
significantly lower than in non-affected individuals (Ouchi etal, 1999). Thus APM1
shortage is a possible risk factor in CAD due to it negatively affecting the inhibition of the

NF«kB pathway.

An important negative correlation has been detected between APM1 and leptin in obese
patients in that a decrease in APM1 results in an increase in leptin {Matsubara et al,,
2002). This is important as both these proteins have similar functions in enhancing the
breakdown of fatty acids (Yamauchi ef al., 2002; Unger et al., 1999). It is the view of the
author that this negative correlation may be necessary to ensure homeostasis of fatty acid
oxidation. This raises a dilemma when APM1 levels are decreased, and the leptin
receptors are non-functional, there is no prevention of triglyceride accumulation within
nonadipocytes. It will be necessary to screen patients with high adiposity to determine if
this interaction is significant in disease pathogenesis.

2.1.3 Clinical features of diabetes mellitus

DM presents with an array of characteristic symptoms. These include thirst, polyuria,
blurring of vision, fluctuations in weight, ketoacidosis and a non-ketotic hyperosmotic state
(WHO Consortium, 1999). These disorders are, however, often undiagnosed, thus
allowing the hyperglycaemia to cause various long term pathological and functional
changes such as progressive development of the complications of retinopathy resulting in
possible blindness, nephropathy which may result in renal failure, neuropathy, foot ulcers,
amputation, various autonomic dysfunctions as well as increased risk towards
cardiovascular as well as peripheral vascular and cerebrovascular complications (WHO
Consortium, 1999).

iIn DM the chronic hyperglycaemia generally results from the non-inhibition of
gluconeogenesis due to the absence of or resistance to insulin, thus causing osmotic
diuresis. This causes dehydration, which as stated previously, is one of the primary
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symptoms of these disorders. Higher levels of proteolysis within muscle produce greater
levels of glucogenic amino acids, increasing the concentration of plasma glucose, which in

turn aggravates the diuresis (Sonksen and Sonksen, 2000).

Lipolysis is responsible for an increase in the levels of glycerol and FFA. An increase in
the former causes hypertonicity in free flowing plasma. The FFAs as well as the ketogenic
amino acids are highly insoluble and are therefore transported to the liver. Enzymes within
this organ form ester bonds within the molecules to increase solubility, but in doing so the
level of ketoacids, e.g. 3-hydroxybutyric acid and acetoacetic acid, increases. Due to the
preferential use of ketoacids for energy production as opposed to glucose, the
concentration of these molecules increases in the cell. The hydrogen ion (pH) buffering
systems present in the circulatory system are not able to maintain physiological pH,
culminating in metabolic acidosis. This as well as the osmolar diuresis may induce coma

and possibly result in death if not treated (Sonksen and Sonksen, 2000).

Figure 2.4 represents the physiological consequences of a lack of insulin to a patient with
DM. The major consequence is the increase in alternate forms of energy production. The
end products of various processes undergo secondary breakdown by the primary
mechanisms thus increasing the overall effect that the absence of, or a decreased

sensitivity towards insulin, has on the patient.

Figure 2.4: Diagrammatic representation of the biochemical consequences of
insulin deficiency

Lack of
insulin

The solid arrows represent the primary breakdown products of the various mechanisms. The dashed arrows represent the secondary
breakdown products. Adapted from Sonksen and Sonksen {2000).



CLINICAL AND BIOCHEMICAL ASPECTS OF TYPE 2 DIABETES MELLITUS CHAPTER TWO

T2D, CAD and hypertension are associated with the hyperinsulinaemia caused by the
resistance towards this hormone (Reavan, 1988). These disorders are due to the effect
that insulin has on the FFA concentration. Insulin increases the preferential use of glucose
by the body (Brown et al., 1978) therefore resistance towards this hormone increases the
level of FFA, specifically very low density lipoprotein (VLDL) in the blood (Olefsky et al.,
1974). This is due to lipolysis being the alternative form of energy production when cellular
concentrations of insulin are low which, in the case of an affected individual, is caused due

to the cellular resistance towards the hormone (Thomas et al., 1979).

Increased blood pressure results due to the direct relationship between the ensuing
hypertension and the hyperinsulinaemia (Modan et al., 1985). Increased hypertension is in
turn an aggravating factor for CAD. A higher concentration of plasma triglycerides and the
decreased concentration of the HDL-C caused by increased insulin secretion are also
major aetiological agents (Reavan et al.,, 1967, Swislocki ef al., 1987). This results in the
formation of atherosclerotic plaques in the coronary artery thus culminating in its
dysfunction (Ducimetiere et al., 1980).

Another cause of hypertension, and eventually CAD, present in the diabetic patient is due
to the induction of atherosclerosis via increased levels of glycoxidation of low density
lipoprotein (glyc-ox LDL), which is due to the heightened glucose levels (Napoli ef al.,
2002). This molecule represses the expression of the enzyme nitric oxide synthase Il
(NOSIII via a cyclic guanosine monophosphate (¢cGMP)-dependent pathway. It has been
determined that glyc-ox LDL causes this repression via decreasing the binding affinity of
the transcription factors specific for the sterol responsive element within the 5' flanking
region of NOSIII. This reduction in transcription results in decreased levels of nitric oxide,
which is an important repressor of vascular smooth muscle cell proliferation (Napoli ef al.,
2002). It has been hypothesised by the authors that its absence induces proliferation of
these cells therefore decreasing the vasodilatory ability of the arterial tissue and inducing
hypertension.

214 Diagnosis of diabetes mellitus

Numerous conditions may result in the major symptom of hyperglycaemia therefore,
although this phenotype is easily recognisable, the diagnosis of DM as the cause is
complex. For this reason a single hyperglycaemic reading should never be used as a

definitive indication of diabetes in an asymptomatic individual. The diagnostic criteria of
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these disorders as well as the various methods by which these values are determined are
discussed below (WHO consortium, 1999).

The initial diagnosis is warranted due to the patients presenting with certain definitive
characteristics such as increased thirst and urine volume, recurrent infections, weight
deviations, drowsiness, coma or high urinary glucose levels. In symptomatic individuals
the diagnosis can be confirmed upon a single determination of high blood glucose
following a period of fasting. In an asymptomatic individual it is necessary to determine a
second reading following either a period of fasting or an oral glucose tolerance test
(OGTT). The threshold values for diagnosis as defined by the WHO consortium are
indicated in Table 2.2.

Table 2.2: Diagnostic criteria of the hyperglycaemic state

Hyperglycaemic state Fasting plasma glucose Whole blood glucose
impaired fasting glycaemia > 6.1 mmol.I" but < 7.0 mmol.I" | > 5.6 mmol.I" but < 6.1 mmot.I
impaired glucose tolerance < 7.0 mmol.I” <6.1 mmol.I”

diabetes mellitus > 7.0 mmol.I” > 6.1 mmol.I"

% = percent; < = less than; > = greater than. Adapted from the WHO Consortium (1999).

The criteria stipulated in Table 2.2 are utilised for the determination of the glycaemic state
of an individual. This is important because individuals with impaired fasting
hyperglycaemia or glucose tolerance may deteriorate to diabetes mellitus. Another method
by which these disorders may be diagnosed is in terms of the aetiology of the disease.
This has arisen from an improved understanding of the various causes responsible for
diabetes mellitus. This method allows for the classification of this group of disorders into
type 1 diabetes mellitus (T1D), T2D and a rather large encompassing sub class, referred
to as “other specific types of diabetes”.

2.1.4.1 Type 1 diabetes mellitus (T1D)

T1D most frequently affects the young and is due to the degradation of the
insulin-producing B cells found in the pancreas by autoantibodies (Bottazzo, 1984). It has
been determined that specific human leukocyte antigen (HLA) isoforms i.e. HLA-DR4 are
associated with this form of DM therefore suggesting a strong genetic aetiology (Congia
etal, 1998). However, in apparent disagreement with this, is the fact that upon
investigation of concordance of these disorders in monozygotic twins, greater levels of

discordance were determined to be present than would be expected if T1D were a
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monogenic disorder (Barnett ef al., 1981). This disparity may be due to T1D pathogenesis

being determined environmentally either via viral infection, stress or trauma.

2142  Type 2 diabetes mellitus (T2D)

T2D is a group of disorders caused by a resistance towards insulin, affecting circa (ca.)
5% of the general population (Polonsky ef al., 1996). The major sites of this resistance are
the peripheral tissues such as the muscles in the extremities (DeFronzo etf al.,, 1985).
Resistance to insulin may be due to both genetic abnormalities as well as metabolic

defects e.g. obesity.

It has been determined that in obese patients the level of plasma insulin and glucose,
produce an oscillating graph when plotted against time following nutrient intake after a
period of fasting, similar to that of normal weight patients discussed previously (Hansen
et al., 1982). However, obese patients have significantly higher concentrations of glucose
and insulin when compared to that of normal weight individuals (Bergman et al., 1981).
This has been determined to be due to the resistance toward insulin by the body resulting
in an increased level of this hormone in the plasma of the affected patient (Dohm ef al.,
1988). As the rate of glucose uptake is decreased by this insensitivity, the B cells in turn
must undergo hypersecretion so as to maintain the correct baiance in the body. This
hypersecretion is the major cause of the increased fasting plasma insulin levels detected
in individuals affected by T2D (Faber and Damsgaard, 1984). The hypersecretion
eventually resuits in the loss of these cells, as they are unable to maintain such high levels
of production for long periods (Kahn et al., 1993).

It was further determined that with respect to the mean insuiin level, the increase in the
amplitude of insulin secretion in response to a glucose challenge in obese patients, was
less than that of normal weight individuals (Hansen et al., 1982). It is more likely that this is
due to an increase in the basal insulin release caused by the hypersecretion of insulin
brought about by cellular resistance to the hormone, than a postprandial increase in the
release of insulin. Alternatively stated the release of insulin is increased under normal

circumstances, thus there is no significant increase in hormone release in response to
nutrient intake.

Insulin exacts its effects by increasing glucose transport into the cell and a simultaneous

decrease in hepatic glucose production (DeFronzo et al., 1989). In an insulin-resistant
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individual, hyperglycaemia occurs primarily due to the decreased uptake of glucose. In
adipocytes it has been determined that this is partly due to decreased mRNA and protein
levels of glucose transporters, while in skeletal muscle this is due to impaired transporter
export to the plasma membrane (Garvey ef al., 1992). Hepatic glucose production is also
not curbed, therefore aggravating the increased plasma glucose concentration. Although
the hepatic glucose production is not necessarily increased, its normoglycaemic pattern in

a patient with extremely high blocd glucose levels is aberrant.

2.1.4.2.1 The “‘thrifty phenotype” hypothesis

An important hypothesis with reference to T2D is that of the “thrifty phenotype” (Hales and
Barker, 1992). Data collected by these authors presented an increasing negative
correlation between birth weights and T2D. It has been hypothesised that due to an
insufficient intrauterine environment, foetal malnutrition ensues. There is thus induction of
the preferential utilisation of nutrients by the brain at the expense of various other
‘non-essential” organs, such as the pancreas. Improper development of the islets of
Langerhans ensues, thus leading to impaired glucose tolerance and insulin resistance
throughout the various tissues. The malnutritive state is maintained during foetal
development and postnatally as long as the individual remains undernourished. If the
individual is exposed to a normai or excessive diet, the impaired glucose tolerance
becomes exacerbated and leads to full blown T2D. As monozygotic twins share the same
intrauterine environment this hypothesis also provides an explanation for the high levels of
concordance, which have been determined with respect to T2D (Barnett ef al., 1981).

The hypothesis, however, does not negate the involvement of genetic susceptibility and
vice versa. Although it has been determined that individuals with low birth weights were
more inclined to develop T2D, it is not authoritative. The opposite of this argument i.e. that
individuals with normal to high birth weights develop T2D also holds (Hales et al., 1991;
Barker et al., 1990). It is therefore apparent that birth weight is not the only determining
factor in disease susceptibility and that understanding the heterogeneity of these disorders
is much more complex than previously hypothesised.

2.1.4.3 Other types of diabetes

Diabetes mellitus is an extremely complex group of disorders and thus there are various

forms which do not conform to the criteria of T1D or T2D. Thus these forms are collectively
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termed “other types of diabetes”. These include disorders due to genetic defects in § cell

function as well as genetic defects in insulin action.

2.1.4.3.1 Genetic defects of beta cell function

The role of the insulin secretion in the pathogenesis of these diseases is becoming more
apparent (Tattersall and Fajans, 1975). The more severe and earlier onset forms of
diabetes mellitus are due to an inability to produce this hormone correctly. Thus
investigations into the possible candidate genes involved in the correct functioning of
B cells has resulted in the elucidation of the genetic basis of the following forms of diabetes

mellitus.

2.1.4.3.1.1 Maturity onset diabetes of the youngq (MODY)

A specific form of T2D, known as maturity onset diabetes of the young (MODY), affects
children and adolescents, contrary to the normal pathogenesis followed by the various
other forms of T2D. It is inherited in an autosomal dominant mode (Tattersall and Fajans,
1975).

MODY locus 1 (MODY1) is due to alterations within the hepatocyte nuclear factor 4 alpha
(HNF40), gene as determined by the investigation of a German pedigree (Yamagata ef al.,
1996a). It was determined from the investigation of Yamagata et al. (1996a) that a specific
alteration termed glutamic acid (Glu) 268 stop codon (X) cosegregated with the MODY'1
phenotype and was absent from 108 control individuals (Yamagata et al., 1996a). Specific
alterations within the HNF4a gene as presented in Table 2.3, were investigated in order to
determine the possible mechanism by which these mutations caused MODY1 (Lausen
et al., 2000).

Table 2.3: Causative mutations within the hepatocyte nuclear factor 4a gene

Mutation type Location Mutation type Location L
Nonsense Arg154X Missense Asp276Glu
Nonsense Glu268X Missense Arg127Trp
Missense Val255Met - -

Arg = arginine; X = stop codon; Glu = glutamic acid; Val = valine; Met = methionine; Asp = aspartic acid; Trp = tryptophan.

Arg154X retained its DNA binding activity but due to its truncation lost its ability to

transactivate the reporter vector. The Glu268X mutation also was not able to transactivate
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the reporter vector but in this case it failed to bind the HNF4a binding sites upon nuclear
shift assay {Lausen et al.,, 2000). Previous analysis of this alteration indicated that it
resulted in the complete ablation of heterodimerisation and DNA binding ability (Stoffel and
Duncan, 1997). Furthermore there is also a downregulation in the expression of certain
genes involved in glucose transport and metabolism such as glucose transporter 2
(GLUT2), glyceraldehyde-3-phosphate dehydrogenase and liver pyruvate kinase. it was
hypothesised that this causes a defect in the glucose sensing mechanism within the § cell
(Stoffel and Duncan, 1997).

The missense mutations on the other hand presented with at least some transactivation
ability. Arg127Trp presented with a 50% decrease in its ability to transactivate the reporter
vector whereas the other two only presented with decreased transactivation at low levels
of the expression vector. This could indicate that the latter two alterations prevent the

effects that subtle expression of the HNF4a gene may exhibit (Lausen et al., 2000).

A second means by which genetic alterations could affect the pathogenesis of MODY was
uncovered upon investigation of a mutation present at a position upstream of the
hepatocyte nuclear factor 1 alpha (HNF1a) gene. It was determined that this alteration i.e.
a single nucleotide change at nuclectide position 58, resulted in an approximately 30-fold
decrease in the ability of wild-type HNF4a to activate the HNF1a promoter. This provides
evidence for the fact that alterations within the hepatocyte nuclear factor signalling
pathway are intimately involved in MODY progression (Lausen et al., 2000).

The origins of maturity onset diabetes of the young locus 3 (MODY3) were determined by
the screening of all genes within the region of chromosome 12q24.2, which had previously
been linked to this disorder, in various MODY3 pedigrees (Mahtani et al., 1996). Various
alterations within the HNF1a gene were determined to co-segregate with the MODY3
phenotype within the pedigrees as opposed to the various other genes screened within the
locus of interest. it was therefore hypothesised that the linkage to the MODY3 locus was
due to alterations within the HNF 1« gene (Yamagata ef al., 1996b). Analysis of the gene
encoding HNF1a in French Caucasian MODY3 families resulted in the identification of ten
mutations which co-segregate with the disease in specific families (Vaxillaire et al., 1997).
Of these ten only a single alteration had been detected in a prior investigation (Yamagata
et al., 1996b). The remaining nine mutations determined in the investigation by Vaxillaire

et al. (1997) were each only present in a single family. These variants may therefore not
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be important in susceptibility at the population level. Upon functional analyses, however it
was determined that mutations within the MODY?3 gene disrupt dimerisation of this protein
with itself thus preventing correct expression. These mutations cause disturbances within
the four-helix bundle of the dimerisation domain thus resulting in the loss of HNF 1o activity
(Hua et al., 2000).

In an investigation to determine whether HNF1a was unique, or if it was a member of a
family of homeodomain containing transcription factors, a second closely related TF known
as hepatocyte nuclear factor 18 (HNF1B) or maturity onset diabetes of the young locus 5
(MODY5) defined by Froguel and Velho (1999), was discovered. This protein was found to
form dimers with HNF-1« and it was further able to recognise similar binding sites (Bach
et al., 1991).

The phenotype of deletions or insertions within this gene seems to be different from the
standard MODY phenotype (Lindner et al., 1989). Screening of Norwegian MODY families
resulted in the determination of a deletion of the region encoding amino acid residue 137
to 161. It resulted in the deletion of a region involved in DNA binding specificity. Individuals
within this family harbouring this alteration present with diabetes mellitus as well as
non-diabetic nephropathy. Certain female members of the family harbouring the alteration
also had genital malformations. It was hypothesised that due to the fact that the
transactivation domain was still present within the mutated HNF1p it may be activating a
different group of genes thus causing the alteration in genital formation. Further studies
will, however, be required before this can be proven with any certainty (Lindner et af.,
1999).

Evidence for the involvement of the alteration within HNF 1B in disease phenotype i.e. the
inclusion of renal disease to the general MODY phenotype, was further determined upon
investigation of a group of 40 subjects with early onset diabetes mellitus. An insertion
mutation, detected in a single family, of a GG nucleotide at the codon encoding amino acid
residue 263 caused a frameshift mutation and was therefore named A263GG. The clinical
phenotype for individuals harbouring this mutation included diabetes mellitus as well as
some form of renal dysfunction. Genital malformations were not investigated, however, it is
unlikely that the authors would not have noted this if it had indeed been present in the
various affected individuals. It therefore gamers further evidence for the hypothesis that
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the transactivation domain can still be active following deletion, as in this example the

transactivation domain was ablated due to the frameshift (Nishigori ef al., 1998).

Analysis of mice deficient for neurogenin differentiation factor 1 (NEUROD1) also termed
maturity onset diabetes of the young locus 6 (MODY®6) resulted in the finding that this
protein is necessary for pancreatic islet morphogenesis thus its absence causes ablation
of the insulin secretory ability of the § cell (Naya et al.,, 1997). in the murine model of
insulin promoter factor 1 (IPF1) it was determined that ablation of this protein via a gene
knockout strategy similarly resulted in the complete absence of pancreas formation
(Jonsson ef al., 1994) thus indicating that this protein is integral to the correct development
of this organ. IPF-1 is furthermore a direct transactivator of insulin expression within
pancreatic § cells (Ohlsson etal, 1993) thus indicating a direct mechanism by which
mutations within IPF-1 or maturity onset diabetes of the young locus 4 (MODY4) as
defined by Froguel and Velho (1999) could result in decreased insulin secretion. The
expression of the protein itself in pancreatic cells is controlled by the binding of TF
hepatocyte nuclear factor 3 p (HNF3 B) as well as NEUROD1 (Sharma et al., 1997). It is
thus apparent that most of the genes involved in the various forms of MODY encode

transcription factors involved in the correct differentiation and functioning of B cells.

The interaction of these various transcription factors alludes to the reason why alterations
within the various encoding genes result in T2D. It is a fact that most of these factors act
via a similar pathway. HNF4a has an alternative promoter region at ca. 45 kb upstream of
the initiation site (Thomas et al., 2001), which is active mainly within B cells. Site directed
mutagenesis of a putative HNF 1o and B binding site within this promoter element resulted
in a decrease in transactivation following transfection analysis thus indicating that these TF
are integral in the correct activation of this element. It was further determined upon
mutation analysis that a T-146C alteration within this region, which cosegregated with
MODY, resulted in a three fold decrease in protein expression. Utilising double transfection
assays, as well as nuclear shift assays it was recognised that this alteration affected the
binding of IPF-1. Thus all three of these transcription factors are integral in the activation of
HNF4a expression within the B cell (Thomas ef a/., 2001).

The glucokinase gene or maturity onset diabetes of the young locus 2 (MODY2) was
located on chromosome 7p (Froguel et al., 1992). The protein glucokinase catalyses the
production of glucose-6-phosphate from the substrate glucose during the glycolytic
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pathway via ATP mediated phosphorylation. The aforementioned protein is only expressed
in the liver and pancreatic B cells (Matschinsky, 1990). It is assumed that this protein
controls glucose uptake in the liver and is involved in determination of the presence of
glucose and therefore regulation of insulin in the pancreas (Magnuson, 1980). Mutations
within glucokinase have been determined to generally cause down regulation of this
protein due to for example incorrect ribonucleic acid (RNA) splicing, nonsense and
missense mutations which have all been associated with the MODY phenotype (Froguel
et al., 1993).

2.1.4.3.1.2 Maternally inherited forms of type 2 diabetes mellitus (T2D)

T2D has a higher proportion of maternally inherited forms, hence it was necessary to
elucidate the basis of this skewed ratio (Alcolado and Alcolado, 1991; De Silva et al.,
2002). The first studies undertaken focussed on the mitochondrial (mt) genome, due to its
maternal mode of inheritance (Giles et al., 1980). It has been determined that various
genetic alterations within the mitochondrial genome are associated with T2D, from large
deletions (Ballinger et al., 1992) to single nucleotide mutations (van den Ouweland et al.,
1994).

As mitochondrial disorders are generally associated with mutations in the tRNAs, it was
reasoned that these genes would be most likely affected in mt T2D (Thomas et al., 1996).
Diabetes mellitus has been associated with the A3243G mutation within the mt tRNA
recognising the UUR codon to encode the amino acid leucine or tRNA"" V"R gene, which
in turn is associated with MELAS or mitochondrial encephalomyopathy, lactic acidosis and
stroke-like episodes (van den Ouweland ef al., 1994).

The actual mechanism involved in the pathology of this mutation is not fully understood. It
has been determined that the mutation causes a modification in the leucine incorporation
of mitochondrially encoded polypeptides (Flier! et al., 1997). This causes biochemical and
structural changes via the loss of the proton gradient due to the incorrect formation of the
complexes involved in mitochondrial respiration. In turn this results in dysfunction of the
oxidative phosphorylation (OXPHOS) system (Flierl etal., 1997). Another possible
mechanism may be due to the mutation being present in the middle of a tridecamer
sequence that is involved in the formation of the 3'-end of the 16 Svedberg units (S)
ribosomal unit that is located next to the tRNA'{YUR) gene (Christianson and Clayton,
1988). This results in the loss of termination of transcription of the 16S ribosomal RNA
subunit (16S rRNA) as described by Hess ef al. (1991). The clinical phenotype of this
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mutation is believed to be due to the inability to manufacture the exact type and amount of
the 165 rRNA, which affects the correct translation of the other gene products due to
incorrect ribosome formation (Hess ef al., 1991).

This mutation and its effect on B cells of the pancreas have been well investigated. It was
demonstrated that the cells contained decreased levels of cytochrome ¢ oxidase (COX),
which is a protein partly encoded by the mt genome. It is hypothesised that this induces
increased levels of hydroxyl radicals that result in dysfunction of the cell. This in turn
explains the loss of function of these pancreatic cells when insulin is hypersecreted in
response to the insulin insensitivity (Kobayashi et al., 1997).

This mutation was determined to be present in 1% of diabetic patients in various
non-African populations (Vionnet et al,, 1993). Few investigations have been undertaken
to determine the importance of this mutation in the African population and, to date, it has
yet to be detected in the African diabetic population (Olckers et al., 2001; Towers et al.,
2002).

2.1.4.3.2 Genetic defects in insulin action

In an investigation by Freidenberg et al. (1987) it was determined that the activity of the
insulin receptor was down regulated in patients with T2D. There are five major classes of
mutations that resuit in this decreased activity of the insulin receptor gene. The first group
includes mutations that result in impaired receptor biosynthesis (Taylor, 1992). These
include mutations that affect the transcription of the gene, mutations that cause premature
termination of the protein (Kadowaki ef al., 1990a), as well as mutations in cis-acting
elements that are involved in the regulation of transcription of this gene (Kadowaki et al.,
1990b). The second group consists of mutations that result in the defective transport of the
receptor to the plasma lemma (Kadowaki efal, 1991). This process is altered by
mutations affecting the post-transiational processing of this protein e.g. incorrect
assembly, incorrect cleavage of subunits, lack of O-glycosylation, acylation and terminal
processing. The third class of mutations resuit in increased degradation of the protein. The
fourth class affects the ability of insulin to bind to its receptor (Kadowaki et al., 1990c¢) and
the fifth class affects the tyrosine kinase function of the protein (Moller et al., 1991). All of
these mutations result in decreased sensitivity towards the hormone insulin and can cause
12D but to date have been mostly associated with such disorders as type A insulin

resistance (polycystic ovary syndrome) and acanthosis nigricans (Moller and Flier, 1988).
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215 Treatment of diabetes mellitus

The various major treatment strategies to counter the symptoms of diabetes mellitus are
briefly discussed in this section. It shall include the role of diet and physical activity
(Eriksson and Lindgéarde, 1991), followed by an overview of the various pharmaceutical
treatment regimens (Nolan et al., 1994). Although treatment of diabetes mellitus is quite
efficient, all of these strategies are long-term solutions. An understanding of the molecular
basis of these disorders will allow the development of pre-symptomatic and intervention

treatment modalities, that will prevent serious future complications.

One of the simplest methods of treatment, nutritional intervention (often including
increased activity) is also the most effective tool to regulate the pathogenesis of T2D
(Eriksson and Lindgarde, 1991). This form of therapy is generally utilised in tandem with a
pharmaceutical strategy. It reduces fasting plasma glucose and increases oxygen uptake,
which results in increased glucose regulation. This reduces the risk of individuals with
impaired glucose tolerance (IGT) deteriorating to a T2D phenotype. Individuals undergoing
such treatment are also more likely to present with a decrease in body weight, which is
associated with decreased triglyceride levels as well as decreased hypertension risk. The
Therapeutic Lifestyle Changes (TLC) diet as depicted in Table 2.4 is often implemented in
the treatment of the metabolic syndrome as a whole. Diet and physical exercise are
therefore important therapeutic tools in the treatment of not only T2D but also the various

associated complications (Eriksson and Lindgarde, 1991).

Table 2.4: Nutrient Composition of the Therapeutic Lifestyle Changes (TLC) Diet

Nutrient Recommended intake
Saturated fat > 7% of total calories
Polyunsaturated fat Up to 10% of total calories
Monounsaturated fat Up to 20% of total calories
Total fat 25-35% of total calories
Carbohydrate 50-60% of total calcries
Fibre 20-30 grams per day
Protein Approximately 15% of total calories
Cholesterol < 200 milligrams per day
Total calories Balance energy intake and expenditure to maintain desirable body
weight and prevent weight gain

% = percent, > = greater than; < = less than; Adapted from the Expert Panel on Detection, Evaluation and Treatment of High Blood
Cholesterol in Adults (2001).
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Another treatment of T2D is via the use of oral hypoglycaemic inducing agents. There are
two major families of drugs utilised in the treatment of these disorders. Sulphonylureas
cause down regulation of glucose by increasing insulin secretion and activity thus these
molecules are capable of inducing a hypogilycaemic state. To overcome this, fast acting

sulphonylureas are generally utilised (Knowler et al., 1995).

The second category of pharmaceuticals is the biguanides, which prevent absorption of
glucose by the intestine as well as increasing insulin action (Hother-Nielsen et al., 1989).
Biguanides and metformin in particular, are excellent therapeutic compounds to be utilised
in the treatment of obese patients affected by T2D. It has been determined that this
compound causes increased sensitivity to insulin within the peripheral systems but does
not affect hepatic sensitivity. It thus increases glucose uptake, but there is no concomitant
decrease in hepatic glucose production (Hother-Nielsen et al., 1989).

The pharmaceuticals that act against diabetes directly are mainly thiazolidinediones and
glucosidase inhibitors. The former increases the action of insulin (Nolan et al., 1994) while
the glucosidase inhibitors delay absorption of glucose and decrease FFA and glucose
concentrations.

Insulin treatment is the final means of treatment for type 1, and severe type 2 diabetics,
which, have become completely insulin-dependent and are no longer able to produce this
hormone autonomously (Scarlett ef al., 1982). It has been determined that the infusion of
extraneous insulin resuits in a significant decrease in plasma glucose levels and urinary
glucose excretion. This is due to the fact that upon infusion of insulin, the relative
concentration is extremely high thus overcoming the resistance that led to the onset of the
disorder in the latter case. As this is an exogenous source, the p cells are not affected thus

preventing further depletion (Scarlett ef a/., 1982).
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CHAPTER THREE

THE GENETIC ASPECTS OF TYPE TWO DIABETES
MELLITUS

Due to the extreme phenotypic variability of these disorders many researchers have
postulated that it was generally due to environmental causes such as obesity (Bergman
et al., 1981) or low birth weight (Hales ef al., 1991). It has however been determined that
T2D presents with high levels of concordance between monozygotic twins after a certain
age (Barnett et al., 1981). Another investigation between affected sib-pairs determined that
there is a great deal of similarity in the intra familial age of disease onset as compared to
interfamilial variation (Lev-Ran ef al., 2000). Thereafter, a certain threshold is attained at a

specific age and the disorder ensues.

Elucidation of the genetic component involved has resulted in the determination of various
genetic susceptibility loci which place an individual at greater risk of contracting one of
these disorders (Kadowaki efal, 1990a; Vestergaard efal, 1993). Thus it may be
hypothesised that patients with T2D do not necessarily have a monogenic cause but rather

various inherited loci, which generate susceptibility towards T2D.

3.1 CANDIDATE GENES FOR TYPE 2 DIABETES MELLITUS SUSCEPTIBILITY

Genetic investigation of complex disorders can be simplified by firstly, screening specific
genes known to be involved in the pathways responsible for disease pathogenesis. In
Chapter Two the various signalling pathways involved in insulin sensitivity and secretion
were discussed. Reference will be made to the associations determined between these
candidate genes and T2D. An overview of the most important genes is presented in
Section 6.1.

3.1.1 The insulin_receptor substrate 1 (IRS-1) gene

Murine Irs-1 was utilised to probe a human male placenta genomic library in order to
determine the gene encoding IRS-1, of which five clones presented with positive signals
(Stoffel etal., 1993). The gene itself was in turn localised via the polymerase chain
reaction (PCR) utilising primers derived from the positive clones, to amplify the gene from
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a human-hamster somatic cell hybrid panel. it was by this method that the gene was
localised to chromosome 2q. Further fluorescent in situ hybridisation (FISH) analyses
resulted in the localising of the gene to 2q35-q36.1 (Stoffel ef al., 1993). Eventually the
IRS-1 gene was localised to chromosome 2q36. This was determined through the
application of FISH (Nishiyama et al., 1994).

Determination of genetic alterations within this gene has resulted in humerous candidates
such as the glycine (Gly) 818 Arg and Ser892Gly mutations within the Finnish population
(Laakso et al., 1994), a Gly723del mutation in a single Italian patient (Esposito et al., 1996)
and a Gly972Arg mutation within the Danish (Almind et al., 1983) and Dutch ('t Hart et af,,
1999) populations. It has however only been the latter which has been determined to be
relevant to disease pathogenesis (Clausen et al., 1995; Baroni ef al., 1999; Porzio et al,
1999). This mutation was originally detected in a Danish case-control investigation into
possible variants within the IRS-1 gene that were associated with T2D, although the
alteration itself was not in association with this disease (Almind ef al., 1993).

Functional analysis of a Gly972Arg has resulted in the determination of a possible role in
increased T2D susceptibility (Almind et al., 1996). In an investigation of a cell line deficient
in IRS-1 and IRS-2 it was determined that transfection with a vector containing this mutant
ailele resulted in decreased DNA synthesis in comparison to the effect of the wild type.
Upon further analysis it was determined that this altered form resulted in a decrease in the
activation of the PI3K pathway via the impaired binding of the p85 regulatory subunit thus
preventing proper insulin signaliing. The cell line utilised did not express IRS-2, which may
have had a modulatory effect in vivo thus masking the effect of this alteration in patients.
The Gly972Arg mutation does however increase susceptibility via this mechanism but it is
incapable of causing T2D on its own (Almind et al., 1996).

Investigations into the insulin induced processes which are negatively affected by the
Gly972Arg alteration have led to the elucidation of effects at both the glucose transport
level as well as glycogen synthesis. Cell lines in which the mutant IRS-1 protein was over
expressed presented with decreased GLUT1 and GLUT4 transport to the plasma
membrane in comparison to cells over expressing the wild type. This was associated with
impaired glucose transport at both the basal and insulin induced levels. Furthermore
GSK-3 activity was increased in cells over expressing the variant allele, thus ensuring
repression of the glycogen synthase protein. In turn this results in resistance towards the
effect of insulin (Hribal ef a/., 2000).
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Possible association of this alteration with other symptoms of the metabolic syndrome was
investigated (Baroni et al., 1999). Individuals suffering from CAD were screened for this
alteration in comparison to a population-controlled cohort. It was determined that this
alteration was significantly associated with increased risk to CAD (p value <0.001).
Furthermore the association of this alteration with T2D was strengthened (p value < 0.01)
although this was not the major clinical factor upon which patients were selected. As CAD
and T2D are both major symptoms of the metabolic syndrome (Reavan, 1988) it is not
surprising that certain patients were affected by both CAD and T2D. Presence of the
variant allele was further associated with an approximately 60% increase in triglyceride
levels (p value< 0.001). As the major effect of this alteration would seem to be decreased
insulin sensitivity, due to impaired signalling, it is reasonable to assume that its association
with T2D, CAD and increased triglyceride levels is due to all three of these clinical factors
resulting from the metabolic syndrome which is induced by insulin resistance (Reavan,
1988).

An investigation of the Danish population (sample size or n = 380) resulted in the
determination of an important modulating effect with regard to this alteration (Clausen
et al., 1995). The alteration was present in 9% of the individuals screened. If the individual
harbouring the alteration was lean it was discovered that the individual presented with
similar ievels of insulin sensitivity as wild type lean allele carriers. Aiternatively if the
individual was obese it was calculated via multivariate analysis that both of these factors
congruently resulted in a significant 50% increase in insulin resistance (p value = 0.0008).
This is a simple yet effective example of the effect that environmental factors have on
predisposing genetic alleles.

As discussed previously in Section 2.1.1 decreased PI3K signalling would affect both the
sensitivity towards insulin as well as insulin secretion. A concomitant investigation
exploring the effect that this alteration has on f§ cells has determined that this is in fact the
case as there is a decrease in the insulin content of cells expressing this variant in
association with a decrease in p85 binding (Porzio et al.,, 1999). This alteration within
IRS-1 may therefore be more significant in the B cell response to insulin, if such factors as

its modulation by obesity are taken into consideration.

Evidence for this hypothesis was provided by a case-control analysis within the Danish
T2D population (Aimind et al., 1993). No significant association was detected between the
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alteration and T2D susceptibility however individuals harbouring the alteration did present
with lower levels of insulin and c-peptide but did not present with insulin resistance. The
absence of insulin resistance is possibly due to the fact that the overall body mass index
(BMI) of individuals harbouring the allele was 29 kilogram.metre’2 (kg.m?), indicating that
the individuals are overweight but not obese. It is possible that the Gly972Arg mutation
alters correct B cell signalling which does not result in T2D, unless an individual is obese
and therefore more likely to be insulin resistant. The effects that this mutation has upon
insulin signalling may have a confounding effect upon insulin sensitivity in association with
obesity. This resistance in a normal individual would result in increased insulin secretion to
ameliorate the effects (Bergman et al., 1981), but in an individual harbouring the mutation

there is a decreased sensing capability and thus no response to the resistance.

3.1.2 The insulin receptor substrate 2 (IRS-2) gene

The effect of environmental modifiers on the phenotypic expression of an alteration
associated with T2D was made evident in an investigation of an alteration in the IRS-2
gene. Via various association anailyses it was determined that the Gly to asparagine (Asn)
change at amino acid residue 1057 (Gly1057Asn) is associated with decreased T2D risk in
individuals with a BMI < 27 kg.m™ however in individuals who were overweight, the
alteration was associated with an increased risk in both the hetero- and homozygous
forms (Mammarella et al., 2000). It was hypothesised that the alteration may have an
effect on the ability of various regulatory elements to interact with the IRS-2 protein,
therefore preventing its down regulation. This increases the efficiency of the insulin-
signalling cascade in normal weight individuals, which in turn increases insulin sensitivity.
This effect may be reversed in obese individuals as various other regulatory elements
affecting IRS-2 signalling, are ftriggered via the increased activity of the various
adipocytokines brought about by increased fat mass in these individuals (Mammareila
et al., 2000).

That this effect was more likely to be due to a defect in the sensitivity towards insulin
rather than a deficit in insulin secretion was determined in 2001 by Fritsche efal. The
insulin secretory ability of B celis in a group of non diabetic individuals (n = 77) were
investigated under normal circumstances (i.e. via an OGTT) as well as under extreme
stress (i.e. via a hyperglycaemic clamp) in order to detect any latent abnormalities that
may be present. it was determined that § cell function was similar for carriers of the mutant

allele compared to the non-carriers. It therefore provides evidence, which indicates that the
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mechanism of action of this alteration is unlikely to be due to altered insulin secretion
(Fritsche ef al., 2001). It has been previously discussed that loss of the IRS-2 gene results
in deficiencies in both insulin sensitivity and secretion (Withers ef al., 1998; Etgen et al.,
1999). Therefore with regard to the effects of this alteration, it becomes plausible that
" different domains of the protein have different roles within the signalling pathway.
Therefore if one region is altered by mutation it may only affect certain signalling pathways

within the organism.

3.1.3 The _mitogen activated protein kinase 8-interacting protein 1 (MAPKS8IP1)
ene

The importance of mitogen activated protein kinase 8 interacting protein 1 (MAPKS8IP1) in
the pathogenesis of T2D became evident upon the repression of the translated product via
an antisense RNA strategy in an insulinoma f cell line. Both the expression of insulin and
GLUTZ were decreased upon expression of the antisense RNA, thus indicating a possible
mechanism by which alterations within this gene could result in increased susceptibility
(Waeber et al., 2000).

Large-scale sib pair analysis of 149 multiplex T2D families indicated that MAPKS8IP1 is not
a likely candidate for T2D susceptibility. A single family was however determined to
harbour a Ser to asparagine (Asn) alteration, Ser5SAsn, that segregated with T2D
(maximum logarithm of the odds score (LODmax) = 1.34; p value = 0.005), which upon
functional analysis was determined to be less efficient at preventing c-Jun amino terminal
kinase from repressing insulin expression. Furthermore, upon co-expression of the
mutated MAPK8IP1 with MEKK1 it was determined that the mutated protein was less
effective at preventing MEKK1-induced apoptosis (Waeber ef al., 2000). This indicates that
there are two possible mechanisms by which alterations in this gene can result in impaired

insulin secretion and therefore greater T2D susceptibility.

3.1.4 The protein phosphatase 1 regulatory subunit 2 {PPP1R2) gene

In 1976, Huang and Glinsmann discovered two inhibitors of protein phosphatases in
rabbits, one of which also seemed to inhibit glycogen synthase phosphatase ability. This
protein was termed inhibitor-2. Utilising a yeast two-hybrid system it was possible to
determine the human form of the complementary DNA (cDNA) encoding this protein. Upon
determination of the protein it was expressed in Escherichia cofiform (E. coli), purified and

demonstrated to repress PP1 (Helps et al., 1994).
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Utilising this sequence information it was possible for Permana and Mott (1997) to localise
the protein phosphatase 1 regulatory subunit 2 (PPP1R2) gene to chromosome 3q29. This
was achieved by screening a human foreskin fibroblast genomic library utilising primers
specifically designed for the 3’-noncoding region of the PPP1R2 gene. The relevant clones
were utilised to develop a FISH assay, which in turn allowed for the identification of the
chromosomal locus. The sequencing strategy utilised to elucidate the exons as well as the
intronic boundaries was applied to two cohorts consisting of insulin sensitive and insulin
resistant Pima Native Americans respectively. No alterations within the coding region
were, however, detected (Permana and Mott, 1997). Future studies should include the

intronic regions as well as the screening of different populations.

3.1.5 The protein phosphatase 1 requlatory subunit 3A (PPP1R3A) gene

The protein phosphatase 1 regulatory subunit 3A (PPP1R3A) gene which encodes the
glycogen bound subunit of PP1 was determined upon screening a human skeletal muscle
cDNA library utilising the rabbit cDNA sequence as a probe (Chen etal, 1994).
Subsequent to the identification of the human cDNA of the gene, a single strand
conformation polymorphism (SSCP) strategy was utilised to screen a Caucasian control
and diabetic cohort for alterations. A single patient who concomitantly presented with low
levels of nonoxidative glucose metabolism (glycogen synthesis) harboured a C2792A
substitution as determined upon sequence analysis of the variant SSCP profile that was
detected. This alteration causes an alanine (Ala) 931Glu substitution in the protein. No
other variant SSCP profiles were detected for either the patient or control cohort.
Furthermore, quantification of mRNA levels of this gene indicated that there was no
difference between the subset of control and affected individuals investigated (Chen et al.,
1994).

Analysis of a native Canadian population known as the Qji-Cree elucidated the presence
of a 5 base pair (bp) insertion/deletion mutation within the mRNA stabilising AU(AT)-rich
element of the 3'-untranslated region of the PPP1R3A gene. The homozygous deleted
allelic combination was significantly associated with lower levels of glucose at 120 minutes
following a glucose challenge in T2D and !GT individuals but was not associated with T2D,
IGT or any other clinical factor tested. It is necessary that larger samples be analysed in a
future study, as the frequency of homozygotes were low and the obtained p-value was
only marginally significant (Hegele ef al., 1998).
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Few investigations address the interplay between various biological molecules, however
the relevance of this type of interaction is of vital importance to biological systems where
an interconnected web of metabolic pathways are continuously being synchronised. In an
investigation by Savage ef al. (2002) a family with severe impaired insulin action had
various candidate genes screened and mutations were determined in two seemingly
unrelated genes, specifically PPARy and PPP1R3A. Compound heterozygotes for these
alterations presented with severe insulin resistance, acanthosis nigricans and variably with
T2D, dyslipidaemia or hypertension. Heterozygotes and homozygous wild type individuals
presented with normal insulin action, however one heterozygous individual harbouring the
mutation within the PPP1R3A gene presented with acanthosis nigricans and severe
obesity (Savage et al., 2002).

It has been determined that the mutation within PPARy causes truncation of the protein,
thus preventing it from recognising its specific nucleic acid element. This may result in an
increase in the preferential utilisation of fatty acids over glucose as an energy source.
Alternatively, the mutation within the PPP1R3A gene causes loss of localisation of the
protein to the sarcoplasmic reticulum thus preventing the activation of glycogen synthase.
The cumulative effects of these alterations induce the insulin resistant phenotype, leading
to the severe hyperinsulinaemia (Savage et al., 2002).

3.1.6 The glycogen synthase (GYS1) gene

Glycogen synthase (GYS1) is another candidate gene associated with T2D (Vestergaard
ef al., 1993). It is important in the production of glycogen in mammalian skeletal muscle as
stated previously in Section 2.1.1 (Dent et al,, 1990). There are two pathways by which
this protein can cause T2D. Firstly, if there is a mutation that prevents dephosphorylation,
the protein will not be able to maintain a high enough level of glycogen synthesis, resulting
in an accumulation of glucose. The second possible mechanism may be a mutation in the
insulin receptor gene, which results in the cellular kinases and phosphatases not being
activated and thereby preventing increased glycogen synthesis and decreased glucose
levels (Vaag et al., 1992). This defect is placed in context within Figure 6.2.

The gene encoding this protein was localised to chromosome 19 via screening of a
human-hamster somatic cell hybrid panel (Groop et al., 1993). Furthermore an alteration
termed T1668C was significantly associated with T2D (p value < 0.001) in the Finnish
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population as well as an increased susceptibility toward hypertension in both the diabetic
(p value = 0.008) and control (p value = 0.013) cohorts (Groop etfal., 1993). Upon
investigation of glucose metabolism it was determined that synthesis of glycogen was
severely affected within individuals harbouring the variant allele in both the heterozygous
and homozygous form. There is however no concomitant decrease in the expression of
the protein in skeletal muscle thus indicating that the effect may be at the level of protein
function. This is not necessarily due to the alteration itself as it may merely be in linkage
disequilibrium with the causative genetic alteration (Groop et al., 1993). In contrast to this
investigation a similar analysis of a French T2D population resulted in the determination
that the variant allele was lower in patients than in control individuals (Zouali ef af, 1993).
This seeming inconsistency may be due to possible variations in genetic susceptibility
between the two populations, albeit that both share similar origins. A more likely
explanation is that the individuals investigated in the French population were specified as
multiplex families. It is therefore possible that these patients present with MODY as wel! as
T2D. As the pathogenesis within MODY is at the level of insulin secretion (Ohlsson et al.,
1993}, it is unlikely that this form of the disorder is associated with an alteration which
affects insulin sensitivity e.g. the variant allele within the glycogen synthase gene. Further

investigation is required before the definitive mechanism can be delineated.

Microsatellite analysis of chromosome 19q in a diabetic and a control cohort of the Pima
Native American population resulted in the determination that certain genotypes of the
GYS1 specific marker produced were significantly associated with T2D (Majer et al,
1996). Upon analysis of the various alleles it was determined that only three were common
in the cohorts investigated namely alleles 5, 6 and 7, with allele sizes of 88, 86 and 84
base pairs respectively. In addition these three alleles were determined to be in
association with the disorder upon chi-square (x?) analysis. The gene itself however did
not harbour any alterations, which were associated with disease risk although it may be
that the genetic lesion was present within the promoter region of this gene, which was not
investigated. Levels of mRNA were no different between the diabetic and non-diabetic
individuals investigated as well as the fractional activity of the enzyme at basal levels. it
was however determined that there was a 25% decrease in protein content in diabetic
individuals upon western blot analysis. It was hypothesised that this was due to a possible
post-translational effect, which alters the epitope so as not to be recognised by the
antibody utilised. This effect may be decreased in diabetic individuals (Majer et al., 1998).
There was however no investigation into the mRNA, protein and fractional activity of this
protein in response to insulin. Thus it cannot be excluded that the 25% decrease in protein
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content is actually present within diabetic individuals, but at basal levels there is sufficient
enzymatic activity. Upon insulin treatment, the level of protein is too low to attain the

activity levels of unaffected individuals and thus hyperglycaemia ensues.

An investigation into monozygotic twins discordant for T2D resulted in identifying that the
activity of glycogen synthase in response to insulin is severely decreased within the
diabetic twin (Huang ef al., 2000). Further analysis of expression indicated that levels of
glycogen synthase mRNA were decreased in diabetic individuals in response to insulin
stimulation as compared to unaffected individuals. It was therefore hypothesised that the
defect in glycogen synthesis was a secondary effect of the lesion causing insulin
resistance, instead of an actual genetic defect within the gene itself (Huang et al., 2000).
The choice of subjects, i.e. the utilisation of monozygotic twins discordant for the diseased
phenotype, would bias this observation towards acquired effects over heritable effects as
the phenotype would thus be due to environmental factors instead of genetic susceptibility.

31.7 The glycogen synthase kinase-3 alpha (GSK-3a) gene

Human-hamster somatic hybrid cell panels were utilised in order to localise the gene
encoding glycogen synthase kinase-3 alpha (GSK-3a) to chromosome 19. The gene was
further localised to chromosome 19q13.1-q13.2. Molecular screening of the coding regions
of this gene via SSCP analysis of 98 T2D patients and 12 healthy controls resulted in the
determination of two silent mutations each in a single individual. It was therefore deemed
unlikely that either alteration had a large effect on disease susceptibility. The intronic and
promoter regions were not investigated and may harbour alleles, which increase T2D risk
(Hansen et al., 1997).

3.1.8 The Obese (ob) gene

The Obese (ob) gene, which encodes leptin, has been localised to human chromosome
7931.3 through FISH analysis. Via a positional cloning approach it was determined that the
gene itself was ca. 20 kilobases (kb) in length and consisted of three exons separated by
two introns. Further analyses decreased this length to ca. 18 kb, which in turn was
determined to encode a 3.5 kb mRNA fragment (Gong et al., 1996). The 5'-untranslated
region of the gene harboured a general TATA promoter element as well as binding sites
for various cis-acting elements e.g. CCAAT enhancer binding protein (C/EBP) binding site
(Isse et al., 1995). Transfection assays led to the determination that the human promoter is
active in differentiated murine adipocytes (Gong et al., 1996).
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3.1.9 The leptin receptor (LEPR) gene

Via the use of human-hamster somatic hybrids it was determined that the gene encoding
the leptin receptor was localised to chromosome 1. Scanning a yeast artificial
chromosome (YAC) library via PCR analysis resulted in the localisation of this gene to
chromosome 1p31 {Winick et al., 1996).

The leptin receptor has been identified to be important in the pathogenesis of T2D and, to
date, its role has not been defined. Important mutations in this gene include both nonsense
mutations as well as mutations affecting the correct splicing of this protein. Two major
mutations under investigation are A861G and G2161C (Chung ef al., 1997). The former is
located in exon 4 and results in a Glu223Arg which is a neutral amino acid replaced by a
positive amino acid, while the latter is responsible for a lysine to an asparagine change
which is a replacement of a positive amino acid to a neutral amino acid. The exact
mechanism of action whereby disease is caused by these mutations has not been
determined but preliminary studies have allowed for the determination that the above
mutations are involved in obesity and hence T2D (Chung et al., 1897).

3.1.10 The fatty acid binding protein 2 (FABP2) gene

Insulin sensitivity is highly relevant to T2D pathogenesis (Reavan, 1988). It is thus
necessary to identify loci involved in affecting insulin action to elucidate putative
susceptibility loci. A significant association was determined upon sib-pair analyses within a
Pima Native American cohort (Prochazka etal, 1993). Insulin action at maximal
stimulating insulin concentrations was significantly linked (p value = 0.0008) to a genetic
marker at the fatty acid binding protein 2 (FABP2) locus (Prochazka ef al., 1993). The
locus harbouring the FABPZ2 gene was thus likely to be a candidate for T2D risk.

Molecular investigation of this gene resulted in elucidation of the Ala54Thr alteration within
the Pima Native American cohort (Baier et al., 1895). Comparison of the homozygous
carriers of the wild type allele and the homozygous and heterozygous carriers of the
mutant allele collectively resulted in the determination that individuals harbouring the
mutant allele presented with a significantly higher mean two-hour plasma insulin
concentration (p value <0.04). In a subset, separate from these individuals, it was

determined the mutant allele is significantly associated with lower levels of insulin
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stimulated glucose uptake as well as increased fatty acid oxidation. It was further
determined by Baier et al. that the mutation was associated with an increased affinity of
FABP2 towards fatty acids therefore ensuring the preferential uptake of these molecules.
Chronically increased levels of fatty acids in turn result in increased triglyceride
accumulation within various non-adipocytes such as B cells and myocytes (Unger et al.,
1999). Although this mutation has been associated with numerous clinical factors involved
in insulin resistance, it was however not associated to T2D within the Pima Native

American cohort investigated.

The Ala54Thr mutation was also investigated within a Native Canadian population (Hegele
etal., 1996) where harbouring the mutant allele was significantly associated with
increased BMI (p value = 0.012), increased % body fat (p value = 0.019) and increased
plasma trigiycerides (p value = 0.012). The allele was however neither associated with
T2D disease risk or hyperinsulinaemia as it was in the Pima Native Americans. It was
determined that the Canadian cohort investigated was on average five years older than the
Pima cohort. It is thus possible that the increased insulin secretion induced by the
Ala54Thr mutation in the Pima Native Americans could no longer be maintained in the
older native Canadian cohort, due to p cell loss caused by the over-secretion (Hegele
et al., 1996).

Further association of the mutant allele with increased plasma triglycerides was reported in
diabetic Caucasians (Georgopoulos et al., 2000). Patients harbouring the mutant allele
presented with significantly higher fasting levels of plasma triglycerides for heterozygotes
(p value = 0.0007) and for the mutant allele homozygotes (p value < 0.000007). Upon
comparison of a subset of these patients, one group harbouring the wild type allele and
another harbouring the mutant allele, it was determined that following a high fat meal the
patients harbouring the mutant allele had significantly increased (p value = 0.025) levels of

plasma triglycerides {(Georgopoulos ef al., 2000)

It therefore may be hypothesised that although not directly responsible for inducing T2D,
variation at this locus does however mitigate the pathogenesis of the disease. The
increased levels of plasma triglycerides (Georgopoulos et al., 2000) and the concomitant
obesity (Hegele et al, 1996) are both known risk factors for CAD, which is the lethal
counterpart to T2D (Reavan, 1988). Thus the FABP2 locus, although not necessarily

important in causing T2D, is indeed relevant to disease progression.
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3.1.11 The tumour necrosis factor alpha {TNFa) gene

Analysis of a native Canadian population with regard to possible relationships between
TNFa and various physiological and anthropometric variables resulted in the determination
of an association between circulating levels of this cytokine and insulin resistance. It was
furthermore determined that high levels of TNFa were linked to increased systolic blood

pressure (Zinman et al., 1999).

Mutations affecting the expression level of TNFo are associated with T2D via the
aforementioned mechanism (Hotamisligil and Spiegelman, 1994) as presented in Section
2.1.2.2. An example of this is the alteration termed G-308A, which results in increased
expression of the cytokine consequently causing insulin resistance and greater BMI in
patients harbouring the alteration. This has been hypothesised to be due to the elevated
leptin levels caused by the aforementioned mutated protein (Fernandez-Real ef al., 1997).

3.1.12 The interleukin-6 (IL6) gene

The association of TNFa to insulin resistance has led to the investigation of the
association of other cytokines to this pathogenic state. It was elucidated that interleukin-6
(ILB) levels were increased in the plasma of individuals with T2D (Bastard et al., 2002). It
was furthermore determined that this increase was not due to increased cytokine
production via the immune system (Pickup et al., 2000), but as the levels of IL6 were
significantly associated with BMI (p value < 0.01) it was hypothesised that the major
source of this increase was due to increased expression in adipocytes (Bastard et al.,
2002). Further analysis allowed for the determination that the IL6 content of adipocytes are
inversely proportional to insulin stimulated glucose uptake both in vivo as well as within the
adipocytes themseives.

Analysis of an insulin-resistant murine model allowed for the discovery that upon insulin
stimulation, a marked increase in IL6 expression could be distinguished in skeletal muscle
in comparison to control individuals (Carey ef al., 2003). It is therefore possible that the

increased plasma IL6 levels originate in both these tissues in insulin resistant individuals.

In an investigation by Stephens et al. (2004) of a promoter SNP within the 1L6 gene termed
G-174C, it was discovered that diabetics harbouring the variant allele in either the
heterozygotic or homozygotic form were significantly more obese (p value = 0.05) as
compared to non-carriers. This alteration has also previously been associated with
increased blood pressure and CAD in individuals harbouring the heterozygous form
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(Humphries et al., 2001). The association to obesity was however not maintained upon
investigation of a group of non-diabetic controls. Upon comparison of the two groups it was
determined that there were more homozygotes for the variant allele present within the
non-diabetic group. The apparent lack of homozygotes in the diabetic cohort lead
Stephens et al. to hypothesise that diabetic individuals harbouring this genotype had a
higher level of fatality, as the CAD risk imparted due to insulin resistance (Reavan, 1988)
was increased in these individuals due to the effects of the alteration as discussed by
Humphries et al. (2001). Future analyses of the mechanism by which this alteration
increases disease risk are required to elucidate the underlying pathway in CAD and T2D

risk.

3.1.13 The hepatocyte nuclear factor 4 aipha (HNF4a) gene

HNF4c. was localised to chromosome 20912-gq13.1 via linkage analysis and in sifu
hybridisation (Argyrokastritis et al., 1997). It was originally described with reference to
MODY susceptibility however it is becoming apparent that this gene harbours alterations
which may be involved in increased risk towards T2D. An investigation into a group of 19
French Caucasian late-onset T2D families resulted in the determination of three intronic
alterations and a single alteration within the coding region of a specific family termed
Val393 isoleucine (lle). It was found to segregate with the disease and was nominally
associated (p value = 0.043) with a decrease in insulin secretory function in family
members that harboured the alteration but not the disease. Upon analysis of the
transactivation ability of this mutated TF it was discovered that this activity was decreased
by at least 50%. However due to the fact that this alteration was determined in a single
family it is unlikely that it is a significant risk factor in T2D unless it is subsequently also
found in other families (Hani et af., 1998). As will be discussed, intronic sequences may be
important in T2D disease susceptibility (Horikawa et al., 2000) and therefore it may be
possible that the intronic variants determined in the investigation by Hani ef al. may
harbour genetic risk.

3.1.14  The hepatocyte nuclear factor 1 alpha (HNF1a) gene

The human HNF1a gene was localised to chromosome 12 through the utilisation of
hamster-human somatic cell hybrids (Kuo et al., 1990). The map position of this locus was
refined to chromosome 12q22-terminal region (ter) via hybrid mapping (Kuo et al., 1990).
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Numerous mutations within this gene have been associated with MODY3 (Yamagata
et al., 1996b; Vaxillaire etal, 1997), however it has also been associated with T2D
(Hegele et al., 1999). Upon screening of the HNF1a gene within the Oji-Cree aboriginal
Canadians (Hegele et a/., 1999) the Gly319Ser alteration was detected and presented with
significant association to T2D (p value = 0.000001). Upon odds ratio (OR) analysis it was
determined that homozygotes of the mutant allele had a value of 4 (95% confidence
interval (Cl) 2.64-6.03) indicating an increased risk for T2D when harbouring this allele.
Further analysis however indicated a significant association between earlier age of onset
and the presence of the variant allele (pvalue=0.009 for heterozygotes and
p value = 0.001 for homozygotes of the variant allele). BMI was also lower in individuals
harbouring the mutant allele, in either the heterozygous (p value = 0.058) or homozygous
forms (p value = 0.017). Thus, although not MODY, this alteration may cause a different
form of early onset T2D (Hegele ef al.,, 1999). As this alteration was only found in the
Oji-Cree cohorts investigated it may represent a population specific risk factor that requires

further elucidation of its mechanism of action.

Analysis of transcriptional activity of the HNF 1« protein harbouring the Gly319Ser mutation
allowed for the elucidation of the possible mechanism of action (Triggs-Raine et al., 2002).
It was determined that the presence of the mutant allele resulted in a 54% decrease in
transcriptional activity (p value < 0.0001). This decrease was however not due to impaired
DNA binding or dimer stability and therefore it was postulated that this effect was due to
decreased transcription following DNA binding. it was further hypothesised that individuals
harbouring this allele had compromised insulin secretion, which was possibly aggravated
by the effects of obesity or other T2D susceptibility loci thus, placing the patients at an
increased risk of developing the early onset form of T2D associated with this mutation in
the Qji-Cree (Triggs-Raine et al., 2002).

3.1.15 The hepatocyte nuclear factor 1 heta (HNF1B) gene

The gene encoding HNF13 was localised to chromosome 17q via the screening of a
human-rodent somatic cell hybridisation panel utilising PCR (Abbott ef al., 1990). This

locus was further refined via in situ hybridisation to chromosome 17911.2-g21.1 (Bach
et al., 1991).

An investigation of a Japanese patient population resulted in the determination of two
alterations possibly involved in diabetic susceptibility (Furuta ef al., 2002). The first was
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only observed in a single patient but upon functional analysis it was determined that this
mutation (Arg276X) resulted in the complete ablation of HNF1B transactivation activity.
This alteration was, however, detected in an individual who had been misdiagnosed with
T2D but was actually suffering from MODYS5, as was determined by low insulin secretory
ability, diminutive kidneys and an age of onset of 13 years. The second alteration
(Serd65Arg) was detected in two late onset T2D patients both of whom did not harbour
any form of renal disease. Upon testing the mutated protein’s transactivation ability, it was
determined to be 88% of that of the wild type form (Furuta et al., 2002). Thus it is possible
that alterations within the HNF1B gene can result in MODY or T2D depending on the

severity of the mutational effect.

3.1.16 The insulin promoter factor 1 {IPF-1) gene

IPF-1 was localised to chromosome 13q via the use of human/rodent somatic cell hybrids
and was further defined to be present on 13q12.1 via the application of FISH analysis
(Stoffel et al., 1995). As this gene was determined to be involved in susceptibility to MODY
(Ohisson et al., 1993) it became an important candidate for T2D susceptibility.

It was determined by Macfarlane et al. in 1999 that depending on the severity of the
mutation, it is possible for an individual to present with MODY or T2D. This was achieved
by first screening the IPF-1 gene in individuals suffering from MODY, who had the various
other MODY genes previously excluded, in order to determine possible alterations. In turn
diabetic patients were screened to determine if the various alterations were present. The
authors discovered three missense mutations namely a cysteine (Cys) 18 Arg, an
Asp76Asn and an Arg197 histidine (His). All three mutations were present in affected
individuals although this was not significant due to the relative rarity of the risk alleles. A
relative risk of 3.0 (range: 1.0 - 9.2; p value = 0.04) was determined by Macfarlane et al.
upon odds ratio analysis of the T2D probands. To determine if the mutations resulted in a
decrease in functionality, each was compared to normal IPF-1 with regard to three specific
abilities. The first was the ability to translocate to the nucleus within the B cell, in a
phosphorylation dependent manner upon glucose stimulus. It was determined that this
was unaffected by the various mutations. Secondly, the binding activity to the insulin
promoter was investigated and it was determined that the Cys18Arg, Asp76Asn and
Arg197His mutations resulted in a decrease in this activity with the greatest effect being in
the case of the Arg197His mutation. The final functional test was undertaken in order to

determine if there was any variation of insulin gene transcription in response to the various
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mutations. It was determined that similarly to the binding ability, this activity was also
decreased with the largest decrease in the case of the Arg197His mutation. The increased
effect of the Arg197His mutation is possibly due to the fact that it is present within the
DNA-binding domain of IPF-1 (Macfarlane et al, 1999). It is evident from the various
functional and association studies that these missense mutations definitely increase
susceptibility to T2D. However, their rarity implies that they are not major contributors to

the genetic aetiology of this disorder.

Further analyses allowed for the recognition of two more mutations, which could have
been responsible for causing T2D, within the French Caucasian population namely a
substitution of a glutamine (GIn) 59 leucine (Leu) as well as an insertion of a proline
encoding codon at nucleotide position 243 (insCCG243). The Asp76Asn was also
detected in this investigation (Hani etal, 1999). Upon association analyses via a
case-control investigation it was elucidated that Asp76Asn was associated with T2D
(relative risk = 12.9). Upon comparison of the OGTT of individuals harbouring the
Asp76Asn mutation to that of normoglycaemic individuals, it was discovered that the
mutation carriers had significantly lower insulin levels in response to the glucose
challenge. The GIn57Leu mutation was deemed to have an additive effect on T2D risk
although it was rather rare within the population investigated. The insCCG243 mutation
however was linked to a seemingly autosomal dominant form of late onset T2D, and
induced a progressive decline in insulin secretion. It is therefore unlikely that it is involved
in the polygenic aetiology of T2D (Hani et al., 1999). IPF-1 may be an important additive

locus in T2D susceptibility interacting with the cumulative effect of insulin resistance.

3.1.17 The glucokinase gene

As stated in Section 2.1.4.3.1.1 the glucokinase gene was localised to chromosome 7p
(Froguel et al., 1992). It has been determined to consist of twelve exons as elucidated via
sequence determination of four clones, identified through screening of a human placental
genomic library, utilising labelled cDNA of the human glucokinase gene (Stoffel etf al,
1992).

Although described with reference to MODY2 this gene has also been hypothesised to be
involved in susceptibility to T2D (Froguel et al., 1992). This is due to the central role that
the protein product has in glucose sensing (Matschinsky, 1990). Investigation of this gene
as a possible candidate has resulted in the elucidation of various alterations associated
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with T2D risk. Investigation of the genotype distribution at the G-258A locus in a
normoglycaemic Asian Indian cohort allowed for the determination that harbouring the A
allele decreased the sensitivity of the liver towards insulin (Chiu et al., 2000). The function
of the B cells in individuals with the A allele was however upregulated, therefore masking
this decreased hepatic sensitivity (Chiu ef al., 2000). This is an excellent example of the
pathway by which an underlying deficiency can result in greater susceptibility to T2D, as
the hyperinsulinaemia generated by the p cells will eventually result in the faster

degradation of these cells.

A second promoter polymorphism termed G-30A was examined via a case-control study
for CAD (Nauck et al., 2003). The A allele was associated with increased risk towards
CAD (OR 1.34, 95% Cl 1.12-1.60) as well as T2D (OR 1.20, 95%Cl 1.03-1.40). Individuals
harbouring the mutant allele also presented with significantly increased plasma glucose
levels during an OGTT with a p-value of 0.002 at fasting and a p-value of 0.017 at 120
minutes, This was most likely due to the decreased B cell function associated with this
allele (p-value = 0.012). Thus it is important to not only screen for exonic variants in
investigating T2D susceptibility as intronic alterations, as well as extragenic factors, can
also modulate disease risk.

3.1.18 The ras associated with diabetes (rad) gene

The ras associated with diabetes (rad) gene was localised to chromosome 1622 through
the utilisation of FISH analysis (Doria et al., 1995). The utilisation of restriction fragment
melting polymorphism (RFMP) via denaturing gradient gel electrophoresis (DGGE)
allowed for the elucidation of a RFMP encompassing the rad locus termed RAD1, a RFMP
with 10 allelic forms generated from variable GTT and ATT repeating sequences (Doria
et al., 1995). The various allele compositions are presented in Table 3.1.

A controi cohort (n=133) and a diabetic cohort (n=210) were screened at this locus
wherein one specific allele (allele 8) was present at >80% within both groups (Doria ef al.,
1995). It was however determined that certain minor alleles were present at a greater
frequency within the T2D patients. Upon pooling of alleles 1, 2, 5, 6 and 9 and comparison
of this group with the remaining five allele types utilising Xz analyses, it was determined
that the minor alleles within the pooled group were significantly associated with disease
risk (p value < 0.025). The alleles were pooled into four classes as indicated in the final
column of Table 3.1 according to the GTT repeats followed by the number of ATT repeats.
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Utilising this classification it was determined that Class |, [l and IV were significantly more
prevalent in T2D individuals (p value < 0.001).

Table 3.1: Composition of alleles present at the RAD1 locus within the rad gene

e [ orm, | arm, | Mmberof [ cias | At T, [ . [ M of | e
1 5 14 19 | 6 6 8 14 Il
2 5 13 18 I 7 5 8 13 I
3 5 12 17 1 8 5 7 12 I
4 6 10 16 il 9 5 B 1" H
5 6 9 15 Il 10 4 5 9 v

Adapted from Doria ef al. (1995).

This investigation by Doria ef al. was undertaken in Caucasian Americans, however, it was
necessary to determine if a similar pattern was present within other Caucasian
populations. Orho ef al. (1996) thus screened a Finnish diabetic (n=290) and a control
cohort (n=270) for the allele distribution at this locus. Similar to the investigation by Doria
et al. (1995) allele 8 was present in ca. 80 % of the cohorts investigated, however no
significant association could be detected for any of the other alleles. Upon comparison of
the classes as previously defined no significant association was determined within the
cohorts investigated (Orho et al., 1996). This locus is thus an excellent example of
possible population specific effects of susceptibility loci.

3.2 MURINE MODELS OF TYPE 2 DIABETES MELLITUS

Another useful strategy in the elucidation of risk loci in T2D is the use of animal models,
specffically rodents. Various murine knock out strategies have been used to generate
models of specific monogenic forms of T2D (Kido et al., 2000). In addition, naturally
occurring forms of the disease within rodents also indicate towards possible loci of
importance (Maffei ef al., 1995).

3.2.1 Obesel/obese

Upon analysis of the genomic organisation of the obese gene in mice it was determined
that, similar to the human gene, it consists of three exons and two introns (He et al., 1995).
The murine gene furthermore harbours an alternate exon within the first intron, which
through alternative splicing is present within ca. 5% of mRNA transcripts within adipose
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tissue. The promoter region harbours a TATA binding element and is able to bind C/EBP
as was predicted in the human sequence (He et al., 1995).

3.2.2 Diabetic/diabetic rat

This diabetic/diabetic (db/db) murine model presented with increased levels of the obese
gene mMRNA transcripts (Maffei etal, 1995). Furthermore it was determined that
hypothalamic lesions induced a similar phenotype thus indicating that both the db gene
product, as well as the hypothalamus, play important roles in the murine signalling
pathway of leptin (Maffei ef al., 1995).

3.3 TYPE 2 DIABETES MELLITUS SUSCEPTIBILITY LOCI DETERMINED VIA
LINKAGE

The application of the more classic monogenic tools such as linkage testing to T2D
susceptibility has allowed for the elucidation of various loci within the genome, which may
be responsible for disease risk (Hanis et al., 1996). This has resulted in the discovery of
CAPN10 (Horikawa et al, 2000) and APM1 (Kissebah, 2000) neither of which were
originally candidates for disease risk, thus highlighting the relevance of this strategy.

3.3.1 The calpain 10 (CAPN10) gene

Following a genome wide scan for T2D susceptibility loci within the Mexican American
population a LODnax score of 2.58 (p value < 0.0005) was detected for a marker localised
to chromosome 2q. In turn the locus was designated non-insulin dependent diabetes
mellitus locus 1 or NIDDM1 (Hanis et al., 1996). The gene expressing the protein CAPN10
is located at this specific locus and is a ubiquitously expressed protease. Various
polymorphisms present in this gene have been associated with T2D (Horikawa et al.,
2000).

Calpains are calcium dependent intracellular non-lysosomal proteases, which cleave
proteins at a minimum number of sites. The fact that many cellular functions are controlled
by calcium as well as the fact that these proteins do not degrade, but rather modify other
proteins, leads to the hypothesis that these proteases are regulatory in nature (Croall and
Demartino, 1991). Although the calpain family of proteins have been described in the
pathogenesis of a number of disorders, it is CAPN10, which has been determined to be
the most important with regard to T2D. This caspase-like cysteine protease is an example
of reverse genetics whereby the locus was determined to be associated with T2D, but to
date its role in disease pathogenesis has not been elucidated (Horikawa ef al., 2000).
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Although the exact role of this protein in disease pathogenesis is currently unknown, a
possible mechanism of action is discussed in Section 6.2.

The reported alterations within the CAPN10 gene are all SNPs found in intronic regions.
The polymorphisms have been designated as University of Chicago single nucleotide
polymorphisms (UCSNP) with reference to the institution where these alterations were first
characterised. UCSNP-43 and UCSNP-44 are both located in intron 3, UCSNP-19 is
present in intron 6 and UCSNP-63 in intron 13 of the aforementioned gene. The positions
of these alterations within the CAPN10 gene are depicted in Figure 3.1. It is hypothesised
that these polymorphisms affect the binding of various transcription factors, thereby
altering the expression profile of this gene, ultimately leading to the diseased phenotype
(Horikawa et al., 2000).

Figure 3.1: Diagrammatic representation of the calpain 10 gene structure

UCSNP-43/44 UCSNP-18
17 UCSNP-63
CAPN10
Il Exons Variable number of tandem repeats [ Introns

CAPN10 = calpain 10 gene; UCSNP-43/44 = University of Chicago single nucleotide polymorphism 43 and 44, UCSNP-19 = University
of Chicago single nuclectide polymorphism 19; UCSNP-63 = University of Chicago single nucleotide polymorphism 63; Adapted from
Horikawa ef al. {2000).

3.3.11 University of Chicago single nucleotide polymorphism (UCSNP)-43

UCSNP-43 is located in intron 3 of the CAPN10 gene and is a guanine to an adenine
alteration at nucleotide (nt) position 4852 of which the G allele has been associated with
an increased risk to T2D in the Mexican American population (Horikawa et a/., 2000). It
has also been determined in an African American cohort that UCSNP-43 is associated
with T2D susceptibility (Garant et al., 2002). In this population the “at-risk” G/G genotype is
present at a much higher frequency (allele frequency = 0.8) than in the Caucasian
populations (see Table 3.2 for comparison of non-African populations). This SNP,
however, has not been associated with any variation in the secondary symptoms of T2D

such as changes in BMI, waist to hip ratio, fasting serum and insulin levels. It has been
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hypothesised that this is due to UCSNP-43 interacting with a locus on chromosome 15
therefore indirectly exacting its effect on the affected phenotype of the patient (Garant
et al., 2002). Definitive association of this allele with disease susceptibility in various

Caucasoid populations has not yet been determined.

Table 3.2: Relative frequencies of the G allele of UCSNP-43 in different non-African
populations

Population | South Indian United German Polish Mexican Pima Native
Kingdom Americans Americans
Allele 0.81° 0.73° 0.70° 0.73° 0.80° 0.62°
frequency

a = Cassell et af. (2002); b = Evans et al. (2001); ¢ = Horikawa et al. (2000); d = Malecki et al. (2002); e = Baier ef al. (2000).

Within the Native American population of the Pima Native Americans, Baier ef al. (2000}
determined that the ‘at risk' G/G genotype resulted in increased susceptibility, as
individuals harbouring this genotype presented with an increased plasma glucose level. It
was concluded that this increase was due to a lower level of glucose turnover caused by
lower rates of glucose oxidation. An interesting corollary to this is that lipid oxidation was
increased in individuals harbouring this alteration. Investigation of CAPN10 mRNA levels
within the skeletal muscle of this population allowed for the determination that individuals
with the G/G genotype presented with lower mRNA levels. This was one of the first
indications for the mechanism by which this alteration causes increased T2D susceptibility
(Baier et al., 2000).

3.3.1.2 University of Chicago single nucleotide polymorphism (UCSNP)-44

UCSNP-44 is a thymine to a cytosine alteration at nt position 4,841. The reason for the
increased susceptibility of patients harbouring this SNP is not yet known. The relative
frequencies of this alteration within the various populations in which it has been defined
are presented in Table 3.3. UCSNP-44 is generally not included in the haplotype structure
determined in many populations as its differentiation power within the haplotype is not as
strong as the other SNPs discussed (Horikawa et al., 2000).

Table 3.3: Relative frequencies of the T allele of UCSNP-44 in different non-African

populations
Population South Indian United Kingdom Mexican Americans
Allele frequency 0.85° 0.84° 0.90°

a = Cassell &f al. {2002); b = Evans et al. (2001); ¢ = Horikawa et al. (2000).
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3.31.3 University of Chicago single nucleotide polymorphism (UCSNP}-19

UCSNP-19 is located within intron 6 and is an insertion deletion mutation of 32 bp at nt
7,920. The “at-risk” allele, containing three 32 bp repeats, has been associated with a
decrease in insulin sensitivity within the Caucasoid population (Elbein et al, 2002). This
was determined due to the fact that the fasting level of insulin is increased in patients
harbouring the “at-risk” allele. The various allele frequencies of this alteration within the
diabetics of specific populations are presented in Table 3.4.

Table 3.4: Relative frequencies of the two repeat allele of UCSNP-19 in different
non-African populations

Population South Indian United German Polish Mexican
Kingdom Americans
Allele a b . p N
frequency 0.41 0.38 0.66 0.34 0.58

a = Cassell et al. (2002); b = Evans et al. (2001); ¢ = Horikawa et al. {2000); d = Malecki ef al. (2002).

3.31.4 University of Chicago single nucleotide polymorphism (UCSNP)-63

Intron 13 harbours UCSNP-83, which is a transition alteration known as C16378T. The “at
risk” allele of this polymorphism is very rare within the Caucasoid population, however, it
has been concluded that in association with UCSNP-19, this alteration is associated with
an increase in insulin resistance thus increasing T2D susceptibility (Elbein et al., 2002).
The frequency at which the unaffected allele is present in the various populations is
depicted in Table 3.5.

Table 3.5: Relative frequencies of the C allele of UCSNP-63 in different non-African

populations
Population South Indian United German Polish Mexican
Kingdom Americans
Allele a b c d c
frequency 0.97 0.92 0.94 0.93 0.77

a = Cassell et al. (2002); b = Evans et al. (2001); ¢ = Horikawa et al. (2000}; d = Malecki ef a/. (2002).

3.3.1.5 University of Chicago_single nucleotide polymorphism (UCSNP)
haplotypes

Specific haplotypes of these four SNPs have been associated with different symptoms,
which increase T2D susceptibility in various populations. The order in which the four SNPs
are presented in the haplotypes, is as follows: UCSNP-44, UCSNP-43, UCSNP-19 and
UCSNP-63. Within the South Indian population the presence of the 1112/1121

heterozygous haplotype was associated with an increase in the risk of impaired fasting
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glucosel/impaired glucose tolerance with a factor of ca. 10 (Cassell et al, 2002). This
haplotype is also hypothesised to be responsible for a 6.3-fold increase in T2D risk in
patients that are not related and a 5.8-fold increase in the probands of the investigation

undertaken by Cassell ef al.

The 1112/1121 haplotype is equivalent to the 112/121 haplotype in the Mexican American
population as presented by Horikawa ef al. (2000), with the inclusion of UCSNP-44 in the
South Indian population being the only difference. It has been established that this
haplotype combination is responsible for a 3-fold increase in T2D risk in the

aforementioned Mexican American population.

In an investigation of patients affected by polycystic ovary syndrome (PCOS), a disorder
presenting with similar symptoms to T2D, it was determined, that in the African American
cohort the 112/121 haplotype was associated with a significant increase in insulin levels in
response to the OGTT test (Ehrmann et al., 2002). The haplotype combination was also
related to a 2-fold increase in PCOS risk.

It has however been determined that there is large variation in the prevalence of at risk
alleles and specific haplotype combinations, depending on which population is under
investigation. The homozygous 121 haplotype has been discovered to be more prevalent
in diabetics from the Polish population. It was further determined that the 112/121
haplotype was not responsible for increased risk in the Polish population (Malecki ef al.
2002).

Furthermore, slight association has been determined between these aforementioned
haplotypes and disease susceptibility within the Samoan population. Diabetic individuals
presented with a slight increase in frequency of the 112/121 and 121/221 haplotypes these
were however, not significant (Tsai et al., 2001).

These investigations lend credence to the hypothesis that CAPN10 only influences risk to
diabetes susceptibility in certain populations (Tsai ef al., 2001). This would be expected,
as natural selection cannot act as strongly on susceptibility loci as it does on loci that have
direct positive or negative effects, thus resulting in more variation within these various
aforementioned loci in the evolution of humankind. It is still necessary to determine in
which populations CAPN10 has an effect in order to develop an actual model of T2D
susceptibility in these specific populations.
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With the aforementioned in mind it has been determined that there are large genotype and
haplotype frequency variations between the African and non-African populations. In the
Mbuti and Biaka populations of Central Africa, the 112 haplotype (frequency = 0.59 in
Biaka and 0.82 in Mbuti) is much more common than the 121 haplotype (frequency = 0.00
in both cohorts) which has been found to be most prevalent in non-Africans. The African
populations investigated by Fullerton et al. (2002), did not contain the 112/121 “at risk’
haplotype and the authors hypothesised that CAPN10 may not be as important in diabetes
susceptibility in the African population (Fullerton ef al.,, 2002). It can however be argued
that due to different selection criteria in terms of diet, activity and metabolism for these
populations, alternative haplotype combinations as compared to the non-African

populations may impose greater risk.

3.3.2 The non-insulin dependent diabetes mellitus 2 (NIDDM 2) locus

The non-insulin dependent diabetes mellitus 2 (NIDDM2) locus was identified in a genome
wide scan within Finnish T2D families, which had been enriched for low levels of insulin
secretion (Mahtani efal, 1996). The initial investigation included all T2D families,
irrespective of their insulin secretory status however no linkage was determined. It was
only upon segregation of families into groups based on insulin secretion capability that
borderline significant association to chromosome 12q was determined (Z;, = 4.1). As this
is also the site of the MODY3 locus it was hypothesised that this locus may result in
MODY or T2D dependent on the specific alleles that were inherited (Mahtani ef al., 1996).

The search for T2D susceptibility loci has lead to the utilisation of various genes involved
in the monogenic forms of the disease i.e. MODY as candidates for linkage analyses.
Shaw et al. in 1998 utilised this reasoning to delineate a region for investigation in a
pedigree presenting with late onset T2D with severe insulin resistance and an autosomal
dominant mode of inheritance. The investigators utilised four markers within the MODY3
region and via multipoint linkage analysis Z, of 3.65 was generated at a locus on
chromosome 12q. The 10 exons and the promoter region of the HNF1a gene was
subsequently screened for any alterations that could have been responsible for the Z,
score. No association between any of the alterations at this locus and the T2D phenotype
were detected (Shaw et al, 1998). Linkage to this locus was however only detected in a
single pedigree and therefore its effect may not be relevant in the greater population.

Although the pedigree utilised was advantageous in that it presented with an autosomal
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dominant inheritance pattern, this in itself would bias the experiment towards individuals
with severe insulin resistance, which, as discussed previously, may have a different

pathogenesis that is distinct from T2D.

An analysis of chromosome 12q in 26 Caucasian and 6 non-Caucasian families presenting
with early onset autosomal dominant T2D by Bektas etal in 1999 resulted in the
determination of Z, 50 centiMorgans (cM) closer to the centromere than NIDDMZ2
(Zaw = 2.9, p value = 0.015). Upon removal of the non-Caucasian families from the analysis
there was an increase in the Zy, value i.e. 3.8 (p value = 0.007) which would be explained
by the removal of the inter population genetic heterogeneity. It was further stated that the
absence of linkage to NIDDM2 might have been due to the utilisation of pedigrees with
early onset T2D that may have biased the analysis, especially if the NIDDM2 locus is more
closely linked to the late onset form of the disease (Bektas ef al,, 1999). The role of this
locus in T2D susceptibility is therefore marred as the utilisation of pedigrees presenting
with the autosomal dominant forms of the disease, is an artificial method for determining
T2D susceptibility loci as these two forms of the disorder can be seen as having different
aetiologies. It therefore becomes necessary to describe the T2D phenotype definitively,
which is often difficult with the current available tools. However, it is an integral step in the

process of determining the genetic aetiology of this group of disorders.

3.3.3 The nhon-insulin dependent diabetes mellitus 3 (NIDDM 3) locus

The non-insulin dependent diabetes mellitus 3 (NIDDM3) locus was determined following
the discovery that certain candidate genes mapped to chromosome 20qg. These included
genes which encoded phosphoenolpyruvate carboxykinase (PEPCK), overexpression of
which has been linked to T2D development in mice (Valera et al., 1994), HNF4c. which has
been linked to MODY1 (Yamagata et al., 1996a) and agouti signalling protein (ASP) which
is the human orthologue to a gene involved in the obesity-diabetes phenotype in a specific
murine model (Bell ef al., 1991). Due to this high proportion of candidate genes on
chromosome 20q, Zouali ef al. in 1997 attempted to determine if the diabetic phenotype

displayed linkage to this chromosomal region.

In this investigation 301 sib pairs from 148 families of the French Caucasian population
were utilised in a linkage study. Within this group, a subset of individuals (55 sib pairs from
42 families) with an age of diagnosis of less than 45 years, were separately investigated
for linkage disequilibrium. it was hypothesised that individuals, who presented with T2D at
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a younger age, would possibly harbour a stronger genetic predisposition. Upon multipoint
analysis of 10 polymorphic markers, with an average density of 7.5 cM, it was determined
that T2D presented with strong linkage (LODpmax =2.74, p value = 0.0004) to a position
7 cM proximal to the PEPCK gene (confidence interval = 24 cM} within the early onset T2D
subset. Upon utilisation of a conservative weighting procedure this LOD score remained
significant (LODpmax = 2.34, p value = 0.0009).

Analysis of the entire set of affected families resulted in the detection of linkage at the
ribophorin il (RPNII) gene (LODmax = 1.81, p value = 0.0003) with a confidence interval of
28 cM including the region termed 20g12-13.11. The locus thus includes the genes
encoding phospholipase C (PLC) as well as adenosine deaminase (ADA). Zouali et al.
(1997) therefore hypothesised that as the subset of early onset T2D linked to the proximal
region of the PEPCK gene, any alterations responsible for the increased risk would be
within the upstream region of this gene. Upon SSCP analysis it was determined that there
were no polymorphisms within the individuals screened. However this form of analysis is
not 100% sensitive (Hayashi and Yandell, 1993) and thus it is possible that an alteration
may be present but was just not detected via this methodology.

The apparent lack of causative alterations within the PEPCK gene was one of the factors,
which lead Price etfal. (1999) to determine a physical map for the region spanning
209q12-913.1 in order to define any possible candidates responsible for the linkage to this
domain. The resulting physical map included such candidates as phospholipid transfer
protein, syndecan 4, receptor for activated C-kinase type 7 (RACK7) and the CCAAT
enhancer binding protein B (C/EBP B). A YAC / bacteriai artificial chromosome (BAC)
contiguous domain of the region which could be utilised in future investigations of 72D
susceptibility loci was also produced (Price ef al,, 19939). RACK7 was one of the initial
candidate genes determined via this method. The gene was rapidly mapped utilising the
physical map, while its genomic organisation was unravelled utilising the YAC/BAC
contiguous clone set. Following mutation analysis (SSCP) however it was determined that

this gene did not play a significant role in susceptibility towards T2D (Fossey et al., 1998).

In the Finnish population, further evidence was determined indicating that chromosome 20
harboured a T2D susceptibility locus. Ghosh et al. in 1999 undertook the screening of 716
affected sib pairs from 477 families for linkage to T2D. Three LOD,., scores were
determined at 18.5 cM (LODmax=1.92, pvalue =0.013), 57 ¢cM (LODmax=2.06,
p value = 0.009) and 69.5 cM (LODnax =2.00, p value =0.01) according to the map
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location presented by Ghosh et al. (1999). When the cohort was clinically stratified it was
determined that certain families were responsible for a disproportionate amount of the
detected linkage. Upon further clinical subdivision it was determined that families with the
lowest BMI (3% of the sibships investigated) had a non-significant LOD score of 2.56 at
53 cM. Patients with the highest ratio of fasting c-peptide to fasting glucose (4% of the
sibships investigated) produced a LODnax of 3.46 at 53.5 cM however this was not
statistically significant. The authors thus posited that these subgroups might explain the
linkage peak at 57 ¢cM. Low BMI however is generally associated with a decreased risk
towards T2D and thus it seems unlikely to be linked to a locus of T2D susceptibility. If it is
taken into account that these calculations were also non-significant it becomes evident that
this hypothesis still requires further testing. Similarly by further subdividing the cohort,
certain clinical factors allowed for the elucidation of LODnay scores close to those regions
detected via full cohort investigation i.e. sibships with the highest ratio of fasting insulin to
fasting glucose (17% of the sibships investigated) produced a LODnax score of 3.06 at
66 cM while those with highest mean fasting c-peptide levels (19% of the sibships
investigated) yielded a LODy,,x score of 2.93 at 21 cM.

Due to the previous association of the MODY1 gene HNF4«a (Yamagata et al., 1996a) it
was hypothesised by Ghosh et al. (1999) that the LODn. determined at 69.5 cM was due
to alterations within the aforementioned gene, which had been mapped to a position of
62.7-66.1 cM. Upon molecular screening of the twelve exons and the promoter region of
16 controls and 64 affected individuals, 14 base alterations and three deletions were
detected. Five of these base alterations were rare i.e. specific to certain diabetic families,
however each specific alteration was present within affected members of the families and
absent in unaffected family members. Of the six newly described common changes not
one associated with increased T2D risk. The remaining four alterations had been
previously reported but also did not present with any association. In fact the thymine to
cytosine change at nucieotide position 38 in intron 1b was significantly more prevalent in
the control population investigated. Upon removal of the families harbouring the rare
variants, the LODnyax at 69.5 cM dropped to 1.74 thus implying that the effect of these
families biased linkage analysis thus inflating a LODnax score and therefore increasing its
significance. Ultimately Ghosh et al. (1999) presented evidence for the presence of two

possible diabetes susceptibility loci on chromosome 20.
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334 The adiponectin (APM1) gene

In the investigation of quantitative trait loci (QTL) involved in the susceptibility towards the
metabolic syndrome it was determined that a locus on 3g27 was strongly linked to six traits
fundamental to the expression of this cluster of disorders. These traits include BMI, waist
circumference, fasting plasma insulin, body weight, hip circumference and the ratio of
glucose to insulin. Secondary to this association it was determined that this locus
displayed epistasis with another QTL on chromosome 17p12, which was in turn closely
associated with plasma leptin levels (Kissebah, 2000).

The gene encoding APM1 has been localised to chromosome 3¢27 and is ca. 16 kb in
length. The genetic structure consists of two introns (12 kb and 800 bp respectively) as
well as three exons (18 bp, 222 bp and 4,277 bp respectively). The introns contain typical
GT-AG splice junctions (Saito etal, 1999). The S5-untranscribed region contains
numerous alternate promoter elements as opposed to the general TATA promoter
element. The specificity of expression by adipocytes may be due to the C/EBP elements

present within this region.

There are both environmentally and genetically induced means by which
hypoadiponectinaemia can originate (Fasshauer efal., 2001; Kondo etfal, 2002). An
important example by which the environment may affect APM1 levels is through the action
of catecholamines. It has been determined that catecholamines are important in controlling
the expression levels of APM1. Catecholamines induce down regulation of APM1 via a
B-adrenergic receptor, which in turn activates a protein kinase A dependent pathway
through the action of a stimulatory guanine nucleotide-binding protein. It has been
hypothesised that this is the process by which insulin resistance may be induced in obese
patients (Fasshauer et al., 2001).

The association between the gene and protein levels was first determined in the Japanese
population by Kondo et al. (2002). The mutation induces an amino acid alteration of an
He164Thr within the globular domain of the protein. it was associated with a decrease in
APM1 levels of the patients as well as an increased susceptibility towards T2D and various

other features of the metabolic syndrome namely hyperlipidaemia, hypertension and
atherosclerosis (Kondo ef al., 2002).
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Further evidence for an association between this protein and BMI is presented by Stumvoll
el al. (2002), via the investigation of a silent thymine to a guanine alteration within exon 2
of the APM1 gene. An association between this alteration, both in its homo- and
heterozygotic forms, and an increase in insulin sensitivity, secondary to increased BMI
was reported in this German cohort of patients, even upon division of the cohort into those
with and those without a family history of T2D. It was concluded, however, that this
association was only present within the group that did not have a family history of T2D. It
has been hypothesised that the familial diabetic patients have a genetic background,
which affects the phenotype so strongly that the detectable effect of this specific alteration

is overpowered (Stumvoll et al., 2002).

In the investigation by Vasseur et al., 2002 it was determined that there were two promoter
SNPs, namely C-11377G and G-11391A within the APM1 gene which were associated
with increased risk to T2D within the French population. It was determined that both SNPs
in the proximal region of the gene and non-synonymous alterations in the globular
domains of the protein were associated with altered APM1 levels, thus contributing to
diabetes risk. A risk haplotype within the promoter was also associated with both low
APM1 levels and T2D. An earlier investigation into the Japanese diabetic population was
undertaken by Hara ef al. (2002) in which association was determined between the
disease and an alteration termed T45G. The promoter SNPs may induce their effects by
affecting the binding of transcription factors and disrupting regulatory elements whereas
the missense alteration may affect or disrupt the formation of specific isoforms as well as
the higher structure of this protein. Although association to T2D susceptibility was present
for these alterations it was not possible to unequivocally determine linkage disequilibrium
between any of these genetic alterations and disease susceptibility (Vasseur ef al., 2002).
Therefore identification of the genetic variants responsible for the linkage between APM1
and T2D is essential. T45G is a thymine to a guanine alteration at nucleotide position
5,629 whereas C-11377G and G-11381A are in close proximity at nuclectide position
8,152 (cytosine to guanine) and at position 8,166 (guanine to adenine) respectively
(GenBank accession number AF304467). The means by which these alterations affect

disease susceptibility is not yet understood.

In an investigation in the German Caucasian population it was determined that a haplotype
combination containing the wild-type allele at C-11377G and the variant allele at
G-11391A was associated with a significantly elevated diabetes risk (Schwarz et al.,
2004). As previously stated a decrease in APM1 was associated with T2D. Thus if the
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aforementioned haplotype combination within the promoter region of the APM1 gene could
be directly associated with decreased expression of this protein it would be integral in

defining the role of this protein in disease pathogenesis.

3.4 AIMS

The long-term objective of this research program is the eventual elucidation of the genetic
aetiology of T2D susceptibility in order to understand disease pathogenesis. Due to the
fact that the greatest increase in affected individuals will occur in the so-called developing
countries it is necessary to investigate the genetic structures, which increase T2D
susceptibility in these populations. In this investigation a meta-analysis will be undertaken
by comparing the genetic risk factors at the CAPN10 and APM1 loci within a black South
African and a Cuban cohort, and in turn comparing this to the risk genetic structures within
these genes in a developed country specifically the German population. This investigation
underscores the importance of utilising a population specific comparison group for the
investigation of genetic susceptibility loci in T2D and possibly in all future metabolomic
endeavours.

3.4.1 Specific aims

The specific aims of this project are as follows:

a) To screen the sample diabetic and control populations (both Southern African and
Cuban) for the presence of the C-11377G and T45G SNPs within the APM1 gene
as well as UCSNP-43, -44, -56 and -63 within the CAPN10 gene.

b) To compare the allelic and haplotypic frequencies of the aforementioned SNPs
between the diabetic and control cohorts.

c) To determine if the risk profile of the black South African and Cuban cohorts are
similar to that of a reported European population via a meta-analysis of these
cohorts.
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CHAPTER FOUR
MATERIALS AND METHODS

This research program has been approved by the Ethics Committee of the North-West
University {(Potchefstroom Campus). It has been approved under the title of, "Molecular
analysis of non-insulin dependent diabetes mellitus (NIDDM) in the South African
population” and has been assigned the approval number 02M08. The collection and
analysis of the Cuban cohorts were approved by the Ethics Committee of the
Carl-Gustav-Carus Medical Faculty, Technical University Dresden with the approval
number EK16022000 (Schwarz, 2005).

All reagents utilised were, unless otherwise stated, analar grade products from Roche®".

Protocols supplied with the various kits were foliowed and deviations are noted in the text.

4.1 STUDY DESIGN

A case-control analysis strategy was followed in this investigation. Examination of specific
SNPs within the CAPN10 and APM1 genes was undertaken within diabetic and control
cohorts sampled from the black Southern African and Cuban populations. The genotypes,
haplotypes and haplotype combinations generated from this molecular screening strategy
were analysed via appropriate statistical measures e.g. y° testing as well as calculation of
odds ratios, in order to detect the T2D susceptibility associations that may exist in these
cohorts.

411 Participant selection

Both T2D affected individuals and non-T2D affected individuals were sampled from the
Cuban and black Southern African populations according to the criteria stipulated in
Section 4.1.1.1. Neither of these two cohorts was stratified according to ethnicity but was
rather grouped according to diabetic status as discussed in Section 5.1.1. Both patients
and controls were collected with written informed consent preceding the collection of blood
samples.

' Roche® is a registered trademark of Roche Molecular Biochemicals, Indianapofis, IN, USA.
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41.1.1 Southern African cohort

The black South African control populations utilised during this investigation were collected
from different outpatient clinics within the Gauteng and North West provinces of South
Africa. The diabetic patients were collected from various diabetic clinics in the Gauteng
area. All patients were diagnosed with the disorder via evaluation of the medical history of
each individual. The diabetic phenotype was defined by at least two readings of a fasting
plasma glucose level greater than 6.1 millimole.litre™ (mmol.I'). All patients were selected
to be over the age of 25 years, in order to decrease the probability of the inclusion of type
1 diabetics.

Selected control individuals were collected at hypertension outpatient clinics as these
individuals were clinically well characterised and were not diagnosed with T2D. A random
glucose measurement was taken of each control individual at the initial outset of the
consultation. Control individuals were collected according to the following exclusion
criteria:

» Individuals not undergoing treatment with any known anti-diabetic drug,

» Individuals with a random plasma glucose level of no greater than 6.1 mmol.I”

A group of 100 controls were collected in the Profiles of Obese Women with Insulin
Resistance Syndrome (POWIRS) project conducted at the Metabolic Unit, North-West
University (Potchefstroom Campus). Each patient underwent a five point OGTT. Samples
were drawn subsequent to an overnight fast by the individuals, followed by the ingestion of
75 gram (g) glucose dissolved in 300 millilitres (ml) of water. Blood samples were collected
at 30, 60, 90 and 120 minutes (min) post glucose chalienge. Plasma and serum samples
were centrifuged, collected and stored at —80 degrees Centigrade (°C) until analysis.
Twenty ml of whole blood was collected in ethylenediamine tetra-acetic acid (EDTA) tubes
for molecular genetic investigation.

41.1.2 Cuban cohort

The control and diabetic cohorts of the Cuban population were collected from various
diabetic and outpatient clinics in Cuba. The diabetic and contro! individuals were enrolled
according to the criteria stipulated in Section 4.1.1.1. No specific ethnic group was
preferentially selected for in either cohort.
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4.2 ISOLATION OF DNA

Isolation of DNA was achieved via the utilisation of a modified protocol of the NucleoSpin®'
kit produced by Machery Nagel. Three ml of chilled C1 buffer was added to 3 ml of whole
blood, followed by the addition of 9 mi of chiiled sterile distilled water. The tube was
repeatedly inverted until the solution became translucent. The sample underwent
centrifugation at 1,300 x gravitational acceleration (x g) for 15 min at a temperature of 4°C,
after which the supernatant was discarded.

The remaining leukocyte pellet was dissolved in 400 microlitres (ul) of phosphate buffered
saline or PBS solution [4.3 millimolar (mM) disodium hydrogen phosphate (Na;HPOy),
1.4 mM potassium phosphate monobasic (KH;PO4) pH 7.4, 137 mM sodium chloride
(NaCl), 2.7 mM potassium chloride (KCI)] via vortexing the solution for one min. The
leukocytes were lysed by the addition of 400 pl buffer B3 and 50 ul of the proteinase K
solution. The solution was in turn vortexed until the entire pellet had been dissolved after
which the suspension was incubated at 70°C for 10 min to ensure complete lysis.
Following incubation, 420 ul of 100% ethanol was added and the suspension was
homogenised via vortexing.

A NucleoSpin® column was placed in a 2 ml collection tube where after 650 p of the
aforementioned solution was applied to the column. The column underwent centrifugation
at 10,000 x g for 2 min in an Eppendorf® 5810 R centrifuge utilising a fixed angle rotor.
The column was removed and the flow through discarded, followed by one cycle of
repetition of the previous step. The collection tube was replaced and 700 pl of wash buffer
BS was applied to the column. The matrix was washed by centrifugation at 10,000 x g for
1 min after which the flow through was discarded. An additional 300 pl of B5 buffer was
added and the column was again washed for 2 min. DNA was eluted via the addition of
200 pl prewarmed elution buffer BE followed by a 15 min incubation step at 70°C. The
elute was collected via centrifugation at 10,000 x g for 2 min. This step was repeated in
order to collect 400 pl of eluted DNA solution.

The average yield of nucleic acid after isclation was determined via ultraviolet
spectrophotometry. Absorbance of the sample was determined at both 260 and 280
nanometres (nm) to calculate both the nucleic acid and protein content, respectively.

; NucleoSpin® is a registered trademark of Machery Nagel GmbH & Co., Duren, Germany.
Eppendorf® is a registered trademark of Eppendori, Hamburg, Germany.
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The concentration of the genomic DNA was estimated by the utilisation of Equation 4.1
described by Sambrook et al. (1989). Working dilutions consisting of a final concentration
of 50 nanogram (ng).ul" were prepared for utilisation in the experimental phase and were

stored at 4°C, whereas the stock solutions were maintained at -20°C.

Equation 4.1: Relationship of double stranded DNA concentration to ultraviolet
absorbance

[double stranded DNA] = Aggy X (50 ng.,.al'1 x dilution factor)

Azen = Absorbance of sample at 260 nanometres.

4.3 STATISTICAL ANALYSES

The statistical methods utilised in the significance testing of the data generated within this
investigation are presented in the following section. Comparison of the various cohorts
was achieved utilising standard contingency table analyses, and the level of significant
difference was calculated utilising x* analysis. The risk of the specific genetic factors
investigated was calculated utilising odds ratios. Determination of global effects was
achieved via a meta-analysis of the German, black Southern African and Cuban cohorts

discussed in Section 5.3.5.

431 Calculation of significance level

Due to multiple testing of several SNPs at various loci, in the same cohorts in this
investigation, the significance level had to be adjusted. To achieve this, the Bonferroni
method (Bland and Altman, 1995) as described in Equation 4.2 was utilised. The adjusted
significance level is calculated utilising two values namely the significance level that would
be accepted if only a single sample was investigated (), and the number of independent
samples (x). The frequency of the correct acceptance of a significant result was generated
by subtracting the original significance level from 1. This was raised to the power of 1 over
the number of independent samples, followed by subtraction of this result from 1. This
indicates the adjusted significance level.
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Equation 4.2: Calculation of the adjusted significance level

o = 1-(1-)"

a = significance level; o' = adjusted significance level; k = number of independent samples.

4.3.2 Hardy-Weinberg equilibrium

The allele frequencies (p = frequency of the 1 allele; g = frequency of the 2 allele) of the
various alterations were determined utilising the equations as described in Equation 4.3
(Hardy, 1908). This was followed by y? testing to ensure that the populations screened
were in Hardy-Weinberg (HW) equilibrium with respect to the specific alteration.

Equation 4.3: Calculation of the allele frequencies for alleles 1 and 2

[number of homozygotes + 1 {number of heterozygotes))
Allele 1: p= 2

total number of individuals

Allele 2: g=1-p

p = frequency of the 1 allele; g = frequency of the 2 allele.

Throughout this investigation p always refers to the frequency of the 1 allele. In the above
equation the number of homozygotes thus refers to the number of 1,1 homozygotes. The
letter q refers to the frequency of the 2 allele.

At all the loci to be investigated there are only two alleles described. Generally the non-risk
allele was designated as 1 and the “at risk” allele as 2. It was possible to discern three
genotypes namely the homaozygotes 1,1 and 2,2 as well as the heterozygote 1,2.

By comparison of the observed frequencies of the alleles to the expected frequencies it
was possible to determine whether the population was in HW equilibrium. Expected ratios
of genotypes were determined as functions of allele frequencies as described by Hardy in
1908. The probability of being homozygous (f [1,1] or f [2,2]) for a specific allele at a locus
was equal to the frequency of that allele in the population squared (p?> or ¢%). The

probability of heterozygosity (f [1,2]) was equal to twice the product of the frequencies of
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the 1 and 2 alleles (2pq). The mathematical equations for these calculations are depicted
in Table 4.1.

Table 4.1: Calculation of the expected genotype frequency utilising allele
frequencies

fl141=pxp=p*
f[1,2]=2pq

fl2,21=qxq=¢

£[1,1] = probability of a 1,1 homozyaote; f [1,2] = probability of a heterozygote; f [2,2] = probability of a 2,2 homozygote; p = frequency of
the 1 allele; g = frequency of the 2 allele.

The significance of the difference between the observed and expected numbers was
determined via y? testing of the resultant frequencies. This was achieved by squaring the
difference between the observed and expected number ([O-E]z). The dividend of this result
and the expected number as depicted in Equation 4.4 was calculated for each specific
genotype, and the sum of these calculations determined. If the sum did not exceed a
critical value of x° = 9.21 (o' = 0.01, degrees of freedom (df) = 2) the population was
deemed to be in HW equilibrium and allowed to undergo further statistical analyses.

Equation 4.4: Chi square test

2_ (O-EY?

X E

%° = chi square value; O = abserved number of a specific genotype; E = expected number of a specific genotype as determined via
calculation.

The determination of the significance level is discussed in Section 5.3.2 whereas the
calculation of the df was achieved by utilising the numbers of rows (r) and columns (k)

utilised in the contingency table. The exact equation used to calculate the df is presented
in Equation 4.5.

Equation 4.5: Calculation of degrees of freedom

df = (r-1)(k-1)

df = degrees of freedom; r = number of rows within the contingency table; k = number of columns within the contingency table.
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4.3.3 Chi square analysis

During this investigation it was necessary to utilise various statistical analyses in order to
determine the significance of any variation established. The comparison of the allele and
haplotype frequencies between the patient and control populations was achieved utilising
contingency table analysis as is generally applied to categorical data (Samuels et al.,
1889).

In determining the statistical significance of the variation in allele frequencies between the
various populations it was necessary to utilise the +? test to determine which of the null
hypothesis (Hp) or the alternative hypothesis (Ha), were statistically more valid. The
definition of both these hypotheses, as utilised in this investigation, are presented in
Table 4.2.

Table 4.2: Definition of the null and alternative hypotheses for the statistical
analysis of genotype frequencies between the patient and control

cohorts
H The genotype frequency of a specific alteration is the same in the patient cohort under investigation
¢ as in the cohort of control individuals
H The genotype frequency of a specific alteration is different in the patient cohort under investigation
A as compared to the cohort of control individuals

H, = null hypothesis; Ha = alternative hypothesis.

The equation depicted in Equation 4.4 was utilised to determine the x2 value with the
observed number representing the actual genotype number within the patient population
investigated while the expected values were determined from the control population. This
was followed by comparison of the 32 value to that of the critical ¥® value. If a calculated
value was lower than the critical value, increased relevance was attributed to the null
hypothesis. However, if the aforementioned value was higher than the critical value,
evidence was generated in favour of the alternative hypothesis.

Following determination of the various combinations as discussed in Section 4.4.6 and
4.411, the haplotype frequencies were calculated via a similar method as the genotype
frequencies as depicted in Table 4.1. In this calculation the dividend of the number of a
specific haplotype and the total number of haplotypes was computed. These frequencies
were Uutilised in the comparison of specific haplotype combinations present within the
control populations. Haplotype frequencies were determined for both the patient cohort
(observed number) and the contro! cohort (expected number) following molecular
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determination of the alleles present at each locus. These values were utilised in a y” test
as described in Equation 4.4 with the Hy and Ha as defined in Table 4.3.

Table 4.3: Definition of the null and alternative hypotheses for the statistical
analysis of haplotype frequencies between the patient and control

cohorts
H The haplotype frequency for a specific gene is the same in the patient cohort under investigation
° as in the cohort of control individua's
H The haplotype frequency for a specific gene is different in the patient cohort under investigation as
A in the cohort of control individuals

Ho = null hypothesis; Ha = alternative hypothesis.

4.3.4 Odds ratio determination

Although determining the association between a specific genetic structure and the disease
is important, it is still necessary to measure the strength of the effect that is present. This
was determined via the calculation of the OR as presented in Equation 4.6 (Bland and
Altman, 2000). It was determined by firstly calculating a numeric value for the evidence
validating the association between a specific genetic structure and the disease followed by
determining the ratio of that value in comparison to a second value representing the
evidence against this aforementioned association.

To achieve this it was first necessary to determine the product of the number of patients
harbouring the genetic structure (ny), and the number of control individuals in which it was
absent (n4). Secondly it was necessary to calculate a similar product to describe the
number of control individuals in which it was present (n2) and the number of patients which
did not harbour it (n3). The dividend of these two values was the odds ratio of the specific
aiteration. The implications of the calculated OR value are discussed in Section 5.3.4.

Equation 4.6: Odds ratio determination

Genetic factor Patients Control
n4n
Present n n, OR=—112
UPUE
Absent N3 Ny

OR = odds ratio; ny = patients harbouring the genetic factor; n; = controls harbouring the genetic factor; n; = patients not harbouring the
genetic factor; ny = controls not harbouring the genetic factor.

This method may seem rather simplistic but it is extremely useful in determining the
strength of the association as discussed in Section 5.3.4. In the utilisation of this form of
analyses it was however necessary to define the level of precision of the OR value. This
was achieved via the calculation of the Cl. Determination of the Cl was slightly more
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complicated than the calculation of the odds ratio itself. It was decided that Woolf's method
of Cl calculation (Woolf, 1955) would be utilised as presented in Equation 4.7. For this
calculation it was necessary to again divide the cohort into the four groups (nq-n4) as listed
in Equation 4.6. For each group the inverse of the sample size was determined after which
the sum of all four groups was calculated.

The larger the values of n the smaller the end result, ultimately leading to a smaller
confidence interval. The square root of this value was determined, and in turn was
multiplied by 1.96 as a confidence level of 95% was required. The natural logarithm of the
OR was calculated and the aforementioned value was added or subtracted in order to
determine the upper and lower limit respectively. The resultant values were logarithmic in
nature and to define the 95% C! in terms of the OR it was necessary to raise the natural
logarithmic base (e) to the power of the defined upper and lower limits. The equation
utilised to calculate the 95% Cl is presented in Equation 4.7.

Equation 4.7: Determination of confidence interval

95%Cl=exp{ln OR¢1.96N-1-+l+l+L]]
n, n, ny n,

C! = confidence interval; OR = Odds ratio; n, = patients harbouring the genetic factor; n; = controls harhouring the genetic factor; nsy =
patients not harbouring the genetic factor; ny = controls not harbouring the genetic factor.

4.3.5 Meta-analysis

Determination of global associations of specific genotypes was calculated via the
utilisation of a meta-analysis of the black Southern African, Cuban and a reported German
population. These investigations were combined under two separate models, namely that
of fixed effects and random effects. The utilisation of these two models is discussed in
Section 5.3.5. Furthermore within each model, five possible types of genotypic association
were investigated as depicted in Table 4.4. A two row by two column contingency table
was constructed with a cohort structure similar to that depicted in Equation 4.6 for each
population group investigated. For each type of genotypic association, only the genotypes
as presented in Table 4.4 were ulilised i.e. for the recessive model the individuals
harbouring the 1,2 and 2,2 genotypes were pooled and compared to the 1,1 genotype. Via
this method it was possible to determine the OR value for a specific set of cohorts termed
OR; as indicated in Equation 4.8a. This describes the risk of a specific genotype within the
cohort under investigation and is derived in a similar manner as the OR presented in
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Equation 4.6. All calculations were performed by the utilisation of the Microsoft™' Excel

software.

Table 4.4: Genetic association models investigated via meta-analysis

Model Assumption Model Assumption
11vs 12
Recessive 1,1vs1,2and 2,2
Additive 1,2vs 22
Dominant 11and12vs 22 11vs22

1,1 = homozygote for the 1 allele; 1,2 = heterozygote; 2,2 = homozygote for the 2 allele.

4.3.5.1 Meta-analysis under fixed effects

Under fixed effects, Wolfe's method of meta-analysis was utilised in order to calculate an
overall OR score (ORueire) for the three groups investigated. The natural logarithm of the
value calculated via Equation 4.6 was utilised as OR;. Each group investigated was
weighted according to the cohort size as well as the level of internal variance to determine
its importance within the meta-analysis. This weighted value is termed w; and was
calculated by determining the inverse of the internal variance (var;) within a population as
depicted in Equation 4.8b. The var; was calculated, as presented in Equation 4.8c, as the
sum of the inverses of the various cohorts as defined in Equation 4.6. By determining the
dividend of the sum of the weighted natural logarithm of the OR; for each population group
investigated, and the sum of w; assigned to each population group, it was possible to
determine the natural logarithm of the OR,.r. However as previously discussed in
Section 5.3.4 in order to determine the relevance of an OR value, a 95% Cl| must be
generated. As outlined in Equation 4.8d, the 95% CI| was calculated utilising the natural
logarithm of the ORyore Value to which a specific value is added and subtracted. This value
is the inverse of the square root of the sum of the w; multiplied by a constant value of 1.96.

Similar deductions were made as discussed in Section 5.3.4 with regard to the 95% CI.

In this analysis it was necessary to determine a measure of heterogeneity (Quore) in order
to calculate the OR of each genotype under random effects. This value was defined by the
application of Equation 4.8e, where the sum of the weighted difference of the natural
logarithm of the OR; of each population group and the naturai logarithm of the ORyoe is
determined to define Qugte.

! Microsoft®is a registered trademark of the Microsoft Corporation, Seattle, WA, USA.
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Equation 4.8: Statistical determination of global odds ratio and 95% confidence
interval utilising Wolfe’s method for the fixed effects meta-analysis

model
Zw, InOR,
Equation 4.8a INOR pe =——
Zw,
1
Equation 4.8b W, =——
var,
1 1 1 1
Equation 4.8¢ var = —+—+ —+ —
n1i n2| n3| Ny
InOR InOR +1.96 !
Equation 4.8d n wolfe-95%CI — wolfe T -9 T/
VW,
lﬁ Equation 408 QWlee =X w't(ln ORi -In ORwo!fe )2

OR; = odds ratio calculated to describe the risk within a specific population group; ORu.re = global odds ratio determined via Wolfe's
method under the fixed effects model; ORyare.0s%ci = 95% confidence interval calculated for ORuwore; Wi = weight given to a specific
population in a meta-analysis under the fixed effecis model, var = internal variance within a specific population group;
Quware = heterogeneity statistic determined via Wolfe’s method under the fixed effects model; ny; = patients harbouring the genetic factor;
ny = controls harbouring the genetic factor; ny = patients not harbouring the genetic factor; ny = controls not harbouring the genetic
factor,

4.35.2 Meta-analysis under random effects

Under random effects, both intra and inter population variance were taken into account by
the use of the DerSimonian and Laird method. This was achieved by including the
measure of inter population variability (1) in the equation for the derivation of the weighted
value according to the DerSimonian and Laird method (wp ) as presented in Equation
4.9c,

This value is defined as the dividend of the difference between Qo and one less than the
number of population groups investigated (k), and a specified divisor. This divisor is
calculated by determining the difference of the sum of w; and the dividend of the sum of
squared w; and the sum of w;. The weighted value determined via this method (wp.) is
similar to that calculated in Equation 4.8, however the inter population variability is
included in Equation 4.9b by the addition of t.

The natural logarithm of OR determined via this method (ORp,) is calculated similarly to

Wolfe’s method when Equations 4.8a and 4.9a are compared, the difference being in the
calculations of the wp,. Definition of 95% CI via the DerSimonian and Laird method is also
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calculated in a similar manner as depicted in Equation 4.9d, than that calculated via
Wolfe’'s method as depicted in Equation 4.8d.

Equation 4.9: Statistical determination of global odds ratio and 95% confidence
interval utilising the DerSimonian and Laird method for the random
effects meta-analysis model

T EWDL InOR,
Equation 4.9a In ORDL = ._E__.__
YoL
1
Equation 4.9b Wp = —
i
_ Qe —(k=1)
2
Equation 4.9¢ T - D w)
1
Wi
1
Equation 49d ln ORDL—QS%C| =1In ORDL T 1 96
JEWpL

ORp. = global odds ratic calculated via the DerSimonian and Laird method under the random effects model, ORpLasuc = 95%
confidence interval caiculated for ORp.; woL = weight given to a specific population in a meta-analysis under the random effects model
which includes the effects of both inter and intra population variability; var, = internal variance within a specific population group;
Quore = heterogeneity statistic determined via Wolfe's method under the fixed effects model, k = number of population groups
investigated; T = measure of inter population variability.

4.4 REAL TIME POLYMERASE CHAIN REACTION AND MELTING CURVE
ANALYSIS

All genetic analyses were performed at the Carl-Gustav-Carus Medical Faculty, Technical
University Dresden in Dresden, Germany. The LightCycler™ (LC)-FastStart™' Plus DNA
Master Hybridisation Probes kit was utilised in the real-time PCR strategy for the detection
of the various alterations discussed. This kit has been completely optimised by the
manufacturer for allele detection utilising hybridisation probe chemistry. It was therefore
unnecessary to alter the magnesium chloride concentration during optimisation hence
simplifying the entire process. DNA amplification via the action of a thermostable
polymerase as described by Mullis ef al. (1986, 1987) is the basic principle from which this
technique was derived.

The kit contained the LC™-FastStart™ polymerase which is a *hot-start” enzyme, thus its
action is prevented via treatment with a heat-labile enzyme-specific antibody as described
by Kellog etal. (1994). This prevents the occurrence of any secondary amplification
preceding the initial denaturation step, which may interfere with the fluorescent signal and
prevent accurate downstream analysis.

! FastStart™ is a trademark of Roche Molecular Biochemicals, Indianapotlis, N, USA.
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Furthermore, the kit also contained the FastStart™ Plus Reaction Mix Hybridisation
Probes 10 x reaction buffer which consisted of a deoxynucleotide triphosphate (dNTP)
mixture wherein, deoxythymidine-5'-triphosphate (dTTP) had been replaced with
deoxyuracii-5'-triphosphate (dUTP). Carry over contamination can therefore be prevented
by treatment with a heat labile uracil-DNA glycosylase (Roche Molecular Biochemicals,
Hamburg, Germany). However, this was not required in this investigation.

The LC™ reaction utilised in the screening of these variants consisted of the following
components namely 10 picomole (pmol) of each of the forward and reverse primers
(presented in Table 4.5), 3 pmol of the LC640 probe (presented in Table 4.7) and 1.5 pmol
of the sensor probe (presented in Table 4.7).

Preceding the addition of the enzyme to the reaction mixture, one vial of both the enzyme
and the reaction mix underwent centrifugation followed by the transfer of 60 pl of the
reaction mix to the tube containing the enzyme. The solution was homogenised and
relabelled to prevent accidental misuse, followed by the addition of 2 ul to each reaction.
The sequence of the primer sets utilised in the amplification of the various regions within
the APM1 and CAPN10 genes are depicted in Table 4.5.

Table 4.5: Primers utilised in the amplification of regions harbouring specific
single nucleotide polymorphisms within the calpain 10 and adiponectin

genes

UCSNP Primer Primer sequence’

43 + 44 UCSNP-43/44 F1 F: 5-tgt cgg cac acc gga tgc-3
= UCSNP-43/44 R1 R: 5'-ggt ctg tag cac ccc aaa teg-3
E 5 UCSNP-56 F1 F: 5’-ggc ctc agg cac act gta g-¥F
8 UCSNP-56 R1 R:5-tct tcc tge cte gea cta g-3

UCSNP-63 F1 F:5-cac tcg gtc aga goc cta ge-3
& UCSNP-63 R1 R: 5-ggt gec tga agg tte cac te-3

SNP Primer Primer sequem:e2
‘% C-11377G ACR1F F:5'-act tgc cct gee tet gtc tg-3
g G-11391A ACR1R R: 5-gcc tgg aga act gga agc tg-3'
E 145G ACR3F F:5-aga aag cag ctc cta gaa gt-3
ACR3R R: 5’-ggc acc atc tac act cat cc-3

'Primer sequences as described by Gorgens etal (2003); *Primer sequences as described by Schwarz etal. (2004);
UCSNP = University of Chicago single nucleotide polymorphism; SNP = single nucleotide polymorphism; F and R represent forward and
reverse primers respeclively.
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In all the reactions utilised in the detection of these alterations a master mixture of the
various components was prepared according to the concentrations previously discussed.
Eighteen pl of this solution was aliquoted into a LightCycler™ capillary tube to which
100 ng of patient genomic DNA was added. The capillary tube was capped and
centrifuged to ensure the reaction volume filled the entire capillary. The reaction was
allowed to undergo amplification in the LightCycler™ instrument and detection of the
resulting product was achieved via the utilisation of specific LightCycler™ master
hybridisation probes. Amplification was achieved in a LightCycler™ Real Time PCR
Machine via the thermal cycling conditions presented in Table 4.6. In the case of
UCSNP-43, -44, -56 and -63 initial denaturation was followed by 40 cycles of the
aforementioned program, whereas the SNPs within the APM1 gene were subjected to 35
cycles of this program.

Table 4.6: Thermal cycling conditions utilised in the real time polymerase chain

reaction
Stage Molecular reaction Temperature Time

Initial denaturation 95°C 10 minutes
Amplification denaturation 95°C 10 seconds
annealing Ta 7 seconds

elongation 72°C 9 seconds

annealing Thermal ramp to 30°C variable

Melting curve detection of denaturation Thermal ramp to 84°C 0.5°C.s™

fina! denaturation 94°C 1 second

Ta = annealing temperature; s = second; *C = degrees Centigrade.

Melting curve analysis was achieved via the conditions presented in Table 4.6. The
temperature was decreased to 30°C to ensure that most of the probe was annealed to the
template. The temperature was increased by 0.5°C.second.(s)” up to a final temperature
of 84°C, so as to detect the temperature at which denaturation of the probe and template
occurred. Fluorescence was detected continuously throughout this process and was
plotted graphically as fluorescence versus temperature by the LightCycler™ software. The
melting peak of each SNP was detected by determining the negative derivative of the
fluorescence and plotting it against temperature.

Detection of PCR product and determination of the melting curve was achieved by
fluorescence detection utilising specific hybridisation probes. The various probe sets
employed in the screening of UCSNP-43, -44, -56 and -63 as well as C-11377G, T45G
and G-11391A within the APM1 gene are presented in Table 4.7. The level of fluorescence
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was determined once per cycle of PCR after the elongation step and continuously

throughout the melting curve analysis.

Table 4.7: Sequences of the hybridisation probes utilised in detection of the
various SNPs within the calpain 10 and adiponectin gene
Calpain 10
UCSNP Probe Probe sequence’
43Gwt B'-tca cct tca aac gec tta ctt c-X-3
43 43+441.C640 5. LCB40-gcg tga geg coe tge agt cet ct-p-d
44 wtFL §-gcc tta ctt cac agec a-X-3
4 43+44L.C640 5 LC640-gcg tga gcg cec tge agt cct ct-p-3
56mtFL 8'-cct tcc cect act gtc ctc ttc cag-X-3
% 56LC6B40 5- LC640-gga cgt ggc cct tct cte cce t-p-d
63Cmt 5- ccc cct cge tec ace cce-X-3
o3 631.C640 5-1CB40-tca ggc cct ggec cce cct tg-p-3
Adiponectin
SNP Probe Probe sequrem':e2
C-11377G SNP1anchor §'-LC640-aca tga gcg tgc caa gaa agt cca agg tgt tg-p-3'
SNP1sensor 5'-ctc aga tcc tge cct tca aaa ac-X-¥
T45G SNP3newss §-LC640-ttc ctg gtc atg ccc g-p-3
SNP3newar §-agg act ccg gge cct tga gte gt-X-¥
G-11391A AnchorAPM10-1 5'-LC640-gca agc cac aca ttc tga tga att aaa tta cga ccce-p-3
SensorGsnp10 §'-gca gga tct gag ccg gtt ct-X-3' |

'"Probe sequences as described by Gorgens etal. (2003); The primer sequences were descriped by Schwarz etal (2004),
SNP = single nucleotide polymorphism; X = fluorescein; LC640 = LightCycler™ 640 red fluorophore; p = phosphorylated 3' end.

The utilisation of hybridisation probes ensured specific recognition of the regions of
interest. As depicted in Figure 4.1, each probe had a fluorescent probe attached to either
the §'- or 3'-end. One fluorophore was excited by the application of a specific wavelength
as presented in Figure 4.1a. The excitation spectrum of the second fluorophore had to
overlap the emission spectrum of the first fluorophore. For this reason fluorescein was
utilised. Emission at a wavelength of 530 nm was obtained which excited the LC640
probe. Due to the overlap of the emission spectra of these two probes, energy was
transferred to the LC™ probe and caused it to fluoresce. When the two probes were in
close proximity as in Figure 4.1b, it allowed for the detection of a signal different from that
expected if a single fluorophore emitted the signal.

During the melting curve analysis the temperature of the reaction mixture was slowly
increased. It was possible to detect the point at which the probes denatured from the
template by a decrease in fluorescence at 640 nm as outlined in Figure 4.1c. If the probes
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were specific for the wild type allele and the template harboured the mutant allele the
decrease in fluorescence would occur at a lower temperature due to mismatching of the
probe. The mutant and wild type alleles were thus differentiated in this manner.

Figure 4.1: Diagrammatic representation of fluorescence resonance energy
transfer (FRET) technology
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represented by the picture to the left
_. Fluorescein labelled sensor probe

T° = temperature, LC640 = LightCycler fluorophore which emits at a wavelength of 640 nanometres.
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After detection the signal intensity was graphically compared to time by the LightCycler™
software. The melting peak was generated via the calculation of the negative differential of
the fluorescence level versus time following detection (y = negative differential of the
fluorescence level (-d(F)) with respect to time (dT)). The different peaks generated are
depicted in Graph 4.1. Exact complementarity of the probe to the template resulted in a
single peak at the melting temperature of the probe as indicated at curve B in Graph 4.1.
Mispairing, due to the presence of the mutation caused denaturation of the probe at a
lower temperature thus producing a peak as that present at A in Graph 4.1. In the case of
a heterozygotic individual there was two peaks produced however the amplitude was half
that of a peak detected for a homozygote as depicted by peaks C1 and C; in Graph 4.1.

Graph 4.1: Diagrammatic representation of the differential graph of probe
fluorescence versus time
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1,1 = homozygote for the 1 allele indicated by the biue line; 1,2 = heterozygote indicated by the red line; 2,2 = homozygote for 2 allele
indicated by the green line; negative control indicated by black line wherein DNA was replaced by deionised water; T, = temperature at
which the 2,2 homozygote peaks; T, = temperature at which the 1,1 homozygote peaks.

441 Detection of single nucleotide polymorphisms in the calpain 10 gene

Due to the reported association of the SNPs discussed in Section 4.4.1.1 to 4.4.1.4 with
T2D (Horikawa et al., 2000) they were screened in the cohorts included in this study.
These alterations were all detected by real time PCR. The location of each SNP within the
genomic sequence of human chromosome 2q37.3 (GenBank accession number
AF158748) is presented in the following sections as well as the annealing sites of the
relevant probes and primers. If the published sequence was not exactly complementary to
the sequence of the sensor probe, e.g. due to the variant allele being present in the
published sequence as opposed to the wild type allele recognised by the probe, the
sequence was altered accordingly. This was undertaken to ensure that the probe
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sequences listed in Table 4.7 could be compared to the various sequences presented. All
alterations made in the sequence are indicated within the text preceding the partial
genomic DNA sequence. All sequence presented in the following sections, is indicated in
the forward direction.

4.4.2 UCSNP-43 in the calpain 10 gene

Both UCSNP-43 and -44 are present within intron three of the CAPN10 gene and were
therefore both amplified utilising the primer set UCSNP-43/44 F1 and UCSNP-43/44 R1.
However, detection of each was achieved utilising different probe sets. The position and
nature of UCSNP-43 (allele 1 = guanine, allele 2 = adenine) is indicated in Table 4.8. This
alteration was screened via FRET technology utilising the LightCycler™ apparatus.

Table 4.8: Allele composition of UCSNP-43 and -44 within the calpain 10 gene
UCSNP nt change Position UCSNP nt change Position
43 G>A 22,762 44 T>C 22,751

UCSNP = University of Chicago single nucleotide polymorphism; Nucleotide numbering according to Horikawa et al. (2000).

The primer sequences represented in Table 4.5 were employed in the amplification of a
segment of intron three. The primer and hybridisation probe annealing sites for the
amplification of UCSNP-43 are indicated on the partial sequence of intron three presented
in Table 4.9. The sensor probe has been designed to specifically recognise the more
prevalent allele and the sequence has been altered accordingly i.e. at position 22762 an
adenine has been replaced by a guanine.

Table 4.9: Partial sequence of intron three of the calpain 10 gene from nucleotide
22561 to 22980
i g DNA Sequence: UCSNP-44 and -43
22561 tggtgacatc agtgcccagt gagcccttec atcccaaggg ctgttttagg aaaagcaggg
22621 ttggagcttg agagccaagg gatgtgggca tccatagctt ccacgcctec tgccctgete
22681 ctgtgcccac accggatgcc agagagtttc tgtgtgtggg cagaggactg cagggcgcetc
22741 acgcttgctg aagtaagg c@:ttgaagg tgaggctaag ccttgacttg gtgaggatga
22801 ggaagaaggc agaggggagt aaagaggtgg gattgaggca gcggttggac gatttggggt
22861 gctacagacc atgggaatca gagagggggc catgctcaat gccagaggct cactcccatg
22921 gtgattgtgt ccecctagggt cecatgggtcc tacgagcacc tgtgggccgg gcaggtggeg

The forward primer sequence is indicated by the double underlined text (vwv) whereas the position of the reverse primer sequence is
indicated by the underlined text (www). The anchor probe sequence is indicated by the red text (xxx). The sensor probe 43wtFL specific
for UCSNP-43 is indicated by the blue text (yyy) whereas the sensor probe 44wtFL specific for UCSNP-44 is indicated by the text
highlighted in yellow (zzz). A block (O) indicates the position of UCSNP-44 and a circle (O) indicates that of UCSNP-43. This sequence
has been retrieved from GenBank accession number AF158748. Nucleotide numbering is according to Horikawa et al. (2000).
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4.4.3 UCSNP-44 in the calpain 10 gene

As presented in Section 4.3.1.1, UCSNP-44 (allele 1 = thymine, allele 2 = cytosine) is in
intron three of the CAPN10 gene and was amplified utilising the primers termed
UCSNP-43/44 F1 and UCSNP-43/44 R1. The nucleotide position as well as the different
alleles present at this locus, are presented in Table 4.8. The annealing sites of the primers
and probes utilised in the determination of the genotype at this locus are presented in
Table 4.9. The sequence has been appropriately altered at position 22751 i.e. a cytosine
has been replaced by a thymine, to ensure the exact complementary sequence to the wild
type specific sensor probe is presented.

4.44 __ UCSNP-56 in the calpain 10 gene

Although both loci are within intron six, the utilisation of UCSNP-56 (allele 1 = adenine,
allele 2 = guanine) in favour of UCSNP-19 is discussed in Section 5.3.1.3. The recognition
sites of the primers and hybridisation probes utilised in the detection of UCSNP-56 are
represented in Table 4.10. The sensor probe is specific for the wild type SNP, therefore
the sequence presented has been altered accordingly i.e. an adenine replaces a guanine
at nt position 23325.

Table 4.10: Partial sequence of intron six of the calpain 10 gene from nucleotide
23101 to 23460
Mucientide DNA Sequence: UCSNP-56

number

23101 ctccacctga aggaccagtg tctgatcagc tgctgcegtgce tcagccccag agcaggtgag
23161 gcacgtggcc aacatgggag ggctgcagcc agcgtgcccc ccactgccag gcectcaggca
23221 cactgtagct ttttatgtga ctggctacac agccctgtca ggactaagtg ggaagaagta
23281 agcttgttct caagggtggt gtcctcagtt tgtgacctte ccctEhtgtc ctcttccaga
23341 gggacgtggc ccttctctcc cctgaccagt cctttccact agtgcgaggc aggaagaggt
23401 ggcaccgagt caaagcccac tgtctgtgcc atccctggcc cagctggcaa cctggcaaaa

The forward primer sequence is indicated by the double underlined text (vwv) and the position of the reverse primer is indicated by the
underlined text (www). The anchor probe sequence is represented by the text in red (xxx). The sensor probe is indicated by the text in
blue (yyy). A block (0J) indicates the position of UCSNP-56. The sequence has been retrieved from GenBank accession number
AF158748. Nucleotide numbering is according to Horikawa et al. (2000).

44.5 UCSNP-63 in the calpain 10 gene

This polymorphism is present in intron 13 and is a transition alteration of a cytosine
(allele 1) to a thymine (allele 2) at nucleotide 34288 (Horikawa et al., 2000). It was
determined via real time PCR and melting curve analysis, utilising the primer set
UCSNP-63 F1 and UCSNP-63 R1 presented in Table 4.5. The probes were designed to
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recognise the wild type allele. Primer and probe annealing sites are depicted in the
sequence presented in Table 4.11.

Table 4.11:  Partial sequence of intron thirteen of the calpain 10 gene from
nucleotide 34141 to 34440

i DNA Sequence: UCSNP-63

number
34141 gtcccecaget ggctgggect gcagcccect cctgtgecce gagetggecg ggecegeage
34201 ccactccectg gtcactggat gttgctgaca cttcactcgg tcagagccct agcacccaag
34261 gggggccagg gectgacggg ggtggageba gggggtggge cgegtctgtg caggctcaag
34321 aagcttccta agaggctgga gagtggaacc ttcaggcacc acgcactgecc tecctcectge
34381 ccacggtecct gggtttctcec agatggggcc ttggeccttgg ctaggtgttg atcaggaget

The forward primer sequence is indicated by the double underlined text (vwvv) and the position of the reverse primer is indicated by the
underlined text (www). The anchor probe sequence is represented by the text in red (xxx). The sensor probe is indicated by the text in
blue (yyy). The block ([J) indicates the position of UCSNP-63. The sequence has been retrieved from GenBank accession number
AF158748. Nucleotide numbering is according to Horikawa et al. (2000).

4.4.6 Haplotype frequencies at the calpain 10 locus

Haplotype and haplotype combinations were generated in the following manner. In the
case of the CAPN10 gene the order in which the alleles were presented within the
haplotype was according to the following template: UCSNP-43, UCSNP-56 and
UCSNP-63. An individual homozygous for the 1 allele at UCSNP-43, heterozygous for
UCSNP-56 and homozygous for allele 1 at UCSNP-63 would have a 111/121 haplotype.
The haplotype combinations were generated according to the list presented in Appendix A.
The generation of haplotypes for ambiguous loci is presented in Section 5.4.6.

4.4.7 Detection of single nucleotide polymorphisms in the adiponectin gene

Various genetic alterations within the APM1 gene have been associated with increased
susceptibility to T2D within the European population (Schwarz efal., 2004), namely
C-11377G, T45G and G-11391A, and were screened in the population under investigation
via real-time PCR and melting curve analysis. The positions of C-11377G and G-11391A
are indicated within the promoter region of the APM1 gene (GenBank accession number
AF304467) whereas the location of T45G is specified within exon 2 of the APM1 gene
(GenBank accession number AC072018). All sequence presented in the following sections
is indicated in the forward direction.
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4.4.8 C-11377G in the adiponectin gene'

The C-11377G alteration is a cytosine (allele 1) to a guanine (allele 2) alteration at
nucleotide position 8152. The positions of the primer set, ACR1F and ACR1R, and
hybridisation probes, SNP1anchor and SNP1sensor, are presented in Table 4.12.
Hybridisation probes were designed to recognise the wild type allele. The primer and
probe annealing sites utilised in the detection of the G-11391A alteration are also
presented in Table 4.12 however this SNP is discussed in greater detail in Section 4.4.10.

Table 4.12: Partial sequence of the adiponectin gene from nucleotide 7990 to

8289
Nucleotide DNA Sequence: C-11377G and G-11391A

number

7990 tgtgtggact gtggagatga tatctggggg gcaggcagac acttgccctg cctctgtct

8050 agaaaattct gttttggatg tcttgttgaa gttggtgctg gcatcctaag cccttgctgl
8110 | EEEEEEEEESSEENECNSNESESENENEEEE - 2022 cdghctcaga toctodgbte
8170 caaaaacaaa acatgagcgt gccaagaaag tccaaggtgt tgaatgttgc cacttcaagce
8230 ctaaactttc taggaacacc taagtgggtg gcagcttcca gttctccagg ctgcttctag

The forward primer sequence is indicated by the double underlined text (vvv) whereas the position of the reverse primer sequence is
indicated by the underlined text (www). The anchor probe sequence specific for C-11377G is indicated by the red text (xxx) whereas the
anchor probe specific for G-11391A is indicated by the text highlighted in green (J§il). The sensor probe specific for C-11377G is
indicated by the blue text (yyy) whereas the sensor probe specific for G-11391A is indicated by the text highlighted in yellow (zzz). The
position of C-11377G is indicated by a block ((J) and that of G-11391A is indicated by a circle (O). This sequence has been retrieved
from GenBank accession number AF304467. Nucleotide numbering according to Das et al. (2000).

The two SNPs were detected utilising different hybridisation probes designed to be specific
for each of the alterations. Due to the close proximity of these two alterations the primers
ACR1F and ACR1R presented in Table 4.5, were utilised in the PCR amplification of this
region for investigation of both alterations.

4.4.9 T45G in the adiponectin gene

The polymorphism termed T45G is a thymine (allele 1) to a guanine (allele 2) alteration at
nucleotide position 5629. The primer set ACR3F and ACR3R presented in Table 4.5 was
utilised in the amplification of this alteration whereas detection was achieved via the probe
set SNP3newss and SNP3newar depicted in Table 4.7. This probe set specifically
recognised the variant sequence of this SNP. The sequence has been altered from a
thymine to a guanine at position 5629 within Table 4.13. The probe and primer recognition
sites are depicted in Table 4.13.

' Half of the controls and cohorts described in Section 4.1.1 were genotyped by U. Buro at this locus utilising a protocol optimised by
the author.
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Table 4.13:  Partial sequence of the adiponectin gene from nucleotide 5454 to
5993
o w DNA Sequence: T45G
5454 tacttagaaa gcagctccta gaagtagact ctgctgagat ggacggagtc ctttgtaggt
5514 cccaactggg tgtgtgtgtg gggtctgtct ctccatgget gacagtgcac atgtggatte
5574 cagggctcag gatgctgttg ctgggagctg ttctactget attagctctg cccgq:ﬁatg
5634 accaggaaac cacgactcaa gggcccggag tcctgcttce cctgcccaag ggggectgcea
5694 caggttggat ggcgggcatc ccagggcatc cgggccataa tggggcccca ggccgtgatg
5754 gcagagatgg cacccctggt gagaagggtg agaaaggaga tccaggtaag aatgtttctg
5814 gcctectttea tcacagacct cctacactga tataaactat atgaaggcat tcattattaa
5874 ctaaggccta gacacaggga gaaagcaaag cttttttatg ttaaccataa gcaacctgaa
5934 gtgatttggg gttggtcttc caaggatgag tgtagatggt gcctctataa ccaagacttt

The forward primer sequence is indicated by the double underlined text (vvv) whereas the position of the reverse primer sequence is
indicated by the underlined text (www). The anchor probe sequence is indicated by the red text (xxx). The sensor probe specific for
T45G is indicated by the blue text (yyy). The position of T45G is indicated by a circle (O). This sequence has been retrieved from
GenBank accession number AC072018. Nucleotide numbering according to Muzny et al. (2000).

4.4.10

G-11391A in the adiponectin gene'

The G-11391A alteration is a guanine (allele 1) to adenine (allele 2) alteration at nucleotide
position 8166. As stated in Section 4.3.2.1 this SNP and C-11377G are near to each other
and therefore the same primer set was utilised to amplify this region. A different set of
probes namely AnchorAPM10-1 and SensorGsnp10 listed in Table 4.7, were utilised to
detect this alteration. The recognition sites of these probes as well as the primer set are
presented in Table 4.12.

4.4.11 Haplotype frequencies at the adiponectin locus

To determine the frequencies of the haplotypes for the genes investigated, within the
various populations, it was necessary to elucidate the various haplotype combinations that
were present. Haplotypes generated for alterations in the APM1 gene are presented in the
following order: C-11377G and G-11391A. Hence an individual homozygous for the 2
allele at C-11377G and homozygous for the 1 allele at G-11391A was assigned the
haplotype combination 21/21. Further discussion regarding the utilisation of these specific
SNPs is presented in Section 5.4.11.

) The black Southern African patients and controls described in Section 4.1.1.1 were genotyped at this locus by U. Buro utilising a
protocol optimised by the author.
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As the populations investigated in this study are already struggling with the added impact
of HIV and AIDS (Benatar, 2004) it becomes apparent that health care services cannot
afford expensive T2D treatment strategies. This is ironic because disease risk is almost
obliterated by the application of the relatively inexpensive and complementary therapies of
dietary management and an exercise regimen in a timely fashion (Eriksson and Lindgéarde,
1991). The genetic aetiology of this group of disorders was investigated at specific loci in
this study in order to describe the possible origins of disease risk. Upon elucidation of
these pathways it will be possible to develop pre-diagnostic testing in order to define an
individual risk profile to facilitate the implementation of treatment strategies.

The major objective of this research project, however, was to underline the importance of
including population specific variability when investigating the role of genetic loci in T2D
disease susceptibility. Furthermore, it was undertaken in order to elucidate the genetic
factors at certain loci, which increase susceptibility towards T2D in the populations
investigated.

5.1 STUDY DESIGN

This report represents the largest investigation into the association of certain SNPs within
the CAPN10 and APM1 genes with T2D in the black Southern African and Cuban
populations. Individuals were collected according to their diabetic status and were
therefore heterogeneous in terms of ethnicity. To overcome possible stratification due to
ethnicity a case-control strategy was utilised in order to minimise this effect. Individuals
were therefore not sub-classified according to their ethnic origins, but rather grouped
according to their diabetic status.

511 Participant selection

Although there is a close link between T2D and hypertension due to their linked origin to
insulin resistance (Reavan, 1988)it was decided to include hypertensive patients as
control individuals in this investigation. These individuals were the only available
comparable group and were from the same community as the diabetics included in this
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investigation. Another reason for their inclusion is that these individuals are monitored for
T2D risk and their diabetic status is therefore generally a matter of record. If the controls
had been collected through ancther outpatient clinic or randomly selected from the
population the risk of including an undiagnosed diabetic individual would have been
higher.

51.1.1 Black Southern African cohort

The decision to utilise the black Southern African population was due to the fact that this
cohort belongs to macrohaplogroup L. This major haplogroup is the most ancient and
therefore also harbours the most variation (Chen et al.,, 1995). Thus it is an excellent
candidate for investigation as it harbours the ancestral frequencies of the various
genotypes, haplotypes and haplotype combinations discussed in Section 3.3.1 and 3.3.4.
All other populations are derived from this lineage (Cann et al.,, 1987). Secondly this
population is currently undergoing increased risk towards the symptoms of the metabolic
syndrome due to urbanisation (Schutte ef al., 2003). A recent investigation has determined
that the mitochondrial genome has undergone natural selection due to varying climatic
conditions and diet as the various migrant populations left Africa (Mishmar et al., 2003). It
therefore follows that metabolism is highly attuned to the environment in which an
individual is located. Similarly if that environment changes, such an individual is at a
disadvantage as its metabolism is no longer optimal in the new environment. This could
result in the various lifestyle disorders such as T2D and CAD. This population is therefore
at a greater risk of developing these types of disorders. This increased risk and the
ancestral nature of this population signifies that it is an excellent candidate for this type of
analysis.

5.1.1.2 Cuban cohort

The Cuban population is however more modern in its origins compared to black South
Africans. In an investigation by Torroni etfal. (1995) it was determined that the
mitochondrial ancestry of the Cuban population consisted of a heterogeneous mixture with
50% of the mitochondrial haplotypes present, originating from Europeans, 46% originating
from Africans and 4% from Native Americans. Whereas the African population harbours
the ancestral frequencies of the various genotypes, haplotypes and haplotype
combinations under investigation as discussed in Section 5.1.1.1, the current frequencies
present in the Cuban population have originated from the initial frequencies within the
Native American, African and European populations from which this population has arisen.
Therefore if similar patterns of disease risk were defined within these populations it would
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lend evidence to the utilisation of global strategies to uncover T2D preventative strategies
because ethnic origins would not play a significant role in disease risk. However if this was
not the case and the risk factors were different there is a greater likelihood that ethnicity is

important in disease risk.

Furthermore this population is not immune to the effect of Westemisation as was
determined upon investigation of first generation Cuban immigrants to the United States of
America. These individuals were determined to present with greater levels of overweight
upon adoption of the Westernised diet than individuals that maintained the ancestral diet
(Gordon-Larsen et al., 2003). The prevalence of diabetes within Cuba has been forecast to
increase from 54% to 8.3% by the year 2025 (King etal, 1998). If the effects of
Westernisation as described by Gordon-Larsen et al. are taken into account this increase
is not surprising. Therefore the Cuban population is a good candidate for genetic
elucidation of T2D disease risk.

5.2 ISOLATION OF DNA

The samples utilised were obtained with informed consent from both the patients and
controls. A modified protocol of the NucleoSpin® kit was implemented for DNA isolation as
discussed in Section 4.2. The average concentration of DNA yielded was ca. 150 ng.ul™".
Although this technique supplied a relatively lower yield than could be achieved utilising
isolation kits which did not utilise spin columns, it was deemed more important to ensure
retention of the DNA at the expense of the yield, than to possibly lose the DNA pellet
during a washing step. The DNA isolated via this method was clean (average
AzsolAzso = 1.85) and of sufficient concentration to be utilised in the numerous downstream
molecular screening techniques.

5.3 STATISTICAL ANALYSES

The data generated in this investigation was analysed statistically according to the
following methods as described in Section 4.3. Statistical calculations were undertaken
utilising the Microsoft™ Excel software. Due to the multiple testing of the cohorts
investigated an adjusted significance level had to be defined via the Bonferroni method as
presented in Section 4.3.1 (Bland and Altman, 1995).

The genotypes produced were tested for adherence to HW equilibrium (Hardy, 1908) as
discussed in Section 4.3.2 whereupon determination of any significant difference in the
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frequencies of the genotypes, haplotypes and haplotype combinations between the
diabetic and contro! cohorts investigated was achieved via the use of contingency table
analyses and y testing as outlined in Section 4.3.3 (Samuels et al., 1989). The origins of
any significant difference were investigated via odds ratio determination as defined in
Section 4.3.4 (Bland and Altman, 2000) whereas the elucidation of any global associations
between the specific genotypes and disease risk was achieved via meta-analysis of the
Cuban, black Southern African and a reported German population as indicated in Section
4.3.5 (Jackson, 2004).

5.3.1 Calculation of significance level

In defining a threshold value for ail statistical analyses, the effect of multiple significance
testing needs to be addressed. As discussed in Section 4.3.1 multiple genetic screenings
of the Cuban and Southern African cohorts were undertaken. Numerous statistical tests on
the same sample increase the probability of a Type | error (Bland and Altman, 1995),
which will result in incorrect acceptance of spurious association. In order to overcome this,
the significance level was adjusted utilising the Bonferroni method as presented in Section
4.31. Upon adjusting for multiple testing however the probability of a Type Ii error
occurring is greatly increased in that a significant association may be overiooked as the
significance level is too high (Feise, 2002). Thus in describing a threshold value caution
must be applied so as to overcome both of these pitfalls. It was hence decided that a
value of seven would be applied to the Bonferroni equation at an « value of 0.05, as each
cohort underwent analysis of seven alterations. The adjusted significance level of 0.007
was therefore accepted.

5.3.2 Hardy Weinberg equilibrium

Upon determination of the significance level it was possible to define the critical 3 value
according to a published table described by Samuels ef al. (1989). The df were determined
utilising the equation presented in Equation 4.5 and therefore depended on the size of the
contingency tables utilised. Two by three contingency tables as utilised in the analysis of
HW equilibrium had 2 df, therefore the critical ¥* value was defined as 9.21. In a similar
manner critical y* values were determined for the larger tables. These relevant values are
presented within the footnote of each table as is evident in Table 5.30.

HW equilibrium testing is integral to any case-control analysis investigating genetic
variants. This strategy as described in Section 4.3.2 is utilised in order to elucidate
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whether the distribution of genotypes within a population are similar to the mathematically
derived genotype frequencies as calculated from the allele frequencies (Hardy, 1908). |f
this is the case certain assumptions can be made regarding the sampling of the individuals
within a specific cohort. Firstly the population is significantly large enough to allow for
random mating. No genotype is therefore proportionally more prevalent as would be the
case in a population undergoing inbreeding, for example, wherein a specific genotype has
a skewed proportion due to the increased consanguinity (Hardy, 1908). Furthermore if the
population is large enough the effect of random genetic drift is negligible (Degos et al.,
1979). Secondly the locus is not undergoing allele reversion, as this would alter allele
frequencies, thus altering the calculated genotypic frequencies. Thirdly the population from
which the cohorts are collected has not recently undergone migration, causing stratification
within a seemingly homogenous population. Allele frequencies may be stable within both
original populations but upon migration the allelic levels would be that of the mean of the
two populations unless this stratification is corrected (Degos etal, 1979). Finally the
population is not experiencing natural selection at the investigated locus. If this had been
present it would have resulted in a specific genotype being preferentially increased or
decreased between generations ultimately changing allele frequencies and thus
preventing HW equilibrium from being reached (Bowcock et al., 1991).

HW equilibrium testing is thus a measure of the amount of variation inherently present in
the population, and may affect any association detected. It can be hypothesised that any
differences between two cohorts that are both in HW equilibrium, which differ only in
disease status, are not due to any of the factors previously discussed and are therefore
more likely brought about by association of a specific genotype to disease susceptibility.
However, a cohort can only be in HW equilibrium if the amount of variation between the
actual genotype frequencies and the calculated frequencies does not exceed a specific
threshold value as defined in the first paragraph of Section 5.3.2,

At the outset, it may seem counterintuitive that the population should be in HW equilibrium
at these loci, as these variations should undergo natural selection i.e. the changes have a
negative effect on the patient’s phenotype. However the nature of these alterations, that is
their presence at susceptibility loci, results in the disorder generally manifesting after
reproductive age, therefore not affecting the fecundity of the individual. For this reason
natural selection has very little effect at these loci. The assumptions for testing of the
hypothesis therefore remained intact.
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Another possible problem in utilising HW equilibrium in this instance is that it requires the
individuals in the study to be from the same generation i.e. it requires the existence of
discrete generations. This factor was, however, overcome in the population investigated in
this study, as one of the criteria for inclusion was that patients were over the age of
twenty-five, therefore selecting for a single generation.

To date this is the largest investigation of the allele variation present within the black
Southern African and Cuban populations for SNPs involved in T2D susceptibility in
comparison to various other populations. HW equilibrium status was calculated for all the
cohorts to verify that all groups investigated were representative samples of the greater
population under investigation.

5.3.3 Chi square analysis

¥% analysis was utilised for comparison of the various control and diabetic cohorts for the
calcuiation of any differences in genotype distribution following HW equilibrium testing. It
was further utilised to define any significant differences in the haplotypes and haplotype
combinations between the two cohorts. The relevant df and critical ¥° values were
determined as discussed in Section 4.3.3 and Section 5.3.2

5.3.4 Odds ratio determination

Utilising xz analysis it was possible to determine if a significant difference was present in
the distributions of the genotypes, haplotypes and haplotype combinations between the
cohorts investigated. This was however, merely a measure of the level of difference rather
than being indicative of the source of the effect. Therefore it was necessary to utilise a
statistical analysis such as OR as discussed in Section 4.3.4 in order to determine the risk
of a specific genotype, haplotype or haplotype combination within the cohort (Bland and
Altman, 2000).

Woolf's method of calculation was utilised as the populations investigated are unlikely to
be genetically homogeneous. This method utilises actual incidence rates as opposed to
the frequencies of certain factors within the population. It is, therefore a direct measure of
the disease risk within the specific population, which does not require the initial elucidation
of differences in frequencies between the different populations investigated for its
calculation (Woolf, 1955).
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The method described is utilised to calculate the risk OR of the genotype, haplotype or
haplotype combination with regard to T2D. It was utilised to compare the evidence for
association of a specific factor to disease risk versus the evidence that the factor is
associated with decreased risk or protection towards the disease (Bland and Altman,
2000). An OR value of > 1 was taken as an indication that the evidence for association to
disease risk was greater, therefore with reference to Equation 4.6 n, and n4 had larger
sample sizes than cohorts n, and ns. Alternatively an OR < 1 allows for the assumption
that the evidence was stronger for association of decreased risk to a specific factor in
which case the opposite is true i.e. n; and nj are larger than ny and ns. If the cohort under
investigation was truly representative of the larger population under investigation the OR
was a measure of the risk that a person harbouring a specific factor in the greater
population would have of developing the disorder.

The natural logarithm of OR is, however, the central value of a logarithmic distribution from
which the 95% Cl is generated as indicated in Equation 4.7, and any conclusions made
from this former value were always undertaken with reference to the Cl. The range of the
confidence interval was utilised to infer the likelihood of association between a specific
genotype, haplotype or haplotype combination and disease risk:

»  95% Cl < 1: association with a protective effect (McGeer et al., 1996)

» 95% CI < 1 and 95% Cl > 1. no association with either an increased or

decreased risk (Bland and Altman, 2000)

»  95% Ci > 1: association with risk towards the disease (Chrichton, 2001)
These cut off points were utilised as guidelines and any ambiguous intervals are
appropriately discussed in the text.

5.3.5 Meta-analysis

In order to determine if any association that was determined at a cohort level translated to
a global association, a meta-analysis as discussed in Section 4.3.5 was undertaken at
each of the loci investigated. In order to achieve this the black Southern African and
Cuban cohorts were analysed with two German cohorts, one of which was screened for
the alterations in the CAPN10 gene (Song et al., 2004; Weedon et al., 2003) and one in
which the alterations in the APM1 gene were screened (Schwarz et al., 2004). These
investigations were chosen, as the individuals were collected in a similar fashion as those
utilised in this investigation.
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A standard meta-analysis strategy for a case-control study was utilised testing the
adherence of the specific genotypes to the model of dominant, recessive or additive
effects. The OR generated under the dominant model was regarded as evidence that the
association for both the heterozygous and wild type homozygous genotypes to disease
risk were similar i.e. disease risk was similarly altered for individuals harbouring these
genotypes as compared to individuais homozygous for the mutant allele. Under the
recessive model it was possible to determine the effect the wild type homozygote had on
disease risk as compared to the other two genotypes i.e. does the wild type allele only
alter disease susceptibility in the homozygous state. Finally the additive model was utilised
to define the specific effects that each possible genotype had on disease risk if the
confounding effects of the other genotypes were removed. Three classes were defined:

»  harbouring two wild type alleles versus one (1,1 versus 1,2)

»  harbouring one wild type allele versus none (1,2 versus 2,2)

»  harbouring two wild type alieles versus none (1,1 versus 2,2).

Since only three populations were investigated it was difficult to determine the level of
study heterogeneity via standard graphical methods. It was therefore not possible to
determine whether a hypothesis of fixed effects or one of random effects should be
utilised. The fixed effects hypothesis allows for the calculation of a measure of whether
there is an association of a specific genotype to disease risk in the groups investigated
whereas in the case of the random effects hypothesis it is possible to define whether the
genotype is always associated with disease risk (Jackson ef al., 2004). Calculations for
both hypotheses were undertaken at each locus. The Wolfe's method utilised to determine
the global OR under fixed effects allows for the generation of Quore, Which gives an
indication of the heterogeneity across the cohorts, that is ultimately utilised to calculate the
ORpy.

Upon calculation of the OR values under these two effects it was possible to determine if
the difference was significant via x? testing. If this was the case there was greater
evidence for the random effects hypothesis whereas if the values are similar the
hypothesis of fixed effects is more appropriate (Jackson ef al., 2004). In testing the fixed
effects hypothesis, Wolfe's method was utilised due to its relative simplicity as well as the
fact that it allows for the comparison of continuous variables, which is useful in
investigating complex diseases, which may have environmental effects, which mitigate
disease risk. The random effects model was calculated utilising the method described by
DerSimonian and Laird, as this is the standard method for meta-analytical analysis under
this hypothesis (DerSimonian and Laird, 1986).
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5.4 MUTATION DETECTION VIA REAL-TIME POLYMERASE CHAIN REACTION
AND MELTING CURVE ANALYSIS

Due to the large cohorts of individuals to be genotyped it was necessary to utilise a fast,
simple and time effective method of molecular screening which did not require the use of
any dangerous and/or poisonous reagents. Thus it was decided that the alterations within
the CAPN10 and APM1 genes would be screened via the utilisation of the LC™ Real Time
PCR Machine implementing hybridisation probe technology for genotype detection utilising
the phenomenon of FRET.

This method of analysis was chosen due to its many advantages. Firstly, this method of
mutation detection is extremely rapid as the sample is able to undergo 30-40 cycles of the
PCR within 20-30 min with an added 10-20 min for the mutation detection cycle. Secondly,
this process is extremely specific due to the process of mutation detection being based on
FRET technolegy. Finally, it is non-radioactive and non-carcinogenic and negates the
necessity for the use of harmful chemicals i.e. ethidium bromide or acrylamide during
electrophoresis of the PCR product.

The LC™- FastStart™ Plus DNA Master Hybridisation Probes kit was utilised in the
screening of the various genetic alterations within the CAPN10 and APM1 genes to
prevent the non-specific amplification, which may interfere with signal detection. It
achieves this due to the “hot-start" nature of the polymerase. The enzyme has been
treated with a monoclonal antibody which inhibits the FastStart™ polymerase activity and
which is only released upon exposure to a temperature of 95°C for ca. 10 min (Kellog
etal, 1994). Hence the cycling conditions employed were ailtered accordingly.
Furthermore this kit was utilised as it negated the need for complex optimisation of the
reaction parameters as the concentration of magnesium chloride or [MgCl;] had been
optimised for allele detection type of analyses.

Each set of reactions contained a negative control in which the aliquot of genomic DNA
was replaced by the same volume of double distilled water. This was undertaken, as the
LC™ instrument is sensitive to contamination. Furthermore this is good lab practice, in
order to ensure the validity of results obtained. As discussed in Section 4.4 there was no
need for the utilisation of a uracil-DNA glycosylase as no carry over contamination
occurred. This was mainly due to the fact that real-time PCR preparation was undertaken
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in a separate room from the post PCR area. Furthermore reagents and equipment utilised
for pre- and post PCR analysis were kept separate, according to good laboratory practise.

Each reaction set also included three positive controls in which the DNA aliquot was of
control DNA known to harbour one of the three possible genotypes i.e. homozygote for the
1 allele, heterozygote or homozygote for the 2 allele. The graphs that the aforementioned
reactions generated were utilised in the standardisation of the differential graphs produced
via mutation detection analysis. Alternatively stated, a patient was only scored as
harbouring a specific genotype if the resulting peak was at the same temperature as that
of one of the control peaks.

During the course of this investigation it was determined that a half of the reaction volume
could be utilised in the screening process. The decreased volume still generated a signal
with sufficient intensity to be utilised in the exact determination of the genotype under
analysis. This revised reaction volume was therefore instituted due to its cost-effectivity.

Upon comparison of the sizes of the different sample groups it is evident that total sample
sizes differ for the various SNPs that have been investigated as can be determined upon
comparison of Table 5.1 and 5.8. This is due to the fact that as a large quantity of SNP
data was generated it was not always possible due to budgetary constraints to repeat all
the analyses that did not work the first time. Although cohorts of the exact same sizes are
preferential the results determined by the utilisation of different sized cohorts are still
significant as long as the cohorts are representative of the larger population. In this
investigation this representivity was determined by adherence to HW equilibrium. Due to
the low frequencies of certain genotypes such as the 2,2 homozygote at the C-11377G
locus within the black Southern African cohorts, it was decided that all the data points
generated should be included.

5.4.1 Detection of single nucleotide polymorphisms within the calpain 10 gene

CAPN10 is one of the most investigated loci with regard to T2D. Research into the role of
this locus in disease susceptibility has been undertaken in the Mexican American, German
(Horikawa et al., 2000), South Indian (Cassell et al., 2002), English (Evans et al., 2001),
Polish (Malecki ef al., 2002), Samoan (Tsai ef al., 2001), Mbuti and Biaka populations
(Fullerton et al., 2002) in the past. However this is the first reported investigation into the
association of specific SNPs in this gene with disease susceptibility in the black South
African and Cuban populations.
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Within the following sections the molecular screening of UCSNP-43, -44, -56 and -63 will
be discussed. Detection of these alterations was achieved via the methods discussed in
Section 4.4. Specifics regarding the thermal cycling program as well as the scoring
process are discussed under each heading.

54.2 UCSNP-43 within the calpain 10 gene

The amplification of intron three of the CAPN10 gene was undertaken according to the
cycling conditions stated in Section 4.4. This reaction was undertaken at an optimised T,
of 58°C for UCSNP-43. It was subjected to 40 cycles of the thermal parameters previously
discussed in Table 4.6. Melting peaks were determined via the method discussed
previously in Section 4.4 and are presented in Figure 5.1. Due to the variation of the

melting temperatures at which the peaks were produced, the positive controls were utilised
for calibration purposes.

Figure 5.1: Diagrammatic representation of the differential graph of probe
fluorescence versus temperature for UCSNP-43 within the calpain 10
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UCSNP-43: 1 = G allele, 2 = A allele; 1,1 = homozygote for the 1 allele indicated by the blue line; 1,2 = heterozygote indicated by the
red line; 2,2 = homozygote for 2 allele indicated by the green line; negative control indicated by black line wherein DNA was replaced by
deionised water; T; = temperature at which the 2,2 homozygote peaks (T = 54.15°C, standard deviation = 0.34 °C); T = temperature at
which the 1,1 homozygote peaks (T = 61.57°C, standard deviation = 0.71°C); F; = level of differential fluorescence of the peak of the
1,1 homozygote; F; = level of differential fluorescence of the peak of the 2,2 homozygote; F. = level of differential fluorescence of the
right hand peak of the 1,2 heterozygote; F, = level of differential fluorescence of the left hand peak of the 1,2 heterozygote; As the y axis
represents the negative differential of fluorescence with regard to time there are no units presented.
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The probe for UCSNP-43 specifically recognises the G allele. The peak with the highest
melting temperature (T, = 61.57°C, standard deviation = 0.71°C) as depicted in Figure 5.1
(blue curve), was designated the 1,1 homozygote whereas the peak at the lower
temperature (T = 54.15°C, standard deviation = 0.34°C) was classified as the 2,2
homozygote (green curve in Figure 5.1). If there were two peaks present as represented
by the red curve in Figure 5.1, both had to correlate with the melting temperatures of the
1,1 and 2,2 genotypes for the patient to be scored as a heterozygote (heterozygote
T,=54.40°C, standard deviation = 0.52°C; heterozygote T, = 61.96°C, standard
deviation = 0.55°C). Furthermore the amplitude of the two peaks had to be approximately
half that of the peak of the homozygote. In Figure 5.1 for example the level of fluorescence
of the red curve at T, (F4) is lower than that at T, (F3). However the green curve
representing the 2,2 homozygote itself has a lower amplitude (F2) than the blue curve
representing the 1,1 homozygote (F4). The difference between Fz and F; is similar to that

of F4 and F3 and thus it is possible to define the red curve as a heterozygote.

5.4.2.1 UCSNP-43 within the black Southern African diabetic cohort

Via the utilisation of the methods discussed in Section 4.4 it was possible to determine the
genotypic frequencies of UCSNP-43 within the CAPN10 gene. As depicted in Table 5.1,
UCSNP-43 is in fact in HW equilibrium (3* = 2.87) within the South African diabetic cohort
under investigation. The population is thus unaffected by the various factors discussed in
Section 5.3.2.

Table 6.1: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African patient cohort for UCSNP-43

Genotypes 1.1 1,2 2,2 Total
Observed numbers (O) 183 48 7 238
Expected proportions P’ 2pq ¢ PP+ 2pq+ 4
Frequency 0.77 0.20 0.03 1.00
Expected numbers (E) 180.04 53.92 4.04 238.00
¥? = (O-E)/E 0.05 0.65 217 2.87

UCSNP-43: 1 = G allele, 2 = A allele; ¥* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;

g = frequency of allele 2.
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5.4.2.2 UCSNP-43 within the black Southern African control cohort

It was necessary to determine whether the various control cohorts were in HW equilibrium
at the various loci previously discussed. By this calculation it was determined that the
Southern African control cohort was in fact in HW equilibrium at UCSNP-43 (x*=1.52) as
depicted in Table 5.2. The absence of the effects delineated in Section 5.3.2 allows for the
statistical comparison of the black Southern African control and affected groups at this

locus.
Table 5.2: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African control cohort for UCSNP-43
Genotypes 11 1,2 2,2 Total
Observed numbers (O) 170 58 2 230
Expected proportions p* 2pq e P’ +2pg + ¢
Freguency 0.74 0.25 0.01 1.00
Expected numbers (E) 172.18 53.64 418 230.00
x> = (O-E)¥E 0.03 0.35 1.14 1.52

UCSNP-43: 1 = G allele, 2 = A allele; x* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;
q = frequency of allele 2.

5.4.2.3 Comparison of UCSNP-43 between both black Southern African cohorts

UCSNP-43 was determined to present with a significant difference (p value < 0.001)
between the patient and contro! cohorts investigated as indicated in Table 5.3. It was
however not possible to discern the origins of the effect, as upon calculation of the odds
ratio, detection of an increased risk for any of the genotypes investigated at the 95% CI
included both numbers below and above one, thus indicating neither a protective factor,
nor a risk factor as discussed in Section 5.3.4. The highest odds ratio value is that of the
homozygote of the variant allele as indicated by the shaded cell in Table 5.3 but possibly
due to the relative rarity of this allele, the 85% Cl is too broad. This in turn increases the
probability of a type 1 error above acceptable limits.

Table 5.3: Chi-square analysis for the comparison of the calpain 10 genotype
distribution at the UCSNP-43 locus between the black Southern African
patient and control cohorts

Cohort 1,1 1,2 2,2 p-value

Patient 0.77 (n=183) 0.20 (n=48) 0.03 (n=7)

Control 0.74 (n=170) 0.25 (n=58) 0.01 (n=2 <0.001
OR (95% CI) 117 (0.77-1.78) 0.74 (0.48-1.15)

UCSNP-43: 1 = G allele, 2 = A allele; OR = odds ratio; 95% Cl = 95% confidence interval; n = sample size; shaded block indicates the
evidence for the increased risk associated with the 2,2 genotype.
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5.4.2.4 UCSNP-43 within the Cuban diabetic cohort

Investigation of UCSNP-43 in the patient cohort of the Cuban population resulted in the
determination of the values as depicted in Table 5.4. The cohort is in HW equilibrium
(x* = 0.51) with respect to this specific polymorphism and therefore the population is not
affected by the various factors discussed in Section 5.3.2. The absence of migration is
heartening as it means the cohort collected has not recently had an addition or subtraction

of alleles due to this phenomenon.

Table 5.4:  Chi-square test of goodness-of-fit to the HW proportions of the Cuban
patient cohort for UCSNP-43

Genotypes 11 1,2 2,2 Total
Observed numbers (O) 200 104 17 321
Expected proportions I°% 2pq q pP+2pg+ g
Frequency 0.62 0.32 0.05 1.00
Expected numbers (E) 197.83 108.34 14.83 321.00
¥ = (O-E)YE 0.02 0.17 0.32 0.51
UCSNP-43: 1 = G allele, 2 = A allele; ¥ = Chi-square vaiue; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;

q = frequency of allele 2.

5.4.2.5 UCSNP-43 within the Cuban control cohort

The UCSNP-43 locus within the control group of the Cuban population, as presented in
Table 5.5, was in HW equilibrium (32 =0.91). Therefore any difference in genotype
frequencies determined upon comparison to the patient cohort could be attributed to
association with T2D. At this locus, the numerous modifying effects discussed in Section
5.3.2 are negligible within this cohort.

Table 5.,5:  Chi-square test of goodness-of-fit to the HW proportions of the Cuban
control cohort for UCSNP-43

F Genotypes

11 1,2 2,2 Total
Observed numbers (O) 147 96 11 254
Expected proportions Pt 2pq 7 pP+2pq+ ¢
Frequency 0.58 0.38 0.04 1.00
Expected numbers (E) 149.70 $0.60 13.70 254.00
¥ = (0-E)4E 0.05 0.32 0.53 0.91

UCSNP-43: 1 = G allele, 2 = A allele; y* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;

g = frequency of allele 2.
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54.2.6 Comparison of UCSNP-43 between both Cuban cohorts

As this locus was in HW equilibrium in both the Cuban patient and control cohorts it was
possible to compare each to the other utilising % testing, the results of which are depicted
in Table 5.6. The absence of association at UCSNP-43 is important, as this locus may
therefore not be an indicator of disease risk. This may be important in the future profiling of

risk loci in T2D susceptibility in this population.

Table 5.6: Chi-square analysis for the comparison of the calpain 10 genotype
distribution at the UCSNP-43 locus between the Cuban patient and
control cohorts

Cohort 1.1 1,2 2,2 p-value

Patient 0.62 (n=200) 0.32 (n=104) 0.05 (n=17)

Control 0.58 (n=147) 0.38 (n=96) 0.04 (n=11) NS
OR (95% ClI) 1.20 (0.85-1.68) 0.78 (0.55-1.11) 1.23 (0.56-2.68)

UCSNP-43: 1 = G allele, 2 = A allele; OR = odds ratio; 95% Cl = 95% confidence interval; NS = non significant; n = sample size.

5.4.2.7 Meta-analysis of UCSNP-43

The variant allele at the UCSNP-43 locus is more prevalent in the various Caucasoid
(frequency ca. 0.3), Asian and Amerindian (frequency ca. 0.2) populations than the
Southern African cohort which has a frequency = 0.13 (Horikawa el al., 2000; Baier et al.,
2000, Evans et al., 2001; Malecki ef al., 2002; Cassell et al., 2002). As stated previously in
Section 5.4.2.3, the homozygotes for the variant allele presented with a high odds ratio
indicating a possible association with a risk factor, but it was not significant due to the wide
95% CIl. This may be important since the wild type allele is generally associated with
disease risk (Horikawa et al., 2000). The confidence interval could be decreased if a larger
sample was investigated however the variant allele is present at such a low frequency in
the African cohort presented here, that it may ultimately not be a major factor to diabetic
susceptibility in the black Southern African population. Alternatively this allele is present at
a similar frequency to the non-African populations as presented in Table 3.2 within the
Cuban cohorts investigated (frequency = 0.21). The absence of association to this allele
within this cohort however indicates that it may not be a significant risk factor in T2D

susceptibility in the Cuban population.

According to the Out Of Africa hypothesis the various non-African populations arose via
specific migratory events from the African continent (Cann et al., 1987). It is possibie that
the variant allele may have undergone purifying selection in the African population thus
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resulting in its low frequency. Upon the migration of individuals out of Africa this selection
force may have diminished as populations were exposed to environments to which this
variant allele was better suited, thus allowing for its enrichment in the non-African

populations.

Upon meta-analysis, of this locus within the German, black Southern African and Cuban
cohorts as presented in Table 5.7, it was determined that a specific genotype was
associated with increased risk only under the additive model as indicated by the shaded
block in the aforementioned table. The 1,1 genotype presented with a slight increase in
disease risk over the 1,2 genotype which is most likely due to the association of the 1,1
genotype to disease risk in the German population (Horikawa et al., 2000). However the
evidence of association is masked upon inclusion of the Southern African and Cuban data.

Table 5.7: Meta-analysis of genotypes at the UCSNP-43 locus for the black
Southern African, Cuban and German cohorts

i OR (95% CI
Model Cﬁ;n;?izz“ (cg:::':’t::tz"i‘s) Fixed effects ( Ran)dom effects prvalue
Recessive | 1,1vs1,2and 2,2 791/572 1.24 (0.98-1.56) 1.24 (0.98-1 .56) NS
Dominant | 11and1,2vs22 791/572 0.94 (0.55-1.60) 0.87 (0.41-1.86) NS
1,1vs 1,2 749/549 | i129(1 0% | Ns
Additive 12vs22 288/217 0.80 (0.46-1.39) 0.74 (0.34-1.61) NS
1,1vs 2,2 545/378 1.03 (0.60-1.77) 0.95(0.42-2.12) NS

UCSNP-43: 1 = G allele, 2= A allele; OR = odds ratio; 95% Cl = 95% confidence interval; NS = non significant; vs = versus; shaded
block indicates the evidence for the increased risk associated with the 1,1 genotype versus the 1,2 genotype under the additive model.

Both the random effects and fixed effects models produced identical results thus indicating
that the intra cohort variance was greater than the inter cohort variance which signifies a
similarity in genotype distribution. However upon analysis of the separate populations as
discussed in Section 5.4.2.3 and 5.4.2.6 it is apparent that there are differences in disease
susceptibility i.e. the 1,1 genotype is not associated with disease risk in the Cubans and
Southern African cohorts investigated but it is in the German cohort. By determining the
global effect of a genotype across various ethnic groups, population specific effects may
not be detected. Horikawa et al. reported the 1,1 genotype to be associated with increased
risk for T2D in the European population. However, this association was not maintained
upon calculation of its global effect via meta-analysis in this study. This is discussed
further in Section 6.4.
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5.4.3 UCSNP-44 within the calpain 10 gene

Amplification of intron three which harbours UCSNP-44 was achieved utilising a T, of 57°C
according to the cycling conditions presented in Table 4.6. The sensor probe employed in
the detection of alleles at the UCSNP-44 locus specifically recognises the T allele. Thus
the melting curves produced for this alteration are depicted in Figure 5.2. The 1,1
homozygote (red curve in Figure 5.2) was assigned to the melting peak at the higher
temperature (T, =57.23°C, standard deviation = 1.32°C) whereas the lower peak
(T4 =49.42°C, standard deviation = 1.27°C) was scored as the 2,2 homozygote (green
curve in Figure 5.2). The heterozygote was only scored if there were two peaks
corresponding to both the temperatures of the melting peaks generated for the
homozygotes, similar to the blue curves in Figure 5.2 (heterozygote T, = 49.57°C,
standard deviation = 1.24°C; heterozygote T, = 57.50°C, standard deviation = 1.30°C).
Similar to the discussion in Section 5.4.2 the amplitude of the two peaks generated for a
heterozygote had to be ca. half that of the respective peaks generated for the
homozygotes.

Figure 5.2: Diagrammatic representation of the differential graph of probe
fluorescence versus temperature for UCSNP-44 within the calpain 10
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UCSNP-44: 1 =T allele; 2 = C allele; 1,1 = homozygote for the 1 allele indicated by the red line; 1,2 = heterozygote indicated by the
blue line; 2,2 = homozygote for 2 allele indicated by the green line; negative control indicated by black line wherein DNA was replaced
by deionised water; T4 = temperature at which the 2,2 homozygote peaks (T, = 49.42°C, standard deviation = 1.27°C); T, = temperature
at which the 1,1 homozygote peaks (T; = 57.23°C, standard deviation = 1.32 °C).
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5.4.3.1 UCSNP-44 within the black Southern African diabetic cohort

The various assumptions discussed in Section 5.3.2 may be applied to this population as it
was calculated that this cohort was in HW equilibrium (x* = 0.36) at this specific locus, as
presented in Table 5.8. There was only a single individual harbouring the 2,2 genotype at
this SNP. It is therefore plausible that this genotype is present at a very low frequency
within the larger population. Although it may be possible to determine an association
between this genotype and T2D upon comparison to the control population it may not be
relevant as a population level risk factor as too few individuals would harbour this
genotype. Furthermore this locus has been determined to have low discerning power
within the European and Mexican American populations (Horikawa ef al., 2000). A similar
situation may be present in this cohort. However, if a significant difference in genotype
frequencies between this cohort and the unaffected individuals were determined, it may be
due to association between the disorder and this allele.

Table 5.8: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African patient cohort for UCSNP-44

Genotypes 11 1,2 2,2 Total
Observed numbers (O} 211 21 1 233
Expected proportions p* 2pq q p2 +2pq+ ¢
Frequency 0.91 0.09 0.00 1.00
Expected numbers (E) 210.57 21.86 0.57 233.00
¥? = (O-E)YE 0.00 0.03 0.33 0.36

UCSNP-44: 1 = T allele; 2 = C allele; x> = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;
g = frequency of allele 2.

5.4.3.2 UCSNP-44 within the black Southern African control cohort

Analysis of the genotype frequencies at UCSNP-44 resulted in the determination that the
cohort under investigation was also in HW equilibrium (x? = 0.80) at this locus as
presented in Table 5.9. The implications of this are discussed in Section 5.3.2. As
previously discussed the variant allele is relatively rare within both the patient and control
groups investigated therefore the differentiation power is not very high. This is part of the
reason why this locus has been excluded from the analyses of the haplotypes and
haplotype combinations.
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Furthermore in the original analysis of Mexican Americans (Horikawa et al., 2000) the SNP
was only differentiable in association with the 111 haplotype i.e. producing the 1111 and
1211 haplotypes. The three other haplotypes defined within this population were therefore
1121, 2121 and 1122 thus inclusion of this SNP does not add great value to haplotype
analysis. It is possible that this alteration may be associated with T2D even though it is at
a low level in the population. it was therefore tested via yx* analysis as presented in Table
5.91t05.11.

Table 5.9: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African contro! cohort for UCSNP-44
Genotypes 1,1 1,2 2,2 Total
Observed numbers {O) 199 28 2 229
Expected proportions 0 2pq ¢ p?+2pg + ¢
Frequency 0.87 0.12 0.01 1.00
Expected numbers (E) 198.12 29.76 1.12 229.00
¥ = (O-E)JE 0.00 0.10 0.70 0.80

UCSNP-44: 1 = T allele; 2 = C allele; * = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;
g = frequency of allele 2.

5.4.3.3 Comparison of UCSNP-44 between both black Southern African cohorts

There was no significant deviation in the genotype distribution within the Southern African
cohorts investigated as indicated in Table 5.10. It is therefore unlikely that there is an
association between this SNP and disease risk within the cohort investigated. The low
frequency of the variant allele as well as the absence of any significant disease risk
indicates that this locus may not be a significant risk factor in the Southern African
population.

Table 5.10: Chi-square analysis for the comparison of the calpain 10 genotype
distribution at the UCSNP-44 locus between the black Southern
African patient and control cohorts
Cohort 11 1,2 2,2 p-value
Patient 0.91 (n=211) 0.09 (n=21) 0.00 (n=1)
Control 0.87 (n=199) 0.12 (n=28) 0.01 (n=2) NS
OR (95% ClI) 1.44 (0.80-2.59) 071 (0.39-1.29) 0.48 (0.04-5.43)

UCSNP-44: 1 =T allele; 2 = C allele; OR = odds ratio; 85% C| = 95% confidence interval; NS = non significant; n = sample size.

5.4.3.4 UCSNP-44 within the Cuban diabetic cohort

Elucidation of the genotypes present at UCSNP-44 within the Cuban patient cohort was
undertaken and the results are presented in Table 5.11. The population from which the
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cohort was sampled is sufficiently large to allow for random mating as the group
investigated was in HW equilibrium (x* = 0.90). The numerous other modifying factors as

discussed in Section 5.3.2 therefore also do not have an effect.

Table 5.11: Chi-square test of goodness-of-fit to the HW proportions of the Cuban

patient cohort for UCSNP-44
Genotypes 1,1 1,2 2,2 Total
Observed numbers (O) 253 62 6 321
Expected proportions o 2pq q p*+2pg +
Frequency 0.79 0.19 0.02 1.00
Expected numbers (E) 251.26 65.47 426 321.00
¥ = (O-E)YE 0.01 0.18 0.71 0.90

UCSNP-44: 1 =T allele; 2 = C allele; ¥* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of aliele 1;
g = frequency of allele 2.

5.4.3.5 UCSNP-44 within the Cuban control cohort

The UCSNP-44 locus within the control cohort of Cuban origin is in HW equilibrium as
determined via %° testing (x> = 0.86) as depicted in Table 5.12. Determination of HW
equilibrium within this group further allows that the effects discussed in Section 5.3.2 may
be overlooked, if any variation in genotype frequencies is present upon comparison to the

patient cohort.

Table 5.12: Chi-square test of goodness-of-fit to the HW proportions of the Cuban
control cohort for UCSNP-44

Genotypes 11 1,2 2,2 Total
Cbserved numbers (O) 196 56 2 254
Expected proportions P’ 2pq q pi+2pq+ g
Frequency 0.77 0.22 0.01 1.00
Expected numbers (E) 197.54 52.91 3.54 254.00
¥? = (O-E)¥E 0.01 0.18 0.67 0.86

UCSNP-44: 1 = T allele; 2 = C allele; x* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;
q = frequency of allele 2,

5.4.3.6 Comparison of UCSNP-44 between both Cuban cohorts

The absence of any significant alteration in genotype frequency at this locus between the
control and diabetic cohorts investigated as presented in Table 5.13, is indicative of a lack
of association with disease risk. Although the homozygote for the variant allele presented
with a high OR value, the width of the 95% Cl is too broad to allow for the generation of

any meaningful conclusions regarding this value. Therefore UCSNP-44 is unlikely to be an
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important risk factor in the Cuban population if this cohort is truly representative of the
greater population. The fact that it is in HW equilibrium however alludes to this being true.

Table 5.13: Chi-square analysis for the comparison of the calpain 10 genotype
distribution at the UCSNP-44 locus between the Cuban patient and
control cohorts

Cohort 11 1,2 2,2 p-value

Patient 0.79 (n=253) 0.19 (n=62) 0.02 (n=6)

Control 0.77 (n=196) 0.22 (n=56) 0.01 (n=2) NS
OR {95% CI) 1.10 (0.74-1.63) 0.84 (0.56-1.27) 24 (0.48-11.9)

UCSNP-44: 1 =T allele; 2 = C allele; OR = odds ratio; 95% Cl = 95% confidence interval; NS = non significant, n = sample size.

54.3.7 Meta-analysis of UCSNP-44

Upon meta-analytical comparison as presented in Table 5.14, it was determined that the
UCSNP-44 locus was unlikely to be a significant risk factor. The similarities in the values
detected for both fixed effects and random effects indicates that the inter cohort variance is
negligible indicating that the cohorts investigated were statistically homogeneous. As no
association was present in the individual cohorts this is not unexpected.

Table 5.14: Meta-analysis of genotypes at the UCSNP-44 locus for the black
Southern African, Cuban and German cohorts
i OR (95% CI

Recessive | 1,1vs1,2and 22 862/556 1.08 (0.81-1.44) | 1.08 (0.78-1.49) NS
Dominant 1,1and 1,2vs 2,2 862/556 0.69 (0.22-2.13) | 0.69 (0.22-2.13) NS
11vs 12 849/551 1.11 (0.82-1.49) | 1.11(0.81-1.52) NS

Additive 12vs 2,2 170/103 0.64 (0.20-2.05) | 0.64 (0.20-2.05) NS
1,1vs 22 705/458 0.69 (0.22-2.15) | 0.69 (0.22-2.15) NS

UCSNP-44: 1 = T allele; 2 = C allele; OR = odds ratio; 95% Cl| = 95% confidence interval; NS = non significant; vs = versus.

The above results are in apparent disagreement with a meta-analysis undertaken by
Weedon ef al. (2003) which investigated UCSNP-44 in the British, German, Japanese,
Czechoslovakian and Mexican populations wherein an OR of 1.17 (95% C! 1.07-1.34) was
generated indicating the SNP has a small but significant role in T2D susceptibility.
However, in the analysis presented by Weedon ef al. only non-African populations were
included. It is therefore possible that inclusion of the Southern Africans and Cubans may
have masked this effect in the meta-analysis presented. If this is the case it increases the
evidence that susceptibility loci should be investigated at a population level.
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5.4.4 UCSNP-56 within the calpain 10 gene

This investigation is part of a larger research program into the elucidation of T2D disease
susceptibility. As large groups of SNPs need to be generated it is necessary to implement
the highest throughput strategies in order to generate this information. Since an amplified
fragment Jength polymorphism (AFLP) is employed in the detection of UCSNP-19 it would
be more time effective to genotype a SNP that is in perfect linkage disequilibrium with this
alteration via real-time PCR. The alteration termed UCSNP-56 has been determined to be
in perfect linkage disequilibrium with UCSNP-19 in the Mexican American population
(Horikawa et al., 2000) and hence this locus was genotyped in this study in accordance

with global practise.

This is possibly not the most effective strategy within the African population as presented
in an investigation by Fullerton et al. in 2002. In this investigation it was elucidated that
although linkage between these two SNPs was high in the Chinese, Yakut, Nasioi, Maya
and Surui, there was substantially less linkage between these loci within the African
cohorts i.e. the Biaka and Mbuti pygmy populations investigated as outlined in Table 5.15.

The Mbuti and Biaka pygmies were the only African populations investigated by Fullerton
et al. (2002). It is possible that these populations are not representative of all African
populations. Evidence for this argument was presented by Watson et al (1996) who
determined that these two populations present with approximately 10 times the
mitochondria! sequence variation as compared to various other non-pygmy African
populations. The Mbuti and Biaka as well as the |Kung populations presented with the
most ancestral lineages within their investigation. The lack of linkage disequilibrium may
thus be a population specific effect which is not present in other African populations. The
Biaka individuals screened in the investigation by Fullerton ef al. were also previously
determined to have undergone high levels of admixture with non-Pygmy Africans
{Bowcock ef al,, 1991). This is a possible explanation for the increased levels of linkage
disequilibrium in this population as indicated in Table 5.15, if there are higher levels of
linkage disequilibrium within the non-Pygmy African population. If the fact that only 70
Mbuti and 39 Biaka individuals were included is also considered, it is possible that the
findings by Fullerton et al. (2002) are not representative of all African populations. Future
investigations of representative African populations are however necessary to elucidate
the exact relationship between the UCSNP-56 and UCSNP-19 loci.
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Furthermore, the various non-African population groups within this research program have
had the UCSNP-56 locus screened due to the greater logistic feasibility of utilising this
strategy as discussed in the previous paragraph. Therefore in order to effectively compare
the African cohorts to the non-African cohorts within the larger research program, this
strategy was also implemented in the African cohorts. It was deemed that re-genotyping all
the individuals for UCSNP-19 would not be cost or time effective.

Haplotypes were thus generated utilising the following order of alterations: UCSNP-43,
UCSNP-56 and UCSNP-63. This implied that upon comparison to the reported frequencies
of haplotypes and haplotype combinations the haplotype structure was altered accordingly
with UCSNP-19 translated to UCSNP-56. Thus the “at risk” haplotype combinations
determined in the Mexican American and German populations, namely the 112/121
haplotype combination (Horikawa et al., 2000) and the 121/121 haplotype combination in
the Polish population (Malecki ef al., 2002) which harbour UCSNP-19 at the centre
position, will be represented by 122/111 and 111/111 respectively in order to allow for
comparison to the black South African and Cuban cohorts. To prevent confusion both the
original and inferred versions are presented in all tables with reference to haplotypes and
haplotype combinations as exemplified in Table 5.30.

Table 5.15: Linkage disequilibrium between UCSNP-56 and UCSNP-19 in different

populations
Ethnic group Population Estim:gon of Ethnic group Population Estim:';ion of
Native Maya 1.000 Asian Japanese 0.471
American Surui 1.000 Druze 0.891
: — European

Oceanic Nasioi 1.000 Danes 0.594
) Chinese 0.960 Biaka 0.465

Asian African
Nakut 0.846 Mbuti 0.188

LD = linkage disequilibrium. Adapted from Fullerton et af. (2002).

Amplification of the region harbouring UCSNP-56 was achieved utilising the reaction
conditions as presented in Section 4.4. The reaction was optimised at 40 cycles with a T,
of 58°C for the detection of this specific alteration. Mutation analysis was subsequently

achieved via investigation of the melting curve produced by the LightCycler™ software as
indicated in Figure 5.3.
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Figure 5.3: Diagrammatic representation of the differential graph of probe
fluorescence versus temperature for UCSNP-56 within the calpain 10
gene
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UCSNP-56: 1 = A allele; 2 = G allele; 1,1 = homozygote for the 1 allele indicated by the red line; 1,2 = heterozygote indicated by the
blue line; 2,2 = homozygote for 2 allele indicated by the green line; negative control indicated by black line wherein DNA was replaced
by deionised water; T; = temperature at which the 2,2 homozygote peaks (T = 59.84°C, standard deviation = 0.36°C); T, = temperature
at which the 1,1 homozygote peaks (T, = 63.91°C, standard deviation = 0.71°C).

Three possible genotype categories could be defined upon inspection of the negative
differential graph of fluorescence intensity. As the sensor probe specifically recognises the
1 allele the 1,1 homozygote was represented by a peak at the higher melting temperature
(T, = 63.91°C, standard deviation = 0.71°C) as represented by the red curve in Figure 5.3
whereas the peak at the lower temperature (T1=59.84°C, standard deviation = 0.36°C)
corresponded to the 2,2 homozygote (green curve). A heterozygote was only classified if
the graph consisted of two peaks at the representative melting temperatures of the
homozygotes as is depicted by the blue curve in Figure 5.3 (heterozygote T4 = 60.04°C,
standard deviation = 0.50°C; heterozygote T, = 64.15°C, standard deviation = 0.50°C).
Furthermore the amplitude of the two curves had to be approximately half that of the
curves generated for the homozygotes as described in Section 5.4.2. All genotype
determinations were calibrated according to the peaks of the three positive controls.

54.4.1 UCSNP-56 within the black Southern African diabetic cohort

The locus at UCSNP-56 was determined to be in HW equilibrium (3 = 0.95) as depicted in
Table 5.16. The cohorts investigated are therefore not currently subjected to any of the
effects that were discussed in Section 5.3.2. If the control cohort is similarly in HW
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equilibrium it will be possible to compare both groups in order to detect any association
between this locus and T2D susceptibility.
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Table 5.16: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African patient cohort for UCSNP-56

Genotypes 1,1 1,2 2,2 Total
Observed numbers (O) 12 94 129 235
Expected proportions o 2pq q P’ +2pq + ¢
Frequency 0.05 0.40 10.55 1.00
Expected numbers (E) 14.81 88.37 131.8 235.00
¥ = (O-E)YE 0.53 0.36 0.06 0.95

UCSNP-56: 1 = A allele; 2 = G allele; ¥ = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;
g = frequency of allele 2.

5.4.4.2 UCSNP-56 within the black Southern African control cohort

UCSNP-56 was determined to be in HW equilibrium (x* = 1.64) within the control group
investigated as outlined in Table 5.17. The assumptions associated with this form of
equilibrium, as discussed in Section 5.3.2, may be accepted within this cohort at this locus.
It will therefore be possible to compare both the control and diabetic cohorts for
association between this SNP and T2D.

Table 5.17: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African control cohort for UCSNP-56

Genotypes 1,1 1,2 2,2 Total
Observed numbers (Q) 40 100 89 229
Expected proportions p? 2pg 7 ple2pge ¢
Frequency 0.17 0.44 0.39 1.00
Expected numbers {E) 35.37 109.26 84.37 229.00
¥’ = (0O-E)¥E 0.61 0.78 0.25 1,64

UCSNP-56: 1 = A allele; 2 = G allele; y* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;
g = frequency of allele 2.

5.4.4.3 Comparison of UCSNP-56 between both black Southern African cohorts

The UCSNP-56 alteration was significantly different between the two South African cohorts
investigated (p value < 0.0001) as depicted in Table 5.18. Odds ratio determination
indicated that the wild type homozygote was associated with a protective effect as
discussed by McGeer ef al. (1996) towards disease risk (OR 0.25, 95% CI 0.12-0.49) as
indicated by the lighter shaded block in Table 5.18. Further evidence for this association is
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determined upon OR calculation for the 2,2 homozygote which is significantly associated
with an increased risk in disease susceptibility (OR 1.91, 85% CI 1.32-2.77) as highlighted
by the darker shaded block in Table 5.18. This association of the 1,1 homozygote is
important as the various loci within CAPN10 have been reported to be in association with
disease risk (Horikawa et al., 2000). Thus it is possible that there is a difference in genetic
aetiology of T2D with regard to this locus in the black Southern African population.

Table 5.18: Chi-square analysis for the comparison of the calpain 10 genotype
distribution at the UCSNP-56 locus between the black Southern African
patient and control cohorts

Cohort 11 1,2 2,2 p-value

Patient 0.17 (n=40) 0.40 (n=94) 0.55 (n=129)

Control 0.05 (n=12) 0.44 (n=100) 0.39 (n=89) <0.0001
OR (95% Cl) 9} 0.86 (0.59-1.24) s

UCSNP-56: 1 = A allele; 2 = G allele; OR = odds ratio; 95% Cl = 95% confidence interval; n = sample size; the lighter shaded block
indicates the evidence for association of the 1,1 genotype with a protective effect; the darker shaded block indicates the evidence for
association of the 2,2 genotype to increased disease risk.

5.44.4 UCSNP-56 within the Cuban diabetic cohort

HW equilibrium was detected upon genotype screening of UCSNP-56 (y* = 3.53) as
presented in Table 5.19. This implies that within this patient cohort any differences
determined between this cohort and a control cohort similarly in HW equilibrium may be
ascribed to association with the T2D phenotype. Thus any deviations detected would not
be due to the aspects explained in Section 5.3.2.

Table 5.19: Chi-square test of goodness-of-fit to the HW proportions of the Cuban
patient cohort for UCSNP-56

Genotypes 1,1 1,2 2,2 Total

Observed numbers (O) 100 143 78 321
Expected proportions o 2pq e P’ +2pg + ¢

Frequency 0.31 0.45 0.24 1.00

Expected numbers (E) 91.63 159.74 69.63 321.00
¥ = (O-E)E 0.77 1.76 1.01 3.53

UCSNP-56: 1 = A allele; 2 = G allele; y* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;
g = frequency of allele 2.

5.4.4.5 UCSNP-56 within the Cuban control cohort

The genotype frequencies at the UCSNP-56 locus within the Cuban control cohort are not

affected by natural selection, migratory events or allele reversion as discussed in
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Section 5.3.2. This was concluded upon determination that this locus is in HW equilibrium

within the cohort investigated (x* = 0.02) as listed in Table 5.20.

Table 5.20: Chi-square test of goodness-of-fit to the HW proportions of the Cuban
control cohort for UCSNP-56

Genotypes 11 1,2 2,2 Total

Observed numbers {O) 82 123 48 253
Expected proportions P 2pq q P’ +2pg+ ¢f

Frequency 0.32 0.49 0.19 1.00

Expected numbers (E) 81.39 124.22 47.39 253.00
¥ = (0-E)E 0.00 0.01 0.01 0.02

UCSNP-56: 1 = A allele; 2 = G allele; y* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;
g = frequency of allele 2.

5.4.4.6 Comparison of UCSNP-56 between both Cuban cohorts

As both Cuban cohorts were in HW equilibrium it was possible to compare the genotype
distribution of these two groups. Although significant variation was detected in the
Southern African cohorts, the Cuban individuals did not present with significant levels of
variation at this locus as depicted in Table 5.21. The strong association detected in the
Southern African group and the apparent absence of any significant difference between
the Cuban cohorts garners greater evidence for population specific effects at T2D
susceptibility loci among different populations.

Table 5.21: Chi-square analysis for the comparison of the calpain 10 genotype
distribution at the UCSNP-56 locus between the Cuban patient and
control cohorts

Cohort 1,1 1,2 2,2 p-value

Patient 0.31 (n=100) 0.45 (n=143) 0.24 (n=78)

Control 0.32 (n=82) 0.49 (n=123) 0.19 (n=48) NS
OR (95% CI) 0.94 (0.66-1.34) 0.84 (0.61-1.18) 1.37 (0.91-2.05)

UCSNP-56: 1 = A allele; 2 = G allele; OR = odds ratio; 95% Cl = 95% confidence interval; NS = non significant; n = sample size.

5.4.4.7 Meta-analysis of UCSNP-56

The most significant effect detected within the black South African cohort is that of the
association between the UCSNP-56 wild type homozygote and protection against T2D
(p value < 0.0001, OR 0.25, 95% CI 0.12-0.49) in Section 5.4.4.3. This is important to
note, as this allele (in reverse linkage disequilibrium with UCSNP-19) has previously been
associated with decreasing insulin sensitivity (Elbein ef al., 2002). This indicates that there
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may be a difference in the effects of this alteration in the two different populations. Further
functional testing will have to be undertaken in order to elucidate the mechanism of this

difference.
Table 5.22: Meta-analysis of genotypes at the UCSNP-56 locus for the black
Southern African, Cuban and German cohorts
i OR (95% ClI
Model cgf“npoatézgn (cg:;‘s‘;;t::;zls) Fixed effects ( Ran:;fom effects p-valus
Recessive 11vs 1,2and 2,2 788/570 0.78 (0.58-1.05) | 0.74 (0.27-1.98) NS
Dominant 1,1and 1,2vs 2,2 788/570 0.75 (0.59-0.95) | 0.81 (0.46-1.44) NS
1,1vs 1,2 480/386 0.86 (0.63-1.18) | 0.78 (0.33-1.83) NS
Additive 12vs2.2 649/442 0.80 (0.62-1.04) | 0.84 (0.55-1.29) NS
11vs22 4471312 0.66 (0.21-2.06) NS

UCSNP-56: 1 = A allele; 2 = G allele; OR = odds ratio; 95% Cl = 95% confidence interval; NS = non significant; vs = versus, the shaded
block indicates the evidence for association of the 1,1 genotype versus the 2,2 genotype towards a protective effect under the fixed
effects model.

Meta-analysis of this locus within the various cohorts described resulted in a single
association detected under fixed effects as presented in the shaded block in Table 5.22.
The 1,1 haplotype is protective compared to the 2,2 haplotype. This must be driven by the
strong association detected in the Southern African cohort as discussed in Section 5.4.4.3.
Thus this significant association is hidden by the absence of this effect in the Cuban
population as determined in Section 5.4.4.6. Conclusions regarding the utilisation of
meta-analysis in the investigation of T2D susceptibility are presented in Section 6.4.

5.4.5 UCSNP-63 within the calpain 10 gene

Thermal cycling was achieved according to the protocol in Section 4.4. Amplification was
optimised at 40 cycles of the thermal cycling parameters with a T, of 64°C. Determination
of the status of an individual at UCSNP-63 was achieved via manual inspection of the
negative differential graph for fluorescence intensity determined from the melting curve as
depicted in Figure 5.4,

The sensor probe of this alteration recognises the C allele and therefore the 1,1 genotype
was assigned to the peak at the higher melting temperature (T ; = 64.06°C, standard
deviation = 1.43°C) as exemplified by the red curve in Figure 5.4, the 1,2 genotype to the
curve with peaks at both melting temperatures, similar to the blue curve (heterozygote
T =58.00°C, 1.56°C; heterozygote T,=64.55°C, standard
deviation = 1.30°C) and the 2,2 genotype to the peak at the lower temperature as is the

standard deviation =
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case for the green curve (T4 =57.70°C, standard deviation = 1.43°C). The 1,2 genotype
was also only assigned if the two peaks of the curve generated were ca. half that of the
respective curves generated for the 1,1 and 2,2 curves as discussed in Section 5.4.2. The

peaks were calibrated according to the results detected for the two homozygote and the
heterozygote controls.

Figure 5.4: Diagrammatic representation of the differential graph of probe
fluorescence versus temperature for UCSNP-63 within the calpain 10

gene
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UCSNP-63: 1 = C allele; 2 = T allele; 1,1 = homozygote for the 1 allele indicated by the red line; 1,2 = heterozygote indicated by the
blue line; 2,2 = homozygote for 2 allele indicated by the green line; negative control indicated by black line wherein DNA was replaced
by deionised water; T, = temperature at which the 2,2 homozygote peaks (T = 57.70°C, standard deviation = 1.43°C); T, = temperature
at which the 1,1 homozygote peaks (T = 64.06°C, standard deviation = 1.43°C).

5.4.5.1 UCSNP-63 within the black Southern African diabetic cohort

The affected cohort under investigation was in HW equilibrium (x*> = 1.39) for UCSNP-63
as delineated in Table 5.23. The modifying effects described in Section 5.3.2 are therefore
negligible in this cohort at this locus. The fact that the variant allele is present at such a

high frequency may be indicative of association, however, comparison of the two cohorts
is required before this can be hypothesised.
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Table 5.23: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African patient cohort for UCSNP-63

Genotypes 1,1 1,2 2,2 Total
Observed numbers (O) 52 103 70 225
Expected proportions p’ 2pq 7 PP+ 2pq+ 4
Frequency 0.23 0.46 0.31 1.00
Expected numbers (E) 47 61 111.78 65.61 225.00
X} = (O-E)YE 0.40 0.69 0.29 1.38

UCSNP-63: 1 = C allele; 2 = T aliele; ¥°* = Chi-square value; O = Observed numbers; E = Expected numbers: p = frequency of allele 1;
¢ = frequency of allele 2.

5.4.5.2 UCSNP-63 within the black Southern African control cohort

UCSNP-63 was analysed in the black South African control cohort and the locus was
determined to be in HW equilibrium (y*> = 1.48) as presented in Table 5.24. The various
frequency modifying factors described in Section 5.3.2 do not have an effect at this locus.
Any differences in genotype frequencies between the control and patient cohorts will
indicate association between the specific genotype and T2D.

Table 5.24: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African control cohort for UCSNP-63

Genotypes 1,1 1,2 2,2 Total
Observed numbers (O) 58 100 60 218
Expected proportions P’ 2pq q P+ 2pg + ¢
Frequency 027 0.46 0.28 1.00
Expected numbers (E) 53.50 108.99 55.50 218.00
x: = (O-E)YE 0.38 0.74 0.36 1.48

UCSNP-63: 1 = C allele; 2 = T allele; y*> = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1,
q = frequency of allele 2.

54.5.3 Comparison of UCSNP-63 between both black Southern African cohorts

Although the variant allele at this locus is at a very high frequency, upon comparison of the
Southern African control and diabetic cohorts, there was no significant difference in
genotype distributions as indicated in Table 5.25. As discussed in Section 5.4.5.7 this
allele is at a much lower frequency in various non-African populations (Horikawa et al.,
2000; Evans etal, 2001; Cassell etal, 2002). Thus there are definitely differences
between populations at the level of genotype distribution.
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Table 5.25: Chi-square analysis for the comparison of the calpain 10 genotype
distribution at the UCSNP-63 locus between the black Southern
African patient and control cohorts
Cohort 11 1,2 2,2 p-value
Patient 0.23 (n=52) 0.46 (n=103) 0.31 (n=70)
Control 0.27 (n=58) 0.46 (n=100) 0.28 (n=60) NS
OR (95%Cl) 0.82 (0.53-1.27) 0.99 (0.68-1.44) 1.18 (0.78-1.79)

UCSNP-63: 1 = C allele: 2 = T allele; OR = odds ratio; 95% Cl = 95% confidence interval; NS = non significant; n = sample size.

5.4.5.4 UCSNP-63 within the Cuban diabetic cohort

It was detected that genotypes at the UCSNP-63 locus were not in HW equilibrium
(x> = 11.34) within the Cuban patient cohort investigated as presented in Table 3.26. This
is surprising due to the fact that the cohort is in HW equilibrium at the various other loci
within the CAPN10 gene. There must therefore be a locus-specific effect affecting HW
equilibrium. Generally an increase in homozygosity at the expense of heterozygosity
indicates that inbreeding has taken place. However, this is unlikely as the other three
SNPs are in fact in HW equilibrium. The second explanation for lower heterozygosity than
expected is that the population sampled is erroneously assumed to be a single population
when in fact it consists of several subpopulations. Each of these populations could well be
in HW equilibrium, but due to the pooling effect of the sampling strategy, it ultimately
results in lower levels of heterozygosity. However as this effect acts upon the entire locus,
it would mean that the various other SNPs detected would also have a similar genotype

profile. This, however, is not the case as discussed above.

Table 5.26: Chi-square test of goodness-of-fit to the HW proportions of the Cuban
patient cohort for UCSNP-63
Genotypes 1,1 1,2 2,2 Total
Cbserved numbers (O) 210 81 22 313
Expected proportions p? 2pq 7 p*+ 2pq + ¢f
Frequency 0.67 0.26 0.07 1.00
Expected numbers (E) 200.48 100.04 12.48 313.00
1’ = (O-E)E 0.45 3.62 7.26 11.34

UCSNP-83: 1 = C allele; 2 = T allele; ¥’ = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency of allele 1;
q = frequency of allele 2.

In order to explain the lack of HW equilibrium, it must be taken into consideration that
although this is a random sample within the selection conditions, the utilisation of these
criteria causes the population investigated to be non-random in terms of the greater
popuiation. Thus the absence of HW equilibrium at a locus due to increased homozygosity
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is the expected result if a hypothesis of linkage disequilibrium between the locus and the
disease phenotype is assumed. Thus it can be theorised that the absence of HW
equilibrium is evidence that UCSNP-63 is a more important risk factor in the Cuban
population than the other three SNPs described. However, future studies will have to be

undertaken in order to elucidate if this is in fact the case.

5.4.5.5 UCSNP-63 within the Cuban control cohort

The UCSNP-683 locus was not in HW equilibrium within the patient group investigated.
However, this locus is in HW equilibrium (32 = 0.01) within the control cohort as presented
in Table 5.27. This lends greater credence to the hypothesis that the lack of HW
equilibrium within the patient cohort is due to natural selection. However caution must be
exercised upon comparing the two cohorts at this locus, as it is no longer possible to rule
out the effects of the various factors that affect HW equilibrium. It will thus not be possible
to significantly associate this alteration with disease risk. It will, however, still be feasible to
determine if there is a significant difference in genotype distributions between the two

cohorts.

Table 5.27: Chi-square test of goodness-of-fit to the HW proportions of the Cuban
control cohort for UCSNP-63

Genotypes 1,1 1,2 2,2 Total
Observed numbers (O) 177 61 5 243
Expected proportions p’ 2pq T p?+2pq+ ¢
Frequency 0.73 0.25 0.02 1.00
Expected numbers (E) 177.19 60.63 519 243.00
¥ = (O-E)YE 0.00 0.00 0.01 0.01

UCSNP-63: 1 = C allele; 2 = T allele; ¥* = Chi-square value; C = Observed numbers; E = Expected numbers; p = frequency of allele 1;
g = frequency of ailele 2.

5.4.5.6 Comparison of UCSNP-63 between both Cuban cohorts

The absence of HW equilibrium within the patient cohort at UCSNP-63 however
complicates the comparison of the two cohorts for this locus. It is still possible to compare
this cohort to the control cohort, which is in HW equilibrium, but any variation could be due
to the numerous effects, which have been discussed in Section 5.3.2. The genotype
frequencies at this locus were in fact significantly different upon comparison to the control
cohort (p value < 0.0001) as presented in Table 5.28, specifically the variant allele in its

homozygous state. This was determined upon calculation of an OR value of 3.59 (95% ClI
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1.34-9.64) presented in the shaded block in Table 5.28. This is however a rather wide Cl
and a larger cohort should thus be investigated in the future. It is not possible to definitively
associate this allele with T2D as the significant difference determined may be due to a
factor affecting HW equilibrium status. However if the previous arguments are taken into
consideration it is possible that this link may be due to this locus undergoing natural
selection. Further functional studies will have to be undertaken to determine the role that
the variant allele at UCSNP-63 has in T2D.

Table 5.28: Chi-square analysis for the comparison of the calpain 10 genotype
distribution at the UCSNP-63 locus between the Cuban patient and
control cohorts

Cohort 1.1 1,2 2,2 p-value

Patient 0.67 (n=210) 0.26 (n=81) 0.07 (n=22)

Control 0.73 (n=177) 0.25 (n=61) 0.02 (n=5) p<0.0001
OR (95% Cl) 0.76 (0.52-1.09) 1.04 (0.70-1.53)

UCSNP-83: 1 = C allefe; 2 = T akele; OR = odds ratio; 95% Cl = 95% confidence interval; n = sample size; the shaded block indicates
the evidence for association of the 2,2 genotype with increased risk.

54.5.7 Meta-analysis of UCSNP-63

Upon analysis of the various loci within the Cuban cohorts investigated, the most important
result detected was the absence of HW equilibrium at UCSNP-63. The fact that this
alteration was in HW equilibrium within the control population further strengthens the
evidence that this SNP may be involved in disease pathogenesis. Upon further statistical
analyses it became apparent that this alteration was important in the T2D phenotype as it
presented with an OR of 3.59 (95% CI| 1.34-9.64) as depicted in Table 5.28. Care must,
however, be taken with any conclusions drawn from this result due to the broad range of
the 95% C1 and secondly, due to the fact that the diabetic cohort is not in HW equilibrium.
Any of the factors discussed in Section 5.3.2 could therefore explain the variation detected
in genotype distributions.

UCSNP-63 was not associated with T2D risk within the African cohort however the variant
ailele was present in the South African cohorts at a much higher frequency (0.51) than that
detected in the various non-African populations (circa 0.05) previously investigated
(Horikawa et al., 2000; Evans ef al., 2001; Cassell et al., 2002). The variant allele at
UCSNP-63 was always observed on a haplotype with the wild type allele at UCSNP-43 in
Mexican American and European populations (Horikawa et al., 2000). This may explain
the apparent lack of the variant allele at UCSNP-43 in the Southern African cohort. As the
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variant allele at UCSNP-83 in the two cohorts

(frequency = 0.54 in patients and 0.51 in controls) it may be that this association prevents

is so prevalent investigated
the accumulation of the 2 allele at UCSNP-43. This assumption is however based on the
current data in non-African populations (Horikawa et al., 2000). This relationship should be
investigated within the African population in order to assess the possible epistatic effect
between these two alleles.

From this investigation it is possible to distinguish the Cuban, black South African and
non-African populations from each other at the genotype level. The protective effect of
UCSNP-56 within the black South African cohort indicates that the CAPN10 locus has
varied effects in different populations. This varied pathogenesis is possibly due to the
interaction of alleles at this locus with various other risk loci within the genome. This
hypothesis is discussed in Section 6.1.

Table 5.29: Meta-analysis of genotypes at the UCSNP-63 locus for the black
Southern African, Cuban and German cohorts
i OR (95% CI
Model cﬁ;“;t:’i::n (cggzsc"':::tz:"s) Fixed effects : Ran)dom effects p-value
Recessive 1,1vs1,2and 2,2 770/549 0.78 (0.60-1.01) 0.78 (0.60-1.01) NS
Dominant | 1,1and 1,2 vs 2,2 770/549 0.72 (0.50-1.05) | 0.60 (0.26-1.42) NS
1,1vs12 676/483 0.85 (0.65-1.13) 0.85 (0.65-1.13) NS
Additive 12vs22 3121236 0.76 (0.51-1.14) 0.66 (0.28-1.55) NS
1,1vs 2.2 552/379 0.63 (0.41-0.99) 0.56 (0.25-1.26) NS

UCSNP-63: 1 = C allele; 2 = T allele; OR = odds ratio; 95% Cl = 5% confidence interval; vs = versus; NS = non significant.

Although at the cohort level significant differences were detected in genotype distribution
this does not translate to any significant OR values upon meta-analytical analysis as
depicted in Table 5.29. No significant association could be differentiated at this level
although the Cuban diabetic cohort was not in HW equilibrium. The fact that both the
random effects and fixed effects models have allowed for the calculation of similar results
leads to the hypothesis that the populations do not have differentiable levels of statistical
heterogeneity i.e. the intra cohort variance is much greater than the inter cohort variance.

5.4.6 Haplotype frequencies at the calpain 10 locus

Previous investigations have elucidated the importance of specific haplotype and
haplotype combinations within the CAPN10 gene in the genetic susceptibility towards T2D
(Horikawa et al., 2000; Malecki ef al., 2002; Cassell et al., 2002). It was determined that
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the 112/121 haplotype and the homozygous 121 haplotype both represent “at risk”
haplotypes. The presence of these specific haplotypes was determined within the black

South African and Cuban cohorts under investigation.

CAPN10 SNP haplotype assignment is often achieved utilising the excitation-maximisation
(EM) algorithm (Long et al., 1995). The haplotypes of the non-ambiguous genotype
combinations were initially assigned and dependent on the frequency of these haplotypes
it was possible to structure the relative haplotype distribution of the ambiguous genotype
combinations (Fullerton et al., 2002). However this process was made considerably
simpler as certain haplotypes were absent or at such a low frequency as to be ignored
within the group of individuals investigated. If a haplotype is rare within a cohort, such as
the 222 haplotype in the Southern African cohort, in Section 5.4.6.1, it is uniikely that this
phase is present for an ambiguous genotype combination. For example an individual
heterozygous at all three loci investigated can produce the following haplotype
combinations: 111/222; 112/221, 122/211 or 121/212. However the 222 haplotype is at a
frequency < 0.05 therefore the first combination is unlikely. In the second example the 221
haplotype is present at < 0.05 therefore this combination is also unlikely. Within the last
combination the 212 haplotype is not present at a frequency > 0.05. Finally, both the 122
and 211 haplotypes are present at a frequency of greater than 0.1 thus this haplotype
combination is most likely. This use of the aligorithm therefore produces a relative

distribution of possible haplotypes within the cohort.

As stated in Section 5.4.4 it was decided that the UCSNP-19 allele would be replaced by
the UCSNP-56 allele for haplotype determination. The concomitant alteration in haplotype
naming has also been discussed and was utilised in the haplotype and haplotype
combination comparison of the Southern African and Cuban cohorts.

54.6.1 Calpain 10 haplotype analysis within the black Southern African
cohorts

Haplotype analysis as presented in Table 5.30 resulted in the calculation of a significant
association between the 122 haplotype and disease risk (OR 1.59, 95% CI 1.22-2.08) as
indicated in Row B of Table 5.30. Upon determination of haplotypes in the Mexican
American, German and Finnish populations by Horikawa et al. (2000) it was found that
only four of the eight possible haplotypes were detectable in the cohorts investigated in
these studies. These haplotypes are indicated in bold within Table 5.30. The Southern
African cohort presented with a similar trend in that these four haplotypes were all present
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at a frequency greater than 0.05, whereas the 221, 222 and 212 haplotypes were not. The
only difference however was the significant enrichment of the 112 haplotype in the control
cohort. In turn, it was determined that a protective factor was in association with this
haplotype (OR 0.14, 95% CI (0.06-0.31)) as depicted in Row D of Table 5.30.

Table 5.30: Chi-square analysis for comparison of the calpain 10 haplotype
distribution between the black Southern African patient and control
cohorts

Haplotypes Patients Controls Chisquazre OR 95% CI Haplotypes
(43/56/63) Frequency (n) | Frequency (n) | value (x°) (43/19/63)

A 121 0.22 (98) 0.20 (86) 1.05 1.13 (0.82-1.57) 111

B 122 0.51 (228) 0.40 (172) 14.84 1.59 (1.22-2.08) 112

c 111 0.12 (55) 0.16 (70) 3.99 0.73 (0.49-1.07) 121

D 112 0.02 (7) 0.10 (44) 32.31 0.14 (0.06-0.31) 122

E 221 0.01 (3) 0.01 (4) 0.30 0.72 (0.16-3.27) 211

F 211 0.11 (48) 0.13 (56) 1.59 0.81 (0.53-1.22) 221

G 222 0.01 (5) 0.00 (0) ND ND 212

H 212 0.00 (0) 0.00 (0) ND ND 222

| Total n =444 n=432 54.08 - --

+*= 16.81 for & = 0.01 with df = 6; OR = odds ratio: Cl = confidence interval; ND = non differentiable; constitution of haplotype indicated
by blue text (xxx) = UCSNP-43, UCSNP-56, UCSNP-63; constitution of haplotypes indicated by green text (yyy) = UCSNP-43,
UCSNP-19, UCSNP-63; values indicated by red text (zzz) indicate significant results discussed within the text; bold haplotypes indicate
the only haplotypes present in the Mexican American, German and Finnish cohorts investigated by Horikawa et al. (2000); UCSNP-43:
1 =G allele; 2 = A allele; UCSNP-19: 1 = two repeat allele; 2 = three repeat allele; UCSNP-56: 1 = A allele; 2 = G allele; UCSNP-63:
1=C allele; 2 =T allele; n = individuals for whom haplotypes, reflecting full genotypes at all the SNP loci, were generated.

Specific haplotypes at the CAPN10 locus have been significantly associated with disease
risk in other populations (Horikawa et al., 2000). The 211 haplotype for example, has yet to
be detected in the Western Africans (Fullerton ef al., 2002). In contrast to this, the control

population investigated in this report harbours this haplotype at a frequency of 0.13 while it
is present in the affected population at a frequency of 0.11.

5.4.6.2 Calpain_10 haplotype combination analysis within the black Southern

African cohorts

Analysis of the haplotype combinations as presented in Table 5.31 allowed for the
determination that the non-African “at risk” 122/111 haplotype combination as indicated in
bold in Row K was present at frequencies of 0.14 in the diabetic group and 0.12 in the
control group. No association between the T2D phenotype and this haplotype combination
could be detected in the cohorts investigated. The homozygous 111 haplotype
combination which is presented in bold in Row L of Table 5.31 was present in less than
0.03 of the control cohort investigated and was deemed not to be a major risk factor for
T2D in this population.
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Table 5.31: Chi-square analysis for comparison of the calpain 10 haplotype
combination distribution between the black Southern African patient
and control cohorts

Combination |  Fatlents | Controls | Chisauare | opggy, o) | Combination

(43/56/63) (43/19/63)
A 121/121 0.06 (14) 0.05 (10) 135 1.38 (0.60-3.19) 1117111
B 121/122 0.19 (43) 0.14 (31) 3.89 1.43 (0.86-2.37)|  111/112
Cc 121/111 0.08 (18) 0.08 (18) 0.01 0.97 (0.49-1.91) 11171121
D 121/221 0.00 (0) 0.01 (3) 3.08 ND 111/211
E 121/211 0.04 (9) 0.06 (14) 2.02 0.60 (0.25-1.43) 111/221
F 122/122 0.26 (58) 0.19 (40) 6.94 1.55 (0.98-2.45) 112/112
G 122/112 0.02 (5) 0.01 (1) 1535  |4.95(0.57-42.7)|  112/122
H 122/221 0.00 (0) 0.00 (0) ND ND 112/211
| 1221222 0.02 (5) 0.00 (0) ND ND 1121212
J 122/211 0.11 (24) 0.15 (33) 298 0.67 (0.38-1.18) 112/221
K 1221111 0.15 (32) 0.12 (26) 1.04 1.23(0.70-2.14)|  112/121
i 1111111 0.00 (0) 0.03 (6) 6.17 ND 1211121
M 111/112 0.00 (0) 0.04 (9) 9.25 ND 121/122
N 111/211 0.02 (5) 0.02 (5) 0.00 0.97 (0.27-3.40) 121/221
o) 112/112 0.01 (1) 0.08 (17) 15.53 0.05 (0.00-0.40) |  122/122
P 221/122 0.02 (3) 0.01 (1) 3.78 2.94 (0.30-28.5)|  211/112
Q 221/211 0.00 (0) 0.00 (0) ND ND 2111221
R 221/221 0.00 (0) 0.00 (0) ND ND 2111211
S 211211 0.02 (5) 0.01 (2) 422 2.46 (0.47-12.8) 221/221
g Total n=222 n=216 75.53 o —

v* = 27.69 for o = 0.01 with df = 13; OR = odds ratio; Cl = confidence interval; ND = non differentiable; constitution of haplotype
combination indicated by blue text (xxx) = UCSNP-43, UCSNP-56, UCSNP-63/ UCSNP-43, UCSNP-56, UCSNP-63; constitution of
haplotypes indicated by green text (yyy) = UCSNP-43, UCSNP-19, UCSNP-63/ UCSNP-43, UCSNP-19, UCSNP-63; values indicated
by red text (zzz) indicate significant results discussed within the text; bold haplotype combinations indicate the “at risk” haplotype
combinations detected in the Mexican American, German and Finnish populations (Horikawa et al., 2000) and the Polish population
(Malecki et al., 2002) respectively; UCSNP-43: 1 = G allele; 2 = A allele; UCSNP-19: 1 = two repeat allele; 2 = three repeat allele;
UCSNP-56: 1 = A allele; 2 = G allele; UCSNP-63: 1 =C allele; 2 =T allele; n = individuals for whom haplotype combinations, reflecting
full genotypes at all the SNP loci, were generated.

The 112/112 haplotype combination was significantly associated (p-value < 0.0001) with a
protective effect (OR 0.05, 95% CI (0.00-0.40)) as presented in Row O of Table 5.31. The
122/122 haplotype alternatively, presented with marginal significance (p < 0.01) to
increased risk as indicated by an OR of 1.55 as depicted in Row F of Table 5.31. The 95%
Cl does however span values both below and above 1.0 which, as discussed in
Section 5.3, is indicative of no increased or decreased risk. Sampling a larger cohort may
narrow the interval to exclude values below one but care should be taken in conclusions

determined from such a value. If this association is indeed true it increases the evidence
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for the association found at the haplotype level discussed in Section 5.4.4.3. As the only
differentiable aspect of these two haplotype combinations is the allele present at
UCSNP-56 it may be that in the absence of this allele the 122 haplotype increases disease
risk, however the presence of the wild type allele protects against this effect thus indicating
that UCSNP-56 is a significant determinant of disease risk.

There is a large chi-square value determined for the comparison of the various haplotype
combinations within the cohorts investigated. This is due to the individuals harbouring the
122/112 haplotype combination (OR 4.95, 95% CI (0.57-42.7)) highlighted in red in Row G
of Table 5.31. Although there is a significant difference determined via %2 analysis, upon
determination of the OR, the 95% CI| was too wide due to the relatively low number of
individuals harbouring this specific combination. Larger cohorts will have to be investigated
in order to definitively determine the role this haplotype has on T2D pathogenesis.

5.4.6.3 Calpain 10 haplotype analysis within the Cuban cohorts

The utilisation of x? analysis as depicted in Table 5.32 allowed for the determination that
the 122 haplotype was significantly associated with increased disease risk (x*=9.70; OR
1.40, 95% CI| 1.01-1.94) as highlighted by the red text in Row B of Table 5.32. This
association is however marginal and further analysis is required to determine the true

significance of this haplotype.

Table 5.32: Chi-square analysis for comparison of the calpain 10 haplotype
distribution between the Cuban patient and control cohorts
Haplotypes Patients Controls Chi squa{e OR 95% CI Haplotypes
(43/56/63) Frequency (n) | Frequency (n) | value (%) (43/19/63)

A 121 0.27 (167) 0.27 (132) 0.04 0.97 (0.74-1.27) 111
B 122 0.19 (118) 0.14 (69) 9.70 1.40 (1.01-1.94) 112
(s 111 0.33 (203) 0.35 (169) 0.93 0.90 (0.70-1.16) 121
D 112 0.01 (4) 0.00 (1) 5.74 3.12 (0.34-28.0) 122
E 221 0.01(7) 0.01 (6) 0.07 0.90 (0.30-2.71) 211
F 211 0.20 (123) 0.22 (106) 1.28 0.87 (0.65-1.17) 221
G 222 0.00 (0) 0.00 (1) 1.29 ND 212
H 212 0.00 (0) 0.00 (0) ND ND 222
| Total n =622 n=484 17.75 -

42 = 16.81 for « = 0.01 with df = 6; OR = odds ratio; Cl = confidence interval; ND = non differentiable; constitution of haplotype indicated
by blue text (xxx) = UCSNP-43, UCSNP-56, UCSNP-63; constitution of haplotypes indicated by green text (yyy) = UCSNP-43,
UCSNP-19, UCSNP-63: values indicated by red text (zzz) indicate significant results discussed within the text; bold haplotypes indicate
the only haplotypes present in the Mexican American, German and Finnish cohorts investigated by Horikawa et al. (2000); UCSNP-43:
1 =G allele; 2 = A allele; UCSNP-19: 1 = two repeat allele; 2 = three repeat allele; UCSNP-56: 1 = A allele; 2 = G allele; UCSNP-63:
1=C allele; 2 =T allele: n = individuals for whom haplotypes, reflecting full genotypes at all the SNP loci, were generated.
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As in the discussion in Section 5.4.6.1, the Cuban cohort also only harbours four of the
possible eight haplotypes at an appreciable level as indicated by the bold text in
Table 5.32. Similar to the various non-African populations (Fullerton et al., 2002) the 111
haplotype is the most prevalent in the Cuban cohorts investigated. It has a frequency of
0.33 in the patient group and 0.35 in the control group. It does not however present with

any association to T2D.

No other haplotypes presented with any significant association within the Cuban cohorts
investigated. Although the 112 haplotype presented in Row D of Table 5.32, has a high
chi-square value, this haplotype was only present in four patients and one control
individual. The confidence interval of the odds ratio calculation is therefore extremely wide
thus indicating that there is a high probability of a type | error. Thus it will be necessary to
investigate a larger cohort to determine if this association is maintained.

5.4.6.4 Calpain 10 haplotype combination analysis within the Cuban cohorts

As no further associations could be determined with the haplotypes, the various haplotype
combinations were investigated utilising a similar strategy as presented in Table 5.31. The
results of these analyses are presented in Table 5.33. The most significant association
was determined for the homozygous 122 haplotype combination. As this hapiotype
presented with association as discussed in Section £5.1.2 it is not surprising that this

association is maintained at the level of haplotype combination.

As discussed in Section 3.3.1.5 the 122/111 and 111/111 haplotype combinations are
associated with disease risk in various non-African populations (Horikawa ef al., 2000;
Malecki et al., 2002). These combinations do not present with any significant association in
the Cuban cohorts analysed as depicted in Rows K and L in Table 5.33 respectively. The
122/122 haplotype combination on the other hand presents with an OR of 4.30 (95%Cl
1.45-12.7) as presented in Row F of Table 5.33. This is similar to the South African cohort
investigated however the 95% Ci is extremely wide thus increasing the risk of a type 1
error and hence further analyses are required before this risk allele is definitive.
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Table 5.33: Chi-square analysis for comparison of the calpain 10 haplotype
combination distribution between the Cuban patient and control

cohorts
Combinaion | ot | Conrols | Ghlsauate | o gs%.1 | Gombination
(43/56/63) (43/119/63)

A 1211121 0.08 (26) 0.08 (19) 0.10 1.07 (0.57-1.98) 111/111
B 121/122 0.08 (25) 0.07 (16) 0.96 1.23 (0.64-2.36) 111/112
e 121/111 0.17 (53) 0.21 (51) 2.40 0.76 (0.50-1.17) 111/121
D 121/221 0.01 (2) 0.01 (2) 0.13 0.77 (0.10-5.55) 111/211
E 121/211 0.11 (35) 0.10 (25) 0.26 1.10 (0.63-1.89) 111/221
F 122/122 0.07 (21) 0.02 (4) 48.93 4.30 (1.45-12.7) 112/112
G 122/112 0.00 (0) 0.00 (0) ND ND 112/122
H 122/221 0.00 (0) 0.01 (3) 3.86 ND 112/122
I 122/222 0.00 (0) 0.00 (1) 1.29 ND 112/212
J 122/211 0.06 (18) 0.10 (23) 4.52 0.58 (0.30-1.11) 112/221
K 1221111 0.11(33) 0.07 (18) 4.21 1.47 (0.81-2.69) 112121
L 111111 0.11 (35) 0.12 (30) 0.33 0.89 (0.53-1.50) 121121
M 111/112 0.01 (4) 0.00 (1) 5.74 3.14 (0.34-28.2) 121/122
N 111/211 0.14 (43) 0.16 (39) 1.01 0.83 (0.52-1.33) 121/221
o] 112/112 0.00 (0) 0.00 (0) ND ND 122/122
= 221/122 0.00 (0) 0.00 (0) ND ND 211112
Q 221/211 0.00 (1) 0.00 (1) 0.06 0.77 (0.04-12.4) 211/221
R 221/221 0.01(2) 0.00 (0) ND ND 211/211
S 211/211 0.04 (13) 0.04 (9) 0.18 1.12 (0.47-2.68) 221/221
: § Total n=311 n=242 73.96 oy

¥* = 27.69 for a = 0.01 with df = 13; OR = odds ratio; Cl = confidence interval; ND = non differentiable; constitution of haplotype
combination indicated by blue text (xxx) = UCSNP-43, UCSNP-56, UCSNP-63/ UCSNP-43, UCSNP-56, UCSNP-63; constitution of
haplotypes indicated by green text (yyy) = UCSNP-43, UCSNP-19, UCSNP-63/ UCSNP-43, UCSNP-19, UCSNP-63; values indicated
by red text (zzz) indicate significant results discussed within the text; bold haplotype combinations indicate the “at risk” haplotype
combinations detected in the Mexican American, German and Finnish populations (Horikawa et al., 2000) and the Polish population
(Malecki et al. 2002) respectively; UCSNP-43: 1 = G allele; 2 = A allele; UCSNP-19: 1 = two repeat allele; 2 = three repeat allele;
UCSNP-56: 1 = A allele; 2 = G allele; UCSNP-63: 1 =C allele; 2 =T allele; n = individuals for whom haplotype combinations, reflecting
full genotypes at all the SNP loci, were generated.

5.4.6.5 Comparison of calpain 10 haplotypes and haplotype combinations to
non-African populations

It was determined that the most prevalent calpain 10 haplotype structure within the various
non-African populations investigated was that of the 111 haplotype, which was not present
at a frequency greater than 0.05 in the African populations previously investigated
(Fullerton et al., 2002). In contrast, the frequency of this haplotype is 0.12 in the affected
individuals and 0.16 in the control individuals investigated. The reason for this apparent
incongruence may be the fact that the population groups previously investigated consisted
of smaller cohorts for the Biaka (n = 138) and Mbuti (n =70) pygmies (Fullerton et al.,
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2002). This investigation consisted of n = 222 and n = 216 for the affected and unaffected
cohorts respectively. The low frequencies of the previously discussed haplotypes may be
attributable to selection bias due to the small sample size in the earlier study.

Although the sample size of the current investigation may have contributed to the under
representation of the low frequency haplotypes, it does however garner greater evidence
for the fact that the 122 haplotype is possibly the most prevalent in the African population.
This haplotype was detected at a frequency of approximately 0.51 and 0.4 in the affected
and control cohorts. [f it is taken into consideration that this haplotype is significantly
associated with disease risk its enrichment is rather surprising. As previously discussed
the various non-African populations arose via migratory events from the African population
(Cann et al., 1987). It is speculated that this could explain the decrease in the levels of the
122 haplotype in the non-Africans when compared to the Africans as it may have been
caused by an adaptive advantage in the African population which was lost upon migration
out of this land mass.

At the level of haplotype combination, as presented in Table 5.31, the 122/111 non-African
risk haplotype combination does not present with any significant association to T2D in the
South African cohort. Furthermore the 111/111 haplotype combination, the other
non-African risk factor, is absent from the patient population investigated thus indicating
that it is unlikely to be a risk factor in this case. There is, however, evidence of a protective
factor due to the increased level of the 111/111 haplotype combination in the control
cohort. Unfortunately the odds ratio value was non-differentiable due to the haplotype
combination being absent in the black South African patient cohort.

There are multiple reasons for the seeming absence of association with the various
non-African “at risk” genetic factors. The most obvious may be that CAPN10 may not be a
relevant susceptibility locus for T2D in the Southern African or Cuban populations. This is
a rather simplistic view since there are alleles within this gene that are strongly associated
with the disease risk i.e. the wild type allele of UCSNP-56.

A more likely explanation of the observed results is that different genetic factors within
CAPN10 are responsible for disease risk in the black Southern African and Cuban
populations. The complex nature of T2D suggests that there are loci which increase
disease susceptibility and those which decrease it (Cox, 2001). Thus these pathways are
more interactive than the loci involved in monogenic disease allowing for natural selection
to have a more subtle effect. In addition the non-African populations have over time been
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subjected to different selective and adaptive forces such as climate (Mishmar et al., 2003),
which may have allowed for the enrichment of distinctive genotypes within these groups.

It therefore becomes apparent that in developing strategies for the treatment of T2D it is
necessary to take the genetic background, including ancestral lineages of an individual or
population, into consideration. Due to the small effects that each of these genetic factors
may have on disease susceptibility, it is not surprising that their effects are not detectable
upon investigation of large multi-ethnic cohorts. The results presented thus support the

elucidation of T2D susceptibility foci in a population dependent manner.

5.4.7 Detection of single nucleotide polymorphisms within the adiponectin gene

The APM1 gene has undergone numerous genetic investigations to determine association
with T2D (Vasseur et al., 2002; Hara et al., 2002). Due to the associations described it was
decided that the two alterations namely C-11377G and T45G within the APM1 gene would
be analysed within the black South African and Cuban cchorts according to the methods
discussed in Section 4.3 and 4.4. Although not an original aim, the G-11391A alteration
was also screened in the black Southern African cohorts in order to investigate if this
alteration is associated with disease risk. Furthermore it allowed for the generation of
haplotypes which were comparable to the investigation by Schwarz ef al. (2004). The

results of these analyses are discussed in the following sections.

As stated earlier alterations in the adiponectin gene are associated with T2D risk and
increased BMI. The importance of family history to T2D risk has been determined in the
South African population however very little is known with regard to the genetic factors that
are at play (Erasmus et al., 2001). It was determined that the majority of female diabetics
in the African population tend to present with high BMI values (Omar et al., 1993), leading
to the hypothesis that the APM1 gene may play a significant role. As mentioned previously
in Section 5.1.1.1 the black African population belongs to macrohaplogroup L that
harbours the most ancient human lineage as well as having the highest level of variation
(Chen et al., 1995). The high level of genetic variation may be synchronous to the clinical
heterogeneity observed in the African diabetic population. This investigation was
undertaken to determine if the genetic structures within the APM1 gene that are
associated with disease risk in the Caucasian population, were similarly associated in the
African and Cuban populations.
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5.4.8 C-11377G within the adiponectin gene

This alteration was screened via mutation detection analysis of the promoter region of the
APM1 gene. Amplification of this region of the gene was achieved via 35 cycles of the
cycling parameters described in Table 4.6 with a T, of 58°C. The peaks produced for this
alteration upon investigation of the negative differential graph of the melting curve, were
calibrated according to the peaks determined for the three positive controls as displayed in
Figure 5.5.

Figure 5.5: Diagrammatic representation of the differential graph of probe
fluorescence versus temperature for C-11377G within the adiponectin

gene
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Adiponectin SNP C-11377G: 1 = C allele; 2 = G allele; 1,1 = homozygote for the 1 allele indicated by the blue line; 1,2 = heterozygote
indicated by the red line; 2,2 = homozygote for 2 allele indicated by the green line; negative control indicated by black line wherein DNA
was replaced by deionised water; T, = temperature at which the 2,2 homozygote peaks (T, = 55.99°C, standard deviation = 1.17°C);
T = temperature at which the 1,1 homozygote peaks (T, = 62.71°C, standard deviation = 0.94°C).

The 1,1 genotype was only assigned to individuals with a peak at the higher melting
temperature as is the case for the blue curve in Figure 55 (T, =62.71°C, standard
deviation = 0.94°C), as the sensor probe specifically recognises the C allele. Therefore the
peak of a sample at the lower melting temperature (T{=55.99°C, standard
deviation = 1.17°C) was designated a 2,2 genotype as indicated by the green curve while
the heterozygote was scored if the graph had two peaks present at both the melting
temperatures similar to the red curve (Ty = 56.04°C, standard deviation = 1.39°C;
T2=62.99°C, standard deviation = 0.97°C). In the case of two peaks being produced as
indicated by the red curve, it was necessary to ensure that the amplitude of the two peaks
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were approximately half that of the respective homozygote peaks. This is discussed in
greater detail in Section 5.4.2.

5.4.8.1 Adiponectin SNP_C-11377G within the black Southern African diabetic
cohort

The C-11377G alteration was calculated to be in HW equilibrium in the patient cohort
under investigation (y*> = 3.66) as presented in Table 5.34. The patient cohort thus does
not present with any alterations in genotype frequencies due to the factors described in
Section 5.3.2. Any significant alteration in the genotype frequencies between this and the
control cohort is indicative of association with disease risk.

Table 5.34: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African patient cohort for C-11377G

Genotypes 1,1 1,2 2,2 Total
Observed numbers (O) 171 63 1 235
Expected proportions P 2pq T p’+2pg+ ¢
Frequency 0.73 0.27 0.00 1.00
Expected numbers (E) 174.49 56.01 4.49 235.00
Y} = (O-E)YE 0.07 0.87 272 3.66

Adiponectin SNP C-11377G: 1 = C allele; 2 = G allele; x> = Chi-square value; O = Observed numbers; E = Expected numbers;
p = frequency of allele 1; g = frequency of allele 2.

548.2 Adiponectin SNP C-11377G within the black Southern African control
cohort

Analysis of the C-11377G alteration within the control cohort has determined that it is
experiencing HW equilibrium (yx* = 0.04) as depicted in Table 5.35. This therefore allowed
for the comparison of the control cohort to the patient cohort. Any significant difference in

genotype frequencies between the two groups could thus not be attributed to the effects
discussed in Section 5.3.2.

Table 5.35: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African control cohort for C-11377G

Genotypes 1.1 1,2 2,2 Total
Observed numbers (O) 166 61 5 232
Expected proportions P’ 2pq q pP+2pg+ g
Frequency 0.72 0.26 0.02 1.00
Expected numbers (E) 166.43 60.14 5.43 232.00
¥’ = (O-E)¥E 0.00 0.01 0.03 0.04

Adiponectin SNP C-11377G: 1 = C allele; 2 = G aliele; ¥ = Chi-square value; O = Observed numbers; E = Expected numbers;
p = frequency of allele 1, ¢ = frequency of allele 2.
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5.4.8.3 Comparison _of adiponectin SNP C-11377G between both black

Southern African cohorts

No significant difference was present between the Southern African diabetic and control
cohorts upon x* analysis, as presented in Table 5.36. This allows for the hypothesis that
C-11377G is not a significant risk factor within the Southern African population. The low
OR ratio for the homozygote of the variant allele may be indicative of a possible
association of this genotype and a protective factor against T2D susceptibility however as
it is at a relatively low frequency within these cohorts (frequency = 0.00 and 0.02 in the
diabetic and control cohorts respectively) it may ultimately be determined not to be a

significant factor in mitigating disease risk.

Table 5.36: Chi-square analysis for the comparison of the adiponectin genotype
distribution at the C-11377G locus between the black Southern African
patient and control cohorts

Cohort 1,1 1,2 22 p-value

Patient 0.73 (n=171) 0.27 (n=63) 0.00 (n=1)

Control 0.72 (n=166) 0.26 (n=61) 0.02 (n=5) NS
OR (95% CI) 1.06 (0.70-1.59) 1.02 (0.68-1.54) 0.19 (0.02-1.67)

Adiponectin SNP C-11377G: 1 = C allele; 2 = G allele; x* = 9.21 for o = 0.01 with df = 2, OR = odds ratio; NS = non significant;
n = sampie size.

5.4.84 Adiponectin SNP C-11377G within the Cuban diabetic cohort

The genotype distribution for C-11377G within the Cuban cohort is presented in Table
5.37. The cohort is in HW equilibrium at this locus (x*=0.79). It may therefore be
hypothesised that the assumptions of HW equilibrium as discussed in Section 5.3.2 may

be applied to this cohort.

Table 5.37: Chi-square test of goodness-of-fit to the HW proportions of the Cuban
patient cohort for C-11377G
Genotypes 11 1,2 2,2 Total
Observed numbers (O) 198 107 19 324
Expected proportions P’ 2pq q pPH2pg+q’
Frequency 0.61 0.33 0.06 1.00
Expected numbers (E) 195.22 112.55 16.22 324.00
[ ¥ = (O-EyE 0.04 0.27 0.48 0.79

Adiponectin SNP C-11377G: 1 = C allele; 2 = G allele; ¥ = Chi-square value; O = Observed numbers; E = Expected numbers;
p = frequency of allele 1; g = frequency of allele 2.
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5.4.8.5 Adiponectin SNP C-11377G within the Cuban control cohort

Investigation of the genotype distribution of SNP C-11377G within the Cuban control
cohort allowed for the determination that it is currently in HW equilibrium (y* = 7.27) at this
locus. The genotypic frequencies are presented in Table 5.38. This cohort is therefore not
affected by the various factors discussed in Section 5.3.2.

Table 5.38: Chi-square test of goodness-of-fit to the HW proportions of the Cuban
control cohort for C-11377G

Genotypes 1,1 1,2 22 Total
Observed numbers (O) 140 105 6 251
Expected proportions p? 2pq q P +2pg+ ¢
Frequency 0.56 0.42 0.02 1.00
Expected numbers (E) 147.63 89.73 13.63 251.00
¥>= (O-E)¥E 0.39 2.60 4.27 7.27

Adiponectin SNP C-11377G: 1 = C allele; 2 = G allele; ¥’ = Chi-square value; O = Observed numbers; E = Expected numbers;
p = frequency of allele 1, q = fraquency of allele 2.

5.4.8.6 Comparison of adiponectin SNP C-11377G between both Cuban cohorts

A significant difference was determined upon comparison of the genotype distributions of
the two cohorts at the C-11377G locus (p value < 0.0001) as presented in Table 5.39. The
homozygote of the variant allele was in association with increased risk due to the high OR
value calculated (OR 2.54, 95% CIl 1.00-6.45) as highlighted in the darker shaded block
within Table 5.39. The 95% CI spans the 1.0 value and it is therefore possible that this
association is spurious. The relatively wide interval may be due to the fact that the
homozygote for the variant allele is relatively rare in the cohorts investigated
(frequency = 0.06 and 0.02 in the patient and control cohorts respectively). It will be useful
in the future to investigate a larger cohort in order to narrow the interval.

Conversely the 1,2 genotype was associated with a protective factor due to the calculated
OR (OR 0.68, 95% Cl 0.48-0.96) as depicted in the lighter shaded block within Table 5.39.
The higher levels of this genotype in the control cohort may be due to heterozygote
advantage caused by its association with a protective factor. There are numerous
examples of heterozygote advantage such as the protection that an individual
heterozygous at the locus for sickle cell anaemia has against malaria (Flint et al., 1993).

Functional analysis is required in the future in order to determine the exact nature of this
association.
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Table 5.39: Chi-square analysis for the comparison of the adiponectin genotype
distribution at the C-11377G locus between the Cuban patient and
control cohorts

Cohort 1.1 1.2 22 p-value

Patient 0.61 (n=198) 0.33 (n=107) 0.06 (n=19)

Control 0.56 (n=140) 0.42 (n=105) 0.02 (n=6) <0.0001
OR (95% Cl) 124 (0.89-1.74) | 068 (0.48-0.96)

Adiponectin SNP C-11377G: 1 = C allele; 2 = G allele; ¥? = 9.21 for a = 0.01 with df = 2; OR = odds ratio; n = sample size; the lighter
shaded block indicates the evidence for association of the 1,2 genotype with a protective effect; the darker shaded block indicates the
evidence for association of the 2,2 genotype to increased disease risk.

5.4.8.7 Meta-analysis of adiponectin SNP C-11377G

French Caucasian diabetic cohorts harbour the variant alleles at this locus at a
frequency of 0.29 (Vasseur et al., 2002). As depicted in Table 5.36 the black South African
diabetic cohort harboured these alterations at frequencies of 0.15 respectively, thus
indicating the comparative rarity of the variant allele. The Cuban cohorts alternatively
harboured the variant allele at the C-11377G locus at a frequency of 0.23 in the diabetic

cohort.
Table 5.40: Meta-analysis of genotypes at the C-11377G locus for the black
Southern African, Cuban and German cohorts
: OR (95% ClI
- Cg::’npoat%gg" (C:F'zgfcr‘t’s;::'sl Fixed effects ( Rar:dom effects e
Recessive | 1,1vs 1,2and 2,2 924/806 1.00 (0.82-1.21) | 1.01(0.77-1.33) NS
Dominant | 1,1 and 1,2 vs 2,2 924/806 0.61(0.38-0.98) | 0.70(0.28-1.72) | NS
1,1vs 1,2 869/775 1.05(0.86-1.29) | 1.06 (0.79-1.42) NS
Additive 12vs2,2 368/317 0.6 | 0.71(0.25-1.97) NS
1,1vs 22 611/520 0.70 (0.30-1.65) NS

Adiponectin SNP C-11377G: 1 = C allele; 2 = G allele; OR = odds ratio; 95% Cl = 95% confidence interval, NS = non significant;
vs = versus; the lighter shaded block indicates the evidence for association of the 1,1 and 1,2 genotypes versus the 2,2 genotype with a
protective effect under the fixed effects model; the darker shaded blocks indicate the evidence for association of the 1,1 and 1,2
genotypes versus the 2,2 genotype with a protective effect under the additive model respectively.

Meta-analytical investigation of the C-11377G locus within the black Southern African,
Cuban and German populations resulted in the elucidation of a possible global association
of the 1 allele with protection against disease, in the context of fixed effects as presented
in the lighter shaded block in Table 5.40. This is due to the fact that under the dominant
model the OR of 0.61 (95% CI 0.38-0.98) indicates that individuals harbouring the 1,1 and
1,2 genotypes are protected against disease risk as compared to homozygotes of the
variant allele.
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This is in agreement with the Cuban cohort analysis in Section 5.4.8.6 where it was
determined that the heterozygote was associated with protection towards T2D
susceptibility. This effect is maintained albeit marginally upon investigation of the additive
models where the 2,2 homozygote is compared with the other two genotypes as indicated
in the darker shaded block in Table 5.29. However this increase in risk is not significant
upon calculation under random effects indicating that the inter population variance has an
effect on the association of this possible risk factor. Ultimately it will be required in future
studies to investigate the functional role of this polymorphism in these specific populations
to understand its molecular pathogenesis in disease susceptibility.

5.4.9 T45G within the adiponectin gene

The region within the adiponectin gene harbouring this alteration was amplified via the
thermal cycling template presented in Section 4.3. Amplification was optimised at 35
cycles with a T, of 55°C. The melting curve was in turn utilised in the determination of the

negative differential graph by which the various possible genotypes were assigned as
indicated in Figure 5.6.

Figure 5.6: Diagrammatic representation of the differential graph of probe
fluorescence versus temperature for T45G within the adiponectin gene
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Adiponectin SNP T45G: 1 = T allele; 2 = G allele; 1,1 = homozygote for the 1 allele indicated by the red line; 1,2 = heterozygote
indicated by the blue line; 2,2 = homozygote for 2 allele indicated by the green line; negative control indicated by black line wherein DNA
was replaced by deionised water; T; = temperature at which the 1,1 homozygote peaks (T; = 50.14 °C, standard deviation = 0.69 °C);
T2 = temperature at which the 2,2 homozygote peaks (T, = 59.52 °C, standard deviation = 0.57 °C).
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As the probe is specific for the variant allele, recognition of the 2 allele by the sensor probe
resulted in the single peak at the higher temperature (T.=59.52°C, standard
deviation = 0.57°C) being indicative of a sample harbouring the 2,2 genotype as
represented by the red curve in Figure 5.6. A single peak at the lower temperature
(T1=50.14°C, standard deviation = 0.69°C) was scored as a 1,1 homozygote (green
curve) whereas the heterozygote was represented by two peaks at both temperatures
similar to the blue curve (heterozygote Ty = 49.88°C, standard deviation = 0.81°C;
heterozygote T, =59.79°C, standard deviation = 0.54°C), respectively. Similar to the
discussion in Section 5.4.2 the amplitudes of the two peaks of the heterozygote curve had
to be ca. half the amplitude of the relevant homozygote curves. Peaks were calibrated

according to the graphs produced for the three positive controls.

5.4.9.1 Adiponectin_ SNP_T45G within_the black Southern African diabetic
cohort

The heterozygotes and mutant homozygotes had to be grouped in order to investigate the
HW equilibrium status of the cohort for T45G. It was determined that the group was in HW
equilibrium at this locus (x*=0.00) as listed in Table 5.41 thus indicating that the

assumptions discussed in Section 5.3.2 can be accepted with regard to this cohort.

Table 5.41: Chi-square test of goodness-of.fit to the HW proportions of the black
Southern African patient cohort for T45G

Genotypes 11 1,2 2,2 Total
Observed numbers (O) 228 4 0 232
Expected proportions p? 2pq q p+2pg + ¢
Frequency 0.98 0.02 0.00 1.00
Expected numbers (E) 228.02 3.97 Not calculated 232.00
¥ = (O-E)Y/E 0.00 0.00 Not calculated 0.00

Adiponectin SNP T45G: 1 =T allele; 2 = G allele; ¥° = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency
of allele 1; g = frequency of allele 2.

5.4.9.2 Adiponectin SNP T45G within the black Southern African control cohort

As depicted in Table 542, HW equilibrium testing at the T45G locus resulted in the

determination that this locus was in fact unaffected by such effects of population size and

dynamics as inbreeding and migration (yx* = 0.04) as explained in Section 5.3.2. Effects at

the level of the locus such as allele reversion, natural selection and random genetic drift
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are also not responsible for the current genotype distribution observed. Therefore

comparison of the patient and control cohorts for T45G is possible.

Table 5.42: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African control cohort for T45G

Genotypes 1,1 1,2 2,2 Total
Observed numbers (O) 220 6 0 226
Expected proportions ,02 2pg q2 p2 +2pg + q2
Frequency 0.97 0.03 0.00 1.00
Expected numbers (E) 220.04 5.92 0.04 226.00
x> = (O-E)YE 0.00 0.00 0.04 0.04

Adiponectin SNP T45G:; 1 =T allele; 2 = G allele; ¥* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency
of aliele 1; g = frequency of allele 2.

5.4.9.3 Comparison of adiponectin SNP_T45G between both black Southern
African cohorts

The black Southern African cohort did not present with any significant association between
any genotype at this locus and disease risk, as depicted in Table 5.43. This is however not
surprising as the variant allele was present only at low levels (frequency of 0.01 and 0.02
in the diabetic and control cohorts respectively). Investigation of a larger cohort may
narrow the 95% Cl that was generated but ultimately this polymorphism may not be a risk

allele in this population due to its rarity.

Table 5.43: Chi-square analysis for the comparison of the adiponectin genotype
distribution at the T45G locus between the black Southern African
patient and control cohorts

Cohort 11 1,2 2,2 p-value

Patient 0.98 (n=228) 0.02 (n=4) 0.00

Control 0.97 (n=220) 0.03 {n=6) 0.00 NS
OR (95% CI) 1.55 (0.43-5.58) 048 (0.11-1.94) Not calculated

Adiponectin SNP T45G: 1 = T allele; 2 = G allele; 2,2 homozygous carriers of the variant allele at T45G were not detected upon
analyses of the various cohorts and therefore the sum of homozygotes for the variant allele and heterozygotes were utilised for
statistical analyses ta prevent non-differentiation due to division by zero; OR = odds ratio; NS = nen significant; n = sample size.

5.4.9.4 Adiponectin SNP T45G within the Cuban diabetic cohort

As depicted in Table 5.44 the Cuban patient cohort is in HW equilibrium (y* = 5.64) at the
T45G locus. Thus the effects described in Section 5.3.2 can be ignored. Furthermore the

cohort may be utilised in the statistical determination of association with T2D susceptibility.
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Table 5.44: Chi-square test of goodness-of-fit to the HW proportions of the Cuban

patient cohort for T45G
Genotypes 11 1,2 2,2 Total
Observed numbers (O) 248 62 10 320
Expected proportions p* 2pq q p%+2pg + q°
Frequency 0.78 0.19 0.03 1.00
Expected numbers (E) 24325 71.49 525 320.00
X} = (O-EF/E 0.09 1.26 429 5.64 |

Adiponectin SNP T45G: 1 = T allele; 2 = G allele; x* = Chi-square value; O = Observed numbers; E = Expected numbers; p = frequency
of allele 1; g = frequency of allele 2,

5.4.9.5 Adiponectin SNP T45G within the Cuban control cohort

The Cuban control cohort is not subjected to any of the factors discussed in Section 5.3.2.
This is due to the fact that the T45G locus is in HW equilibrium (3 = 3.27) within this

cohort. The genotypic frequencies as well as the calculation of HW status are indicated in
Table 5.45.

Table 5.45: Chi-square test of goodness-of-fit to the HW proportions of the Cuban
control cohort for T45G

Genotypes 1,1 1,2 2,2 Total
Cbserved numbers (O) 188 56 9 253
Expected proportions F 2pq e p*+2pg+ f
Frequency 0.74 0.22 0.04 1.00
Expected numbers (E) 184.41 63.18 5.41 253.00
¥ = (O-E)YYE 0.07 0.82 2.38 327

Adiponectin SNP T45G: 1 =T allele; 2 = G allele; ¥* = Chi-sguare value; O = Observed numbers; E = Expected numbers; p = frequency
of allele 1; g = frequency of allele 2.

5.4.9.6 Comparison of adiponectin SNP T45G within both Cuban cohorts

None of the genotypes present at the T45G locus were determined to be significantly
different between the Cuban cohorts investigated as presented in Table 546. It is
therefore unlikely that this aiteration is associated with disease risk within this population

however future analysis may allow for the determination of a functional role for this variant.
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Table 5.46: Chi-square analysis for the comparison of the adiponectin genotype
distribution at the T45G locus between the Cuban patient and control

cohorts
Cohort 1,1 1,2 2,2 p-value
Patient 0.78 (n=248) 0.19 (n=62) 0.03 (n=10)
Control 0.74 (n=188) 0.22 (n=56) 0.04 {n=9) NS
OR {95% Cl) 1.19 (0.81-1.75) 0.84 (0.56-1.26) 0.87 (0.34-2.18)

Adiponectin SNP T45G™ 1 = T allele; 2 = G allele; 3° = 8.21 for « = 0.01 with df = 2; OR = odds ratio; NS = non significant; n = sample
size.

5.4.9.7 Meta-analysis of adiponectin SNP T45G

The lack of association of the T45G alteration to disease risk in both cohorts presented is
important as according to Hara et al. (2002) the variant allele has been associated with
disease risk in the Japanese population (p value = 0.003) with an increased risk for
carriers which are heterozygous (OR 1.41, 95% Ci 1.06-1.88) as well as those
homozygous for the variant allele (OR 1.70, 95% CI 1.09-2.65). The most striking finding
upon comparison of the Southern African population to the Japanese population
investigated by Hara el al. is the apparent rarity of the variant allele within the former. As
presented in Table 5.25 the variant allele is present at a frequency of 0.01 and 0.02 in the
patient and control cohorts respectively, whereas the Japanese population harbours this
allele at frequencies of 0.35 within the diabetic cohort and 0.29 within the control cohort.
Thus it may be hypothesised that this variant has an effect on disease susceptibility,
however, as it is present at such a low frequency it is not discernible within the black
Southern African cohort via the methods utilised in this investigation. However, the fact
that the variant allele at this locus is present at a frequency of 0.13 in the Cuban diabetic
cohort, and it is not associated with diabetic risk, indicates that it may not be a significant
"at risk” allele within this popuiation.

Another possible explanation for the absence of association of T2D risk to the G allele at
T45G was originally posited in a population based investigation by Stumvoll ef al. (2002).
In this investigation the carriers of the variant allele in both the heterozygous and
homozygous forms was associated with an increased BMI (p value = 0.02) when
compared to carriers of the 1,1 genotype. Furthermore individuals harbouring the 2 allele
were found to present with much lower levels of insulin sensitivity. Upon stratification of the
population however, it was determined the effect of the variant allele was lost in individuals
that had a prior family history of T2D. It was hypothesised by Stumvoll et al. that the
susceptibility load that was inherited had a greater effect on disease risk than this one
locus on its own.
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As there were no homozygotes for the variant allele detected within the black Southern
African cohort it was not possible to use the Wolfe's method to perform a meta-analysis.
The Wolfe’'s method cannot be applied to a contingency table, as depicted in Equation 4.5
that contains cells with no data (Jackson et al., 2004). This is evident upon investigation of
Equation 4.7¢ where the variance is determined by the sum of the inverse sizes of the
different cohorts investigated. If one of the cohorts were zero, calculation of the equation
would result in the generation of a non-differentiable number.

Even upon the application of the Peto method of meta-analysis which is resistant to cells
which do not harbour any information (Sweeting et al., 2002), it was still not possible to
utilise the cohorts investigated. Calculation of OR; from a contingency table harbouring an
empty cell results in the generation of either a zero or a non differentiable number.
Whereas the latter cannot be utilised for obvious reasons, the former is also not
informative as the natural logarithm of zero is non-differentiable. The cohorts could thus
not be analysed via meta-analysis at the T45G locus by any comparable technique as
utilised at the other loci.

5.4.10 G-11391A within the adiponectin gene

Although not an initial aim of this study, it was decided to screen the G-11391A locus
within the Southern African cohorts in order to determine if it was significantly associated
to disease risk. As discussed in Section 3.3.4 a specific haplotype generated utilising this
alteration in conjunction with the C-11377G alteration has been associated with increased
disease risk (Schwarz et al., 2004) and it was reasoned that the role of this alteration in
disease risk should be determined within the black Southern African cohorts investigated.

The G-11391A alteration within the adiponectin gene was screened via melting curve
analysis following 35 cycles of amplification with a T, of 62°C. Distinction of the peaks
produced upon investigation of the negative differential graph for G-11391A was not as
simple as that for the previous alterations as presented in Figure 5.9. This is possibly due
to the aiteration inducing only a slight change i.e. of 2-3°C in the melting curve of the 2,2
heterozygote. When detecting the 1,2 heterozygote the LC™ machine may not have been
sensitive enough to differentiate the decrease in fluorescence of both the 1 allele and the 2
ailele and thus produced only a single peak at the mean temperature of the two graphs.
Individuals determined to be heterozygous were however screened via a sequencing
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strategy’ in order to validate this fact. Upon sequencing it was determined that these
individuals were indeed heterozygous at the G-11391A locus.

As stated previously the sensor probe for this alteration is specific for the G allele. Hence
the 1,1 genotype (pink curve in Figure 5.7) was assigned to the peak with the higher
melting temperature (T1 = 57.79°C, standard deviation = 0.63°C) and the 2,2 genotype to
the peak with the lower temperature peak (T, =64.36°C, standard deviation = 1.03°C)
similar to the blue curve in Figure 5.7. In certain individuals it was possible to decipher two
peaks at both melting temperatures (as represented by the green curve in Figure 5.7) for
an individual heterozygous at this locus, and it was possible to calculate the following
averages and standard deviations:

»  heterozygote T4 = 65.73°C, standard deviation = 0.48°C
»  heterozygote T, = 57.93°C, standard deviation = 0.31°C
Due to the difficulty in peak differentiation as discussed in the previous paragraph the
cohorts underwent screening for this alteration twice to ensure the correct assignment of
genotypes. It will be useful for future investigations to elucidate the binding dynamics of

this probe.

Figure 5.9: Diagrammatic representation of the differential graph of probe
fluorescence versus temperature for G-11391A within the adiponectin

gene
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Adiponectin SNP G-11391A: 1 = G allele; 2 = A allele; 1,1 = homozygote for the 1 allele indicated by the red line; 1,2 = heterozygote
indicated by the blue line; 2,2 = homozygote for 2 allele indicated by the green line; negative control indicated by purple line wherein

DNA was replaced by deionised water; T; = temperature at which the 2,2 homozygote peaks; T, = temperature at which the 1,1
homozygote peaks.

' Sequencing strategy optimised and performed by U. Buro.
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5.4.10.1 Adiponectin SNP_G-11391A within the black Southern African diabetic
cohort

The G-11391A alteration was investigated to determine the status of HW equilibrium at
this locus. The population was in fact in HW equilibrium (x*> =0.02) as presented in
Table 5.47 and therefore the assumptions associated with this hypothesis as delineated in
Section 5.3.2 can be applied to the population under investigation.

Table 5.47: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African patient cohort for G-11391A

Genotypes 11 1,2 2,2 Total
Observed numbers (O) 235 4 0 239
Expected proportions P 2pq q pP+epg+q
Frequency 0.98 0.02 0.00 1.00
Expected numbers (E) 235.02 3.96 0.02 239.00
¥ = (O-EYYE 0.00 0.00 0.02 0.02

Adiponectin SNP G-11391A: 1 = G allele; 2 = A allele; ¥° = Chi-square value; O = Observed numbers; E = Expected numbers,
p = frequency of allele 1; g = frequency of allele 2.

5.4.10.2 Adiponectin SNP_G-11391A within the black Southern African control
cohort

The cohort was in HW equilibrium (x* = 0.30) with regard to the G-11391A alteration as
depicted in Table 5.48. Therefore determination of association of a specific genotype to
disease risk can be undertaken in both the patient and control population as the genotype

frequencies within the cohort are not currently affected by the factors discussed in Section
5.3.2.

Table 5.48: Chi-square test of goodness-of-fit to the HW proportions of the black
Southern African control cohort for G-11391A

Genotypes 1,1 1,2 2,2 Total
Observed numbers (O) 215 16 0 231
Expected proportions p2 2pg qz p2 +2pg + q2
Frequency 0.93 0.07 0.00 1.00
Expected numbers (E) 215,28 16.45 0.28 231.00
¥} = (O-E)¥E 0.00 0.02 0.28 0.30

Adiponectin SNP G-11391A: 1 = G allele; 2 = A allele; x° = Chi-square value; O = Observed numbers; E = Expected numbers;
p = frequency of allele 1; g = frequency of allele 2.
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5.4.10.3 Comparison of adiponectin SNP__G-11391A between both black
Southern African cohorts

The 1,1 homozygote presents with an OR > 1 as calculated in Table 5.49, and it is thus
possible that this genotype is associated with greater risk, however the large range of the
95% Cl means caution should be exercised with regard to this association. Via the
utilisation of ¥? analysis it was determined, that the heterozygotic genotype at G-11391A
was significantly associated with protection towards T2D (p value < 0.01; OR = 0.22 (95%
Cl1 0.07-0.69)) as indicated by the shaded cell within Table 5.49.

Table 5.49: Chi-square analysis for the comparison of the adiponectin genotype
distribution at the G-11391A locus between the black Southern African
patient and control cohorts

Cohort 1,1 1.2 2.2 p-value

Patient 0.98 (n=235) 0.02 (n=4) 0.00

Control 0.93 (n=215) 0.07 (n=16) 0.00 <0.01
OR (95% CI) 437 (143-132) Not calculated

Adiponectin SNP G-11391A: 1 = G allele; 2 = A allele; 2,2 homozygous carriers of the variant allele at G-11391A and T45G were not
detected upon analyses of the various cohorts and therefore the sum of homozygotes for the variant allele and heterozygotes were
utilised for statistical analyses to prevent non-differentiation due to division by zero; 3* = 9.21 for « = 0.01 with df = 2; constitution of
haplotype = C-11377G and G-11391A.; OR = odds ratio; n = sample size; the shaded cell indicates the evidence for association
between the 1,2 genotype and a protective effect.

The fact that no homozygotes were determined within the cohorts analysed prevents the
determination of whether the previous effect is stronger in individuals harbouring this
genotype. However the relative rarity of this allele is antithetic, as generally if an alteration
is associated with a protective factor it should be preferentially selected. T2D is generally a
late onset disease, therefore usually not affecting the fecundity of the individual. It is thus
reasonable to assume that this allele is in association with a protective effect against

disease. As this allele is, however within a late onset disease susceptibility locus, the
effect of possible adaptive forces is countered, thus preventing enrichment of this allele.

5.4.104 Comparison of adiponectin SNP G-11391A between the Cuban cohorts

As stated in Section 5.4.10 screening of the cohorts collected for SNP G-11391A was not
an aim of this investigation. It was however studied within the black Southern African
cohorts collected in this study due to the ancestral nature of this population as discussed
in Section 5.1.1.1. It would therefore be possible to investigate the alteration in frequency
of this SNP between the aforementioned population and the German population discussed
by Schwarz etal. (2004). Financial and logistical constraints however, prevented the
screening of the Cuban cohort for this alteration.
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5.4.11 Haplotype frequencies at the adiponectin locus

It is possible for certain haplotypes within a gene to be in association with T2D even if the
association of the individual genotypes are not significant (Horikawa efal, 2000;
Malecki et al. 2002; Cassell et al., 2002). Investigation into the haplotype structure of the
Southern African individuals was undertaken to determine if this was also true for the
APM1 gene. The two promoter variants were utilised in the generation of haplotypes, as
similar to UCSNP-44 no association was detected to the exonic variant. This strategy was
undertaken to compare the results generated in this investigation to the findings presented
by Schwarz et al. (2004).

5.4.11.1

Adiponectin _haplotype analysis within the black Southern African
cohorts

The 12 haplotype was significantly associated with a protective effect against T2D
(p value < 0.01; OR =0.22 (95% CI 0.06-0.78)) as depicted in the shaded row in Table
5.50. This strengthens the hypothesis that the variant allele at G-11391A is associated
with a protective factor in the Southern African population.

Table 5.50: Chi-square analysis for the comparison of the adiponectin haplotype
distribution between the black Southern African patient and control
cohorts

Patients Controls Chi square o
Haplotypes Frequency (n) Frequency (n}) value OR 95% CI
11 0.86 (398) 0.82 (375) 0.71 1.30 (0.91-1.85)
12 0.00 (3) 0.03 (13) {0.060.78)
21 0.14 (63) 0.15 (68) 0.55 0.89 (0.61-1.29)
Total 464 456 9.17

¥¥=9.21 for o = 0.01 with df = 2; constitution of haplotype = C-11377G and G -11391A; n = individuals from whom haplotype data,
reflecting genotypes at both loci, were generated; the shaded row indicates the evidence for association of the 12 haplotype with a
protective effect.

54.11.2 __ Adiponectin haplotype combination analysis within the black Southern

African cohorts

Based on the distribution of haplotype combinations as depicted in Table 5.51 the 11/12
haplotype combination (frequency = 0.06) was identified to represent a possible protective
factor as highlighted in the shaded row in the aforementioned table. This notion is
supported by the odds ratio value as well as its 95% Cl which presents with an interval
range sufficiently below one to indicate the aforementioned effect. However this alteration
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is at a relatively low frequency within this cohort, indicating that it may not have a
significant effect on a population level, but instead affords protection on the individual
level. The identification of factors that act at the population level will require analysis of a

larger cohort.

Table 5.51: Chi-square analysis for the comparison of the adiponectin haplotype
combination distribution between the black Southern African patient
and control cohorts

Haplotype Patients Controls Chi square OR 95% CI
Combination Frequency (n) Frequency (n) value
11/ 11 0.72 (167) 0.67 (162) 0.98
117112 0.01 (3) 0.06 (13) Hel idnt et
11/ 21 0.26 (61) 0.25 (58) 0.07 1.04 (0.68-1.58)
21121 0.01 (1) 0.02 (5) 3.28 0.12 (0.02-1.66)
Total 232 228 12.24 -—

¥? = 11.34 for a = 0.01 with df = 3; constitution of haplotype = C-11377G and G-11391A; n = individuals for whomn haplotype data were
generated; the shaded block indicates the evidence for association of the 11/12 haplotype combination with a protective effect.

5.4.11.3 Comparison of adiponectin haplotypes and haplotype combinations to

non-African populations

it was determined that the 11/12 haplotype (frequency = 0.06) represents association with
a possible protective factor for T2D within the black South African population. This is not
surprising as the variant allele at G-11321A by itself was determined to be associated with
a similar effect. The fact that this association is maintained at the haplotype combination
level only strengthens the protective role for this variant.

Comparison of the African data to that of the German population (Schwarz et al., 2004)
highlighted the fact that the 11/21 haplotype combination was linked to T2D susceptibility
only in the European population. Due to the 11/21 haplotype combination being associated
with disease risk in the German cohort while the 11/12 variant may be a protective factor in
the black South African population, it could be hypothesised that a differential metabolic
effect for genetic alterations in the APM1 gene with regard to T2D risk in these two
populations exists. It is possible that the relative absence of variant alleles within the black
South African diabetic cohort may be due to the fact that the 11/21 haplotype combination
underwent a change in selective pressure upon migration into Europe, thus resulting in the
disease risk with which it is currently associated.

This investigation highlights the population specific investigation of complex diseases such
as T2D, which in turn impacts on the development of possible future management
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strategies. A different role is therefore suggested for APM1 in T2D disease susceptibility
within the black South African population. This alludes to the unfortunate fact that
intervention strategies developed elsewhere may ultimately not be as effective in the Black
South African population, as the genetic susceptibility factors may differ. The factors
mentioned may however be effective to stratify personal T2D risk in preventative

management.

5.5 GENOTYPE AND HAPLOTYPE RESULTS OF SOUTHERN AFRICAN AND
CUBAN COHORTS AT S SPECIFIC LOCI WITHIN THE CALPAIN 10 AND
ADIPONELCTIN GENES

Due to the current nature of T2D, this disease has been well studied within populations of
developed countries as these individuals are at the highest risk of developing the disorder
(King etal, 1998). However this trend is rapidly changing and the necessity for
investigating populations from the so-called developing countries is becoming apparent.

This investigation was undertaken to garner evidence that different populations have
different risk profiles of disease susceptibility, even at loci that have been well documented
within the developed countries. The following section presents an overview of the results in

favour of this hypothesis.

5.4.1 Association to genetic variation within the calpain 10 gene

In Table 5.52 and 5.54 a summary is presented of the p- and OR values generated for the
genotype frequency comparisons in both the black Southern African and Cuban cohorts at
the loci discussed in Section 4.3. As previously discussed in Section 5.4.4.3 there is
significant association between the 1,1 genotype at UCSNP-56 and a protective effect
within the South African cohort.

Although there is significant variation within this cohort at the UCSNP-43 locus it was not
possible to detect which genotype was responsible for this result. Aiternatively the Cuban
diabetic and control cohorts are not significantly different at the loci of UCSNP-43, -44
and -56. The UCSNP-63 locus presents with significant variation in the Cuban cohort
however it is not possible to differentiate the origin of this effect due to the Cuban patient
cohort not being in HW equilibrium as discussed in Section 5.4.5.6.
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Table 5.52: Summary of genotype results generated at the various loci within the
calpain 10 gene of both the black Southern African and Cuban

cohorts
Southern African Cuban
SNP Gt OR (95% CI) p-value SNP Gt OR (95% Cl) p-value
1.1 1.17 (0.77-1.78) 1.1 1.20 (0.85-1.68)
UCSNP43 1.2 0.74 (0.48-1.15) <0.001 UCSNP43 1.2 0.78 (0.55-1.11) NS
2.2 3.45(0.71-16.8) 22 1.23 (0.56-2.68)
15 1.44 (0.80-2.59) 1.1 1.10 (0.74-1.63)
UCSNP44 { 0.71 (0.39-1.29) NS UCSNP44 1.2 0.84 (0.56-1.27) NS
2,2 | 0.48(0.04-5.43) 22 2.4 (0.48-11.9)
1,1 | 0.25(0.12-0.49) 1,1 | 0.94 (0.66-1.34)
UCSNP56 2 <0.0001 UCSNP56 1.2 0.84 (0.61-1.18) NS
5 2,2 | 1.37(0.91-2.05)
14 0.82 (0.53-1.27) 14 0.76 (0.52-1.09)
UCSNP63 1,2 | 0.99 (0.68-1.44) NS UCSNP63 | 1,2 | 1.04(0.70-1.53) | p<0.0001
22 1.18 (0.78-1.79) 2.2 3.59 (1.34-9.64)

Odds ratio values highlighted in bold indicate the genotypes which have been significantly associated with modifying disease risk;
Values within pink blocks (X&X) are associated with increased risk towards T2D whereas values within green blocks (yyy) are associated
with protection against T2D; p-values highlighted in bold and within blue blocks (zz2) represent the p-value derived where one of the
cohorts were not in HW equilibrium; Gt = genotype; NS = non significant; SNP = single nucleotide polymorphism; 95% CI = 95%
confidence interval.

The OR and 72 values generated for the various haplotypes within the CAPN10 gene are
outlined in Table 5.53. As previously discussed in Section 5.4.6.1, the 122 and 112
haplotypes present with the greatest association towards disease risk within the Southern
African population while the Cubans did not present with any obvious associations. This
may mean that these loci within CAPN10 are not important risk factors in T2D

susceptibility. This fact further strengthens the discussion regarding variable disease
susceptibility factors within various populations.

Table 5.53: Summary of haplotype results generated within the calpain 10 gene of
both the black Southern African and Cuban cohorts

Southern African Cuban
Haplotypes + value OR (95% CI) Haplotypes % value OR (95% Cl)

121 1.05 1.13 (0.82-1.57) 121 0.97 (0.74-1.27)
111 3.99 0.73 (0.49-1.07) 111 0.93 0.90 (0.70-1.16)
112 32.31 0.14 (0.06-0.31) 112 5.74 3.12 (0.34-28.0)
221 0.30 0.72 (0.16-3.27) 221 0.07 0.90 (0.30-2.71)
247 1.59 0.81 (0.53-1.22) 211 1.28 0.87 (0.65-1.17)
222 ND ND 222 1.29 ND

212 ND ND 212 ND 0.97 (0.74-1.27)
Total 54.08 Total 1775

Odds ratio values highlighted in bold indicate the haplotypes which have been significantly associated with modifying disease risk;
Values within pink blocks (ﬁ) are associated with increased risk towards T2D whereas values within green blocks (yyy) are associated
with protection against T2D; OR = odds ratio; 95% CI = 95% confidence interval; ND = non differentiable.
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Upon meta-analysis of these various genotypes it became evident that although strong
associations were detected within the various cohorts investigated, often these
associations were absent upon meta-analytical analysis. This is significant to the
investigation of susceptibility loci as ultimately important associations may be discarded as
spurious upon meta-analytical analysis because it is not retained. If associations are
maintained at this level it is important to determine the origin of this association. Population
level effects however are just as important for the treatment of diabetes, as therapeutic
strategies developed with regard to a specific population may not be useful in the
treatment of T2D in another country or population. Therefore application of such strategies
will ultimately not be useful to preventing disease risk. If the discussion presented in the
introductory paragraph of this chapter is taken into consideration it is obvious that
developing countries such as South Africa and Cuba cannot afford to implement such

strategies.

54.2 Association to genetic variation within the adiponectin gene

At the APM1 locus, as presented within Table 5.54, it has been determined that the 1,2
genotype at the G-11391A locus is most likely to be associated with a protective factor
towards T2D. The 1,1 genotype presents with increased risk according to the OR value
described, however the range of the 95% Cl is wide thus detracting from the strength of
this association. It will be necessary in future to investigate a larger cohort in order to
narrow this Cl in order to definitively describe this association.

The role of this alteration is not discernible within the Cuban cohort, as it has not been
screened at this locus. Comparison of the genotype frequencies at the C-11377G locus
allowed for the calculation of a significant difference between the control and diabetic
groups. At this SNP the 1,2 genotype was also associated with a protective factor
whereas the 2,2 genotype was associated with increased risk according to the OR

value > 1.
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Table 5.54: Summary of genotype results generated at the various loci within the
adiponectin gene of both the black Southern African and Cuban

cohorts
Southern African Cuban

SNP Gt OR p-value SNP Gt OR p-value
10 1.06 (0.70-1.59) 1541 1.24 (0.89-1.74)

C-11377G 1,2 | 1.02 (0.68-1.54) NS C-11377G | 1,2 | 0.68 (0.48-0.96) <0.0001
2,2 | 0.18 (0.02-1.67)

11 1.55 (0.43-5.58) 14 1.19 (0.81-1.75)
T45G 1,2 | 0.48 (0.11-1.94) NS T45G 1,2 | 0.84 (0.56-1.26) NS
22 Not calculated 2,2 | 0.87(0.34-2.18)
14 ---
G-11391A 1,2 | 0.22 (0.07-0.69) <0.01 G-11391A | 1,2 - ---
22 Not calculated 272 -

Odds ratio values highlighted in bold indicate the genotypes which have been significantly associated with disease risk; Values within
Bi’é'?e?t'%?\"ig‘aﬁ’t e ;aGs:,gcgizgzgw\gg? rdgc;esgﬁi igg% Jmfards T2D whereas values within green blocks (yyy) are associated with
As the genotypes present at G-11391A had not been screened within the Cuban cohort, it
was not possible to present the haplotype data in a similar manner as Table 5.53, however
due to the fact that there are differences in disease risk at the level of genotypes it is likely,
as with the CAPN10 gene, that this is also the case at the haplotype level within the APM1
gene. As discussed in Section 5.4.11 the 12 haplotype and the 11/12 haplotype
combination were associated with protection towards disease risk whereas the 11/21
haplotype combination was associated with increased risk towards T2D within the German
population. The functional effect of these alterations will have to be detected in a future
investigation.

Ultimately population level identification of susceptibility loci will decrease the overall cost
of treating individuals affected by this disorder as certain therapeutic strategies can be
ruled out. Further understanding of these effects could also result in the development of a
genetic profile, which will place an individual at a greater risk. If this has been elucidated it
is possible to diagnose an individual prior to the onset of disease. This in itself will
decrease the disease load of the various health care services. The individual may be
counselled to alter their lifestyle accordingly which ultimately may lead to the prevention of
disease onset.
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CHAPTER SIX
CONCLUSIONS

Energy metabolism is an integral biological process within all living organisms. It is
therefore self-evident that many disorders e.g. T2D, which arise in humans are due to
dysregulation in this metabolic process. This may be due to alterations in mRNA
expression, protein expression, environmental factors or numerous other changes within
the organism. In order to understand the methods by which this dysregulation affects
cellular respiration, the basal metabolic state of unaffected individuals are compared to
that of affected individuals. Via this process it is possible to identify important nodes in the
disease pathogenesis network.

Current knowledge about the aetiology and pathogenesis of T2D has led to the description
of a multifactorial model for disease susceptibilty as presented in Figure 6.3 (see
page 153). Barnett ef al. (1981) and Bergman ef al. (1981) have respectively described
strong genetic and environmental components implicit in disease progression. This model
is however broad and thus incomplete, as it has not yet been possible to define the
specific interactions involved in T2D disease risk. Future investigation of the genetic
aetiology of T2D will allow greater understanding of the role of genes, the environment and
the interplay between these two entities.

Better comprehension of disease pathways will lead to the development of more efficient
therapeutic strategies which, as discussed in Section 6.4, result in decreasing the overall
financial burden of this disease (Rodgers et al., 2004). Furthermore increased insight into
the biological pathways involved in disease pathogenesis may result in reclassification of
the diagnostic system for this group of disorders i.e. describing the disorder in terms of the
pathway affected as opposed to the utilisation of symptoms such as hyperglycaemia
(WHO Consortium, 1999).

To date numerous genes have been identified to be responsible for greater susceptibility
to this disease (Froguel et al., 1992; Horikawa et al., 2000). Large levels of inter population
variability have been determined at these loci (Fullerton ef al., 2002). This supports the
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notion that the ethnic origin of an individual is integral to the correct assignment of genetic

susceptibility towards the disease.

6.1 SIGNAL _TRANSDUCTION AND ITS IMPORTANCE IN TYPE 2 DIABETES
MELLITUS SUSCEPTIBILITY

The origin of this group of disorders are complex (WHO Consortium, 1999) as it is the
cumulative effect of numerous interactions, which eventually cross a threshold level that
result in the disorder. A model of the major molecular interactions occurring in a
normoglycaemic individual is presented in Figure 6.1. A detailed description of each
process in this figure is presented in Chapters Two and Three. It is important, however, to
view this information in a systems biological framework given the aetiological complexity of
this disorder. The major signalling processes under normoglycaemic conditions are
presented in Figure 6.1 where references to specific pathways are indicated (@ -©in
Figure 6.1) and discussed in the following paragraph. The same processes during
hyperglycaemic conditions are presented in Figure 6.2 and are indicated (@-© in

Figure 6.2) but are discussed in the paragraph following Figure 6.1.

Under normoglycaemic conditions, the correct expression (@) and secretion (®) of insulin

results in the appropriate activation of the insulin receptor () in response to increased
plasma glucose levels. Sensitivity towards insulin results in the transduction of signals
which increase cellular growth (@), glucose uptake (©) and glycogen production (@) as
depicted within the myocyte and hepatocyte in Figure 6.1. Furthermore adipocytokines
secreted by the adipocyte in response to fatty acids (@) results in increased lipid
breakdown (@) as well as induction of cellular mitosis (©) thus decreasing the plasma
levels of both fatty acids and glucose. As depicted in Figure 6.1, it is no longer sufficient to
merely concentrate on the so-called triumvirate of the hepatocyte, the f cell and the
myocyte (DeFronzo, 1988) which are the major sites of these processes, when
investigating T2D pathogenesis. At the very least the effects of molecules secreted by
adipocytes should also be taken into consideration. Investigation of this cell type is by no
means comprehensive and metabolomic strategies must be derived for future
investigations into the mechanism of these disorders.
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Figure 6.1: Model of the major intercellular signalling pathways under

normoglycaemic conditions
Adipocyte Myocyte

Cell phase

Gy

S+M

Cell phase

G, (9]

m Hepatocyte

ACO = acyl carnitine oxidase; Akt = protein kinase B; AMPK = cyclic 5-adenosine monophosphate protein kinase; APM1 = adiponectin
indicated in yellow ([J); CAPN10 = calpain 10 indicated in orange ([J); C/EBP = CCAAT enhancer binding protein; Cell phases:
G; = first growth phase; S = synthesis phase; G; = second growth phase; M = mitotic phase; CPT-1 = carnitine palmitoyl transferase 1;
FA = fatty acid; GLU = glucose indicated in pink (H); GLUT 4 = glucose transporter 4; Grb-2 = growth factor receptor binding protein 2;
GSK3 = glycogen synthase kinase 3; GYS = glycogen synthase; HNF1a = hepatocyte nuclear factor 1 alpha; HNF1p = hepatocyte
nuclear factor 1 beta; HNF4a = hepatocyte nuclear factor 4 alpha; INS = insulin indicated in green ([); IPF-1 = insulin promoter factor 1;
IR = insulin receptor; IRS1 = insulin receptor substrate 1; IRS2 = insulin receptor substrate 2: ISPK = insulin stimulated protein kinase;
LEP = leptin; MAPK = mitogen activated protein kinase; MEKK = mitogen activated protein kinase kinase 1; NEUROD = neurogenin D;
Ob-R = leptin receptor; PI3K = phosphatidylinositol 3'-kinase; PP1 = protein phosphatase 1; PPARa = peroxisome proliferator activated
receptor alpha; PPRE = peroxisome proliferator activated receptor response element; P-STAT-3 = phosphorylated signal transducers
and activators of transcription 3; ras = cellular form of the rat sarcoma proto-oncogene; Shc = src homology 2 domain-containing
oncogenic protein; SOS = son of sevenless.
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Whilst undergoing hyperglycaemic conditions, as discussed in Section 2.1.4.2, insulin
resistance arises from defects in the signalling pathways of insulin itself (@), which
prevents the correct uptake (@), storage (®) and metabolism of glucose within the
myocyte (Reavan, 1988). Although not indicated in the hepatocyte illustrated in Figure 6.2
a similar loss of insulin-induced effects occurs as in the myocyte (@). In association with
this loss of sensitivity there is no increase in glycogen synthesis (©), thus maintaining
gluconeogenesis and increasing plasma glucose levels (Dent etal, 1990). Insulin
resistance is however, not the only pathway of disease pathogenesis. Insufficient insulin
secretion due to decreased expression (@) of this hormone or dysregulation of the
secretory process (@) will result in insufficient plasma levels of insulin thus affecting the
appropriate hyperinsulinaemic response towards hyperglycaemia. Incorrect expression
(@), or resistance to adipocytokines (@), result in increased free fatty acid plasma levels
as well as accumulation of triglycerides (®) in non-adipocytes causing apoptosis (Unger
et al., 1999).

A proposed model outlining the progression of disease pathogenesis is presented in
Figure 6.3, wherein it is apparent that genetic susceptibility may have effects at numerous
levels such as decreased glycogen synthesis (Dent et al., 1990), increased lipolysis
(Thomas et al., 1979), peripheral insulin resistance (DeFronzo et al., 1985), B cell loss
(Unger etal., 1999) as well as B cell compensation (Chiu efal., 2000). Both genetic
(Barnett et al., 1981) and environmental factors (Eriksson and Lindgéarde, 1991) can have
an effect on the various processes discussed which ultimately result in T2D.

Insulin resistance is generally the central cause of disease pathogenesis and can arise
due to the direct effects of genes (Vestergaard et al., 1993) or indirectly due to increased
genetic susceptibility to obesity which itself induces insulin resistance (Dohm et al., 1988).
Barring these effects the resistance may also arise due to ageing. Generally in insulin
resistant individuals the B cells are able to compensate by producing greater levels of
insulin (Bergman et al., 1981). Genetic susceptibility to B cell loss can, however, prevent
this compensatory mechanism from being activated (Hegele et al., 1999).
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Figure 6.2: Model of the major intercellular signalling pathways under
hyperglycaemic conditions

Decreased
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insulin @/ glycogen
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Akt = protein kinase B; AMPK = cyclic 5'-adenosine monophosphate protein kinase; AR = adiponectin receptor indicated in yellow ([1)
CAPN10 = calpain 10 indicated in orange ( [0); C/EBP = CCAAT enhancer binding protein; FA = fatty acid; GLU = glucose indicated in
pink (@ ); GLUT 4 = glucose transporter 4; Grb-2 = growth factor receptor binding protein 2; GSK3 = glycogen synthase kinase 3; GYS
= glycogen synthase; HNF1a = hepatocyte nuclear factor 1 alpha; HNF1p = hepatocyte nuclear factor 1 beta; HNF4o = hepatocyte
nuclear factor 4 alpha; INS = insulin indicated in green ([); IPF-1 = insulin promoter factor 1; IRS1 = insulin receptor substrate 1;
IRS2 = insulin receptor substrate 2; LEP = leptin, MEKK = mitogen activated protein kinase kinase 1, NEUROD = neurogenin D;
Ob-R = leptin receptor; PPARy = peroxisome proliferator activated receptor gamma; PI3K = phosphatidylinositol 3'-kinase; ras = cellular
form of the rat sarcoma proto-oncogene; Shc = src homology 2 domain-containing oncogenic protein; SOS = son of sevenless; text in
red (xxx) indicates protein products of the most important genes which were discussed in Chapter Three with reference to disease risk.

Although the initial lesion may be peripheral insulin resistance, this effect is further

aggravated by increased fatty acid levels within the circulatory system, which may arise

from obesity due to an increased uptake of these molecules from the digestive system
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(Randle et al., 1963) or genetic alterations in fatty acid transporters such as the FABP2
gene (Baier et al., 1995). Another source of these molecules is the concomitant increase in

lipolysis due to the dysregulation of insulin (Thomas et al., 1979).

Figure 6.3: Proposed model of the development of type 2 diabetes mellitus
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IGT = impaired glucose tolerance; Letters in yellow circles represent the possible genetic loci involved in each pathway of disease
progression:é@includes the genes encoding protein phosphatase 1 regulatory subunit 2 (PPP1R2), protein phosphatase 1 regulatory
subunit 3A (PPP1R3A), glycogen synthase (GYS1), glycogen synthase kinase 3 alpha (GSK3a); includes the genes encoding fatty
acid binding protein 2 (FABP2), leptin receptor (LEPR), adiponectin (APM1), tumour necrosis factor « (TNFa), interleukin-6 (IL6);

includes the genes encoding insulin receptor substrate 1 (IRS-1), insulin receptor substrate 2 (IRS-2), mitogen activated protein
kinase 8-interacting protein 1 (MAPK8IP1), ras associated with diabetes (RAD), adiponectin (APM1), tumour necrosis factor o (TNFa),
interleukin-6 (IL6); includes the genes encoding hepatocyte nuclear factor 4 alpha (HNF4a), hepatocyte nuclear factor 1 alpha
(HNF1a),_hepatocyte nuclear factor 1 beta (HNF1B), insulin promoter factor (IPF-1), neurogenin D1 (NEUROD1), leptin receptor
(LEPR);\E) includes the genes encoding glucokinase and calpain 10 (CAPN10).

Fatty acids are able to induce expression of proteins such as ACC and FAS, which causes
accumulation of triglycerides within myocytes, hepatocytes and the islets of Langerhans
(Unger et al., 1999). Upon reaching a threshold these cells undergo apoptosis which in
turn decreases insulin production. Genetic defects in the MODY genes discussed in
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Table 5.52: Summary of genotype results generated at the various loci within the
calpain 10 gene of both the black Southern African and Cuban
cohorts
Southern African Cuban

SNP Gt OR (95% CI) p-value SNP Gt OR (95% CI) p-value

1,1 | 1.17(0.77-1.78) 1,1 | 1.20(0.85-1.88)

UCSNP43 | 1,2 | 0.74(0.48-1.15) | <0.001 UCSNP43 | 12 | 0.78(0.55-1.11) NS
2,2 | 3.45(0.71-16.8) 22 | 1.23(0.56-2.68)
1,1 | 1.44(0.80-2.59) 1,1 | 1.10(0.74-1.83)

UCSNP44 1,2 | 0.71(0.39-1.29) NS UCSNP44 1,2 | 0.84 (0.58-1.27) NS
2,2 | 0.48(0.04-5.43) 22 | 2.4(0.48-11.9)
1028 ¢ 9) 1,1 | 0.94(0.66-1.34)

UCSNPS6 1.2 0.86 (0.59-1.24) <(.0001 UCSNP56 1,2 | 0.84(0.61-1.18) NS
2,2 1.37 (0.91-2.05)
1,1 | 0.82(0.53-1.27) 1,1 | 0.76 (0.52-1.09)
UCSNP63 1,2 | 0.99 (0.68-1.44) NS UCSNP63 1,2 1.04 (0.70-1.53)
22 | 1.18(0.78-1.79) 22 | 3.59(1.34-9.64)

Odds ratio values highlighted in bold indicale the genotypes which have been significantly associated with modifying disease risk;
Values within pink blocks (JlD are associated with increased risk towards T2D whereas values within green blocks (§) are associated
with protection against T2D; p-values highlighted in bold and within blue blocks (#22) represent the p-value derived where one of the
cohorts were not in HW equilibrium; Gt = genotype; NS = non significant; SNP = single nuclectide polymorphism; 85% Cl = 95%
confidence interval.

The OR and y? values generated for the various hapiotypes within the CAPN10 gene are
outlined in Table 5.53. As previously discussed in Section 5.4.6.1, the 122 and 112
haplotypes present with the greatest association towards disease risk within the Southern
African population while the Cubans did not present with any obvious associations. This
may mean that these loci within CAPN10 are not important risk factors in T2D

susceptibility. This fact further strengthens the discussion regarding variable disease
susceptibility factors within various populations.

Table 5.53: Summary of haplotype resuits generated within the calpain 10 gene of
both the black Southern African and Cuban cohorts
Southern African Cuban
Haplotypes z' value OR (95% Cl) Haplotypes f value OR (95% Cl)
121 1.056 1.13 {0.82-1.57) 121 0.04 0.97 (0.74-1.27)
111 0.73 (0.45-1.07) 111 0.93 0.80 (0.70-1.186)
B 0.14 (0.08.0.31) 112 5.74 312 (0.34-28.0)
221 0.30 0.72 (0.16-3.27) 221 0.07 0.90 (0.30-2.71)
211 1.59 0.81 (0.53-1.22) 211 1.28 0.87 (0.85-1.17)
222 ND ND 222 1.29 ND
212 ND ND 212 ND 0.97 (0.74-1.27)
Total 54.08 - Total 17.75 -
Odds ratio values highlighted in bold indicate the haplotypes which have been significantly associated with modifying disease risk;
Values within pink blocks are associated with increased risk towards T2D whereas values within green blocks ( are associated

with protection against T2D; OR = odds ratio; 95% Cl = 95% confidence interval; ND = non differentiable.
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Table §.54: Summary of genotype results generated at the various loci within the
adiponectin gene of both the black Southern African and Cuban

cohorts
Southern African Cuban

SNP Gt OR p-value SNP Gt OR p-value
1,1 1.06 (0.70-1.59) 1.24 {0.89-1.74)

C-11377G | 1,2 | 1.02 (0.68-1.54) NS C-11377G | DS MBH98) | <0.0001

2,2 | 0.19(0.02-1.67)
1,1 1.55 (0.43-5.58) 1,1 1.19 (0.81-1.75)

T45G 1,2 | 0.48(0.11-1.94) NS T45G 1,2 | 0.84(0.56-1.26) NS
22 Not calculated 22 0.87 (0.34-2.18)

1.1 -
1. ; <0.01 G-11391A 1,2 -
2.2 Not calculated 22 -

G-11391A |

QOdds ratio values highlighted in bold indicate the genotypes which have been significantly asscciated with disease risk; Values within
gmegmk:g(m's)t _Ig;% ;aé?:cg:ng;g? ch;e:::ds .5'5.'% ctaortards T2D whereas values within green blocks () are associated wilh
As the genotypes present at G-11391A had not been screened within the Cuban cohort, it
was not possible to present the haplotype data in a similar manner as Table 5.53, however
due to the fact that there are differences in disease risk at the level of genotypes it is likely,
as with the CAPN10 gene, that this is also the case at the haplotype level within the APM1
gene. As discussed in Section 5.4.11 the 12 haplotype and the 11/12 haplotype
combination were associated with protection towards disease risk whereas the 11/21
haplotype combination was associated with increased risk towards T2D within the German
population. The functional effect of these alterations will have to be detected in a future
investigation.

Ultimately population level identification of susceptibility loci will decrease the overall cost
of treating individuals affected by this disorder as certain therapeutic strategies can be
ruled out. Further understanding of these effects could also resuit in the development of a
genetic profile, which will place an individual at a greater risk. If this has been elucidated it
is possible to diagnose an individual prior to the onset of disease. This in itself will
decrease the disease load of the various health care services. The individual may be
counselled to alter their lifestyle accordingly which ultimately may lead to the prevention of
disease onset.
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notion that the ethnic origin of an individual is integral to the correct assignment of genetic
susceptibility towards the disease.

6.1 SIGNAL TRANSDUCTION AND ITS IMPORTANCE IN TYPE 2 DIABETES
MELLITUS SUSCEPTIBILITY

The origin of this group of disorders are complex (WHO Consortium, 1999) as it is the
cumulative effect of numerous interactions, which eventually cross a threshold level that
result in the disorder. A model of the major molecular interactions occurring in a
normoglycaemic individual is presented in Figure 6.1. A detailed description of each
process in this figure is presented in Chapters Two and Three. It is important, however, to
view this information in a systems biological framework given the aetiological complexity of
this disorder. The major signalling processes under normoglycaemic conditions are
presented in Figure 6.1 where references to specific pathways are indicated (@ - © in
Figure 6.1) and discussed in the following paragraph. The same processes during
hyperglycaemic conditions are presented in Figure 6.2 and are indicated (@ - ® in

Figure 6.2) but are discussed in the paragraph following Figure 6.1.

Under normoglycaemic conditions, the correct expression (@) and secretion (@) of insulin

results in the appropriate activation of the insulin receptor (®) in response to increased
plasma glucose levels. Sensitivity towards insulin results in the transduction of signals
which increase cellular growth (@), glucose uptake (@) and glycogen production (®) as
depicted within the myocyte and hepatocyte in Figure 6.1. Furthermore adipocytokines
secreted by the adipocyte in response to fatty acids (@) results in increased lipid
breakdown (@) as well as induction of cellular mitosis (@) thus decreasing the plasma
levels of both fatty acids and glucose. As depicted in Figure 6.1, it is no longer sufficient to
merely concentrate on the so-called triumvirate of the hepatocyte, the g cell and the
myocyte (DeFronzo, 1988) which are the major sites of these processes, when
investigating T2D pathogenesis. At the very least the effects of molecules secreted by
adipocytes should also be taken into consideration. Investigation of this cell type is by no
means comprehensive and metabolomic strategies must be derived for future
investigations into the mechanism of these disorders.
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Figure 6.1: Model of the major intercellular signalling pathways under
normoglycaemic conditions

| Adipocyte

atocyte
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ACO = acyl camitine oxidase; Akt = protein kinase B; AMPK = cyclic 5'-adenosine monophosphate protein kinase; APM1 = adiponectin
indicated in yellow {[1); CAPN10 = calpain 10 indicated in orange (l); C/EBP = CCAAT enhancer binding protein; Ceil phases:
G = first growth phase; S = synthesis phase; G: = second growth phase; M = mitotic phase; CPT-1 = carnitine paimitoyl iransferase 1;
FA = fatty acid; GLU = glucose indicated in pink (ll); GLUT 4 = glucose transporter 4; Grb-2 = growth factor receptor binding protein 2;
GSK3 = glycogen synthase kinase 3; GYS = giycogen synthase; HNF1a = hepatocyte nuciear factor 1 alpha; HNF1B = hepatocyte
nuclear factor 1 beta; HNF4a = hepatocyte nuclear factor 4 alpha; INS = insulin indicated in green (E}); IPF-1 = insulin promoter factor 1;
IR = insulin receptor; IRS1 = insulin receptor substrate 1; IRS2 = insukin receptor substrate 2; ISPK = insulin stimulated protein kinase;
LEP = leptin; MAPK = mitogen activaled protein kinase; MEKK = mitogen activated protein kinase kinase 1; NEUROD = neurogenin D;
Ob-R = leptin receptor; PI3K = phosphatidylinositol 3-kinase; PP1 = protein phosphatase 1; PPARa = peroxisome proiiferator activated
receptor alpha; PPRE = peroxisome proliferator activated receptor response element; P-STAT-3 = phosphorylated signai fransducers
and activators of transcription 3; ras = cellular form of the rat sarcoma proto-oncogene; She = src homology 2 domain-containing
oncegenic protein; SOS = son of sevenless.
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Whilst undergoing hyperglycaemic conditions, as discussed in Section 2.1.4.2, insulin
resistance arises from defects in the signalling pathways of insulin itself (@), which
prevents the correct uptake (@), storage (©) and metabolism of glucose within the
myocyte (Reavan, 1988). Although not indicated in the hepatocyte illustrated in Figure 6.2
a similar loss of insulin-induced effects occurs as in the myocyte (@). In association with
this loss of sensitivity there is no increase in glycogen synthesis (@), thus maintaining
gluconeogenesis and increasing plasma glucose levels (Dent etfal, 1990). Insulin
resistance is however, not the only pathway of disease pathogenesis. Insufficient insulin
secretion due to decreased expression (@) of this hormone or dysregulation of the
secretory process (@) will result in insufficient plasma levels of insulin thus affecting the
appropriate hyperinsulinaemic response towards hyperglycaemia. Incorrect expression
(@), or resistance to adipocytokines (@), result in increased free fatty acid piasma levels
as well as accumulation of triglycerides (@) in non-adipocytes causing apoptosis (Unger
et al., 1999).

A proposed model outlining the progression of disease pathogenesis is presented in
Figure 6.3, wherein it is apparent that genetic susceptibility may have effects at numerous
tevels such as decreased glycogen synthesis (Dent et al, 1990), increased lipolysis
(Thomas et al., 1979), peripheral insulin resistance (DeFronzo ef al., 1985), p cell loss
(Unger et al, 1999) as well as B cell compensation (Chiu efal., 2000). Both genetic
(Barnett ef al., 1981) and environmental factors (Eriksson and Lindgérde, 1991) can have
an effect on the various processes discussed which ultimately result in T2D.

Insulin resistance is generally the central cause of disease pathogenesis and can arise
due to the direct effects of genes (Vestergaard ef al., 1993) or indirectly due to increased
genetic susceptibility to obesity which itself induces insulin resistance (Dohm et al., 1988).
Barring these effects the resistance may also arise due to ageing. Generally in insulin
resistant individuals the B cells are able to compensate by producing greater levels of
insulin (Bergman et al,, 1981). Genetic susceptibility to § cell loss can, however, prevent
this compensatory mechanism from being activated (Hegele ef al., 1999).
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Figure 6.2: Model of the major intercellular signalling pathways under
hyperglycaemic conditions

Decreased
glucose

Increased
triglyceride @
accumulation

ACC

PPARy

FAS
Decreased
@ glycogen
synthesis
© Hepatocyte

Akt = protein kinase B; AMPK = cyclic 5'-adenosine monophosphate protein kinase; AR = adiponectin receptor indicated in yellow ([J)
CAPN10 = calpain 10 indicated in orange { B); C/EBP = CCAAT enhancer binding protein; FA = fatty acid; GLU = glucose indicated in
pink (ll ); GLUT 4 = glucose transporter 4, Grb-2 = growth factor receptor binding protein 2; GSK3 = glycogen synthase kinase 3; GYS
= glycogen synthase; HNF1a = hepatocyte nuclear factor 1 alpha; HNF18 = hepalocyte nuclear factor 1 beta; HNF4a = hepatocyte
nuclear factor 4 alpha; INS = insulin indicated in green (E1); IPF-1 = insulin promoter factor 1; IRS1 = insulin receptor substrate 1;
IRS2 = insulin receptor substrate 2; LEP = leptin, MEKK = mitogen activated protein kinase kinase 1; NEUROD = neurogenin D;
Ob-R = leptin receptor; PPARy = peroxisome proliferator activated receptor gamma; PI3K = phosphatidylinositol 3'-kinase; ras = cellular
form of the rat sarcoma proto-oncogene; Shc = src homology 2 domain-containing oncogenic protein; SOS = son of sevenless; text in
red (o) indicates protein products of the most important genes which were discussed in Chapter Three with reference to disease risk.

Decreased
insulin
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Although the initial lesion may be peripheral insulin resistance, this effect is further
aggravated by increased fatty acid levels within the circulatory system, which may arise

from obesity due to an increased uptake of these molecules from the digestive system
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(Randle et al., 1963) or genetic alterations in fatty acid transporters such as the FABP2
gene (Baier et al., 1995). Another source of these molecules is the concomitant increase in

lipolysis due to the dysregulation of insulin (Thomas et al., 1979).

Figure 6.3: Proposed model of the development of type 2 diabetes mellitus
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IGT = impaired glucose tolerance; Letters in yellow circles represent the possible genetic loci involved in each pathway of disease
progression; includes the genes encoding protein phosphatase 1 regulatory subunit 2 (PPP1R2), protein phosphatase 1 regulatory
subunit 3A (PPP1R3A}, glycogen synthase (GYS1), glycogen synthase kinase 3 alpha (GSK3a);

includes the genes encoeding fatty
agid binding protein 2 (FABP2), leptin receptor {(LEPR), adiponectin {APM1), tumour necrosis faclor a (TNFa), interleukin-6 (IL6});
@includes the genes encoding insulin receptor substrate 1 (IRS-1), insulin receptor substrate 2 (IRS-2), mitogen activated protein
kinase 8-interacting protein 1 (MAPK8IP1), ras associated with diabetes (RAD), adiponectin (APM1), tumour necrosis factor « (TNFa),
interleukin-6 (ILE); includes the genes encoding hepatocyte nuclear factor 4 alpha (HNF4a), hepatocyte nuclear factor 1 alpha
(HNF1a)_hepatocyte nuclear factor 1 beta (HNF1pB), insulin promoter factor {IPF-1), neurcgenin D1 (NEUROD1)}, leptin receptor
(LEPR);

includes the genes encoding glucokinase and calpain 10 (CAPN10).
Fatty acids are able to induce expression of proteins such as ACC and FAS, which causes
accumulation of triglycerides within myocytes, hepatocytes and the islets of Langerhans
(Unger et al., 1999). Upon reaching a threshold these celis undergo apoptosis which in
turn decreases insulin production. Genetic defects in the MODY genes discussed in
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Section 2.1.4.3.1 can also directly affect insulin secretion, which refers to a major lesion
resulting in T2D and MODY dependent on the potency of the mutation (Hegele et al,
1999). Long term hyperinsulinaemia may also result in the degradation of f cells (Kahn
et al., 1993). These factors therefore prevent the appropriate hyperinsulinaemic response
to hyperglycaemia thus causing increased acceleration of disease progression.

Decreased glycogen synthesis may arise due to mutations within the regulatory processes
of GYS1 or alternatively due to a genetic or environmental impairment in signal
transduction (Vaag ef al., 1992). The resultant increased glucose output further aggravates
the hyperglycaemia caused by the decreased sensitivity towards insulin. Whereas a
hyperinsulinaemic response may be able to overcome this effect, the decreased levels of
this hormone, due to B cell loss, prevents this from occurring. Ultimately this results in IGT
which if left untreated progresses to T2D.

Due to the fact that the major defect within this group of disorders is that of errant signal
transduction, it is becoming increasingly apparent that in future investigations it will be
necessary to implement system biological strategies in order to elucidate the mechanisms
of disease action. Elucidation of the exact genetic sequence of an organism is no longer
sufficient. The intrinsic regulation of these genetic elements is becoming more important
for understanding biological systems (Pennisi, 2004). The implementation of metabolomic
and signalomic tools in the study of T2D is thus integral for investigation of disease risk.

This investigation in itself, however creates a plethora of difficulties as at present the
necessary standards and controls do not exist for these types of analyses. Earlier ‘omic’
strategies such as microarray experiments were inherently non-comparable as
manufacturing processes of commercial chips as well as initial sample collection were not
standardised (Tan ef al., 2003). Development of a reliable metabolomic strategy will firstly
require elucidation of the possible loci of internal and extraneous variability. The effects of
these processes will in turn have to be countered in order to increase the signal to noise
ratio of the various tests.

One of the major sources of metabolomic variability is genetic adaptation, which is
inherent to the ancestry of an individual (Mishmar et al., 2003). The evidence generated in
this investigation alludes to the fact that differential risk patterns are present within different
populations at specific T2D susceptibility loci.
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6.2 EVIDENCE GENERATED FROM ANALYSIS OF THE CALPAIN 10 GENE

As previously discussed the exact role of CAPN10 in disease pathogenesis has not yet
been fully elucidated, however a recent investigation with regard to mechanisms of insulin
secretion has suggested a possible pathway. A protein termed islet cell autoantigen (ICA)
512, through an interaction with p-syntrophin-utrophin complexes, is hypothesised to
anchor secretory granules to the actin cytoskeleton in neuroendocrine cells such as
B cells. Glucose stimulation of B cells results in the calcium dependent cleavage of ICA512
via p-calpain (also termed calpain 2) thus aliowing release of the secretory granules and
the concomitant secretion of insulin (Ort etal, 2001). A possible positive feedback
mechanism was observed upon stimulation via insulin as -syntrophin is dephosphorylated
via a PP1 mediated pathway which allows for more efficient cleavage of ICA512. It is thus
plausible that if there is some lesion within the calpain there will be decreased secretion of
insulin resulting in hyperglycaemia. CAPN10 may be involved within this process, either as
a regulatory enzyme of calpain 2 or may itself cleave ICA512 in a non-calcium dependent
manner. The role of CAPN10 within this process must be defined in the future (Ort et al.,
2001).

The association of a protective effect with the wild type allele at UCSNP-56 within the
black South African cohorts investigated, as presented in Section 5.4.4.3, was surprising
although this strengthens the hypothesis that the mechanism of disease onset is different
among separate populations. Harbouring the variant allele at this locus in the black
Southern African population, does not indicate increased risk but rather it increases the
threshold of disease occurrence. If these loci are ever used as markers of disease risk
they will only be applicable to non-African populations such as the Mexican American and
European populations. For example a black Southern African individual may harbour the
European “at risk” allele at UCSNP-43 as described by Horikawa et al. (2000) and may be
at no greater risk of developing T2D. If the individual furthermore has the wild type allele at
UCSNP-56 it may be protected against disease risk and thus the application of a
preventative strategy developed in a different population would be unnecessary and costly.

In the Cuban groups studied however the association to UCSNP-56 was absent whereas

significant variation was detected at the UCSNP-63 locus. The reason for this difference is
not obvious due to the absence of HW equilibrium within the Cuban diabetic cohort. As
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discussed in Section 5.4.5.6 this may be due to association between this SNP and disease

risk, however further investigation is required before this may be stated definitively.

Both sets of these results would have been obscured if the Cuban and black Southern
African cohorts had been combined. This was evident upon meta-analysis as presented in
Sections 5.4.4.7 and 5.4.5.7. inclusion of individuals in the investigation of T2D
susceptibility loci, with no regard for ethnicity, may result in certain important risk factors
being overlooked. This finding underscores the need for comparison of ethnically matched
cohorts in studying T2D susceptibility loci.

As discussed in Section 5.4.6.1 and 5.4.6.3 similar haplotypes were detected in the black
Southern African and Cuban cohorts as had been observed in the Mexican American,
German and Finnish populations (Horikawa et al.,, 2000). A significant deviation to this
trend was, however, the association of the 112 haplotype to a protective effect within the
black Southern African population investigated. This association was unexpected as the
haplotype in the black Southern African control cohort was present at a frequency of 0.10
and not at a frequency less than 0.05 as in the ethnic groups investigated by Horikawa
et al. (2000). Previously reported “rare” haplotypes are thus present at significant levels
within the black Southern African population as compared to the populations investigated
by Horikawa et al. (2000). This may be due to the differential disease risk patterns which
have altered haplotype frequencies between different populations over time. In future a
larger sample of individuals should be investigated to verify the frequency of this haplotype
within the extended population. It wili also be useful to screen the most ancient lineages
within macrohaplogroup L to determine the haplotype frequencies within these
populations. This information may be utilised to investigate if any variation exists in the
haplotype frequencies between these ancestral populations and other modern lineages. If
this is the case, the driving force behind allele frequency variation must be determined in

order to elucidate important mechanisms of disease evolution.

The argument for the utilisation of ethnically matched cohorts in T2D susceptibility analysis
is significantly strengthened upon the discovery of the absence of association to certain
“at-risk” haplotype combinations in the black South African and Cuban cohorts investigated
with T2D. The protective effect associated with the 112/112 haplotype combination as well
as the association of disease risk with the 122/122 haplotype combination in the black
Southern African cohort, as discussed in Section 5.4.6.2, indicates the strength of the
allele at UCSNP-56 as this is the only variant between these two combinations. The
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preliminary association of the 122/122 haplotype combination with disease risk in the
Cuban cohort, as indicated in Section 5.4.6.4, garners greater evidence for the possible
role of this haplotype in disease risk. This overlap in “at risk” haplotype combinations
between these two populations may be due to the fact that the African population is one of
the founder populations of modern Cubans (Torroni et al., 1995).

There are numerous reasons for this discovery of variable susceptibility however the most
likely explanation is that different genetic structures within CAPN10 are responsible for
disease risk in the black Southern African and Cuban populations. This would be expected
as natural selection cannot act as strongly on susceptibility loci as it does on loci which
have direct positive or negative effects, thus resulting in more variation within these
aforementioned loci during human evolution as well as preventing fixation of any single
allele (Fullerton et al., 2002).

6.3 EVIDENCE GENERATED FROM ANALYSIS OF THE ADIPONECTIN GENE

Investigation into certain SNPs within the APM1 gene revealed that these alterations also
presented with population specific effects. Within the Cuban cohorts investigated as
discussed in Section 5.4.8.6, the 2,2 genotype at the C-11377G locus was associated with
increased risk. A protective effect was, however, associated with individuals harbouring
the heterozygote at this position. This alludes to the C-11377G locus being a significant
point of reference for disease risk in the Cuban population. Meta-analysis of this locus
furthermore indicated that the 1 allele was possibly associated with a protective effect in
the three groups investigated. The wild type homozygote has the maximum protective
effect compared to the mutant homozygote however the heterozygote has a similar effect
as the former. This indicates that it is not a dosage dependent effect. Functional analysis

of this alteration in the future may result in the elucidation of its role in disease risk.

The 1,2 genotype at the G-11391A locus was marginally associated with a protective
effect within the Southern African cohort investigated as discussed in Section 5.4.10.3. [tis
not clear whether this effect is due to the variant allele specifically or the heterozygote
genotype itself as no mutant homozygotes were detected in the black Southern African
cohort investigated. The association is marginal and due to the low proportion of
individuals that do not harbour the wild type homozygote genotype, it is unlikely that this is
a significant candidate for population level assessment of risk. It may however, possibly be

utilised as an indicator of individual disease risk. It is necessary that this effect be further
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investigated in the Cuban population, which may harbour greater levels of the variant

allele, as this will assist in determining its role in disease pathogenesis.

The absence of any association at the T45G locus in any of the groups studied in this
investigation is also relevant due to the strong association present in the Japanese
population (Hara et al., 2002). This may be indicative of the fact that the Asian specific risk
factors are different from those present in the Southern African and Cuban populations,
thus increasing the evidence that specific populations have specific patterns of genetic

susceptibility.

In the course of the investigation by Schwarz et al., (2004) it was determined that certain
haplotypes within the promoter region of APM1 were associated with either higher or lower
levels of adiponectin within the German population. Individuals harbouring the ‘low
adiponectin’ haplotypes were thus affected by long-term hypoadiponectinaemia. It was
also determined that these individuals were the most likely to progress to the next glucose
impairment class. If the mechanism of the ‘low adiponectin’ haplotypes previously
discussed is taken into consideration the association with disease progression becomes
self-evident. Lower levels of adiponectin, which were associated with certain APM1
promoter haplotypes, resuit in less activation of the various signalling pathways. The loss
of the increase in glucose utilisation thus causes resistance toward the signal induced by
insulin, resulting in the various peripheral cells becoming resistant toward this hormone.
Furthermore the accumulation of triglycerides within the B cells results in apoptosis of
these cells, thus overall cell mass is decreased (Unger et af., 1999). This in turn results in
the loss of correct insulin production. The diabetic phenotype is thus concomitantly due to

an increase in insulin resistance as well as a decrease in insulin production.

Haplotype analysis as discussed in Section 5.4.11 was only undertaken within the black
Southermn African cohort, as discussed in Section 5.4.10. It was determined that the 12
haplotype was significantly associated with protection towards T2D as presented in
Section 5.4.11.1. This association may be due to the mechanism discussed in the previous
paragraph however functional analysis should be undertaken in the future in order to
determine the phenotypic effect of harbouring this haplotype.

The 11/21 haplotype combination associated with disease risk within the German
population (Schwarz et al., 2004) was present within the black Southern African cohort but
was not significantly associated with disease risk. Alternatively the 11/12 haplotype
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combination was associated with protection towards disease risk. This indicates that there
may be differential effects in disease pathogenesis with regard to this locus between the
two populations. Future functional analysis of the promoter region of this gene will assist in
unravelling the origins of this association.

It may be that various other genetic lesions within the gene itself, which are not in linkage
disequilibrium with the alterations investigated, are involved. However the major aim of this
investigation was to uncover the variation present at the well-described loci, within this
gene in the black Southern African population. Future elucidation of novel alterations
associated with disease risk will strengthen the hypothesis of a novel genetic aetiology for
disease risk in a specific population thus indicating that differential preventative measures
are required in treating T2D. It is possible that a global investigation of disease
susceptibility loci can prevent the detection of population specific effects which are
important indicators of disease risk (Liu et al.,, 2004). As the origins of complex disorders
are inherently complicated it is necessary to identify as many contributing factors as
possible in order to elucidate a true effect.

6.4 IMPORTANCE OF GENETIC ANCESTRY IN_SUSCEPTIBILITY TO TYPE 2
DIABETES MELLITUS

The fact that the genetic background of an individual affects the pathogenic expression of
certain alterations has recently been underscored in an investigation by Brown et al. in
2002. His investigation was in reference to the mitochondrial genetic background however
similar systems must be present in the nuclear genome.

Certain polymorphic alterations within the mitochondrial genome have become fixed over
time in the various human populations. It is therefore possible to utilise these alterations to
determine the specific lineage to which an individual belongs. Due to adaptation of the
mitochondrial genome within the human population, only certain alterations are today
prevalent within specific geographical regions. The haplogroup of an individual is therefore
determined by screening its mitochondrial genome for these specific alterations {(Johnson
etal, 1983). Brown etal. in 2002 detected a possible predisposing effect that a
haplogroup may have on a mutation. It was determined that the specific alterations termed
11778A and 14484C, which both result in Leber's hereditary optic neuropathy (LHON)
occurred 3-6 and 9 times more often in haplogroup J than in other haplogroups,
respectively. Different genetic risk factors have alternative phenotypes depending on the
genetic background upon which expression takes place.
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Although previously believed to be polymorphic it is now becoming apparent as stated in
the previous paragraph, that the various alterations which define specific haplogroups, are
in fact undergoing adaptation. Via comparison of individuals from different geographic
locations Mishmar et al. in 2003 were able to determine that individuals from the arctic
regions present with increased uncoupling of mitochondrial function. The adaptive
advantage becomes obvious when it is taken into consideration that greater heat
generation via proton uncoupling is associated with this process. Alternatively in the
African populations, mitochondrial coupling is more efficient, as there is very little selective
advantage for greater heat generation in the more temperate environment in which these
populations evolved. If adaptation is present at this level the various nuances of cellular
metabolism must provide a veritable gamut of opportunities for metabolic control.

Different populations thus have altered basal metabolic rates due to evolutionary
adaptation to various environmental factors. If so much diversity is present within the
smaller mitochondrial genome the addition of the nuclear genome must add an aimost
impossible level of complexity as evidenced by the discussion in Section 6.2 and 6.3.
Moreover, the black African population belong to macrohaplogroup L which harbours the
most ancient human lineage as well as having the highest level of variation (Chen et al.,
1995) it becomes nearly impossible to envision all the possible factors involved in disease
susceptibility.

Alternatively the origins of the Cuban population are genetically heterogeneous (Torroni
et al., 1995). The genomic background of this population is therefore more complex due to
admixture effects. The group investigated, although not currently affected by the effects of
migration as determined by the presence of HW equilibrium at all loci investigated except
that of UCSNP-83, is derived from the original founding populations discussed in Section
2.1.1.2 (Torroni et al., 1995), making it an important and worthwhile population to study.

It was thus vital to investigate population specific cohorts to remove the extraneous effects
of inter population variability, in order to define genetic as well as environmental risk
factors. This allowed for the baseline comparison of the individuals and patients to ensure
that any alteration detected in the metabolism of an individual was not due to population
specific variation but rather to actual association with the disease.

In doing so it was possible to elucidate that there is a differential pattern in the disease risk
imparted by specific reported SNPs in the CAPN10 and APM1 genes between the cohorts
investigated in the study presented here. A possible explanation for this is that the various
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epistatic as well as epigenetic effects, which have arisen from the widely different
environments in which these populations have evolved, may have altered the mechanisms
of disease expression. As discussed in Section 6.1 aberrant signal transduction is central
to T2D susceptibility. There are thus numerous points at which such factors could affect
disease risk. Elucidation of these factors will however require the implementation of
system biological approaches in order to generate an unbiased view of disease
pathogenesis.

The results presented do however allude to the unfortunate fact that intervention strategies
developed elsewhere may ultimately not be as effective in these populations, given that
different population specific risk factors are at play, as discussed with reference to
HIV/AIDS by Gonzalez ef al. (2001). These genetic factors may, however, be effective to
stratify personal T2D risk in preventative management. Alternatively stated it may be
possible to specifically develop personalised treatment that can be rapidly optimised. This
will decrease health care costs as it will not be necessary to begin treatment utilising

general treatment strategies which may not be relevant to a specific population.

It becomes necessary, therefore to investigate T2D susceptibility within a specific
population. Ultimately any strategy incorporated to treat this disorder will require a deep
understanding of disease susceptibility within the population. Most so-called Third World
countries cannot afford to implement First World strategies, which may have little
relevance to the treatment of T2D within these developing lands. It is therefore important
to elucidate the population specific genetic variables involved in order to develop
significant methods of stemming the flow of this burgeoning epidemic.
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APPENDIX A
HAPLOTYPE COMBINATION ASSIGNMENT

The method for haplotype assignment within this investigation is presented in Graph A.1.
This graph was generated according to the haplotype distributions present in the Mexican
American, Finnish and German populations (Horikawa etal, 2000). Only certain
haplotypes were detected within these reported populations and therefore only specific
haplotype combinations existed prior to the current study. The constituent genotypes from
which these haplotypes were inferred are presented below.

Graph A.1:  Graphical representation of the assignment of haplotype combinations
utilised in this investigation'

1121112

Text presented in the yellow ([J) circle represents the genotype at UCSNP-43. Text presented in the green ([) circle represents the
genotype at UCSNP-56. Text indicated in the pink ([) circle represents the genotype at UCSNP-63. Text indicated in the blue (@) circle
represent the haplotype combinations assigned. Text indicated in orange (xxx) highlights a haplotype combination that is present at a
frequency greater than 0.05 within the black Southern African population but not at an appreciable level in the Mexican American and
the German populations (Horikawa et al., 2000).

' Adapted with permission of P. Schwarz, 2003. Originally constructed by N.J. Cox.
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APPENDIX B

ACADEMIC OUTPUTS DURING THE PERIOD OF THE
STUDY

Research was presented at the following national and international meetings during the
period of this study. The presenting author’'s name is underlined in each case.

B.1 PRESENTATIONS AT INTERNATIONAL CONFERENCES

B.1.1 53rd Annual meeting of the American Society of Human Genetics, Los
Angeles, USA., November 2003. Qlckers A., Towers G.W., Wessels M.N,
Rheeder P. and Schwarz P. Genotypic variation of specific SNPs in the Calpain
10 gene within a cohort of the Black South African population (poster
presentation).

B.1.2 5th Annual Symposium of Deutsche Geselischaft fiir Erndhrung-Junge
Forschung Aktiv Perspektivenkonferenz (English translated title: German
Nutrition Society-Young Researchers Aclive Perspectives Conference),
Dresden, Saxony, Germany, October 2003. Towers G.W., Oickers A. and
Schwarz P. Haplotype combination 11.21 in the promoter of the adiponectin
gene (APM-1) is associated with increased diabetes risk in the Caucasian
population (platform presentation).

B.2 PRESENTATIONS AT NATIONAL CONFERENCES

B.2.1 10th Biennial Congress of the South African Society of Human Genetics,
Durban, KwaZulu Natal, South Africa, May 2003. Towers G.W., Schwarz P.,
Rheeder P. and Olckers A. The adiponectin SNP profile of a Black South
African and a German diabetic population: a comparative study (poster
presentation).

Manuscripts generated during the period of this study are listed in the following section.
Distinction is made between manuscripts which were published and those submitted or
under construction.

B.3 PUBLICATIONS IN INTERNATIONAL PEER REVIEWED _SCIENTIFIC
JOURNALS

B.3.1 Fischer S., Julius U., Hanefeld M., Ficker K., GraRler J., Towers G.W.,
Schwanebeck U., Schulze J. and Schwarz P. Das vorkommen vom genotyp 1.1
im SNP-44 des CAPN-10-gens ist im stadium des Typ-2-diabetes mit erhhten
insulin- und c-peptid-werten assoziiert (Printed in German, English transiated
title: Presence of allele 1 at SNP 44 in CAPN10 is associated with increased
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B.4

insulin and c-peptide values in patients with Type 2 diabetes) Diabetes und
Stoffwechsel (Diabetes and Metabolism), 13, 3-9, 2004.

MANUSCRIPTS SUBMITTED FOR REVIEW

B.4.1

B.4.2

B.4.3

B.4.4

B.4.5

B.5

Schwarz P.E.H., Towers W. Grassler J.,, Schwanebeck U., Rietzsch H.,
Fischer S., Julius U., Olckers A., Vasseur F. and Schulze J. Haplotypes in the
promoter region of the ACDC gene (APM1) are associated with increased
diabetes risk in a German Caucasian population. Exp. Clin. Endocrinol.
Diabetes, submitted, 2004.

Schwarz P.E.H., Towers G.W., Fuecker K., Grassler J., Fischer S., Kurktschiev
T.T., Schulze J., Olckers A., Bornsiein S.R., Hanefeld M. and Vasseur F.
Hypoadiponectinaemia is associated with progression toward type 2 diabetes
and genetic variation in the promoter of the ACDC gene. Diabefologia,
submitted, 2005.

Schwarz P.E.H., Towers G.W., Fischer S., Grassler J., Temelkova-Kurktschiev
T., Olckers A., Julius U., Hanefeld M. and Schulze J. Presence of allele 1 at
SNP 44 in CAPN10 is associated with increased insulin values in newly
diagnosed type 2 diabetics. Diabetes, submitted, 2005.

Olckers A., Towers G.W., van der Merwe A., Schulze J. and Schwarz P.E.H.
CAPN10 haplotypes detected in high frequencies in type 2 diabetics and
controls in the black South African population, in contrast to non-African
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